
 
 
 
 

Final Summary Report 
 

EPA Workshop for Public Input on 
Considerations for Risk Assessment of 

Genetically Engineered Algae 
 

Omni Shoreham Hotel 
2500 Calvert Street, NW 
Washington, DC 20008 
 (September 30, 2015) 

 
 
 

Prepared for: 
 

U.S. Environmental Protection Agency 

Office of Prevention, Pesticides and Toxic Substances 
1200 Pennsylvania Avenue, NW 

Washington, D.C. 20460 
 
 
 
 

Prepared by: 
 

Eastern Research Group, Inc. 
14555 Avion Parkway  

Suite 200 
Chantilly, VA 20151-1102 

 
 
 
 

December 21, 2015 
 
 
 

EPA Contract No. EP-W-10-014 
Work Assignment 5-16 



 

 i 

TABLE OF CONTENTS 
 

Page 

1.0 INTRODUCTION ..................................................................................................... 1-1 
1.1 Workshop Background and Purpose ........................................................ 1-1 
1.2 Workshop Structure ................................................................................. 1-1 
1.3 Workshop and Written Comment Summary............................................ 1-2 

2.0 MEETING SUMMARY ............................................................................................. 2-1 
2.1 Welcome and Introductory Remarks ....................................................... 2-1 
2.2 Workshop Session #1: TSCA Overview.................................................. 2-2 

2.2.1 Presentation #1: Toxic Substances Control Act Oversight of New 
Organisms (Dr. Mark Segal, OPPT/RAD) .................................. 2-2 

2.2.2 Public Comments ......................................................................... 2-3 
2.2.3 Additional Discussion .................................................................. 2-6 

2.3 Workshop Session #2: Genetically Engineered Algae and Charge 
Questions 1-3 ........................................................................................... 2-6 
2.3.1 Presentation #2: Considerations for Risk Assessment of 

Genetically Engineered Algae (Dr. Gwen McClung, OPPT/RAD)
...................................................................................................... 2-6 

2.3.2 Public Comments ......................................................................... 2-7 
2.3.3 Additional Discussion ................................................................ 2-10 

2.4 Workshop Session #3: Genetically Engineered Microorganisms and 
Charge Questions 4-6 ............................................................................. 2-11 
2.4.1 Presentation #3: Considerations for Risk Assessment of 

Genetically Engineered Microorganisms (Dr. Carolina Peñalva-
Arana, OPPT/RAD) ................................................................... 2-11 

2.4.2 Public Comments ....................................................................... 2-11 
2.4.3 Additional Discussion ................................................................ 2-15 

2.5 Workshop Session #4: Charge Question 7 - Opportunity to Comment on 
Relevant Topics not included in Previous Charge Questions ................ 2-17 
2.5.1 Commenter #1: Tim Schwab (Food & Water Watch) ............... 2-17 
2.5.2 Commenter #2: Pat Rizzuto (Bloomberg BNA, Inc.) ................ 2-18 
2.5.3 Commenter #3: Rachel Smokler (Biofuelwatch) (participating via 

webinar) ..................................................................................... 2-18 
2.5.4 Commenter #4: Jaydee Hanson (International Center for 

Technology Assessment) ........................................................... 2-19 
2.5.5 Commenter #5: Tom Kuiken (Woodrow Wilson Center) ......... 2-19 

2.5.6 Commenter #6: Steve Suppan (Institute for Agriculture and Trade 
Policy) ........................................................................................ 2-20 

2.5.7 Commenter #7: Colleen Cordes (The Nature Institute) ............. 2-20 

2.6 Closing Remarks – Jeff Morris .............................................................. 2-20 
 

 
 
 
 



TABLE OF CONTENTS (Continued) 
 
 

 ii 

 

Appendix A:  Charge Questions 

Appendix B:  List of Attendees 

Appendix C:  Agenda  

Appendix D EPA Presentation #1 – Toxic Substances Control Act Oversight of New 
Microorganisms 

Appendix E EPA Presentation #2 – Considerations of Risk Assessment of Genetically 
Engineered Algae  

Appendix F Considerations for Risk Assessment of Genetically Engineered Algae 

Appendix G EPA Presentation #3 – Considerations for Risk Assesment of Genetically 
Engineered Microorganisms 

Appendix H Considerations for Advanced Genetic Engineering of Microorganisms 

Appendix I Written Comments Submitted to the Docket (EPA-HQ-OPPT-2015-0508) 

 



 

 1-1 

1.0 INTRODUCTION 

 This report summarizes public comments and remarks made during the public 
workshop, “EPA Workshop for Public Input on Considerations for Risk Assessment of 

Genetically Engineered Algae,” organized by the U.S. Environmental Protection Agency (EPA). 
The meeting was announced in a Federal Register notice (80 FR 51561, 25 August 2015) and 
took place at the Omni Shoreham Hotel in Washington, DC on September 30, 2015. 
 
1.1 Workshop Background and Purpose 

 EPA's Office of Pollution Prevention and Toxics (OPPT) hosted the workshop to 
receive public input and comments on EPA's data needs to support risk assessments of 
biotechnology products subject to oversight under the Toxic Substances Control Act (TSCA) that 
make use of genetically engineered algae and cyanobacteria. 
 
 The workshop’s objective was to gather information that will be used to update an 
EPA guidance document entitled "Points to Consider in The Preparation of TSCA Biotechnology 
Submissions for Microorganisms." EPA encouraged all members of the public interested in 
participating in this workshop to register and attend, whether in-person or through a webinar. 
 
 EPA provided seven charge questions that were intended to form the basis of 
discussion for the meeting. Charge questions are presented in Appendix A for reference and 
reproduced in the applicable section of this document prior to corresponding comments and 
discussion. 
 
 The meeting brought together 99 participants (76 in-person and 23 webinar), 
including stakeholders in academia, non-governmental organizations (NGOs), government, 
industry, professional organizations, and the general public. Appendix B presents the final list of 
participants. 
 
1.2 Workshop Structure 

 The meeting consisted of four sessions. In each of the first three sessions, EPA 
provided presentations relevant to EPA’s risk assessment of genetically engineered organisms, 
with a focus on genetically engineered algae. Presentations #2 and #3 also included associated 
“considerations documents” that were distributed to meeting participants prior to the meeting, 
summarizing data elements of interest to EPA. After each presentation, EPA solicited comments 
from participants on the presentation, associated considerations documents, and/or charge 
questions specific to the session. Attendees were given the opportunity to make any additional 
comments or ask questions during the fourth workshop session. A general outline of the 
workshop is listed below and the detailed agenda is provided in Appendix C. 
 

 Workshop Session #1:  
o EPA Presentation #1 – Overview of TSCA (see Appendix D) 

o Discussion on EPA Presentation #1 

 Workshop Session #2:  
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o EPA Presentation #2 – Considerations for Risk Assessment of 
Genetically Engineered Algae (see Appendix E) 

o Discussion on EPA Presentation #2, associated considerations 
document (see Appendix F), and Charge Questions #1-3  

 Workshop Session #3:  
o EPA Presentation #3 – Considerations for Risk Assessment of 

Genetically Engineered Microorganisms (see Appendix G) 

o Discussion on EPA Presentation #3, associated considerations 
document (see Appendix H), and Charge Questions #4-6 

 Workshop Session #4:  
o Discussion on Charge Question #7 and other relevant topics 

 
 
1.3 Workshop and Written Comment Summary  

 Eastern Research Group, Inc. (ERG), a contractor to EPA, provided logistical 
support and prepared this summary report for the purpose of providing an overview of the 
discussion that occurred. Detailed meeting minutes were not prepared. No attempt has been 
made to analyze or evaluate any portion of the discussions. The discussion and comments 
presented in this summary reflect individual opinions of the commenters and should not be 
considered to be the opinion or belief of EPA.  
 
 Per the instructions in the Federal Register notice, the general public was also 
given the opportunity to submit formal, written comments to the docket (EPA-HQ-OPPT-2015-
0508-0012). These comments are included in Appendix I.  
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2.0 MEETING SUMMARY 

2.1 Welcome and Introductory Remarks 

 Jan Connery (Meeting Facilitator, ERG) identified herself as a contractor for 
EPA and introduced herself as the meeting facilitator. Ms. Connery welcomed in-person and 
webinar attendees. She then introduced the keynote speaker, Mr. Jeff Morris.  
 
 Jeff Morris (Deputy Director, Office of Pollution Prevention and Toxics, EPA) 

thanked the organizer of the Algal Biomass Summit, who worked to ensure that participants of 
their concurrent meeting could attend EPA’s workshop. Mr. Morris then provided an overview 
of why EPA organized the workshop and the larger context surrounding the workshop. Mr. 
Morris indicated: 
 

 The main purpose of the workshop was to examine the science questions that 
EPA needs to ask regarding pre-commercialization submissions for 
genetically engineered algae (commonly known as a Microbial Commercial 
Activity Notice or MCAN).  

 There is a broader context of biotechnology regulatory activity within the 
federal government. A White House memorandum published in July 20151 
discussed enhanced coordination between Federal agencies to ensure 
government encourages and supports biotechnology development in a 
responsible manner. This is important because EPA expects to see more 
MCAN/TERA submissions in the future – not just related to genetically 
modified algae but submissions pertaining to other microorganisms as well. 

 EPA realizes there are many potential uses of algae and is supportive of 
responsible industrial commercialization; therefore, EPA needs to ensure that 
submissions contain sufficient information to allow for evaluation of potential 
human health and environmental risk in an efficient and smooth process such 
that companies can move forward with commercialization. In addition, 
commercialization must be done in a responsible and transparent manner to 
ensure that that the public has confidence that applications of biotechnology 
are safe. 
 

Mr. Morris then presented an overview of the meeting, which would be organized 
around a series of presentations to describe EPA’s view of key information needed to evaluate 
submissions. After each presentation, charge questions would be presented, public comments 
would be heard, and EPA and commenters would discuss points that were raised. Mr. Morris 
noted the following additional points:  
 

 A specific objective of the workshop was to develop guidance for submitters; 
input from the workshop will be used to feed into a “Points to Consider” 

                                                 
1 Accessible online at : 
https://www.whitehouse.gov/sites/default/files/microsites/ostp/modernizing_the_reg_system_for_biotech_products_
memo_final.pdf 
 

https://www.whitehouse.gov/sites/default/files/microsites/ostp/modernizing_the_reg_system_for_biotech_products_memo_final.pdf
https://www.whitehouse.gov/sites/default/files/microsites/ostp/modernizing_the_reg_system_for_biotech_products_memo_final.pdf
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document for biotechnology in general and input from this meeting will be 
incorporated into sections pertaining to algae and others as appropriate.  

 Mr. Morris emphasized that it is important for EPA to receive comments that 
address the two considerations documents EPA provided as preparation for 
the workshop (see Appendix F and Appendix H). EPA requested input 
pertaining to algae, but recognizes that is only a “small sliver” of 
biotechnology. Therefore, broader topics were appropriate to discuss, even if 
the comment was outside the Agency’s purview.  

 Mr. Morris also stressed that he and the workshop panelists would ensure that 
any comments outside the scope of the workshop would be recorded and 
directed to the appropriate government agency.  

 
Mr. Morris turned the floor back to Ms. Connery, who then asked the EPA panel 

members to introduce themselves. All panel members were part of EPA’s Risk Assessment 
Division (RAD) biotechnology team. Background for each panelist is summarized below.   

 

 Dr. Mark Segal is a microbiologist and has been involved in the TSCA 
biotechnology program since inception. Additionally, he serves as the co-chair 
of the Biomass Research & Development Board’s Interagency Algae 
Workgroup. 

 Dr. Gwen McClung is a microbiologist and has expertise in soil microbiology. 
She has performed ecological hazard assessments and risk assessments for 
genetically engineered microorganisms for more than 20 years. 

 Dr. Carolina Peñalva-Arana is a molecular ecologist with background in 
aquatic sciences.  

 Mr. Greg Macek is a chemical engineer and supports EPA’s New and Existing 
Chemical review programs, evaluating potential environmental releases and 
occupational exposures, including those associated with genetically 
engineering microorganisms. 

 
Ms. Connery then provided a review of the logistics, agenda, and ground rules for 

comments. 
.  

 
2.2 Workshop Session #1: TSCA Overview 

 Dr. Segal began the workshop session by first presenting background about TSCA 
and how it relates to microorganisms.  

 
2.2.1 Presentation #1: Toxic Substances Control Act Oversight of New Organisms 

(Dr. Mark Segal, OPPT/RAD)  

 In his presentation (see Appendix D for slides), Dr. Segal provided the 
background and history of TSCA and the Biotechnology Rule. At the end of his presentation, he 
stressed EPA’s preference to work with submitters and develop solutions that would mitigate 
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risks rather than be required to apply unilateral prohibitions or limitations on production or use, 
when insufficient information is provided in PMN submissions. 

 
2.2.2 Public Comments  

 Attendees provided comments and asked questions as summarized in the 
following subsections. 
 
2.2.2.1 Commenter #1: Dr. Peter Licari (CPO of Solazyme) 

 Dr. Licari presented comments on behalf of Solazyme, generally discussing 
Solazyme’s processes and benefits of genetic engineering (GE). Specific points included: 

 There is a distinction between: (1) the organism, and (2) the process used to 
cultivate that organism.  

 People immediately associate microalgae with ponds or photobioreactors 
(PBRs); however, this is not always the case. 

 Solazyme uses microalgae, but does not use open ponds or PBRs. The 
production method Solazyme uses is standard industrial fermentation, which 
is a well-known process that EPA has regulated for decades.  

 Solazyme applies GE technology to some micro algae (MA) to obtain 
significant performance benefits, such as safety, sustainability, or health 
advantages.  

 The MCAN process is extremely thorough and well-defined. This is 
consistent with Solazyme’s desire for responsible innovation and the company 
views MCANs and PMNs as necessary and important steps in new product 
development. 

 
2.2.2.2 Commenter #2: Jill Kauffman-Johnson (Global Sustainability Director of 

Solazyme) 

 Ms. Kauffman-Johnson also presented comments on behalf of Solazyme and 
wanted to stress the larger issue of petroleum-based economies. Specific points included: 

 There are problems with petroleum-based economies, as well as social and 
environmental impacts of land conversion. While many of these problems 
have increased exponentially, many of societies’ solutions have been 
incremental. Therefore, society must innovate and seek breakthrough 
solutions to meet these problems.  

 Oil is not just energy – it is ubiquitous and used in large percentage of 
materials every day. Microalgae are the world’s original oil producers.  

 Solazyme believes that their oil production platform (which uses contained 
fermentation) is an important technology to mitigate climate change and 
provide resilient solutions. 

 A range of solutions is needed yet there are increasingly fewer resources to 
develop them. Most of the bioeconomy is based on microorganisms. It is a 
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social and environmental imperative that we accelerate the transition to a low 
carbon economy. EPA is at the center of facilitating this transition and 
ensuring that it is done safely, with integrity and public confidence.  

 Companies need to do their part as well. Biotechnology has the potential to 
provide breakthrough solutions when applied responsibly with transparency 
and public engagement. Solazyme has spent the last year actively pursuing 
input in developing a sustainability program.  

 Solazyme appreciates EPA’s effort to engage the public in the transition to a 
bio-based society. 

 
2.2.2.3 Commenter #3: Jaydee Hanson (Policy Director for the International Center 

for Technology Assessment) 

 Mr. Jaydee Hanson presented comments for the International Center for 
Technology Assessment (ICTA) and also noted that he works with its sister organization, the 
Center for Food Safety. A summary of his points included: 

 The current EPA risk assessment staff is quite good. However, there will be a 
lot more microorganism submissions requiring review coming in quickly and 
EPA will need to develop new expertise very fast.  

 Companies are considering dozens/hundreds of microorganism variants, each 
of which will require separate EPA review. EPA will not be able to process 
the large number of new submissions with the same historical thoroughness 
for MCANs and TERAs with current available resources and processes.  

 One of the ways that EPA has reduced the workload is through Tier 1 & 2 
exemptions. EPA may get inquiries about whether those exemptions are still 
appropriate for previously-exempt organisms that are being genetically 
rebuilt. 

 Significant New Use Rules (SNURs) may be a possibility to set conditions on 
use of microbes, but Mr. Hanson suggested the Office of Management and 
Budget (OMB) may limit EPA’s use of SNURs. 

 The law may need to be changed to put the onus on industry to prove there 
will be no unreasonable, adverse effects. 

 There is a need for longer assessment times and post-market reporting 
requirements.  

 Mr. Hanson suggested that EPA request companies to “unredact” 
environmental and human health portions of submissions that have been 
claimed as confidential business information (CBI). 

 
2.2.2.4 Commenter #4: Matthew Harney (Chemist, Keller and Heckman LLP) 

 Mr. Matthew Harney, a chemist at Keller and Heckman, LLP, commented on the 
interface between microbiology and chemistry. A summary of his points included: 
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 Companies typically try to manufacture chemical substances from 
microorganisms. Some of Mr. Harney’s clients have trouble distinguishing 
between chemical manufacturing and the manufacture of microorganisms that 
may require PMN submissions. 

 There is difficulty in determining TSCA inventory status for chemical 
products of biotechnology. Mr. Harney acknowledged issues with the 
nomenclature system, which has not been developed.  

 Mr. Harney encouraged EPA’s biotechnology assessment staff to work with 
TSCA inventory staff to help clarify what produced substances may or may 
not be on the inventory. 

 He also stressed open communication between biotechnology and TSCA 
nomenclature systems to understand what new GEM also needs an associated 
PMN review.  

 
2.2.2.5 Commenter #5: Jennifer Stewart (University of Delaware) (participated via 

webinar) 

 Ms. Jennifer Stewart, from the University of Delaware, asked the following 
question: 

 “Will organisms modified by gene editing techniques (e.g. CRISPR/Cas9) that 
do not contain foreign DNA in the final product be classified as 'intragenic' 
and thus exempt from TSCA oversight?” 
 

 EPA Response:  

 Dr. Segal stated that the Coordinated Framework in 1986 established a basis 
for regulation. In summary, if the end product is a microorganism that does 
not have intergeneric DNA then it is not considered new. Chemically 
synthesized DNA may not necessarily be identical to that found within a 
genus; in that case, the microorganism would be intergeneric. However, the 
determination is case-specific.  

 
2.2.2.6 Commenter #6: Rachel Smokler (Biofuelwatch) (participated via webinar) 

 Ms. Rachel Smokler, from Biofuelwatch, provided an additional question: 

 “Given the very vast expansion in research and development for microalgae 
biotech, it does not seem to make sense to exempt "non-commercial" stages 
from regulation and oversight. The goal is to prevent the problems from 
accidental release. But we are OK to allow labs to flush their products down 
the drain with impunity?  Or is there some other oversight?” 

 
 EPA Response:  

 Mr. Morris stated that TSCA is written such that its authority is associated 
with pre-commercialization, which triggers the need for a PMN submission 
(an  MCAN or TERA). However, there are also R&D stipulations that may 
trigger a review. 
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 Dr. Segal stated that NIH guidelines rather than TSCA may be applicable for 
non-commercial research uses, since most basic research facilities must 
comply with NIH guidelines.  

 
2.2.3 Additional Discussion 

 At the conclusion of the session, Mr. Morris stated that he appreciated the 
comments and that they were consistent with the theme of “responsible 
development” that had been discussed in his introductory remarks. Mr. Morris 
further stated that the comments pertaining to nomenclature and R&D make 
sense and that as EPA receives more submissions, the Agency may develop 
appropriate exemptions and nomenclature. 

 
2.3 Workshop Session #2: Genetically Engineered Algae and Charge Questions 

1-3  

 Dr. McClung began Workshop Session #2 by discussing specific considerations 
for risk assessment of genetically engineered algae. 
 
2.3.1 Presentation #2: Considerations for Risk Assessment of Genetically 

Engineered Algae (Dr. Gwen McClung, OPPT/RAD)  

 The purpose of Dr. McClung’s presentation was to identify unique issues that 
warrant consideration and uncertainties in the evaluation of potential hazards and exposures with 
commercial-scale production of genetically engineered cyanobacteria and microalgae. 
Presentation slides are available in Appendix E. The main points included:  

 Algae were not considered when rules and assessment procedures were first 
developed; therefore, EPA needs to provide information and guidance on 
algae.  

 There are several data gaps that need to be filled in order to perform 
assessments on MCANs and TERAs, which were listed in the presentation.  

 Photosynthetic capability may be fairly unique to algae. 

 There is potential for horizontal gene transfer in eukaryotic algae. 

 EPA is trying to assess outdoor photobioreactors (PBRs) and the potential for 
leaks/releases. 

 EPA is interested in characterizing and evaluating the potential for releases 
associate with various types of open ponds.  

 Inactivation of algae and the efficiency of various inactivation procedures may 
pose unique challenges due to thick cell walls of some species (therefore 
making it more difficult to inactivate algae than bacteria). 
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2.3.2 Public Comments  

 After the presentation, attendees were given the opportunity to provide comments 
or ask questions on the presentation, the associated considerations document (Appendix F), and 
Charge Questions #1-3, which are listed below: 
 

Effects Considerations 

1. Besides toxins and the potential for harmful algal blooms (HABs), what other 

effects may be associated with the commercial-scale production of algae? 

(e.g., invasiveness, horizontal gene transfer, ecological effects, effects on 

aquatic food webs, etc.) 

a. What types of data can be collected and should we request/gather in 

order to evaluate these potential effects? 

b. How can these effects be best detected/monitored? How can these 

effects be best measured? 

2. What algal data are available to help determine the potential effects posed by 

commercial-scale algal production? 

a. Are data available about natural occurring or wild-type algae, when 

found or grown in high concentrations in uncontained systems that can 

be used to evaluate the effects of engineered algae grown at 

commercial-scale? 

Exposure Considerations 

3. What potential exposures do different containment systems pose that should 

be considered during a risk assessment? 

a. How can a submitter demonstrate a containment system is secure? 

 

 
2.3.2.1 Commenter #1: Dana Perls (Friends of the Earth, U.S.)   

 Ms. Dana Perls was generally opposed to genetic engineering and supported a 
moratorium on all genetically engineered microorganism (GEM) production (not just algae). A 
summary of her points included: 

 There are currently no international or national regulations to fully evaluate 
synthetic biology risk assessments. 

 Synthetic biology organisms often escape unintentionally from laboratories, 
biorefineries and production vats through faulty containment systems and/or 
human error. Containment systems and engineering controls are never 100% 
effective.  

 Concerns upon release include genetic contamination of wild type species, 
disruption of natural ecosystems, facilitation of harmful algal blooms and 
release of chemical and biological pollutants.  
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 The use of synthetic biology algae in industrial applications will result in an 
unsustainable increase in pressure to sensitive land and marine ecologies to 
provide feedstocks for synthetic biology industries. 

 Before any GEMs enter the environment or are used in consumer products, 
strong international oversight and full transparency of technologies and 
systems used for monitoring/assessment is needed.  

 Ms. Perls also discussed a petition signed by a 120 civil society groups from 
around the world. The petition calls for the implementation of seven principles 
to mitigate risks, which focus on the precautionary principal, protection of 
human and environmental health, corporate accountability and protection of 
economic and environmental justice.  
  

2.3.2.2 Commenter #2: Matthew Carr (Algae Biomass Organization) 

 Mr. Matthew Carr, on behalf of the Algae Biomass Organization (ABO), 
represents multiple companies covering a broad spectrum of algae technologies and provided the 
following comments:  

 ABO members support open, rigorous, science based review/regulation of 
algae and other microorganisms. 

 EPA is appropriately and proactively regulating algae and working diligently 
to protect the public interest. 

 Algae offer societal benefits by providing alternatives to petroleum fuels and 
toxic chemicals, sustainable sources of proteins, oils, etc. 

 Additional comments would be submitted in writing due to lack of time for 
oral comments at the workshop. 

 
2.3.2.3 Commenter #3: Patrick Ahlm (Algenol)  

 Mr. Patrick Ahlm presented comments on behalf of Algenol. A summary of 
points included: 

 Algenol produces cyanobacteria to produce ethanol directly from algae and 
then uses spent biomass to produce a green crude. 

 Algenol follows broad risk assessment procedures, including: 
o Performing full genome sequencing of algae to show that the potential 

to produce toxins is absent from their processes.  

o Performing studies to ensure horizontal gene transfer does not occur.  

o Performing studies to ensure algae is non-invasive. The results show 
that the genetically engineered algae dies upon release and does not 
compete with wild type algae. [This effort was completed with 
oversight from the Florida Department of Agriculture to develop 
appropriate testing]. 
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2.3.2.4 Commenter #4: David Glass (Joule Unlimited Technologies/D. Glass 
Associates) 

 Mr. David Glass, of Joule Unlimited Technologies commented on behalf of 
multiple companies that develop modified cyanobacteria and algae for the production of fuels 
and chemicals. A summary of comments included: 

 Specific to Charge Questions #1 & #2, Mr. Glass stated that he would like a 
database of environmental effects of algae and cyanobacteria intended for 
industrial use and suggested that EPA develop a compilation of strains that do 
not produce blooms, toxins or other negative effects. 

 EPA’s assessment of genetically modified algae should focus on whether 
modifications change predicted behavior or risk characteristics of the intended 
recipient strain. 

 EPA’s guidance document should be consistent and clear throughout. 

 Charge Question #3 is inappropriately phrased. Reviewers should not look at 
release points because releases do not determine if there is a risk or hazard. 
Rather the characteristics of the organism determine the risk. Instead guidance 
to evaluate the algae itself not simply the release potential should be provided. 
Existing guidance is adaptable to photobioreactors and Section VI.B [of the 
Considerations for Risk Assessment document – see Appendix F] seems to be 
comprehensive.  

 Additional detailed comments will be sent separately. 
 

 EPA Response:  

 Greg Macek stated that he would welcome suggestions on how to characterize 
and structure the points to consider document.  

  
2.3.2.5 Commenter #5: Peter Lammers (Arizona State University)  

 Mr. Peter Lammers, from Arizona State University, provided comments focused 
on Charge Question #2.  

 Mr. Lammers works on the Algae Test-bed Public-Private Partnership 
(ATP3), funded by Department of Energy. ATP3 conducts experiments at five 
locations with the objective to look at geographic variations that may affect 
growth, productivities and failure rates.  

 He is currently attempting to demonstrate the importance of publicly available 
test beds and indicated that all of the data from ATP3 will become publicly 
available when the study is completed. 

 The containment issue brought up in Charge Question #2 must be put in 
perspective. Algae blooms occur in many environments and conditions (e.g., 
can grow in hot springs) and are self-limiting to those conditions. Because 
algae are adaptive and occur in a large variety of conditions there is the 
opportunity to utilize them to manage man-made changes to environmental 
cycles (e.g., carbon, water, etc.). 
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2.3.2.6 Commenter #6: John Benemann (CEO MicroBio Engineering, Inc.) 

 Mr. John Benemann stated there is no difference in the quality between open 
ponds versus PBRs, in terms of releases. He also stated: 

 Multiple companies already use open ponds; open ponds are not a new 
technology.  

 There is no discernable or plausible effect on human or environmental health 
from these systems and the scale of release is minimal compared to the 
amount of algae present in the environment. 

 Risk evaluation should come from an independent committee of experts not 
just from industry. 

 
2.3.2.7 Commenter #7: Clare Thorp (Biotechnology Industry Organization (BIO)) 

 Ms. Clare Thorp had a question concerning the use of disinfectants/pesticides 
within algal containment systems: 

 “Does review for disinfectants/pesticides within algal containment systems 
fall under the jurisdiction of OPPT or the Office of Pesticides?”  
 

 EPA Response: 

 Dr. Segal stated that this is an active topic of discussion. Until recently there 
were few applications overlapping TSCA vs. non-TSCA pesticide use under 
FIFRA. With an increase in submissions that may be applicable to both acts, 
increased coordination is now needed, and is being implemented. Currently, 
each situation is evaluated on a case-by-case basis. 

  
2.3.2.8 Commenter #8: Greg Mitchell (Scripps Institution of Oceanography, 

University of California, San Diego) 

 Mr. Greg Mitchell, of the Scripps Institution of Oceanography referenced a 
previous question about databases discussed earlier in the session (see Section 2.3.2.4).  

 Mr. Mitchell pointed out that literature is out of date and there is a significant 
amount of new information available. An earlier commenter suggested 
developing a list of safe organisms. This is not possible because there is not 
enough data. Therefore, data should be collected case-by-case in lab 
experiments for organisms that are going to be used industrially and 
characterized in detail.  

 It is not clear what tests are needed or who would do the tests to prove 
organisms are “safe.”  

 
2.3.3 Additional Discussion 

 Mr. Morris stated that the common theme for the session was “responsible 
development”. Mr. Morris further stated that EPA’s view is that responsibility 
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is achieved through a risk-based approach informed through data, and that is 
the approach that EPA wants to use in evaluating biotechnology. 

 Mr. Macek responded to David Glass’s comment (see Section 2.3.2.4). He 
reiterated that EPA welcomes input on how to structure the Points to Consider 
document such that it is of the most utility to submitters, including 
suggestions on how to categorize sections (open pond vs. contained, etc.).  

 Dr. Jason Delborne, an Associate Professor of Science Policy and Society at 
North Carolina State University identified himself as part of a team of 
researchers who would like to observe and study the interaction between 
policymakers and the general public. He expressed interest in interviewing 
workshop participants from a variety of different groups (industry, interest 
groups, academia, etc.). 

  
2.4 Workshop Session #3: Genetically Engineered Microorganisms and Charge 

Questions 4-6 

2.4.1 Presentation #3: Considerations for Risk Assessment of Genetically 
Engineered Microorganisms (Dr. Carolina Peñalva-Arana, OPPT/RAD)  

 The purpose of Dr. Peñalva-Arana’s presentation was to review current guidance 
and genetic manipulations observed to date, identify issues uniquely associated with the 
increased use of advanced GE tools, and identify data needs to support risk assessments of these 
new products. Presentation slides are available in Appendix G. A summary of the main points 
include: 
 

 EPA’s focus is on general data needs pertaining to new and advanced 
technologies and information to characterize associated risks. EPA would like 
to know what is available and what should be evaluated? 

 There have been several advances over the years, including but not limited to, 
those associated with auxotrophy, xeno nucleic acids, and synthetic bioparts. 

 The new relative ease of generating a large number of genetic variants 
introduces challenges for risk assessors. Proactive planning is one of the big 
questions for EPA. 

 There are many new data needs since the original 1997 Points to Consider 
document was drafted, including detailed descriptions of biological 
containment strategies.  

 
2.4.2 Public Comments 

 After the presentation, attendees were given the opportunity to provide comments 
and ask questions on the presentation, the associated considerations document (see Appendix H), 
and Charge Questions #4-6, which are reproduced below: 
 

4. How can the predicted function of a genetically engineered construct be 

shown to be limited to the purpose for which it was designed? 
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a. How can a construct based on a gene known to encode multiple 

functions (i.e., under different conditions or in other species) be shown 

to be contained? 

5. With genetically engineered microorganisms, what biological containment 

methods are best employed? (e.g., xeno nucleic acids, altered codon usage, 

noncanonical amino acids, etc.) 

a. Should data requirements be different for these organisms? If so, why? 

b. What information should be included on the construct used to develop 

a new microorganism using synthetic biology techniques? 

c. What information can be used to confirm that a biological containment 

method is fail-proof? 

6. What differences exist and should be considered when assessing the risk of 

RNA versus DNA modifications? 

 

 
2.4.2.1 Commenter #1: Steve Suppan (Institute for Agriculture and Trade Policy) 

 Mr. Steve Suppan, a senior policy analyst for the Institute of Agriculture and 
Trade Policy (IATP) provided comments concerning containment and CBI claims. A summary 
of points included:   

 Three European committees have responded to part of Charge Question #4. 
Each committee essentially stated that nothing is 100% safe. 

 Synthetic biology technologies may improve containment but none are 100% 
effective. 

 Multiple safeguards are needed to solve biosafety risks; however the higher 
the complexity of the containment device the higher the potential for failure. 

 IATP does not have the technical background to give a specific response, but 
encourages EPA not to allow data regarding human, animal and 
environmental health to be classified as confidential business information 
(CBI). 

 Synthetic biology techniques should not dismiss RNA manipulation as 
“noise” and unimportant. 

 
 EPA Response: 

 Mr. Morris acknowledged the challenge of affording transparency of 
assessments and protecting intellectual property through CBI claims. He 
stated that the proper balance needs to be struck and invited further comments 
on this topic. 
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2.4.2.2 Commenter #2: Bjorn Heijstra (LanzaTech) 

 Mr. Bjorn Heijstra, of LanzaTech discussed the availability of genetic tools. A 
summary included: 

 LanzaTech performs gas fermentation and is trying to grow the overall field of 
gas fermentation. Mr. Heijstra wants to make the genetic tools developed and 
information gathered available to the public. 

 EPA reviews final biological entities resulting from modifications, but Mr. 
Heistra asked whether the availability of genetic tools should also be limited, 
since they could be used to create uncharacterized organisms. He asked 
whether this is responsible development under EPA purview  

 
 EPA Response: 

 Dr. Segal indicated that the discussion is a question of “product based” versus 
“process based” evaluations. Evaluation of tools is a form of process-based 
review. EPA is not specifically regulating processes or tools. 

 
 Follow-up Questions: 
 

Mr. Heijstra then asked the following additional questions: 

 Is there any view on any type of regulation on genetic tools, which, for 
example, make synthetic DNA easy to manufacture? Especially with algae, 
which can be environmentally dominant.  

 Is there any anticipation of increasing the frequency of reviews, because of the 
fast speed of this field? 

 
 EPA Response: 

 Mr. Morris stated that government’s approach is to evaluate a product, not a 
process. However, information on approaches is important to help 
evaluate/characterize products. Therefore, there is an interest in understanding 
the process. 

 Dr. McClung stated that EPA regulates the microorganism and the traits or 
behavior of the microorganism. Therefore, EPA needs to understand 
interactions with the environment if the GEM is released, and the potential 
effects. 

 Dr. Segal stated that the nexus between the processes and the organism is the 
stability of the resulting genetic construct. EPA’s review includes 
consideration of whether the process of genetic construction results in the 
development of genetic instability (e.g., horizontal gene transfer).  

 
2.4.2.3 Commenter #3: John Coleman (Consultant for Algenol) 

 Mr. John Coleman, a consultant for Algenol, provided several comments: 
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 There is a difficulty in making a demarcation between synthetic biology and 
traditional genetic engineering. Mr. Coleman stated that he was not 
comfortable with MCANs designated as “synthetic” versus “traditional GE.”  

 There is an increase in the potential modifications that take place, full 
analyses of unintended consequences due to protein-protein interactions using 
all available technologies should be completed.  

 As a follow up to a previous comment about development of a “safe” database 
(see Section 2.3.2.4); Mr. Coleman liked the idea but acknowledged that there 
are CBI concerns. He suggested using a database to help develop best 
practices and address concerns. 

 It is appreciated that evaluating and approving MCANs is “an iterative 
process.” 

 Ultimately, he is looking to ensure GEM are “safe”, have no competitive 
advantage to wild type strains, and/or cannot proliferate if released. All of the 
aforementioned questions are important for addressing safety of organisms. 

 
 EPA Response: 

 Dr. Segal agreed that there is no clear boundary between synthetic biology 
and “classic genetic engineering,” which is why the term “synthetic biology” 
is not used by EPA in the context of this workshop. He noted that if EPA 
determines that something as “new,” it does not suggest that it is hazardous. 
Rather, TSCA requires that all new substances must be reviewed (unless there 
is an exemption). Use of a synthetic sequence may be analogous to use of 
genetic material from a different genus, (thus “new”) and therefore EPA must 
review it. 

 
2.4.2.4 Commenter #4: Colleen Cordes (The Nature Institute) 

 Ms. Colleen Cordes, of the Nature Institute, indicated that her work “focuses on 
the broad context of which any phenomenon is studied,” and is “amazed and overwhelmed at the 
amount of science” on the topic of synthetic bioengineering. Main points included: 

 Concern about the opening comments that “we can safely pursue rational 
redesign of the natural world.” The question is not how to safely develop 
bioengineering but rather “can we”.  

 Synthetic bioengineering is not ready for commercialization. A report 
resulting from NSF workshops (run by the Woodrow Wilson Center and MIT) 
regarding questions needed to understand implications of synthetic biology 
was referenced.  

 EPA has a lot of power as regulators to serve public interest, not to speed the 
commercialization of new products. 
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2.4.2.5 Commenter #5: Todd Kuiken (Woodrow Wilson Center) 

 Mr. Todd Kuiken, of the Woodrow Wilson Center, refuted Ms. Cordes’ comment 
about the NSF report and stated that the report only looked at the information needed and the 
questions to be explored in regards to synthetic biology rather than stating whether or not to 
commercialize synthetic biology. He proceeded to ask specific questions for the panel:   

 How does EPA consider synthetic biology parts? As individual parts, or 
combinations?  

 How does EPA distinguish parts as inter- versus intra- generic? 
 

 EPA Response: 

 Dr. McClung stated that EPA does not evaluate bioparts - only the final GEM. 
Historically, EPA looked at the organism that the part was initially isolated 
from to determine if the modification was inter- or intrageneric. If the biopart 
is not identical to one in an existing organism within the same genus then it is 
considered to be “new” and considered intergeneric. 

 Dr. Segal stated that gene transfer takes place more commonly over geologic 
time frames than most people realize; therefore, it is plausible that some genes 
found in one genus could also be found in another genus. EPA usually uses 
the first reported genus where a gene was found as the basis for assigning the 
source of the gene, although that may not be the ideal solution for cases where 
a gene may have moved around over longer time frames.  

 Dr. McClung agreed and indicated that the idea is to look at “novel traits” that 
are introduced from an outside genus, which is within the enforceable scope 
of TSCA, justifying the rationale.  

 
2.4.3 Additional Discussion 

2.4.3.1 Dana Perls (Friends of the Earth, U.S.) 

 Ms. Perls returned to the floor, asking for further clarification on the “process 
versus product” discussion. She asked: 
 

 “If the process [for producing genetically engineered microorganisms] is not 
regulated under TSCA then where/who regulates the process?” 

 
 EPA Response: 

 Mr. Morris stated that EPA has authority under TSCA to regulate any part of 
the life cycle of a substance, but if the question relates to broader implications 
for biotechnology or GE outside the scope of a specific substance, then that 
does not fall under TSCA jurisdiction. 

 
2.4.3.2 Antony Evans (Glowing Plant) (participating via webinar) 

Mr. Antony Evans, of Glowing Plant, asked:  
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 “TSCA is a risk/benefit assessment. Could you comment on how the benefit 
part of the equation is assessed for MCAN's?” 
 

 EPA Response: 

 Mr. Morris stated that TSCA evaluates the potential for “unreasonable risk” 
which includes costs & benefits.  

 Dr. McClung stated that risk assessments do not require “zero risk”, rather “no 
unreasonable risk.” Therefore, EPA considers cost/benefit analysis (not just 
economic but also environmental), including what the GEM does, and the 
current products and processes it will replace. 

 Mr. Morris reiterated that there is a distinction under TSCA between “New” 
and “Existing”. The standard for a new chemical is “may present unreasonable 
risk” vs. “will present unreasonable risk” for existing chemicals, which is an 
important nuance difference. 

 
2.4.3.3  Andy Gillespie (EPA/Office of Research and Development) (participating 

via webinar) 

 Andy Gillespie, of EPA’s Office of Research and Development (ORD), asked: 

 “What are the top two or three specific R&D advances that would most help 
EPA deal with the growing number of MCANs and TERAs?” 

 
 EPA Response: 

 Dr. McClung stated that she does not have an answer, and this is the reason 
for the workshop.  

 Mr. Morris stated that because of the large number of substances now 
requiring assessment, EPA needs tools to make decisions with greater 
certainty based on assays that can be conducted inexpensively. These tools are 
available for chemical review, but EPA would also like them for biological 
submissions.  

 
2.4.3.4 Devinn Lambert (Department of Energy, but speaking as individual) 

 Ms. Devinn Lambert, of the Department of Energy, but speaking as an individual, 
provided the following questions/comments: 

 Question #1: Codon optimization was brought up in a presentation slide. Is 
this a process or product consideration? (Ms. Lambert also encouraged EPA to 
consider sequences optimized with codons as equivalent to intergeneric 
DNA.) 

 Question #2: Are bioparts considered product or process? One example is 
promoters used to turn genes on/off – these are part of the process and will not 
exactly be the product. Ms. Lambert was curious about EPA’s view on 
regulations and encouraged EPA to consider the entire effect of bioparts and 
not just the specific part. 
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 EPA Response: 

 Dr. McClung responded to both questions: 
o Question #1: The standard process for distinguishing between 

intergeneric and intrageneric is that the DNA sequence must be 
identical to something within the particular genus to be considered 
intrageneric. 

o Question #2. If the question was asking about promoters, then EPA 
does exclude certain items, including intrageneric parts, in addition to 
well-characterized non protein regulatory regions. Therefore, 
promoters from a different genus can be exempt in certain instances. 

 Dr. Segal reiterated that under TSCA there is a separation between the 
“determination of newness” and the evaluation of hazards. Codon 
optimization is considered “new” while the case provided in the second 
question is not “new”. That is different than whether evaluation of the hazards 
related to either case. 

 
2.4.3.5 Stanley Abramson (Arent Fox LLP)  

 Mr. Stanley Abramson, of Arent Fox LLP, pointed out that the conference is 
focused on market entry and what is needed to bring new chemicals to market. Additionally, he 
stated that: 

 TSCA has two components – new and existing chemicals. Therefore TSCA 
covers all chemicals and there are no gaps because existing chemicals have 
their own reporting requirements that are not explicitly part of the workshop’s 
goal to develop guidance for MCAN/TERA submissions.  
 

 
2.5 Workshop Session #4: Charge Question 7 - Opportunity to Comment on 

Relevant Topics not included in Previous Charge Questions  

This was an open-ended session allowing participants to ask any other questions, 
provide additional comments, or to address Charge Question #7, as reproduced below: 

7. What questions have we not asked that are relevant to our task? Have we 

missed any relevant issues? 

2.5.1 Commenter #1: Tim Schwab (Food & Water Watch) 

 Mr. Schwab generally disapproved of past EPA and FDA reviews and approvals. 
Generally, he stated that: 
 

 TSCA is outdated and inadequate.  
 EPA should take the approach of precautionary principle.  
 Biotechnology is a not a good idea and current methods of evaluation are not 

sufficient.  
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 EPA Response: 

 Mr. Morris indicated that the July White House memorandum requires U.S. 
government agencies to develop a coordinated review process. He stated that 
there will be a meeting pertaining to public participation and development of a 
review framework. 

 
2.5.2 Commenter #2: Pat Rizzuto (Bloomberg BNA, Inc.) 

Ms. Pat Rizzuto, of Bloomberg BNA, Inc., asked: 

 Is there anything that constrains EPA efforts regarding a new bill? 
 

 EPA Response: 

 Mr. Morris stated that there is no legislation yet; therefore, everything is 
speculative. He expected that EPA’s program pertaining to biotechnology 
reviews would continue but declined further comment.   

  
2.5.3 Commenter #3: Rachel Smokler (Biofuelwatch) (participating via webinar) 

 Ms. Smokler, of Biofuelwatch, provided comments and related questions via the 
webinar, related to Charge Questions #1-3. In summary, she stated:  

 “Some commenters pointed out that many variables must be considered to 
complete evaluations both in terms of the production systems, and the 
organisms. Also it has been repeatedly pointed out that very little is known: 
“We don’t even know the taxonomy, many species remain undescribed, and 
our knowledge of their ecology can barely be considered even embryonic, 
except that we know it is unusually complex and changeable. Meanwhile, our 
capacity to tinker with microbial genetics, using new synthetic biology 
techniques, is advancing very, very fast. AND: The massive increased 
proliferation of [harmful algal blooms] indicates just how little we know, how 
changeable the ecology is, and how incapable of controlling microalgae we 
really are. Given these various facts: It would seem well advised to proceed by 
embracing a precautionary approach that would rest on the fact that we simply 
do not know enough to effectively regulate at this point - perhaps adopting 
something like a de facto moratorium on commercial release as suggested by 
Dana Perls? Does EPA feel it MUST provide a path to commercial release 
ASAP, no matter what uncertainties exist?  Or can EPA do what seems clearly 
indicated and really take time to step back and thoroughly evaluate the entire 
undertaking and determine whether algae biotech makes sense and can be 
regulated effectively?” 

 
 EPA Response: 

 Mr. Morris referred the commenter back to White House memorandum and 
stated that EPA will use a risk-based approach with scientific data. Each 
MCAN will be evaluated case-by-case. 
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 Dr. McClung stated that if EPA can make a “no unreasonable risk” 
determination then manufacture may occur. If EPA determines there is 
“unreasonable risk” then manufacture of the substance can be banned. If EPA 
cannot determine risk but there is a possibility for substantial exposure then 
EPA negotiates a consent order to acquire appropriate data. 

 Dr. Segal concurred with Dr. McClung and added that EPA has seen 
situations where, during the course of the review, EPA informs the submitter 
the Agency feels there is insufficient information. The submitter can then 
choose to expand the time frame for review to gather needed information. 

 Dr. McClung stated that each GEM has unique possible risks. It is possible 
that the evaluation of exposure may not be necessary for a particular GEM or 
a particular technology; each assessment is case-by-case. 

 
2.5.4 Commenter #4: Jaydee Hanson (International Center for Technology 

Assessment)  

 Mr. Hanson returned to the floor for to provide additional comments and 
questions:  

 Mr. Hanson suggested that EPA revisit the definition of what is being 
regulated to make it clear that EPA will find a way to regulate synthetic 
biology organisms. 

 Under TSCA, a company can get approval to manufacture a GEM through 
submission of an MCAN and then sell the technology to another company. 
This is different from analogous FDA approval processes where separate 
reviews are performed for the new company. For MCANs or TERAs, EPA 
assumes the exact same conditions between the old and new companies.  

 
 EPA Response: 

 Dr. McClung stated that this is a unique aspect of TSCA. The original 
submitter’s processes and system is evaluated. Additionally, EPA evaluates 
different possible processes. 

 Dr. Segal stated that the approval based on risk from the organism AND 
plausible other uses. EPA’s economists identify other possible uses and each 
is subsequently evaluated. 

 
2.5.5 Commenter #5: Tom Kuiken (Woodrow Wilson Center) 

 Mr. Kuiken returned to the floor for an additional comment and question: 

 Less than 1% of the U.S. government’s total funding for biotechnology goes 
into risk research. Will EPA/ORD develop a program to look into questions 
about data needs? Also does EPA have the needed resource capacity/staff? 

 
 EPA Response: 
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 Mr. Morris indicated that as OPPT identifies needs, they coordinate with 
ORD. He also stated that funding is generally not an issue; expertise is more 
important. Mr. Morris stated that it is a constant challenge for EPA to bring in 
people with appropriate skills and experience, but feels that they are doing a 
good job.  

 Dr. Segal stated that managers have recognized rapid change in needs and 
have taken strides to increase available staff and expertise.  

 
2.5.6 Commenter #6: Steve Suppan (Institute for Agriculture and Trade Policy) 

 Mr. Suppan returned to the floor for additional comments about CBI:  

 It is difficult to have scientific discussion if CBI is used indiscriminately. His 
understanding is that the trade secret information cannot be patented and 
therefore must be redacted.  

 There may be a way to sanitize CBI information so it can be released and 
reviewed by independent scientists.  

 EPA should coordinate with other regulators and determine whether CBI can 
be released, at least partially. CBI should only be used on trade secrets, since 
patents offer considerable protection to submitters. 

 
 EPA Response: 

 Mr. Morris stated that this will be a topic of interagency discussion. 
 

2.5.7 Commenter #7: Colleen Cordes (The Nature Institute) 

 Ms. Cordes returned to the floor for a question about commercial production 
versus research and development: 

 There is an exemption research and development (R&D) but it does not apply 
to “commercial R&D.” What about universities whose patents are really 
commercial in practice? 

 
 EPA Response: 

 Dr. Segal stated that EPA maintains interactions with colleagues in funding 
agencies. For proposal developers they ask EPA what is and is not covered. It 
is a case-by-case and informal review. Mr. Segal acknowledged this is a good 
topic and EPA may need to develop a systematic review. 

 
 

2.6 Closing Remarks – Jeff Morris 

 To conclude the meeting, Mr. Morris thanked the in-person and webinar attendees 
and provided some brief closing remarks. He stated that the next steps will be to factor 
comments into the development of the draft considerations document for further public 
comment. He also encouraged everyone to meet with Dr. Jason Delborne (see Section 2.3.3) on 
broader issues on biotechnology, because EPA can only participate in broader discourse to the 
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extent that society is engaged.    
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Charge Questions #1-3 for Presentation #2 on Commercial-Scale Algae Production 

Effects Considerations 

1. Besides toxins and the potential for harmful algal blooms (HABs), what other effects may 
be associated with the commercial-scale production of algae? (e.g., invasiveness, 
horizontal gene transfer, ecological effects, effects on aquatic food webs, etc.) 

a. What types of data can be collected and should we request/gather in order to 
evaluate these potential effects? 

b. How can these effects be best detected/monitored? How can these effects be best 
measured? 

2. What algal data are available to help determine the potential effects posed by 
commercial-scale algal production? 

a. Are data available about natural occurring or wild-type algae, when found or 
grown in high concentrations in uncontained systems that can be used to evaluate 
the effects of engineered algae grown at commercial-scale? 

Exposure Considerations 

3. What potential exposures do different containment systems pose that should be 
considered during a risk assessment? 

a. How can a submitter demonstrate a containment system is secure? 

Charge Questions #4-6 for Presentation #3 on Advanced Genetic Engineering 

4. How can the predicted function of a genetically engineered construct be shown to be 
limited to the purpose for which it was designed? 

a. How can a construct based on a gene known to encode multiple functions (i.e., 
under different conditions or in other species) be shown to be contained? 

5. With genetically engineered microorganisms, what biological containment methods are 
best employed? (e.g., xenonucleic acids, altered codon usage, noncanonical amino acids, 
etc.) 

a. Should data requirements be different for these organisms? If so, why? 
b. What information should be included on the construct used to develop a new 

microorganism using synthetic biology techniques? 
c. What information can be used to confirm that a biological containment method is 

fail-proof? 
6. What differences exist and should be considered when assessing the risk of RNA versus 

DNA modifications? 

Charge Question #7 for Concluding Session 

7. What questions have we not asked that are relevant to our task? Have we missed any 
relevant issues?
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8:05-8:20 AM Keynote Speaker (Jeff Morris)  

8:20-8:45 AM 
Presentation #1: Toxic Substances Control Act Oversight of New 
Organisms (Dr. Mark Segal) 

8:45-9:15 AM Comments/Discussion on Presentation #1  

9:15-9:30 AM 
Presentation #2: Considerations for Risk Assessment of Genetically 
Engineered Algae  (Dr. Gwen McClung) 
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10:00-10:15 AM BREAK 

10:15-10:45 AM 
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(continued) 
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11:30-11:50 AM 
Comments/Discussion on Relevant Topics not Covered Previously 
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EPA PRESENTATION #1 – TOXIC SUBSTANCES CONTROL ACT OVERSIGHT OF 

NEW MICROORGANISMS 
 



Risk Assessment Division

Office of Pollution Prevention and Toxics

U.S. Environmental Protection Agency
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Toxic Substances Control Act  

Oversight of New Microorganisms 

Mark Segal, Ph. D.



Toxic Substances Control Act (TSCA)

• Enacted in 1976

• Under TSCA, EPA has authority to regulate the 

manufacture, use, distribution in commerce, and 

disposal of chemical substances and mixtures 

• Covers chemical substances (industrial, 

environmental, or consumer products) not 

specifically excluded 
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Exclusions from TSCA

• Food, food additives

• Drugs

• Cosmetics

• Medical devices

• Pesticides (but not pesticide intermediates)

• Tobacco

• Nuclear material

• Firearms
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TSCA is a catch-all statute for biotechnology 
products not regulated by other Agencies



• Biomass conversion for chemical production

• Microbial fuel cells

• Mining and resource extraction

• Building materials

• Waste and pollution

• Non-pesticidal agriculture

• Weather and climate

• Consumer uses

9/24/2015 U.S. Environmental Protection Agency 4

TSCA Applications/Use Examples



History of Genetically Engineered 

Microorganisms (GEMs) and TSCA

• EPA issued 1984 Policy Statement and final Policy Statement in 

1986 as part of the Federal “Coordinated Framework for the 

Regulation of Biotechnology” (Office Science Technology & 

Policy)

• “Coordinated Framework” specified lead agencies (FDA, USDA, 
EPA, OSHA, NIH) for regulation of various biotechnology 
products 

• Proposed Microbial Biotechnology Rule 1994  

• Final Rule: Microbial Products of Biotechnology 1997
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TSCA Biotechnology Rule 1997
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• Rule established procedures for premanufacture review 
of “new” microorganisms 

• Rule retained EPA’s interpretation of “new” (intergeneric) 
microorganisms as stated in the 1986 Coordinated 
Framework Policy Statement 

• Applies to “new” microorganisms that are manufactured, 
imported, or processed for commercial activities, 
including R&D activities 

• For clarity, EPA consolidated all requirements and 
procedures into one part of the CFR (40 CFR 725)



TSCA Inventory of Chemical 

Substances

Microorganisms subject to TSCA are treated as

chemical substances.  

The rules for determining whether a substance is 

“new” or “existing” are:

• an “existing” chemical substance is one that is 
listed on the TSCA Inventory

• a “new” chemical substance is one that does not 
appear on the TSCA Inventory

9/24/2015 U.S. Environmental Protection Agency 7



Microorganisms Excluded from TSCA 

Biotechnology Reporting Requirements

9/24/2015 U.S. Environmental Protection Agency 8

• Naturally occurring microorganisms – implicitly 

listed on the TSCA inventory

• Intrageneric – those formed by the introduction of 

genetic material from organisms within the same 

genus

• Those containing only well-characterized, non-

coding regulatory sequences

8



“New” Microorganisms Subject to 

TSCA Section 5

New Microorganism = “intergeneric”

• Microorganism formed by the deliberate combination 
of genetic material from organisms classified in 
different taxonomic genera 

• Microorganism constructed with synthetic genes 
that are not identical to DNA that would be derived 
from the same genus as the recipient 

• Not on the TSCA Inventory 

• Used in TSCA applications

9/24/2015 U.S. Environmental Protection Agency 99

• • 



• Initially defined using contemporary taxonomic 
systems but allowed for “new categories of 
microorganisms” as taxonomies change.

• Encompasses all forms of bacteria, protozoa, fungi, 
algae and viruses. 

• Now defined using current three Domain taxonomies 
and corresponding placement of the microorganism 
categories listed in the 1997 Rule.

9/24/2015 U.S. Environmental Protection Agency 10

Definition of Microorganism



Microbial Commercial Activity Notice (MCAN)

• Any manufacturer, importer, or processor must file a 
Microbial Commercial Activity Notice at least 90 days prior to 
initiating manufacture/import (unless eligible for an 
exemption)

TSCA Experimental Release Application (TERA)

• Persons who wish to introduce a new microorganism into the 
environment, including those at the R&D stage if deemed 
commercial R&D, must submit a TERA 60 days prior to 
initiation of the field test (similar to an abbreviated MCAN 
submission)
9/24/2015 U.S. Environmental Protection Agency 11

Submissions – Reporting 

Mechanisms



9/24/2015 U.S. Environmental Protection Agency 12

Coverage of Commercial R&D

Commercial R&D – means that the activities are conducted with 
the purpose of obtaining an immediate or eventual commercial 
advantage

• R&D funded directly by a commercial entity regardless of who is 
actually conducting the research

• R&D not funded directly by a commercial entity, if the researcher 
intends to obtain an immediate or eventual commercial 
advantage

TSCA Section 5 - applies to microorganisms that are  

manufactured, imported, or processed for commercial purposes.  

EPA has defined manufacture or process  for commercial purposes 

as ‘‘manufacture or process for purposes of obtaining an immediate 

or eventual commercial  advantage’’ as determined by indicia of 

commercial intent.



A person who manufactures, imports, or processes a microorganism is 
not subject to reporting requirements if:

• the microorganism is solely for research and development activities  

• the microorganism is used by, or directly under the supervision of, a 
technically qualified individual (TQI) defined in §725.3. The TQI must 
maintain documentation of the procedures selected to ensure 
compliance.

• there is no intentional testing of a microorganism outside of a 
structure

• there are containment and/or inactivation controls

Structure - means a building or vessel which effectively surrounds and 

encloses the microorganism and includes features designed to restrict 

the microorganism from leaving

9/24/2015 U.S. Environmental Protection Agency 13

Research and Development Exemption in a 

Contained Structure (§725.234)



• Microbial Identification

• Product characterization/genetic construction

• Human Health Hazard Assessment

• Ecological Hazard Assessment

• Genetic Construct Hazard Analysis 

• Worker exposure, releases to the environment

• Consumer, general population and environmental 
exposures

9/24/2015 U.S. Environmental Protection Agency 14

Risk Assessment

Risk = Hazard x Exposure



“Points to Consider” Guidance Document

• Taxonomic descriptions of the recipient and donor 
microorganisms

• Detailed construction of the submission microorganism

• Human health effects information on the submission 
microorganism

• Environmental effects information on submission 
microorganism

• By-products, production volume, and use information

• Worker exposure and environmental releases/containment 

• Environmental release protocols

• Expected survival/dispersal - environmental exposures

• Emergency/contingency protocols
9/24/2015 U.S. Environmental Protection Agency 15

Data Needs for MCANs and TERAs



• finding of “no unreasonable risk to human health 
and the environment”

• Risk Assessment

• Economic Analysis

TSCA is a risk/benefit statute

9/24/2015 U.S. Environmental Protection Agency 16

Risk Assessment

Risk Management Decision



Sufficient information to determine “no unreasonable risk”
• take no regulatory action

• company may commence manufacture/use 

• after receive a Notice of Commencement, listed on the TSCA Inventory

Sufficient information to determine “unreasonable risk”
• prohibit or restrict manufacture/use

Insufficient information to determine effects, but 
possibility exists for unreasonable risk and/or 
substantial/significant exposure

• negotiate Consent Order to restrict use & specify data needs to lift  
Consent Order

9/24/2015 U.S. Environmental Protection Agency 17

Possible Regulatory Outcomes



http://www.epa.gov/biotech_rule/

Microbial Products of Biotechnology; Final Regulation 
Under the Toxic Substances Control Act; Final Rule

40 CFR Parts 700, 720, 721, 723, and 725

Points to Consider in the Preparation of TSCA 
Biotechnology Submissions for Microorganisms

9/24/2015 U.S. Environmental Protection Agency 18

Office of Pollution Prevention and Toxics

http://www.epa.gov/biotech_rule/
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Purpose

• Effort to assist EPA in updating of OPPT’s 1997 

guidance document “Points to Consider in the 

Preparation of TSCA Biotechnology Submissions for 

Microorganisms” for algae

• Identify unique issues that warrant consideration and 

uncertainties in the evaluation of potential hazards and 

exposures with commercial-scale production of  

genetically engineered cyanobacteria and microalgae 

9/28/2015 U.S. Environmental Protection Agency 2



“Points to Consider” Guidance Document
• Taxonomic descriptions of the recipient and donor microorganisms

• Detailed description of the genetic construction of the submission 
microorganism

• Human health effects information on the recipient and submission 
microorganisms

• Environmental effects information on the recipient and submission 
microorganisms

• By-products, production volume, and use information

• Worker exposure and environmental releases/containment 

• Environmental release protocols

• Survival/dispersal - environmental exposures

• Emergency/contingency protocols
3

Data Needs for MCANs and TERAs

9/28/2015 U.S. Environmental Protection Agency



Considerations for GE Algae

Taxonomy/Classification

• Best sources for algal classification

Characterization

• Some not well-studied/poorly characterized

• Unknown prevalence, distribution, interactions

Description of recipient microorganism

• Photosynthetic and nitrogen fixation abilities

• Growth rate & forms (e.g., unicellular, filamentous, colonies)

• Salinity tolerance & optima

• Interactions in biogeochemical cycling and aquatic food webs

9/28/2015 U.S. Environmental Protection Agency 4



Considerations for GE Algae 

Potential for horizontal gene transfer (HGT)

• Mechanisms and frequency of HGT in eukaryotic algae poorly 

understood compared to that of cyanobacteria

• Naturally transformable cyanobacteria

Biological containments systems

• Auxotrophy

• Suicide genes, induced lethality, etc.

9/28/2015 U.S. Environmental Protection Agency 5



Considerations for GE Algae 

Potential Human Health Effects

• Toxin Production – cyanotoxins and phycotoxins 

under manufacturing conditions – and the presence 

in the genome of genes that encode toxins

• Pathogenicity

• Allergenic/immunological effects

• Effects on human food supply

• Microbial pathogens as contaminants in ponds

9/28/2015 U.S. Environmental Protection Agency 6



Considerations for GE Algae 

Potential Ecological Effects

• Toxin Production

• Propensity for bloom formation – and the presence in 

the genome of gas vesicle genes

• Changes in primary productivity

• Effects on aquatic food webs/trophic level changes

• Effects on ecologically important relations

9/28/2015 U.S. Environmental Protection Agency 7



Considerations for GE Algae

Fate

• Survival – in potential aquatic and terrestrial receiving 

environments

• Competition – ability to out-compete indigenous 

populations

Environmental Exposures

9/28/2015 U.S. Environmental Protection Agency 8



Considerations for GE Algae

Photobioreactors (PBRs)

• Photobioreactor design & materials

• Integrity/weatherability of PBRs in the environment

• Potential for leaks 

• Cleaning of PBRs/re-use or disposal

• Disposal spent biomass/use of biomass as feedstock

• Environmental exposure under catastrophic failure of 

containment systems

9/28/2015 U.S. Environmental Protection Agency 9



Considerations for GE Algae

Open Ponds

• Pond construction material, use of liners, berms

• Circulation system, rate, formation of bioaerosols

• Dispersal 

• Distance to surface water bodies

• Disposal spent biomass/use of biomass as feedstock

• Disinfection of ponds between batches

• Use of antimicrobials or pesticides in culture media

• Environmental exposure under catastrophic failure of 

containment 
9/28/2015 U.S. Environmental Protection Agency 10
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CONSIDERATIONS FOR RISK ASSESSMENT OF  1 
GENETICALLY ENGINEERED ALGAE 2 

 3 
 4 
The following is an outline of information and data elements that may warrant 5 
consideration in conducting risk assessments of genetically engineered (GE) algae. 6 
These elements may be included in EPA’s update of its 1997 Points to Consider 7 
guidance document for those microorganisms and technologies not addressed at that 8 
time. This outline is intended to include a comprehensive compilation of information and 9 
data needs that may be applicable to any cyanobacterium or alga whether field tested 10 
or commercially grown for a wide variety of purposes and products. It reflects an 11 
understanding that a wide range of production systems may be employed, and that not 12 
all elements would apply to each GE alga. Participants are asked to examine these 13 
information and data elements and to provide commentary on the degree of 14 
comprehensiveness of these elements and on apparent or perceived omissions. They 15 
are also asked to offer suggestions for preferred modes of collection, characterization, 16 
and presentation, as well as choices for data formats and data sources.  17 
      18 
 19 
I.  RECIPIENT MICROORGANISM CHARACTERIZATION  20 
 21 
I.A.  Classification/Taxonomy 22 

 Preferred Name (genus, species) 23 
 Synonyms 24 
 Substantiating information and data (e.g., accession number, sequences, 25 

morphology, other phenotypic data, chemosystematic data [e.g., FAME]) 26 
 27 
I.B.  General Description and Characterization of Recipient Microorganism 28 

 Gram reaction 29 
 Growth rate 30 
 Natural growth forms or patterns (e.g., unicellular, colonies, coenobia, 31 
 chains, filamentous, mats) 32 
 Photosynthetic ability 33 
 Nitrogen fixation ability 34 
 pH range and optimum for growth 35 
 Temperature range and optimum for growth 36 
 Salinity tolerance (e.g., marine water, brackish water, freshwater, euryhaline) 37 
 Location/site of isolation  38 
 Habitat (e.g., soils, freshwater or marine sediment, desert soils) 39 
 Position in water body (e.g., planktonic, benthic, periphytic) 40 
 Prevalence/distribution in the environment 41 
 Dormancy strategies (e.g., spores, cysts, viable but nonculturable (VBNC) state)   42 
 Reproductive methods  43 
 Role in biogeochemical cycling 44 
 Importance in aquatic food web/trophic interactions 45 
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II.  GENETIC MODIFICATIONS 46 
 47 
II.A.  Detailed Description of Steps and Methods Used to Produce the GE Alga 48 

 Initial modifications of recipient microorganism (e.g., mutagenesis, 49 
deletions) 50 

 Function and description of all introduced genetic material, including sequences 51 
of intergeneric genes 52 

 Sources of all introduced genetic material for coding genes - whether excised, 53 
chemically synthesized, codon optimized, bioparts  54 

 Summary of all steps and methods used in the construction of the GE alga 55 
 Flow diagrams, plasmid maps, illustrations of gene cassettes 56 
 Site(s) of insertion and number of copies of genes  57 
 Number of inserts or plasmid copy number 58 
 Transfer or integration techniques (e.g., transformation, triparental matings, 59 
 protoplast fusion) 60 
 Selection methods used - including antimicrobial, herbicidal, or pesticidal 61 

resistance genes     62 
 Presence of introduced antibiotic resistance genes in the final GE alga - or 63 

method for removal and substantiating data 64 
 65 

II.B.  Characterization of the GE Alga 66 
 Taxonomic designation if extensive modification warrants new designation  67 
 Description of new properties 68 

 69 
II.C.  Stability of the Genetic Construct 70 

 Stability of phenotype over generations 71 
 72 

II.D.  Potential for Horizontal Gene Transfer 73 
 Chromosomal insertion 74 
 Extrachromosomal plasmid - whether conjugative, incompatability group 75 
 Other mobile genetic elements (i.e., transposons, insertion sequences)  76 
 Barriers to gene flow (e.g., removal of mobilization and transfer functions) 77 
 Phage susceptibility of the microorganism and that of parental strain 78 
 Naturally transformable cyanobacteria 79 

  80 
II.E.  Biological Containment Strategies 81 

 Auxotrophy 82 
 Conditional suicide systems 83 
 Genetic kill switches/induced lethality 84 
 Other 85 
 86 
 87 
 88 
  89 

 90 
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III.  POTENTIAL HUMAN HEALTH EFFECTS 91 
 92 
III.A.  Pathogenicity to Humans  93 

 Infectivity/disease (e.g., chlorellosis, protothecosis) 94 
 Production of, or presence of genes encoding, virulence factors (e.g., capsules, 95 

adhesins, exotoxins, invasins) 96 
 Ability for intercellular lifestyle, including growth at 37˚C 97 

 98 
III.B.  Toxin Production 99 

 Major cyanotoxins or phycotoxins (e.g., microcystins, nodularins,  100 
anatoxin-a, anatoxin-a(S), cylindrospermopsins, saxitoxins,  101 
lyngbyatoxin-a, brevetoxins, ciguatoxins, azaspiracids, yessitixins, palytoxins) 102 
produced and presence in the genome of any genes known to encode these 103 
toxins 104 

 Lesser cyanotoxins or phycotoxins (e.g., aplysiatoxins, endotoxin 105 
A/lipopolysaccharides) produced and presence of any of the genes known to 106 
encode these toxins 107 

 Secondary metabolites (e.g., β-methylamino-L-alanine (BMAA), 2,4- 108 
diaminobutyric acid (DAB))   109 

 Route of exposure to toxins or secondary metabolites (dermal absorption, 110 
inhalation, ingestion, etc.)  111 

 Pathway(s) for toxin formation (e.g., polyketide synthetase, non-ribosomal 112 
peptide synthetase)  113 

 Genetic regulation of toxin production 114 
 115 
III.C.  Allergenicity/Immunological Effects of the GE Alga or Its Products 116 

 Changes in cell wall/membrane proteins  117 
 Skin irritation/rashes 118 
 Eye irritation 119 
 Interstitial nephritis (hypersensitivity reactions from ingestion) 120 
 Cutaneous erythema (photosensitivity from accumulation of chlorophyll-related 121 

compounds) 122 
 Asthma (respiratory sensitization)  123 
 Allergy (IgE-related hypersensitivity) 124 

 125 
III.D.  Harmful Volatile Compounds 126 

 Methane derivatives 127 
 Volatile fatty acids 128 

 129 
III.E.  Effects on Human Food Supply 130 

 Accumulation of toxins in human food supply 131 
 Change in fatty acid composition of fish/shellfish 132 
 133 

III.F.  Presence/Prevention of Microbial Pathogens (Contaminants) in Ponds 134 
 135 
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IV.  POTENTIAL ECOLOGICAL EFFECTS  136 
 137 

 IV.A.  Toxicity to Animals  138 
 Cyanotoxins, phycotoxins, secondary metabolites produced and the presence of 139 

genes encoding toxin production (see Human Health section III.B.) 140 
 Toxicity of triglycerides/lipids or bioproducts produced 141 
 Route of exposure (ingestion, dermal absorption, inhalation)  142 
 Host range (e.g., toxicity to aquatic species, terrestrial animals, etc.)  143 
 Environmental triggers of toxin production 144 

 145 
 IV.B.  Pathogenicity to Animals 146 

 Chlorellosis, protothecosis of mammals 147 
 Other adverse effects on aquatic species (e.g., invasion & erosion of carapace of 148 

American horseshoe crab by green algae)  149 
 150 
IV.C.  Pathogenicity to Plants (e.g., Cephaleuros red rust, green alga pathogenic to  151 

red algae) 152 
 153 
IV.D.  Propensity for Bloom Formation 154 

 Flotation  (e.g., presence of genes encoding gas vesicles (gvp genes), increased 155 
buoyancy resulting from increased lipid content) 156 

 Mat formation (tendency to aggregate) 157 
 158 
IV.E.  Effects on Primary Productivity  159 

 Changes in photosynthesis rate (carbon fixation/Calvin cycle, oxygen generation) 160 
 Changes in antenna complexes/photosynthetic pigments/light capture, especially 161 

if changes endow the ability to live at different depth 162 
   163 

IV.F.  Effects on Other Biogeochemical Cycles  164 
 Nitrogen cycle – changes in nitrogen fixation of cyanobacteria  165 
 Phosphorus cycle  166 
 Sulfur cycle (e.g., generation of sulfhydryl compounds during mat decay)  167 

 168 
IV.G.  Effects on Microbial Food Web/Trophic Level Changes 169 

 Changes in palatability 170 
 Trophic transfer of fatty acids  171 
 Fatty acids important in zooplankton cell structure  172 
 Secreted triglycerides/lipids vs. retained intercellularly  173 

 174 
IV.H.  Effects on Other Ecologically Important Relationships 175 

 Lichens – both cyanobacteria and green algae 176 
 Desert soil crusts 177 
 Specific food source for specific organisms (e.g., flamingos, photosynthetic sea 178 

slugs) 179 
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 Effects on other aquatic species (e.g., American horseshoe crab which is an 180 
important food source for shore birds) 181 

 182 
IV.I.  Effects on the Surrounding Environment 183 

 Increased pH of water because of bicarbonate uptake by cyanobacteria (also 184 
with green algae) 185 

 Metal availability – affected by redox 186 
 Phosphorus availability – precipitation as iron phosphates at low pH   187 
 Suspended solids   188 

 189 
 190 
V.  INFORMATION APPLICABLE TO SMALL-SCALE FIELD TESTS  191 

 Objectives of the Tests 192 
 Nature of the Site (e.g., size, elevation, slope, proximity to water bodies, 193 

prevailing winds) 194 
 Field Test Design  195 
 Application Methods 196 
 Monitoring Endpoints and Procedures for Isolating/Detecting the GE Alga  197 
 Sampling Procedure 198 
 On-Site Containment Practices  199 
 Termination and Mitigation Procedures 200 
 Record Keeping & Reporting Test Result 201 

 202 
 203 
VI.  MANUFACTURING PROCESS DESCRIPTIONS & PRODUCTION VOLUMES 204 
 205 
VI.A.  Heterotrophic Fermentation   206 

 Annual production/processing/use volume for each of the 1st 3 years 207 
 Number and location of sites 208 
 Process descriptions 209 
 Number of batches or operating days per site per year 210 
 Fermentor volume (for batch processes) or daily colony-forming units (CFUs) for 211 

continuous processes 212 
 Concentration (CFUs/ml) in each process stream 213 

 214 
VI.B.  Photobioreactors (PBRs) 215 

 Number/volume of PBRs  216 
 Number of harvests per year and time between harvests (batches) 217 
 Amount of microorganisms harvested 218 
 Photobioreactor design and arrangement of PBRs at the site 219 
 Photobioreactor material (thickness, mil, tensile strength, etc.) 220 
 Integrity/weatherability of materials used in PBRs 221 
 Longevity/replacement time of PBRs in the particular environment 222 
 Junctions of inlet and outlet tubing and potential for leaks 223 
 Size/volume/cell density - and whether batch or continuous culture 224 
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 Biofuel or bioproduct produced (may need Pre-manufacture Notice)  225 
 CO2 source and potential contaminants (e.g., metals in flue gases) 226 
 Distance to surface and underground water sources 227 
 Harvesting technologies 228 
 Inactivation methods  229 
 Releases of wastewater  230 
 Disposal of spent biomass 231 
 Cleaning of PBRs for re-use or disposal of PBRs 232 

 233 
VI.C.  Open Pond Construction and Design  234 

 Pond size/dimensions 235 
 Number/volume of ponds 236 
 Surface area of ponds/raceways 237 
 Number of harvests per year and time between harvests (batches) 238 
 Amount of microorganisms harvested   239 
 Pond construction materials 240 
 Use of liners 241 
 Use of berms 242 
 Circulation system and rate and potential for bioaerosols 243 
 Size/volume/cell density - and whether batch or continuous culture 244 
 Biofuel or bioproduct produced (may need Pre-manufacture Notice)  245 
 CO2 source and potential contaminants (e.g., flue gases) 246 
 Distance to surface and underground water sources 247 
 Harvesting technologies 248 
 Inactivation methods  249 
 Releases of wastewater  250 
 Disposal of spent biomass/use of biomass as feedstock 251 
 Disinfection of ponds between batches 252 
 Use of antimicrobials or pesticides in media 253 

 254 
VI.D.  Additional Siting Information for Large-Scale PBRs and Open Ponds 255 

 Location 256 
 Climate 257 
 Precipitation - annual total and seasonal distribution 258 
 Prevailing wind direction(s) and seasonal changes if applicable 259 
 Frequency and severity of storms 260 
 Potential for catastrophic weather events (e.g., hurricanes, tornados, location in 261 

flood zone) 262 
 263 
 264 
VII.  EXPOSURES 265 
 266 
VII.A.  Occupational Exposure  267 

 Processes that Influence Potential Workers Exposure 268 
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o worker activity (e.g., sampling, cleaning) 269 
o number of workers involved per shift per activity 270 
o number of shifts per day 271 
o exposure days per year 272 
o exposure duration 273 
o personal protective equipment (PPE) 274 

 Inhalation Exposure 275 
 Dermal Exposure 276 

 277 
VII.B.  Environmental and General Population Exposures  278 

 Environmental Releases from Commercial Facilities to Various Media  279 
o Releases to Air 280 

 Exhaust gases from fermentors or bioreactors 281 
 Bioaerosols from open ponds/raceways 282 
 Bioaerosols from process tanks that are vented to the atmosphere 283 

after inactivation 284 
 Bioaerosols from process equipment (filtration and centrifugation 285 

steps) 286 
 Sample collection 287 

o Releases to Water 288 
 Disposal of inactivated broth 289 
 Cleaning water/rinse water 290 
 Off-gas treatment system wastewater 291 
 Separation waste (e.g., centrifuge supernatant) 292 
 Spent samples 293 

o Releases to Land 294 
 Biomass collected on filter pads or cakes 295 
 Sludge from separation processes or treatment operations 296 
 Residue on sampling equipment 297 
 Spent samples 298 

 Inactivation Methods and Pollution Control Technologies 299 
o Efficiency of inactivation methods (supported by experimental data) 300 
o Clean-in-place procedures 301 
o Limit of detection for waste stream sampling 302 

 Environmental Exposures 303 
o Proximity to surface water bodies  304 
o Proximity to sensitive ecosystems (e.g., coral reefs, estuaries, mangroves) 305 
o Proximity to migratory bird routes 306 
o Uses of residual algae after inactivation (e.g., fish food, livestock food, 307 

fertilizer) 308 
 General Population Exposures 309 

o Inhalation Exposure 310 
o Drinking Water Exposure  311 
o Proximity to the general human population, urban centers, schools, etc. 312 
o Proximity to aquaculture farms, agricultural crops/poultry/livestock 313 

 314 
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 315 
 316 
 317 
VIII.  FATE OF THE GE ALGA 318 
 319 
VIII.A.  Survival in Potential Aquatic and Terrestrial Receiving Environments  320 

 Survival relative to recipient microorganism  321 
 Ability to overwinter  322 
 Desiccation tolerance features 323 

  324 
VIII.B.  Competition with Indigenous Species   325 

 Ability to out-compete/displace indigenous species  326 
 Selective advantage(s) imparted to the microorganism 327 
 Effects on microbial community structure  328 

 329 
 330 
IX.  MONITORING OF THE GE ALGA 331 
 332 
IX.A.  Monitoring Endpoints and Procedures 333 

 Endpoints that will be evaluated in samples that are collected 334 
 Techniques used to detect the microorganism in test samples 335 

o  use of watermarks/biocodes/sequences or other strategies that can be 336 
used for monitoring  337 

o use of negative and positive controls  338 
 Sensitivity and reliability of the detection method and the actual limit of detection  339 

based on experimental data 340 
 Efficiency of recovery for each of the sampling techniques if applicable 341 
 Frequency and type of observations to be made 342 

   343 
IX.B.  Sampling Procedures 344 

 How, where and when samples will be taken for each objective or monitoring 345 
endpoint identified  346 

 Standard procedures for preserving, processing, and analyzing samples  347 
 Methods of measurement, equipment used, precision and accuracy of the 348 

method of analysis 349 
 Methods for the statistical analysis of field data 350 

 351 
 352 

X.  TERMINATION AND EMERGENCY CONTAINMENT PROCEDURES 353 
 Type of unexpected effects that would necessitate the emergency termination of 354 

a field test or environmental use 355 
 Emergency termination procedures to be followed if adverse environmental 356 

effects are observed 357 
 Handling of spills or leaks  358 
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Purpose of Presentation 

•  Review current guidance and genetic 
manipulations observed to date 

•  Identify issues uniquely associated with the 
increased use of advanced GE tools 

•  Identify data needs for risk assessments of 
these new products 

9/23/15 U.S. Environmental Protection Agency 2 



•  Taxonomic descriptions of recipient and donor microorganism(s) 
•  Detailed description of the genetic construction process  
•  Human health effects of the recipient and submission 

microorganism(s) 
•  Environmental effects of the recipient and submission 

microorganism(s) 
•  By-products, production volume, and use information  
•  Worker exposure and environmental releases/containment  
•  Environmental release protocols 
•  Expected survival/dispersal - environmental exposures 
•  Emergency/contingency protocols in case of disaster 

 3 

Data Needs for MCANs and TERAs 
(“Points to Consider” Guidance Document) 

9/23/15 U.S. Environmental Protection Agency 



Advanced Genetic Manipulations Observed 
Over the Years 

•  Simple metabolic engineering to redirect flux or 
introduce a few key genes in a pathway 

•  Engineered auxotrophy for biological 
containment 

•  Chemically synthesized sequence to alter codon 
usage to fit preference of recipient 
microorganism 

4 9/23/15 U.S. Environmental Protection Agency 



Issues Uniquely Associated With  
Emerging GE Microorganisms 

•  Use of chemically synthesized and codon optimized gene 
sequences 
–  Use of xeno nucleic acids and/or genetic codes 

•  Commercial production and use of synthetic “bioparts” 
•  Extent of genetic modification/reengineering of single 

genomes 
•  Ease of generation of a large number of genetic variants 
•  Unknown stability and potential transfer of new genetic 

material 
9/23/15 U.S. Environmental Protection Agency 5 



New Data Needs or Needed Revisions 
More in-depth description of methods used to produce 
the submitted microorganism(s) 

•  Gene/sequence source with confirmed identity and annotation 
•  Accession or product # of genetic sequence(s) used 
•  Detail information of genetic code employed and changes to 

original code (where applicable) 
•  Description of advanced genetic transfer or integration 

techniques used  
•  Presence/removal of introduced antibiotic resistance 
•  Description of transient or stable gene repression techniques 

9/23/15 U.S. Environmental Protection Agency 6 



Detailed description of biological containment strategies 
•  For auxotrophy – information on the environmental presence 

of any analogs or substitutes  
•  For inducible systems - the environmental presence of the 

inducer or any analogs  
•  Stability of the genetic construct 
•  Stability of other strategies used - suicide genes, engineered 

killer switches, conditional lethality, etc.  
•  For xeno nucleic acids - the potential for reversion to natural 

purine and pyrimidine bases 

9/23/15 U.S. Environmental Protection Agency 7 

New Data Needs or Needed Revisions 



For further information: 
•  http://http://www.epa.gov/biotech_rule/ 
•  Microbial Products of Biotechnology; Final Regulation 

Under the Toxic Substances Control Act; Final Rule 40 
CFR Parts 700, 720, 721, 723, and 725 

•  Points to Consider in the Preparation of TSCA 
Biotechnology Submissions for Microorganisms 

11 9/23/15 U.S. Environmental Protection Agency 
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CONSIDERATIONS FOR ADVANCED GENETIC ENGINEERING 1 
OF MICROORGANISMS 2 

 3 
The following is an outline of information and data elements that may warrant 4 
consideration in conducting risk assessments of microorganisms constructed using 5 
advanced genetically engineering techniques, some of which is referred to as synthetic 6 
biology. These elements may be included in EPA’s update of its 1997 Points to 7 
Consider guidance document for those microorganisms and technologies not addressed 8 
at that time. This outline is intended to include a comprehensive compilation of 9 
information and data needs that may be applicable to any advanced genetically 10 
engineered microorganism subject to TSCA which includes a wide variety of uses.   11 
Thus, not all elements in this outline may apply to each microorganism. Participants are 12 
asked to examine these information and data elements and to provide commentary on 13 
the degree of comprehensiveness of these elements and on apparent or perceived 14 
omissions. They are also asked to offer suggestions for preferred modes of collection, 15 
characterization, and presentation, as well as choices for data formats and data 16 
sources.      17 
 18 
I.  RECIPIENT MICROORGANISM CHARACTERIZATION  19 
 20 
I.A.  Classification/Taxonomy 21 

 Preferred Name (genus, species) 22 
 Synonyms 23 
 Substantiating information and data (e.g., accession number, sequences, 24 

morphology, other phenotypic data, chemosystematic data [e.g., FAME]) 25 
 26 
I.B.  General Description and Characterization of Recipient Microorganism 27 

 Gram reaction 28 
 Growth rate 29 
 Natural growth forms or patterns 30 
 Photosynthetic ability 31 
 Nitrogen fixation ability 32 
 pH range and optimum for growth 33 
 Temperature range and optimum for growth 34 
 Salinity tolerance  35 
 Location/site of isolation  36 
 Habitat (e.g., soils, fresh or marine water or sediment, deserts) 37 
 Prevalence/distribution in the environment 38 
 Dormancy strategies (e.g., spores, cysts, viable but nonculturable (VBNC) state)   39 
 Reproductive methods  40 
 Role in biogeochemical cycling 41 
 Importance in microbial food webs/trophic interactions 42 

 43 
 44 
 45 
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 46 
II.  CONSTRUCTION OF THE GENETICALLY ENGINEERED MICROORGANISM  47 

 48 
II.A.  Detailed description of the steps and methods used to produce the 49 
microorganism including the use of any chemically synthesized genes, regulatory 50 
sequences, components, and commercially available synthetic parts 51 

 Gene product(s), and function of all genetic modifications 52 
 Sources of all introduced genetic material for coding genes - whether excised, 53 

chemically synthesized, codon optimized, bioparts 54 
 Information on the donor organism  55 
 Nucleotide sequence (accession number if applicable) on which a synthetic 56 

sequence(s) is based  57 
 Summary of all steps and methods used in the construction of the microorganism 58 
 Flow diagrams, plasmid maps, illustrations of gene cassettes 59 
 Site(s) of insertion and number of copies of genes  60 
 Number of inserts or plasmid copy number 61 
 Transfer or integration techniques (e.g., transformation, triparental matings, 62 
 protoplast fusion) 63 
 Genome sequence and annotation 64 
 Proteome analysis 65 
 For commercially available synthetic parts – a description of the part(s) and the 66 

part numbers and commercial source of the genes and regulatory elements 67 
 Software program(s) and/or algorithms used to assemble the synthetic 68 

sequences 69 
 Use of alternate codons – alternate triplet(s) used 70 
 Use of xeno nucleic acids 71 
 Use of noncanonical amino acids 72 
 Selection methods used - including antimicrobial, herbicidal, or pesticidal 73 

resistance genes     74 
 Presence of introduced antibiotic resistance genes in the final microorganism - or 75 

method for removal and substantiating data 76 
 77 
 78 

II.B.  Detailed description of the expression and regulation of inserted genes in 79 
the microorganism 80 

 Use of inducible systems 81 
 Promoter regulation of target sequences 82 
 Repressor systems 83 
 Endogenous sequences to enhance expression 84 
 Transcriptional terminators 85 
 Ribosome binding site modifications 86 
 Gene silencing strategies 87 
 Post-translational modifications of proteins encoded by synthetic genes and 88 

resultant effects 89 
 90 
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 91 
II.C.  Characterization of the Engineered Microorganism 92 

 Taxonomic designation if extensive modification warrants new designation 93 
 Description of new properties 94 

 95 
II.D.  Stability of the Genetic Construct 96 

 Short- and long-term stability of the genome of the microorganism 97 
 Presence of mobile genetic elements (e.g., insertion sequences, transposons) 98 

 99 
II.E.  Potential for Horizontal Gene Transfer 100 

 Chromosomal insertion 101 
 Extrachromosomal plasmid - whether conjugative, incompatability group 102 
 Presence of other mobile genetic elements (e.g., plasmids, transposons, 103 

insertion sequences) 104 
 Barriers to gene flow (e.g., removal of mobilization and transfer functions) 105 
 Phage susceptibility of the microorganism and that of parental strain 106 
 Potential for uptake and incorporation of xenonucleic acids by other 107 

organisms 108 
 109 

II.F.  Biological Containment Strategies 110 
 With auxotrophy, the presence in the environment of any analogs or 111 

substitutes  112 
 With inducible systems, the presence in the environment of the inducer or any 113 

analogs  114 
 Stability of suicide genes, engineered killer switches, conditional lethality, etc.  115 
 With xenonucleic acids, the potential for reversion to natural purine and 116 

pyrimidine bases by DNA repair mechanisms or uptake of free DNA from the 117 
environment 118 
 119 

 120 
III.  POTENTIAL HUMAN HEALTH EFFECTS 121 
 122 

 Potential for pathogenicity/infectivity potential - the ability to produce known 123 
human virulence factors (e.g., adhesions, invasins) and the presence of any 124 
genes that encode virulence factors 125 

 Potential for toxin production - the ability to produce known toxins and the 126 
presence of any genes that encode known toxins 127 

 Production of toxic secondary metabolites - the ability to produce toxic secondary 128 
metabolites and the presence of genes that encode toxic secondary metabolites 129 

 Allergenicity potential of novel proteins produced by the cell 130 
 Allergenicity potential due to novel membrane proteins or alterations of the cell 131 

wall 132 
 Introduced antibiotic resistance genes in the microorganism 133 

 134 
 135 
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IV.  POTENTIAL ECOLOGICAL EFFECTS  136 
 137 

 Occurrence and distribution in the environment of the recipient microorganism, if 138 
applicable 139 

 Traits of the microorganism that may play a role in carbon, nitrogen, phosphorus, 140 
and sulfur biogeochemical cycles (e.g., photosynthesis, major nutrients and 141 
growth factor requirements, methanogenesis) 142 

 Potential interactions with and effects on indigenous microorganisms, such as 143 
inhibitory actions (antibacterial, antifungal) 144 

 Potential pathogenicity/infectivity potential in animals  145 
 Effects of consumption of the microorganism on animals 146 
 Potential for transfer of genes from the microorganism to microorganisms in the 147 

gut of animals 148 
 Potential plant pathogenicity/toxicity 149 
 Interactions with rhizosphere populations and endosymbionts of plants 150 
 Trophic interactions 151 

 152 
 153 
V.  INFORMATION APPLICABLE TO SMALL-SCALE FIELD TESTING 154 

 Objectives of the Tests 155 
 Nature of the Site (e.g., size, elevation, proximity to water bodies) 156 
 Field Test Design  157 
 Application Methods 158 
 Monitoring Endpoints & Procedures for Isolating/Detecting the GE Microorganism  159 
 Sampling Procedure 160 
 On-Site Containment Practices  161 
 Termination and Mitigation Procedures 162 
 Record Keeping & Reporting Test Result 163 

 164 
 165 
VI.  MANUFACTURING PROCESS DESCRIPTIONS AND PRODUCTION VOLUMES 166 

 Annual production/processing/use volume for each of the 1st 3 years 167 
 Number and location of sites 168 
 Process descriptions 169 
 Number of batches or operating days per site per year 170 
 Fermentor volume (for batch processes) or daily colony-forming units (CFUs) for 171 

continuous processes 172 
 Concentration (CFUs/ml) in each process stream 173 

 174 
 175 
 176 
 177 
 178 
 179 
 180 
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VII.  EXPOSURES 181 
 182 
VII.A.  Occupational Exposure 183 

 Processes that Influence Potential Workers Exposure 184 
o worker activity (e.g., sampling, cleaning) 185 
o number of workers involved per shift per activity 186 
o number of shifts per day 187 
o exposure days per year 188 
o exposure duration 189 
o personal protective equipment (PPE) 190 

 Inhalation Exposure 191 
 Dermal Exposure 192 

 193 
VII.B.  Environmental and General Population Exposures 194 

 Environmental Releases from Commercial Facilities to Various Media  195 
o Releases to Air 196 
o Releases to Water 197 
o Releases to Land 198 

 Inactivation Methods and Pollution Control Technologies 199 
o Efficiency of inactivation methods (supported by experimental data) 200 
o Clean-in-place procedures 201 
o Limit of detection for waste stream sampling 202 

 Environmental Exposures 203 
o General Population Exposures 204 
o Inhalation Exposure 205 
o Drinking Water Exposure  206 

 207 
 208 

VIII.  FATE OF THE MICROORGANISM 209 
 210 
VIII.A.  Survival in Potential Terrestrial or Aquatic Receiving Environments 211 

 Survival of the microorganism, relative to its parent (if applicable), in  various 212 
environmental media (soil, freshwater, brackish water, seawater) into which the 213 
microorganism will be introduced or inadvertently released to 214 

 Persistence/resistance to degradation of synthetic nucleic acid sequences 215 
 216 
VIII.B.  Competition with Indigenous Species 217 

 Competitiveness of the microorganism with indigenous species in  environmental 218 
media into which the microorganism will be introduced or inadvertently released 219 
to 220 

 Selective advantage imparted to the microorganism resulting from the genetic 221 
modifications 222 
   223 

 224 
IX.  MONITORING OF THE MICROORGANISM 225 
 226 
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IX.A.  Monitoring Endpoints and Procedures 227 
 Endpoints that will be evaluated in samples that are collected 228 
 Techniques used to detect the microorganism in test samples 229 

o  use of watermarks/biocodes/sequences or other strategies that can be 230 
used for monitoring  231 

o use of negative and positive controls  232 
 Sensitivity and reliability of the detection method and the actual limit of detection  233 

based on experimental data 234 
 Efficiency of recovery for each of the sampling techniques if applicable 235 
 Frequency and type of observations to be made 236 

   237 
 238 
IX.B.  Sampling Procedures 239 

 How, where and when samples will be taken for each objective or monitoring 240 
endpoint identified  241 

 Standard procedures for preserving, processing, and analyzing samples  242 
 Methods of measurement, equipment used, precision and accuracy of the 243 

method of analysis 244 
 Methods for the statistical analysis of field data 245 

 246 
X.  TERMINATION AND EMERGENCY CONTAINMENT PROCEDURES  247 

 Type of unexpected effects that would necessitate the emergency termination of 248 
a field test or environmental use 249 

 Emergency termination procedures to be followed if adverse environmental 250 
effects are observed 251 

 Handling of spills or leaks  252 
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Anonymous 

I believe, when you introduce a life form that has been genetically altered, you risk wiping out 
the natural species, and harming the entire environment, knocking the food chain out of whack. 
The fish eat the plants, we eat the fish, we aren't supposed to be eating genetically altered, 
monster- frankenfish! It causes cancer, not because any of your studies prove this fact, but that 
none of your studies can DISPROVE it! Mother nature will have her revenge by wiping humans 
off the planet. BAN GMOS!!! 

 



 

 

Marc Y. Menetrez 

A few years ago I developed the following proposal. It could serve as a starting point for 
whoever could get the funding. I removed the budget, but for a credible effort $1 M would be 
needed.  
 
If this research is going to be successful, cooperation and collaboration with the algae industry is 
necessary. Statements like "Not ready for prime time," and demands for moratoriums are 
counterproductive. The industry is young, now is the time to start dialogue, not alienate and 
cause suspicion. I'm aware of the risk that comes with ignoring potential environmental disasters. 
The reality of the present climate is that "Algae" and "Biofuels" are so far off the radar that even 
minimal funding is not there. The following proposal got zeroed-out, as did my present work on 
CO2 to algae sustainability. I do not know what it would take to get noticed.  
 
Good luck. 
 



 

 

John Benemann (CEO MicroBio Engineering, Inc.) 

BACKGROUND.  I have worked on problems of microalgae biotechnology for over 40 years, 
from H2 production to wastewater treatment, and from study of mutants with altered 
photosynthesis for increased productivity to large-scale production of biofuels.  I am currently 
the CEO of MicroBio Engineering, Inc., a small company that provides worldwide engineering 
and research services, as well as algae Raceway Pond™ cultivation systems in this field.  I also 
serve as Principal or collaborator on several US DOE funded algae biomass and CO2 mitigation 
projects, and as founding director, since 2008, of the Algae Biomass Organization, and 
participating in several international algae trade and scientific organizations.  
 
I address herein only #2, Commercial-Scale Algae Production - Effect Considerations.  
 
There are already in the US two relatively large (several hundred tons of biomass produced) 
commercial companies producing the microalgae Spirulina and Haematococcus, in open ponds, 
Earthrise Nutritionals LLC (California) and Cyanotech Corp. (Hawaii).  There are also a number 
of smaller commercial companies (in terms of tonnage output) producing microalgae in closed 
photobioreactors (PBRs), greenhouse enclosed ponds, and open air ponds, both lined and 
unlined. (I here only address autotrophic systems).  Genetically engineered (GMO) algae were 
used a few years ago in one experiment in Hawaii with open ponds, and are currently cultivated 
in closed photobioreactors (PBRs) or greenhouses by several companies.  In brief, commercial-
scale algae production has been a reality in the U.S, for many decades and GMO algae have 
already introduced into our environment. 
 
I strongly believe that there is no discernible or plausible risk to human welfare, both directly in 
terms of human health, or indirectly in impacting agricultural systems or the environment.     
 
Microalgae are present in enormous numbers in the natural environment and even the smallest 
algae production ponds or photobioreactors contain more algal cells, than all the crop plants in 
the world. And a generation can be shorter than a day, compared to month, even years for higher 
plants.  Such an enormous disparity in numbers-time for the micro-world compared to the 
macro-world, which we inhabit and are cognizant of, requires different perspective on issues 
such as invasion, dispersion, colonization, evolution, gene transfer, survival, selection, and the 
potential, plausible or even possible, effects of GMO algae.   
 
Simply put, the fact is that any modified organism, by genetic engineering or more classical 
mutagenesis or selection, would not be able to propagate in the environmental barring any strong 
selection factors.  Which inevitably go against the novel organisms.  
 
However, such a conclusion should not be based on the opinions of those such as myself direct 
commercial interests. I have recommended in the past that EPA set up a committee of experts in 
phytoplankton ecology and related fields to address this issue.   There was at the time strong 
push-back from the industry, who thought that even bringing up this issue was detrimental to 
their interests.  Perhaps there is now a broader consensus that such an independent panel is 
needed to advise the EPA on the issues, impacts and needed research to assure the safety of this 
new technology in general and use of GMO algae in particular.   
 



 

 

A final point: I believe it makes no difference if GMO algae are grown in ponds or in 
photobioreactors, release is inevitable and number differences for releases of a few trillion or 
several quintillion cells, the likely ranges of releases from either type of systems, are not 
materially different from [an] environmental perspective for self-propagating organisms.       
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Alyssa M. Tully 
938 Carter Cove 
Hummelstown, PA 17036 
At787994@wcupa.edu 
 
October 31, 2015 
 
Carolina Peñalva-Arana, Risk Assessment Division 
Office of Pollution Prevention and Toxics 
Environmental Protection Agency 
1200 Pensylvania Ave., NW 
Washington, DC 20460 
 
Dear Ms. Peñalva-Arana, 
 
I am an undergraduate student at West Chester University of Pennsylvania. I study 
Geoscience with a concentration in Earth systems. As someone who has researched fossil 
fuels for four years, I have observed many of the damages caused by obtaining, processing 
and ultimately using the resources. I write to you, not only as a concerned citizen aspiring 
to achieve green energy, but also as a student of an Environmental Regulations course. We 
have discussed in class the necessity of thorough risk assessments and data collection for 
human and environmental health.  
 
The comment to follow will discuss in detail a comparison and contrast between fossil fuels 
and algae as a biofuel based on sustainability, economic factors, and global impact. The 
numerous examples will make it clear that further assessments on environmental impacts 
of algae need to be conducted. Risk assessments and data are essential to help make algae 
as a biofuel our new number one source of energy. It is important to work out any detail 
that may negatively effect the environment and/or human health now so that companies 
providing the fuel can receive funding and move forward with the process. With algae as 
biofuel, we can lower greenhouse gas levels in the atmosphere and provide a source of 
energy with significantly less damaging effects among many other positive outcomes. 
 
The research put into this call for comment makes it clear that algae is a fantastic new 
source of energy, and has the potential to be the next huge industry supplying jobs to 
thousands while doing some good for the environment. Please take a close look at this 
essay. I look forward to the advancements of green energy. 
 
Thank you for your time and consideration, 
 
Best, 
 
Alyssa M. Tully 
 
Alyssa Tully 
 

mailto:At787994@wcupa.edu
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Alyssa Tully 
Dr. Charles Shorten 
Environmental Regulations 
31 October 2015 
 

Public Call for Comment: Support of Data Collection and Risk Assessment on Genetically 
Engineered Algae 

 
Genetically modified organisms, such as algae, have countless benefits. By altering the 

DNA of an organism, biologists can make the ultimate species to withstand extreme conditions 

allowing expansive cultivation. Genetically engineering algae will lead to a brand new, large 

industry with tremendous benefits greatly outweighing fossil fuels sustainably, economically, 

and globally. 

Algae, a simple plant, range from micro to macroscopic. Most algal forms 

photosynthesize easily; in fact, it is one of the most efficient photosythesizers on the planet, 

(Sapphire Energy Inc., 2015). Though many photosynthesize, other species of the plant are able 

to turn sugars and starches into other byproducts without any sunlight. Depending on the 

species it can thrive in fresh, brackish, salt, or waste water. Algae can grow everywhere, even in 

arid deserts and non-potable water making it an incredibly viable resource (Algae Basics). The 

algae take in carbon dioxide along with trace amounts of other common nutrients and in return 

produce vast amounts of oxygen. The extreme diversity of this organism allow for synthetic 

biology to alter it genetically to create a new species with greater capabilities. This is known as 

genetically engineered algae. 

Genetically altered algae are grown commercially in places like open ponds, 

photobioreactors, fermentation tanks, or locations that combine the three (Sapphire Energy 

Inc., 2015).  The alterations can come from native plant species with desirable qualities, or any 
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plant that may have a high tolerance to extreme conditions. For example, one strain of algae 

may be combined with a strain of an organism that is tolerant of cold weather. The addition of 

this gene to an algae species could allow for greater growth in colder conditions. Biologists have 

great control of genetic engineering making immense crop yields possible. Algae can be 

commercially cultivated for things like pharmaceuticals, feed additives, food, plastics, and 

biofuels (Algae Basics).  

Fossil fuels are becoming a scarce resource. At one point in time, fossil fuels were some 

sort of organic substance, like algae and moss. The organic materials were covered before they 

were able to fully decompose. With a lot of time, extreme heat and massive amounts of 

pressure, what remained of the covered organism broke down into a liquid form that is used 

today as fuel. The length of time it takes for this process makes renewing any of these 

substances impossible for our lifetime. Anthracite, the cleanest burning form of coal, is 

practically gone. Bituminous coal, which is much more plentiful but much less pure than 

anthracite, will not last much longer. Mining for coal causes leeching of harmful elements into 

the water table, which may in turn cause local wells to be unusable and unsafe. Surface mining 

destroys valleys with overburden and depletes the nutrients in the area, which eventually 

leaves behind nothing but a barren plot of land. The lack of nutrients in the soil, or the presence 

of toxic substances will halt any future vegetation causing inevitable loss of ecosystems and 

desertification. Mountain top mining decimates thousands of years of history. Other fossil fuels, 

like natural gas and oil, are also running dangerously low. Drilling for these sources are also 

unsafe for the environment. Improper drilling can break into the water table and pollute the 

entire system. The amount of energy it takes to process these fuels alone releases an enormous 
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concentration of carbon dioxide and other greenhouse gasses into the atmosphere. By the time 

the source is ready to be combusted for energy, it has already developed a significant carbon 

footprint. But, as if that were not enough, the burning of any of these fuels continues to pollute 

the atmosphere in ways that affect every human daily. The release of the greenhouse gasses 

from burning whichever medium is scientifically linked to global climate change.  

Like most plants, algae remove significant amounts of CO2 from the air, or from 

industrial runoff. The algae then break down the carbon dioxide and sunlight in the chloroplast 

converting it to organic carbon (Genetic Engineering 14). After the crude oil is extracted from 

the organism it is sent to a refinery and processed as gasoline, jet fuel, and diesel (Sapphire 

Energy Inc., 2015). The entire process does not take much time. Sapphire Energy, a company 

focused on renewable and sustainable energy, states, “Starting from seed through oil 

extraction, the process is about 14 days on average.”  During combustion, algae release very 

small amounts of carbon dioxide, significantly less than the carbon released by fossil fuels.  

Fossil fuels come with a long list of costs. Mining, fracking or drilling, property and 

infrastructure damages, environmental cleanup, transportation and lawsuit fees are all 

examples of major expenses that come along with the use of fossil fuels. After the discovery of 

natural gas within shale deposits gas prices dropped. Now companies store large amounts of 

excess gas in tapped wells, reservoirs and back hoe pits until a time when prices increase again.  

Right now, the price of mass cultivation and production of algae as fuel is rather costly. 

That is because of the lack of funding for research and risk assessments. However, once funding 

is received algae have the possibility of saving great amounts of money. Algae is a “drop-in 

source”. This means that it can be stored in the same tanks that currently hold oil and gas and 
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can be pumped the same way.  Mayfield states in the Applied Phycology Newsletter, they are 

“compatible with the existing transportation infrastructure.” Algae’s efficiency in 

photosynthesizing means it can grow and spread easily and inexpensively. It can grow in almost 

any climate, with or without sunlight, artificially or naturally. Algae can also be used to create 

other products, like plastics and feed additives without having the same toxic effects as 

petroleum. It is also capable of purifying wastewater, which can then be stored and used to 

irrigate crops saving millions on water.  

For years the world has experienced multiple wars that began from a great need for oil 

and gas, about territory that contains large quantities of oil or gas, and over control of the 

product. Now, wars are being fought over the need for water.  Algae will consume and 

breakdown the pollutants in wastewater making it recyclable for things like crop irrigation. This 

could reduce the fight over necessary resources. Places like Bangalore, India use this system to 

maintain plant life in local parks. That water is then able to penetrate through the layers of soil, 

becoming even more purified, and eventually released back into the water table. Bangalore, 

like a lot of other places around the globe, is experiencing high levels of rural to urban 

migration. Recycling wastewater has helped mitigate extreme desperation for water.  

There are, of course, plenty of concerns associated with the implementation of algae as 

a fuel source. It is inevitable that the algae will spread to locations other than those selected by 

synthetic biology. It can be spread from open ponds and photobioreactors, from aerosolization, 

human error, wildlife transport, and turbulent weather. Algae that escape to an area 

downstream or downhill from a farm have the potential to overgrow and become invasive from 

excessive fertilizer nutrients. As the algae grow in size they continue to take in oxygen until 
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there is not enough left for the fish and most other organisms. These anoxic conditions are only 

suitable for jellyfish and are referred to as dead zones. There is also the possibility that the 

controlled traits supplied to the plant via genetic modification may lead to increased ability to 

survive in ecosystems that are not managed.  

During TSCA or EPA risk assessment, these problems should be considered. Assessing 

the modified species ability to thrive outside of the photobioreactors or indoor labs is crucial. 

Algae’s high photosynthetic potential and its ability to adapt easily could lead to mass 

production in unwanted regions. Data to support or negate the potential of algae as a biofuel 

source is lacking. It is time to look to the future and begin working on alternate sources of 

energy, preferable green energy. The resources available to us now will not last forever. Algae, 

however, has been around since the beginning of plant life existence on Earth and will likely 

outlast the rest of the population. Algae as a source of fuel is not a hypothesis, nor is it under 

testing. Algae can be used as a source of renewable, clean energy.  All that is left to do is 

conduct field research to determine the safest way to mass produce the product without 

causing harm to unmanaged habitats and to obtain funding to reduce expenses.  
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Comments submitted by Rachel Smolker, Ph.D., Codirector of 
Biofuelwatch.

General comment: Drastic overhaul of our regulatory processes is long 
overdue and urgently needed given the pace of new techniques for 
manipulation of genes, including synthetic biology, as is often applied to 
microalgae and various microbes.  Regulatory oversight is currently 
dangerously lacking, scattershot across different agencies, with outdated 
“boundaries” and limitations that prevent it from being effective.  
Regulatory oversight should apply to products and processes, to food 
and fuels,  to research and commercial activities, not piecemeal. EPA 
should engage in independent reviews for ALL proposed uses, and 
assume that none are in fact truly “contained”, and all are ultimately 
aimed towards commercial applications (MCAN would be insufficient).  
Those assessments and reviews should be done in holistic manner with 
involvement of ecologists and input from public, not dominated by 
industry and primarily serving their interest in speedy commercial 
deregulation.  The old system that allows tier one and two exemptions 
are long outdated and should be eliminated as should the ability for 
companies to withold information as CBI. 

Many in industry claim that there is no boundary between traditional 
genetic engineering and synthetic biology. The existence of a 
“boundary” is essentially moot. One may move across the continuum of 
technologies available and find that the two ends of the continuum are 
entirely and categorically different in spite of the lack of a clear dividing 
line.  Synthetic biology cannot be regulated under the current processes 
as it introduces far more drastic changes to genomes, and is applied to 
microbes whose ecology and evolution over time we know rather little 
about.  

It is time for an overhaul of biotechnology regulatory oversight, and all 
agencies involved should move to quickly and effectively revise 
structures and rules towards more appropriate methods for oversight.  



Specific to charge questions:
1) Besides toxins and harmful algae blooms (HABS), what other effects 
may be associated…(eg invasiveness, HGT, ecological effects, effects 
on aquatic food webs etc. a) what types of data can be collected to assess 
these? b) How can these be detected, measured and monitored?

Engineering efforts are largely focussed on increasing productivity and 
creating strains that are hardy enough to withstand industrial cultivation 
conditions.  Those in many cases are precisely the same traits that 
render species more competitive and invasive: ability to monopolize 
nutrients, grow prolifically, resist pathogens and predators etc.  This is 
the same concern raised in debates about engineering crops for 
bioenergy monoculture production, as raised by the Ecological Society 
of America.  Only consider that the ecology of microalgae is quite 
different from crops (see below re “paradox of the plankton”). These 
differences, along with the vast range of “unknowns” regarding 
microalgae ecology make it even far more difficult to predict or control 
invasiveness. Thus we should excercize even far greater precaution.  

At this point in reality we may simply be unable to identify and collect 
the exact relevant data that would allow us to make any realistic 
assessment of how released GMO algae would behave, because their 
behavior is contingent on so many circumstantial and location-specific 
variables. The only reason to detect, measure and monitor is if they are 
released.  We should avoid that, not assume that after the fact 
monitoring the consequences is sufficient.

2) What algal data are available to help determine the potential effects of 
large scale commercial production? Are there data from natural 
occurring or wild type algae when found or grown in high 
concentrations in uncontained systems that can be used to evaluate the 
effects of engineered algae grown commercially?

Yes: the phenomenon referred to as “The Paradox of the Plankton”: A  



widely applicable principle of ecology is that the number of species is 
generally correlated with the number of limiting resources/nutrients 
which translates into different “niches”. Plankton have been considered 
a notable exception to this, hence the “paradox”.  Many many species 
can coexist in conditions thought to be rather limited in nutrient 
availability.  What appears to be the case is that we vastly 
underestimated the microniches that exist in aquatic environments, from 
the perspective of plankton.  Here is an abstract from research on the 
topic: Paradox of the plankton: why do so many species co-exist in a 
supposedly homogeneous habitat?
https://krohde.wordpress.com/article/the-paradox-of-the-plankton-xk923
bc3gp4-40/
Many studies, only some discussed here, have provided evidence for an 
amazing complexity of the supposedly homogeneous aquatic habitats 
and their plankton communities. Many problems need much further 
work, including the effects of plankton-predators and viruses. 
Nevertheless, we can conclude that the paradox of the plankton can be 
resolved as follows (Scheffer et al. 2003 [4]): 1) homogeneity due to 
mixing hardly exists, and even in the open ocean meso-scale vortices 
and fronts result in spatial heterogeneity; 2) aquatic habitats provide 
many more niches for niche differentiation than originally thought 
(different wave lengths of white light; additional essential resources); 3) 
modelling of plankton communities and experimental studies have 
shown that even in homogeneous and constant environments plankton 
may never reach equilibrium, because multi-species competition may 
lead to oscillations and chaos, contributing to the maintenance of a great 
biodiversity. Many of the predictions based on modelling have been 
supported by field studies. In contrast to many communities in which 
nonequilibrium conditions occur in largely non-saturated niche space 
with little interspecific competition, nonequilibrium and chaos in 
plankton may be caused by such competition.

The summary message is that microalgae ecology is extremely dynamic, 
and largely not understood. As an example of the problems posed: algae 



HABs may be regulated in nature largely by viruses, competitors, and 
changes in the nutrient availability that depend in part on the larger 
context of species assemblage. If algae are specifically engineered to be 
resistant to pathogens, and hardy in other respects, as well as prolific, we 
may render the natural processes for regulation of HABs ineffective.

3) Exposure considerations: What potential exposures do different 
containment systems pose that should be considered during a risk 
assessment?  How can a submitter demonstrate their containment is 
secure:

First of all, clearly open ponds are more risky in terms of the 
inevitability of release of engineered algae into the wild.  Open ponds 
can be visited by wildlife- ducks, racoons etc etc. who then carry the 
algae on to the next habitat. Microalgae are very tiny and can become 
aerosolized and therefore carried in the air and on the wind, in some 
cases even causing respiratory illnesses.   It is simply not possible to 
contain microalgae and many, including among the scientific 
community, have already expressed this concern which should be taken 
as basic fact.  Closed PBRs are no guarantee of containmnet, they may 
only somewhat delay the inevitable (and they are very expensive). 
Cultivation in PBRs still requires cleaning of containers, dewatering 
processes and various other steps where release is inevitable. 

additional comments.
There are serious concerns about the broader range impacts from an 
expanding algae biofuels industry:  For example, demands for water, 
energy and nutrients are in very high demand for any algeae production 
systems and will likely compete with food production, result in more 
emissions (from fertilizer production and use among other), have 
impacts on biodiversity etc etc. If it proves feasible to grow algae on 
wastewater treatment effluents, this could be beneficial, but the many 
other pollutants in such waters may render it infeasible.  Meanwhile, 



growing algae on flu gases from power stations, for example, makes the 
algae industry dependent upon the ongoing operation of highly polluting 
practices which is hardly “sustainable”. 

Also, it appears that control of pathogens, invasives and predators in 
cultures is a major problem. The widespread use of herbicides and other 
chemical controls could result in very major negative impacts, along the 
lines of the vast increase in use of glyphosates that accompanies many 
GMO crops. 



 
 
October 30, 2015 

 

Office of Pollution Prevention and Toxics (OPPT), Environmental Protection Agency 
1200 Pennsylvania Ave. NW  
Washington, DC 20460-0001  
 
Re: Docket # EPA–HQ–OPPT–2015–0508, Public Input on Considerations for Risk Assessment 
of Genetically Engineered Algae  
 
To whom it may concern: 

 

Thank you for this opportunity to submit comments to the EPA regarding its risk assessment of 

genetically engineered algae and advanced genetic engineering. Friends of the Earth submits 

this written testimony for the record to help the EPA prepare its “Points to Consider” guidance 

to industry document on genetically engineered micro-organisms.  

 

Friends of the Earth is the U.S. voice of the world’s largest network of grassroots environmental 

organizations — with groups in 74 countries. For more than 45 years, Friends of the Earth, 

along with our nearly 500,000 online supporters and members, has been following the 

development of genetic engineering, raising awareness about the environmental and health 

risks, and the need for more robust government oversight and assessment related to 

genetically engineered organisms. It is in this light that we have been following developments in 

synthetic biology, and in particular, algae modified using synthetic biology techniques.  

 

Although the EPA may have some existing risk assessment frameworks, there are currently, no 

national or international regulations which fully address synthetic biology. As Genya Dana’s 

paper in Nature predicted: “No one yet understands the risks that synthetic organisms pose to 

the environment, or what kinds of information are needed to support rigorous assessments.”1 

Compared to conventional genetic engineering, as Dana’s paper notes, “the products of 

synthetic biology will be altered in more sophisticated and fundamental ways, making them 

1 Dana, G, Kuiken, T, Rejeski D, and Snow, A. (1 March 2012). Synthetic biology: Four steps to avoid a synthetic-
biology disaster. Nature, 483, 29. 
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potentially more difficult to regulate, manage and monitor.”  In other words, there is higher 

uncertainty due to synthetic biology’s increased depth of intervention in living organisms and 

biological systems, and the rate at which the technologies of synthetic biology are evolving also 

pose new challenges for regulators.  

 

The engineering of algae using synthetic biology is still very novel, and given the sobering 

environmental, health, and socio-economic risks, Friends of the Earth recommends a holistic 

and precautionary approach to assessing all synthetic biology-engineered organisms, and 

recommends that the EPA seek full authority to address the impacts and risks of the whole life 

cycle. We advocate that there must be robust and comprehensive regulations specific to 

synthetic biology and new biotechnologies, and studies to understand environmental and 

health impacts of synthetic biology.  

 

Without proper safeguards in place, we risk introducing synthetically constructed living 

organisms into the environment, intentionally or inadvertently through accident and worker 

error, that have the potential to significantly damage ecosystems and threaten human health. 

In addition, we further risk licensing their use in industrial applications that will unsustainably 

increase the pressure of human activities on both land and marine ecologies through the 

increased take of biomass, food resources, water and fertilizer or displacement of wild lands to 

grow feedstocks for bio-based fuel and chemical production. Until these systems and 

regulations are in place, there should be a moratorium on the environmental and commercial 

releases of synthetic organisms.  

 

It is the EPA’s responsibility to regulate synthetic biology’s industrial applications, both the 

product and the process, to protect public health and the environment from these very real 

threats.  

 
Environmental contamination:  

When discussing the risks of harm associated with synthetic biology, synthetic organisms, and 

products derived from synthetic organisms, it is important to note that these risks are novel 
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and nearly impossible to predict, and therefore applications of synthetic biology carry 

“unreasonable risk”. As it has been described in a report by the Wilson Center’s Synthetic 

Biology Project, future synthetic organisms “will lack a clear genetic pedigree and could have 

‘emergent properties’ arising from the complex interactions of its constituent genes. 

Accordingly, the risks attending the accidental release of such an organism from the laboratory 

would be extremely difficult to assess in advance, including its possible spread into new 

ecological niches and the evolution of novel and potentially harmful characteristics.”2 This 

makes the task of regulating synthetic biology more difficult but it also makes the use of 

precaution moving forward even more important and necessary. 

 

Synthetic organisms could escape unintentionally from laboratories, biorefineries and 

production vats through faulty containment systems and/or human error. Containment systems 

and engineered suicide mechanisms can never be 100 percent effective, and even if a synthetic 

biology derived organism is contained, it should be subjected to TSCA’s oversight.  As Dr. Allison 

Snow of Ohio State University explained, “Physical or biological confinement (which could be 

based on engineered suicide genes or chemical dependencies) may not work forever or in all 

cases because mutations, human error, or unexpected events might allow GEOs [genetically 

engineered organisms] to escape and reproduce. It would take only a few survivors to 

propagate and spread if biological confinement breaks down.  The potential for rapid 

evolutionary change is especially high in microbes. Some will die out but others may thrive and 

evolve. Genetically engineered organisms that can exchange genes with related lineages or 

other species could evolve even faster — allowing synthetic genes to persist in hybrid 

descendants. So, we cannot assume that all domesticated or supposedly ‘suicidal’ genetically 

engineered organisms are unable to persist in the environment.”3 The impacts of release could 

include genetic contamination of wild species, disruption of natural ecosystems, facilitation of 

harmful algae blooms and release of chemical and biological pollutants.  

 

2 Tucker, J.B., & Zilinskas, R.A. (Spring 2006). The Promise and Perils of Synthetic Biology. New Atlantis, 25-45. 
3 Snow, Allison. "Risks of Environmental Releases of Synthetic GEOs." 

1100 15th Street, NW  ·  11th Floor  ·  Washington, DC 20005 
202.783.7400 ·  202.783.0444 fax  ·  877.843.8687 toll free  ·  www.foe.org 

2150 Allston Way, Suite 240  ·  Berkeley, CA 94704 
510-900-3150 ·  510-900-3155 fax  ·  866.217.8499 toll free 

 

                                                        



 
 
Secondly, approving synthetic biology algae’s use in industrial applications will likely 

result in an unsustainable increase in pressure of human activities on, and significant 

damage to, sensitive land and marine ecologies to grow feedstocks for bio-based fuel 

and chemical production, or for algae tanks and ponds. Scaling-up this technology in the 

least energy-intensive manner will likely need large open ponds sited in deserts, 

impacting desert ecosystems.  

 

It is critical that the EPA know where the facilities of the synthetic biology production 

will be located in order for the agency to understand the ecological risks of 

contamination, and the impact of the facilities on the physical environment. It is also 

critical to know where the feedstocks for production are from, and how much feedstock 

is required, so that the EPA understands the full lifecycle of risks and environmental 

impacts, including agricultural contamination from pesticides, and greenhouse gas 

emission from industrial feedstock production (such as sugarcane or corn). This should 

apply to both phototrophic algae as well as algae which requires sugars. Regarding the 

latter, there is a limit to how much biomass can be sustainably produced on the planet. 

Even with the most productive synthetic organisms, will they produce enough fuel to 

meet the world’s energy needs or just lead us down an unpromising path with no real 

solution? For phototrophic algae, do we have the inputs of water, nitrogen, phosphorus 

and other nutrients available for the scale of production that would be needed? When 

we take the full life cycle impacts of production and other environmental impacts such 

as environmental escape into account, industrial applications of synthetic biology algae 

are likely be shown to be far from sustainable.  

 

Principles for the Oversight of Synthetic Biology 

Friends of the Earth would like to also refer EPA to the Principles for the Oversight of Synthetic 

Biology, a global declaration signed by 120 civil society groups from around the world, which 

calls for implementation of the following seven principles to safeguard public health and the 
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environment from the novel risks of synthetic biology and for open, meaningful and full public 

participation in decisions regarding its uses: 

1. Employ the Precautionary Principle  
2. Require mandatory synthetic biology-specific regulations  
3. Protect public health and worker safety 
4. Protect the environment 
5. Guarantee the right-to-know and democratic participation 
6. Require corporate accountability and manufacturer liability 
7. Protect economic and environmental justice 

Recommended action by the EPA 

Given the numerous environmental, health, and socio-economic risks, EPA must require a full 

life cycle and holistic assessment of all organisms engineered via synthetic biology. Before any 

synthetic biology organisms, including algae, or ingredients are released into our environment 

or enter our consumer products, we need strong national regulatory oversight with synthetic 

biology specific risk assessments including environmental, health and socio-economic impacts.  

We need full transparency about the specific technology being applied, and systems for 

monitoring and evaluation.   

 

Without these in place, Friends of the Earth urges EPA to consider synthetic biology 

applications to have significant “unreasonable risks” and prevent the environmental release 

and commercial use of synthetic biology organisms. We also urge EPA to full independent 

Environmental Impact Statements for all federally funded research in the field of synthetic 

biology.  

 

Given the increased number of applications to the EPA which use synthetic biology techniques, 

and the limited capacity of staff to effectively  review the applications, Friends of the Earth 

advocates for more funding to be directed to the EPA’s TSCA Biotechnology Program. These 

environmental assessments should be undertaken independent of industry and funded 

research interests, and include inputs from a variety of ecologists and scientists with relevant 

expertise and no conflicts of interest.  
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Confidential Business Information:  

It is the uncertainty of risk that must prompt us to establish strong regulations and use a 

precautionary approach. However, as Dr. Snow has explained, what makes assessing risk even 

more difficult is that most of the information from private industry is kept under lock and key as 

proprietary information.4 Friends of the Earth recommends that the EPA prohibit commercial 

applicants from classifying studies about containment, technical applications and related 

environmental and human health data as Confidential Business Information.  This lack of 

transparency has prevented helpful independent peer-reviewed studies and research which 

would help with more sound scientific review of MCANs and TERAs and to help verify the safety 

and sustainability claims made by companies about new biotech applications and products. 

Biosafety data about environmental and health impacts should be made publically available by 

the EPA, particularly for peer review.  

 

Furthermore, given that containment is virtually impossible to ensure, Friends of the Earth 

recommends that even supposedly “contained” synthetic biology algae should require MCANs 

and be subjected to the same regulations as open synthetic biology algae ponds. 

 

Thank you for this opportunity to comment to the EPA on this very important issue.  

 

 

 

 

 

 

4 Snow, Allison. "Risks of Environmental Releases of Synthetic GEOs."  
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October 20, 2015 

Comments regarding workshop docket identification (ID) number: EPA–HQ–OPPT–2015–0508  
 

My name is Melody Meyer and I am the Vice President of Policy and Industry Relations at United Natural Foods 
Inc. (UNFI). We are America’s premier certified organic distributor. UNFI has the largest national distribution of 
organic and natural products including nutritional supplements, personal care items and organic produce, in the 
United States. We proudly service 32,000 customers across North America with over 65,000 products and employ 
over 8900 associates in 23 facilities in the U.S.  

The organic and natural business is robust and continues to grow by double digits year over year. UNFI’s estimate 
sales will be more than $8 billion this fiscal year. Our customers increasingly want to know what is in their 
products and how it is produced.   

I want to provide insight on the economic worth of the natural products industry to the US economy and the risk 
that Syn Bio based products pose. The organic and natural market is vibrant and robust, valued at $82.3 Billion in 
2012 and growing at 14% CAGR.  The consumers driving this growth expect that these products are free from 
synthetic ingredients and are derived from natural sources. While it can be technically argued that Syn Bio algae 
is a form of fermentation, the source of those products has been dramatically altered at the genetic level to 
produce a unique product that is not natural. Allowing Syn Bio products into the natural products supply chain 
could cast a serious blow to the reputation and growth of our industry.  

Furthermore any environmental release of Syn Bio algae in the US could be extremely damaging to the US 
natural product industry. Algae is highly invasive, reproduces quickly, becomes airborne easily and spores from 
engineered algae could find their way into waterways, onto crops and farmland and into food and ingredient 
production damaging both the integrity and market value of those products. 

 The US natural product industry sells tens of thousands of products as non-GMO including a guarantee of 
exclusion of ingredients from Syn Bio organism (non GMO project standards) It is possible for companies to 
make that guarantee to their consumers while synbio organisms are contained and can be identified. If there are 
open ponds of synbio algae, photobiorectors, or even fermentation facilities, it may not be possible to track the 
movement of these organisms onto crops and into waterways. Just as the organic and natural products industry 
dealt with the problem of GMO contamination by switching away from US corn and soy, so the widespread 
presence of synbio algae in the US environment may lead natural companies to source raw materials outside of 
the US, harming the organic and natural agriculture sector. 

Additionally there are health concerns that may arise. If algae is engineered to secrete an industrial compound 
(e.g. Biofuel) and it inadvertently gets into waterways, it may prove problematic to ensure clean water or irrigate 
organic crops without presence of Syn bio-derived organisms and may additionally contaminate groundwater.  

Algae derived products are common in our industry and if engineered algae are somehow released to market or 
environment, the engineered sequences may begin to turn up in commercial algae product which would require 
stricter product protection. Problematically, identification of such contamination will be extremely difficult and 



 

 

costly if the Syn Bio industry is not under an obligation to disclose full details of each and every transformation of 
algae - including reference materials and testing protocols. 

I understand that the Syn Bio industry offers many promises of growth and prosperity. The most optimistic 
forecast for the global value of synthetic biology is for just under a $40 billion market by 2020.  While there is 
much talk of growing the Syn Bio industry, it is really a speculative and unproven industry kept afloat on venture 
capital and low returns at this point. The development of this industry without strict regulations and controls could 
indeed threaten a proven, viable and rapidly expanding consumer industry such as the natural products industry 
and the EPA must take that into full consideration.  

I urge the EPA to further test, regulate and label all Syn-Bio products.  

Best Regards,  

Melody L. Meyer  
Vice President of Policy and Industry Relations UNFI  



I am writing about docket EPA-HQ-OPPT-

2015-0508FRL-9932-32 as a private citizen 

who is interested in the monitoring and use 

of genetically modified organisms. I am 

addressing the need for rigorous 

assessment of all new GEA’s along with the 

need for scientific data of these organisms 

so that risks and hazards can be prevented. 

I am supporting of the EPA updating its 

original document, as long as it is detailed 

and covers all risks known for the

organisms.

Considerations for 
Risk Assessment of 
Genetically 
Engineered Algae

Andrew Westfall



I am commenting on the EPA’s notice of a public meeting for input on the risk 

assessment of genetically engineered algae. EPA plans to update their guidance document for 

microorganisms, involved with biotechnology specifically.  “Points to Consider in The 

Preparation of TSCA Biotechnology Submissions for Microorganisms” needs to have an update 

for policies of risk assessment with genetically engineered algae. I am addressing the issues that 

could arise from use of these GEA’s and how the environment could possibly be affected if 

these new organisms are not handled with care or monitored appropriately. Also, the lack of 

information around the entire subject of GEA’s is concerning and more research about these 

organisms should be conducted. The EPA needs to work with the public and private businesses 

to get a better understanding of the process and products from these organisms.  

I, personally, am completely for revisions being made to the EPA’s original document to 

cater to these new and growing needs. As the Agency in charge of keeping our environment 

safe, the EPA has to be up to date with its documents regarding all fields involving the 

environment, especially a field involving GMO’s. These new products, safe or dangerous, need 

to be regulated and monitored on an official level to avoid environmental exposure or damage.

More information is needed about these organisms in general so that the EPA can avoid and 

protect the environment and people from risks. Also, since this is a revision it will not be a 

drastic change but more of an addition on the original policies. Overall, I think it is a necessary 

change and will benefit all parties involved due to a more regulated system and the public 

comments/thoughts from professionals within the fields affected.

One of the largest problems with these organisms is the lack of information about them. 

Since these advances in biotechnology were so recent and rapid, the EPA does not have 



adequate information about the processes or organisms being developed and their uses. Before 

any changes are made to the previous document, research needs to be completed so that the 

information is accurate and beneficial. Private businesses and research facilities are the main 

frontrunners in this industry, utilizing the algae to produce oil and alternative energy sources.

One of the largest problems the EPA will face with these organisms is long assessment times. If 

the EPA is solely responsible for classifying and testing these new organisms, the research will 

not be completed succinctly and a hazardous situation involving the algae could arise.

Commercialization of these algae is what is needed to gain the most information about the long 

term and short term risks of algal use.

Currently however, most companies keep their trade secrets and are not fully open to 

giving out their information and research. This information should be provided to the EPA for 

considerations of both environmental and human health. The professionals who are working 

on these microorganisms need to also have open communication with each other. This will 

enhance the industry as a whole and avoid redundant submissions by multiple companies for a 

new chemical. In Genetically Engineered Organisms and the Environment: Current Status and 

Recommendations, the authors stated:

“We have argued that application of ecological expertise and knowledge is essential 

during all stages of the development of GEOs that are to be released into the environment, 

from the earliest planning to post-release monitoring and management. Active involvement of 

professionals with an understanding of relevant ecological and evolutionary processes can help 

avert environmental problems and facilitate promising applications of GEOs.”(Snow, 2005)



Even now, there is no nomenclature for the chemicals being produced by these 

microorganisms. This should be one of the first steps in updating the “Points to Consider” 

document. If we can’t even classify the chemicals, how can we identify and distinguish different 

strains and their uses. Before a chemical is put onto the market, rigorous testing and 

assessment needs to be done. A full life cycle of the microorganism should be observed before 

being put to use, especially for such a new and unknown field like synthetic biology. 

Additionally, there should be genome mapping and tests conducted to see how the organism 

would behave in natural conditions and make sure that the species is non-invasive to an 

environment.  A database should be created with a list of all the algal strains that are safe for 

companies to use. This will save time both for the EPA and businesses. Before being added to 

the list, the starting strain of a species along with the current strain should be tested to be 

completely safe for the environment. With a complete information database that is being 

updated regularly, the EPA can monitor all uses of the algae and companies can have an 

accurate resource for their uses. 

After the database is complete and enough information is gathered, policies will need to 

be implemented to reduce the risks from the algae. Multiple forms of the algae present risks to 

the environment and humans. In An Overview of Algae Biofuel Production and Potential 

Environmental Impact, Marc Menetrez outlines the risks of algae being used currently:

“The various risks are toxigenicity (from known and unknown GMO toxins), allergenic 

responses (from proteins and organic and inorganic chemicals), and unknown environmental 

effects that could potentially cause the unintended transfer of transgenes or cause the loss of 



flora and fauna biodiversity. An evaluation methodology is needed to better understand the 

GMO effects and their associated risks to the environment.” (Menetrez, 2012)

Another major risk for algae and cyanobacteria use is algal blooms. Most of the strains 

are grown in containment systems and are excluded from the natural environment. These 

systems need to be thoroughly tested to make sure they is no chance of an accidental breach. If 

a strain escapes into the natural environment, there is also the risk of the organism adapting to 

the surroundings and surviving or creating new organisms. Authors Snow and Smith felt that:

“The ability of GE algae (or their DNA) to survive outside of open ponds or enclosed 

bioreactors is crucial baseline information for risk assessment. Proponents of GE algae often 

suggest that lab-created strains should not be able to survive in the wild, especially if they are 

domesticated and bred to produce large volumes of industrial by-products” (Snow, 2012)

All containment systems should be updated regularly and be disaster-proof in the case 

of a catastrophic event like a hurricane or tornado. Often when conditions are preferable, both 

algae and cyanobacteria can multiply quickly, creating these algal blooms. These blooms can 

harm humans and the environment by absorbing oxygen, releasing toxins, and contaminating 

water sources, damaging the local ecosystem. The human risks from these blooms are 

dangerous enough alone and are outlined in Cyanobacteria and Cyanotoxins: Information for 

Drinking Water Systems: 

“The acute recreational exposure to cyanobacterial blooms and their cyanotoxins can 

result in a wide range of symptoms in humans including fever, headaches, muscle and joint 

pain, blisters, stomach cramps, diarrhea, vomiting, mouth ulcers, and allergic reactions. Such 



effects can occur within minutes to days after exposure. In severe cases, seizures, liver failure, 

respiratory arrest, and (rarely) death may occur.” (EPA, 2014)

With these kind of risks present with algae and cyanobacteria, extensive research should 

be done before a strain is cleared for use on how the strain will react in normal conditions and 

what would be the risks if there was a breach and the strain entered the environment.

Overall, before the EPA revises their previous document, a great deal of research needs 

to be conducted. More information about the strains of algae and their uses needs to be 

discovered so that no company or individual causes an environmental exposure. Firstly, a 

classification system should be established and then a database full of information about each 

algal strain and its risks. Additionally, more information about the environmental impacts is 

needed about each strain. Since algae have a large diversity of organisms, there are many 

different impacts that can be made from these organisms. Each algal strain should be contained 

thoroughly and tested to see what positive and negative impacts it would have on the natural 

environment. New containment systems that have a lower risk of exposure to the environment 

should be developed so that only open ponds are being used for environmentally safe strains.

After the correct research is complete, the EPA should create their new “Points to 

Consider” document so that their information is up to date and the public has knowledge of 

these organisms. Until the information is tested and compiled, the EPA should focus its efforts 

on research and testing to understand these new processes and organisms so that both 

environmental and human health risks are properly assessed and contained. 
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Office of Pollution Prevention and Toxics (OPPT) 
Environmental Protection Agency 
1200 Pennsylvania Ave. NW 
Washington, DC 20460-0001 
 
Docket ID No. EPA-HQ-OPPT-2015-0508 
 
The Biotechnology Industry Organization (‘BIO’) is pleased to have the opportunity to comment on 
U.S. Environmental Protection Agency (‘EPA’) Workshop for Public Input on Considerations for Risk 
Assessment of Genetically Engineered Algae. 
 
EPA held a public workshop on September 30, 2015, entitled “Workshop for Public Input on 
Considerations for Risk Assessment of Genetically Engineered Algae,” to discuss EPA’s data needs 
to support risk assessments of biotechnology products subject to oversight under the Toxic 
Substances Control Act (TSCA), 15 U.S.C. 2601 et seq., that make use of genetically engineered 
algae and cyanobacteria.  
 
EPA described the purpose of the workshop as seeking the identification of “unique issues that 
warrant consideration and uncertainties in the evaluation of potential hazards and exposures with 
commercial scale production of genetically engineered cyanobacteria and microalgae”. In addition, 
EPA said that feedback from the workshop will also be used to update the guidance called "Points 
to Consider in the Preparation of TSCA Biotechnology Submissions for Microorganisms" ('Points to 
Consider').  
 
At this meeting EPA requested responses to the charge questions, but also welcomed additional 
comments relating the regulation of microorganism biotechnology in general, advanced genetic 
engineering, and algae biology under conditions of mass production.  
 
The following represent BIO’s response to the broader questions asked by the Agency at this 
meeting, in addition to the more specific charge questions. Specifically, we evaluate the underlying 
principles and paradigms which guide current biotechnology regulation, and their relevance to GE 
algae. We also examine the current guidance for TSCA biotechnology submissions for 
microorganisms with respect to the charge questions provided by EPA both on the docket EPA-HQ-
OPPT-2015-0508, and as posed in the workshop held on September 30th . We respectfully request 
the opportunity to provide additional comment in the future for the Agency’s consideration of these 
and other fundamental regulatory issues. 
 
 

I. Biotechnology Industries Organization (BIO) 
 
BIO is the world's largest trade association representing biotechnology companies, academic 
institutions, state biotechnology centers and related organizations across the United States and in 
more than 30 other nations. BIO members are involved in the research and development of 
innovative healthcare, agricultural, and industrial and environmental biotechnology products. 
 
BIO represents over 100 leading technology companies in the production of conventional and 
advanced biofuels, renewable chemical intermediates, bioplastics, and other biobased products, 
and biocatalysts and provide other sustainable solutions to energy and climate change challenges. 
BIO also represents industry leaders in developing new crop technologies for food, feed, fiber, and 
fuel. 
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II. Points to Consider 

 
EPA review of the Points to Consider guidance document, which dates from 1997, is appropriate. 
We trust that EPA will continue to refer back to the Executive Office of the President Office of 
Science and Technology Policy document, “Exercise of Federal Oversight Within Scope of Statutory 
Authority: Planned Introductions of Biotechnology into the Environment” published in 57 Fed. Reg. 
6753-6762 (Feb. 27, 1992)], which has successfully guided the mitigation of risk to human 
health and the environment to date.  
 
Any revisions to the current risk assessment paradigm or Points to Consider will likely have both 
intended and unintended effects, which may be positive or negative. We recognize that the 
increase in Microbial Commercial Activity Notice (MCAN) and TSCA Environmental Release 
Application (TERA) submissions and the continued advancement in genetic tools and technologies 
warrant review and stocktaking, and commend EPA for its proactive approach, but also caution that 
changes in regulatory requirements should not be an automatic consequence of this review. An 
increase in submissions is not indicative that regulatory oversight is lacking, on the contrary, it 
indicates that the products being developed are coming under review. It may be more useful to 
provide opportunities to share best practices rather than necessitate additional regulatory 
requirements or information requests simply because there are more genetically engineered 
microorganisms being commercialized.  
 
Importantly, the “Exercise of Federal Oversight Within Scope of Statutory Authority: Planned 
Introductions of Biotechnology into the Environment” published in 57 Fed. Reg. 6756 (Feb. 27, 
1992)] specifically states, “federal government oversight should focus on the characteristics and 
risks of the biotechnology product – not the processes by which it is created. Products developed 
through biotechnology processes do not per se pose risks to human health and the environment; 
risk depends instead on the characteristics and use of the individual products.”  
 
It goes on to state that 
“Where oversight is warranted, the extent and type of oversight measure(s) must be 
commensurate with the gravity and type of risk being addressed, must maximize the net benefits 
of oversight by choosing the oversight measure that achieves the greatest risk reduction benefit at 
the least cost, and must consider the effect that additional oversight could have on existing safety 
incentives”. 
 
Mankind has been genetically engineering the biological environment using ‘traditional’ breeding 
techniques for thousands of years without need of regulatory oversight and to the benefit of 
mankind. The rationale for different or additional oversight and regulation of GE algae and 
cyanobacteria to that currently required for other GE microorganisms is unclear, and a 
proportionate approach to the regulation of things which are “new” and which may be different but 
not necessarily hazardous is needed as EPA reviews its requirements for biotechnology regulation.  
 
 

III. Biotechnology Oversight Under the Toxic Substances Control Act (TSCA  
 
The EPA has the authority to regulate the manufacture, use, distribution in commerce and disposal 
of chemical substances and mixtures with certain exceptions. Microorganisms subject to TSCA are 
treated as chemical substances, and the TSCA Biotechnology Rule of 1997 established procedures 
for the review of “new” or intergeneric microorganisms. Microorganisms encompass all forms of 
bacteria, protozoa, fungi, algae and viruses. 
 
In terms of understanding the use of advanced biotechnology in the creation of new 
microorganisms, EPA has to consider both the microorganism itself, and the product produced by 
the microorganism. Under the Toxic Substances Control Act (TSCA), any chemical, substance or 
microbe not already listed on the Chemical Substance Inventory is considered to “new” and 



3 

requires regulatory evaluation or oversight. Industry is required to submit MCANs and TERAs for 
the microbe, and pre-manufacture notifications (PMNs) for commercial scale production of chemical 
substances made by the microbe. There will be an interaction between these in determining what 
constitutes a “new” microbe and therefore a “new” chemical, and EPA should clarify how the 
interactions between the MCANs and PMNs will be dealt with in its response to our comments.  
 
Something that is “new” on the TSCA inventory – be it a microorganism, or the product made by 
the microorganism - is not necessarily any different or more hazardous from a risk assessment 
perspective. This concept has been applied to other products derived from genetically engineered 
(GE) organisms as “substantial equivalence” or the notion that a GE organism, or something 
produced by a GE organism is not automatically more hazardous than its conventional sibling. On 
the contrary, the opposite may be true. This should be borne in mind when considering the need to 
regulate genetically engineered microbes, particularly if those microbes have been engineered to 
remove harmful traits evident in the conventional parent. 
 
EPA are seeking to capture the “unique issues that warrant consideration and uncertainties in the 
evaluation of potential hazards and exposures with commercial scale production of genetically 
engineered cyanobacteria and microalgae”. BIO would argue that there are no “unique issues” that 
arise as a result of commercial scale production of GE algae and cyanobacteria that have not 
already been addressed using current EPA regulatory authority for GE microorganisms. 
Furthermore, it is questionable as to whether “unique issues” arise when comparing GE to non-GE 
algae and cyanobacteria.  
 
As EPA gather their information and evaluate it, one principle or approach worth considering is the 
concept of "Substantial equivalence". This is the starting point for the safety assessment for 
genetically engineered food that is widely used by national and international agencies - including 
the Canadian Food Inspection Agency, Japan's Ministry of Health and Welfare and the U.S. Food 
and Drug Administration, the United Nation’s Food and Agriculture Organization, the World Health 
Organization and the OECD. Under this paradigm, GMOs and non-GMOs are the same; therefore, 
no compulsory safety testing is required by the regulatory agencies and they can be treated in the 
same manner with respect to safety. To decide if a modified product is substantially equivalent, the 
product is tested by the manufacturer and then assessed by a U.S. regulatory agency such as the 
FDA.  
 
This approach does not apply to GE microorganisms regulated under TSCA, but applying this 
concept to microorganisms may none the less be helpful in determining whether or not additional 
regulation is required - particularly in light of the charge questions raised by EPA with respect to GE 
Algae. In many cases GE microorganisms, including algae, may be safer, or contained more easily 
than their wild-type counterpart. A microbe engineered to produce a higher yield from fewer inputs 
is not automatically conferred with a competitive advantage should it be released into the 
environment. In fact, the more narrowly defined the optimum growth conditions the less likely the 
organism is to survive in a less than ideal environment. And a release into the environment – 
accidental or deliberate – will not necessarily compromise the existing ecosystem any more than 
the many new strains which arise naturally in the wild through spontaneous mutation. 
 
The use of GE algae offers substantial benefits to both manufacturers and society as a whole. 
Advanced biotechnology tools can be used to improve microbial productivity, thereby enabling cost 
competitiveness against petroleum derived chemicals; they can improve precision and safety by 
deactivating genes which code for toxin production found in wild organisms, or by including genetic 
biocontainment mechanisms.12 These benefits require proper consideration, not only because TSCA 
is a cost-benefit statute but because of EPA’s overall mandate to protect the environment and 
human health. These technologies offer great potential towards meeting these goals of broader 
societal benefits include enabling a low carbon economy, mitigating climate change, offsetting 

																																																													
1 Mandell, D. J. et al. Nature http://dx.doi.org/10.1038/nature14121 (2015). 
2 Rovner, A. J. et al. Nature http://dx.doi.org/10.1038/nature14095 (2015).	
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damage due to pollution, and providing alternatives to non-renewable resource use. The use of 
advanced genetic technologies is therefore not only about providing benefits to the manufacturer, 
but about meeting environmental and human health protection objectives. Excessive regulation of 
these technologies will deter their use and conflict with EPA’s and the U.S. Government’s policy 
objectives. 
 
Moreover, TSCA regulates to prevent “unreasonable risk”3, where “unreasonable” involves 
“balancing the probability that harm will occur and the magnitude and severity of that harm against 
the effect of the proposed regulatory action on the availability to society of the benefits of the 
substance, taking into account the availability of substitutes”4. If oversight is disproportionately 
focused on one type of technology or product over another, the burden will be skewed against this 
technology and improperly hinder its development. The same applies to the regulation of “new” 
chemicals and “new” microorganism. As TSCA is currently administered, greater regulatory 
requirements and restrictions can be placed on new products and technologies, yet older and 
sometimes more hazardous substances have been grandfathered without the requirement for 
similar oversight. Such disparate treatment can encourage the continued use of older incumbents’ 
products and technologies, while discouraging innovation, potential risk reduction, and 
environmental benefits made possible by newer technologies. There are heavy costs involved if 
society fails to set environmental priorities based on risk. If finite resources are expended on lower 
priority problems at the expense of higher probability risks, then society will face needlessly high 
risks5 
 

IV. Advanced Genetic Engineering 
 
While some would argue that the advanced biotechnology tools used today are a step change in 
approach, it should be recognized that we have been “genetically engineering” our biological 
environment with no oversight for thousands of years using conventional breeding techniques, 
starting with the domestication of wheat over 10,000 years ago. Mankind has been breeding 
strains of yeast and bacteria for thousands of years to improve wine, beer making, cheese and 
yoghurt production, achieving significant changes in genetic constructs as a result. Irradiation, 
including gamma radiation, chemical mutagenesis and other unregulated methods have been used 
for over 100 years to induce genetic change, with no oversight of their use or potential adverse 
effects then, or now. Yet the genetic engineering tools available now are more precise than 
traditional breeding techniques and assure that only desirable genes with known positive benefits 
are incorporated in pre-existing varieties with well-understood characteristics and attributes. In 
addition, it is now possible to remove the harmful traits (flagged by the Agency in their charge 
questions), which include toxin production and formation of harmful blooms. Genetic engineering 
can accomplish rapid and precise changes not possible using conventional selective breeding. In 
many cases the benefits derived from genetic engineering would be impossible via any other route. 
Industrial biotechnology is now expanding the application and engineering of microorganisms and 
enzymes into a broad variety of processes, such as renewable chemical production, serving to 
construct products faster and in a resource and environmentally sustainable manner at reduced 
cost and using less energy. This should be fostered and encouraged by the Agency because it is 
central to their mission of protecting human health and the environment. 
 
Thus, advanced Genetic Engineering (GE) tools are not new but an evolution along a long 
continuum of development in breeding techniques. Innovation in and commercialization of these 
tools and the products derived from them are often achieved by small and medium sized 
companies, not just the larger multinationals which also work in this space. It is the diversity of 
companies and approaches which grows innovation, the size of the industry, and ensures 

																																																													
3 http://www2.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-tsca/regulatory-
determination-made-under  
4 American bar Association Section of Environment, Energy and Resources, March 2014 
5 US EPA SAB “Reducing Risk: Setting Priorities and Strategies for Environmental Protection” September 1990, 
Exec. Sum. Pg. 2	
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competition in the market place. Whatever guidance is produced by EPA should be proportional, 
and care should be taken that it is not so onerous as to become a barrier to innovation, or 
negatively impact the ability of small companies to compete in the market against incumbents.  
 
Advanced Genetic Engineering is a technique, not a ‘thing’. Thus the regulatory oversight of 
organisms produced using GE should not be any greater than that required for processes used to 
develop conventionally bred organisms, particularly when one considers that conventional breeding 
can move huge chunks of the genome in unpredictable, often not well understood ways. In fact, 
the use of genetic techniques like marker-assisted breeding has helped reduce some of this 
unpredictability and helps focus the breeder on genes, which code for desirable traits. Gene editing 
can remove or silence genes, which code for harmful toxins or metabolites. Ultimately, it is the 
product or microorganism itself and how it behaves which is the source of risk, not the technology 
used to create it in the first place. It is therefore the product, which EPA should continue to focus 
on, and information relevant to conducting a risk assessment on that product.  
 
Indeed, fundamental to the U.S approach to biotechnology regulation is a risk assessment of the 
product, not the process. According to the “Exercise of Federal Oversight within Scope of Statutory 
Authority: Planned Introduction of Biotechnology Products into the Environment” (FRN Vol. 57. No. 
39, February 27 1992) the process of modification is independent of the safety of the organism, 
and it is the characteristics of the organism, the environment and the application or use that 
determine the risk of introduction, not the technique used to produce the organism. EPA recognizes 
the inherent logic of this approach and follows it when regulating. Information requests and 
decision making should therefore not turn on the fact that the organism has been genetically 
modified, or modified using a particular technique because these facts alone do not necessarily 
indicate risk. Organisms with new phenotypic traits, which confer no greater risk to the target 
environment than the parental organisms, should not be subject to greater oversight or regulatory 
requirements than the unmodified parent organism. This principle should continue to guide US 
EPA’s regulatory approach. 
 
Yet BIO is concerned that EPA may be wavering in this approach however: The phrasing of Charge 
Question 3 “What potential hazards do different containment systems pose and should be 
considered and evaluated during a risk assessment?” could be read to suggest that harm is more 
likely to result from the use of genetic engineering. Yet it may not be necessary to “limit, contain 
genetic constructs, or assess the differences in risks of RNA versus DNA modifications”, which are 
the implications of Charge Questions 4, 5 & 66  This should be the question posed prior to Charge 
questions 3-6.. We respectfully recommend that EPA reframe their charge questions in a more 
neutral manner, and in this example, to specifically ask whether such limitations are necessary and 
if so, under what circumstances and using what rationale prior to moving onto suggested actions or 
data requirements. 
 
Nor should the assumption be that risk of harm is highly probable and always severe, while 
benefits are fleeting or negligible. EPA can and does introduce precaution into its regulatory 
approach by using conservative assumptions, but the Agency also needs to consider “real life” 
situations when balancing hazard and probability of exposure in their consideration of risk. For this 
reason, BIO has concerns over the questions that are not being asked by the Agency in their 
engagement with the public and stakeholders. Asking whether a submitter “can demonstrate a 
containment is secure” appears to assume that such security is already a necessity. Perhaps the 
question “under what circumstances GE algae should be securely contained” should be the 
precursor question.  
 
We respectfully request that the Agency provide an overview of the current Points to Consider and 
where they feel there may be gaps, so the logic of their questions can be understood and better 
contextualized when providing answers. In addition, decisions to regulate should be made using 
scientific evidence and empirical data, and the Agency has not provided these to indicate the 
																																																													
6 https://projects.erg.com/conferences/oppt/supporting.htm 
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rationale for their charge questions. In fact, the data point to the opposite – that the use of genetic 
engineering poses no greater risk of harm than conventional methodologies used in breading or 
product manufacture, and in many cases may pose less. 
 
 

V. Effects and Exposure Considerations 
 
EPA created three charge questions for the workshop requesting more information, which research 
could assist with in improving the understanding of potential ecological effects associated with the 
release of organisms modified using advanced biotechnology. Research into the use of advanced 
genetic technologies has been heavily funded by the U.S. Government, which has provided $820 
million for synthetic biology research during the period 2008-2014. EPA, through its Office of 
Research and Development and by working with other government agencies such as DARPA or DoE 
has the ability to develop much of the information and understanding it is currently requesting. 
Involving industry in this research effort is entirely realistic, and is already the case with projects 
such as the ATP3 algae test bed which is a public private partnership between Arizona State 
University, the DoE and a number of industry players. We believe this approach is more effective 
and desirable than an approach under which information would be indirectly obtained through 
increasing regulatory oversight and requirements on industry. 
 
Determining the scope of regulatory oversight based on an understanding of risk is an important 
principle in US biotechnology regulation. Science based risk assessment requires consideration of 
both the hazard and exposure. EPA is requesting additional information to help understand the risk, 
however, if translated into the Points to Consider guidance for submitting MCANs and TERAs then 
EPA must carefully weigh these information requests and ensure that they maximize the benefits 
and minimize the costs by requesting only the most useful information in the least costly manner. 
Industry already provides information on the process by which the product or microbe is derived, 
so changes to the existing Points to Consider raises some red flags. As EPA Guidance documents 
often become de facto minimum requirements, any proposed additions to the information already 
recommended in the current guidance should be carefully considered for both relevance and cost. 
 

VI. Biotech Algae Workshop Charge Questions 
 
Charge questions for presentation #2 on Algae Mass Production 
 
Intrinsic Hazards and Effects Data 
 

1) Besides toxins and the potential for harmful algal blooms (HABs), what other hazards may 
be associated with the mass production of algae? (e.g., invasiveness, ecological effects, 
effects on aquatic food webs, etc.)  

a. How can these hazards be best detected/monitored? How can these hazards be best 
measured?  

b. What types of data can be collected and should we request/gather during the 
submission process in order to evaluate these potential hazards?  

 
2) What algae data are available to help determine the risk posed by algal mass production 

during the submission process?  
a. Are data available about natural occurring or wild-type algae, when found or grown 

in high concentrations that can be used to evaluate the effects of engineered algae 
mass grown for commercial purposes?  

 
BIO RESPONSE 
 
It is important to separate and clearly define the organism used to produce a particular product 
(potential for hazard), from the process by which the organism is cultivated (potential for 
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exposure) and the product produced by the organism (a separate assessment requiring a pre-
manufacturing notification (PMN)). 
 
EPA has successfully regulated the use of microorganisms for decades. With respect to regulating 
the organism, there is no evidence to suggest that microalgae require different regulatory 
treatment than other microorganisms, simply because they are microalgae. All microorganisms 
have the potential to produce toxins, or become invasive under the right environmental conditions, 
not just algae. All microorganisms occupy important niches within ecosystems and aquatic food 
webs, not just algae.  
 
The microalgae used in industrial manufacturing processes may be either native / wild type or 
genetically engineered. The application of genetic engineering (GE) does not inherently make the 
organism more hazardous. In fact, the opposite is usually the case because GE, when used, is 
usually to create significant performance benefits in safety, sustainability, or health advantages. 
For example, in the production of lubricant oils with higher flash points, or the production of DHA 
Omega 3 now used in many food products including infant formula. When selecting the microalgae 
for GE, considerations such as the ability to produce toxins or develop harmful algal blooms are 
taken into account, and GE can be used to remove harmful traits that exist in the wild type parent. 
 
The current MCAN review is intended to ensure that EPA can adequately identify and regulate risks 
to human, animal and plant health associated with microbial products of biotechnology. EPA 
scientists conduct risk assessments to ensure the microorganism itself (not just the product) will 
not present an unreasonable risk of injury or health to the environment. This includes evaluating 
potential human health and environmental hazard as well as potential environmental, worker and 
general population exposure along the entire lifecycle of the product from manufacturing, 
processing, use and disposal. To do this EPA already requires substantial detailed information 
including 
 

• Safety of the strain construct (how the organism is made) 
• Manufacturing process control and containment, and 
• Inactivation data to confirm process control. 

 
This process is extremely thorough and well defined in the current “Points to Consider” guidance 
document and in the Final Biotechnology Rule published in the Federal Register on April 11, 1997 
(62 FR 179110-17958). While it is appropriate to review these guidance and rules, review should 
not automatically imply revision and BIO is concerned that EPA may be pressured to go beyond 
what is already required and working well. Imposing additional unnecessary burden could stymie 
the development of small companies with innovative technologies that offer significant societal 
benefits, not least the provision of an alternative to traditional chemical production.  
 
Exposure Considerations  
 

3) What potential hazards do different containment systems pose and should be considered 
and evaluated during a risk assessment?  

a. How can a submitter demonstrate a containment system is secure or poses no threat 
to the surrounding environment?  

 
BIO RESPONSE 
 
Microalgae cultivation systems are somewhat more diverse than those used for other organisms. 
The standard industrial fermentation process is a broadly used, well-understood and well defined 
process, however algae may also be cultivated in open ponds and photobioreactors. Some 
companies harvest unwanted harmful algal blooms that occur in nature and incorporate them into 
products as an alternative to using petrochemical derived materials. Some algae are cultivated in 
locations where they can be used to convert carbon dioxide into oxygen and thereby mitigate 
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greenhouse gas production. It cannot be assumed, however, that this diversity of cultivation 
systems gives rise to (i) increased risk of environment exposure or (ii) more harmful exposure.  
 
An evaluation of the containment system is an evaluation of the probability of exposure; however 
the evaluation of risk requires consideration of the hazard posed by the organism as well. 
Evaluation of a containment system therefore requires the agency to consider not just the level of 
containment, but whether the level of containment is appropriate relative to the potential hazard 
posed by the organism. Thus the evaluation of the containment system should not be a one-size-
fits-all approach but a case- by- case evaluation. What would be most useful would be for the 
Agency to establish a set of best practices and the type of considerations that should be taken into 
account when cultivating different classes of organisms.  
 
It should also be noted that industry participants take great pains to ensure their microorganisms 
do not inadvertently end up being released into the environment because the microorganisms 
represent intellectual property; preventing it from being available to competitors through 
accidental release is already a powerful driver for secure containment. 
 
Certain algae cultivation systems require decontamination and cleaning between batches, or the 
use of pesticides to control the growth of other organisms that could threaten the microalgae or the 
purity of the product being harvested. Such products are regulated under FIFRA through the EPA’s 
Office of Pesticide Programs, and they should continue to regulate these products based on their 
current comprehensive and thorough scientific evaluations. 
 
Charge questions for presentation #3 on Advanced Genetic Engineering 
 

4) What information should be included when submitting information on the construct used to 
develop a new organism in which the genetic code has been altered using synthetic biology 
techniques?  

a. Should data requirements be different for these organisms? If so, why?  
 
BIO RESPONSE 
 
GE for microorganisms refers to “intergeneric” gene transfer, where intergeneric organisms are 
defined as “those that have been formed by the deliberate combination of material originally 
isolated from organisms of different taxonomic genera” (Points to Consider, page 3, paragraph 2). 
Unregulated interspecies crosses happen in Nature all the time, thus the use of synthetic biology 
and its relevance to the definition of a new organism is dependent on whether or not it gives rise to 
an intergeneric cross and a microorganism that is not already on the TSCA inventory. The 
regulatory question is not whether synthetic biology was used to create the microorganism but 
rather the hazard presented by the organism thus produced.  
 
The information required for the submission of an MCAN already provides sufficient explanation and 
description of the organism. The technical information required for each MCAN submission is 
outlined in Sections 725.155 and 725.160 derived from Section 5 of TSCA. It includes a description 
of the recipient organism, the genetic construction of the new organism, the phenotypic and 
ecological characteristics, the byproducts, the total production volume, the use information, the 
worker exposure and environmental release information, and health effects information. The 
information requested should be no greater than, or any different from, that currently required for 
GE or non GE organisms. 
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Charge questions for presentation #3 on Advanced Genetic Engineering cont. 
 

5) How can the predicted function of a genetically engineered construct be shown to be limited 
to the purpose for which it was designed?  

a. How can a construct based on a gene known to encode multiple functions (i.e. under 
different conditions or in other species) be shown to be contained?  

 
BIO RESPONSE 
 
Genetic engineering, particularly the more advanced genetic technologies, offers greater precision 
than conventional crossing methods. It also allows for a more precise characterization of the 
organism thus produced. Therefore – and unlike conventionally bred organisms – GE offers greater 
predictability of characteristics and behavior.  
 
With reference to question 5(a), genes do not code for multiple functions, they code for different or 
multiple product characteristics produced by the microorganism. It is the product which is 
regulated, not the process used to develop that product. In the case of the chemical or oil being 
produced by the microorganism, the risks associated with this are assessed separately from the 
process used to produce it, be that through traditional chemistry or by a genetically engineered. 
The risks associated with the product made by the microorganism are addressed in the PMN. Thus 
we are not entirely clear what the agency is asking when it refers to containment in this question. 
 
The charge question asking whether or not the “predicted function of a genetically engineered 
construct can be limited to the function for which it was designed” is already captured in the 
existing MCAN information requirements. Furthermore, the same question is as valid, if not more 
so, for conventionally bred microorganisms where gene transfer is random and unpredictable, such 
that unintended effects arising from conventionally bred microorganisms are likely to be more, not 
less prevalent than in GE microorganisms. With respect to containment, TSCA already requires the 
sponsor to confirm that the altered microorganism does not have a competitive advantage in the 
environment, and the Agency should continue the requirement.  
 

6) When assessing xenonucleic acids-based constructs, what biological containment methods 
are best employed?  

a. What information can be used to confirm that a biological containment method is 
safe and poses no risk to the environment?  

b. What differences exist and should be consider when assessing the risk of RNA versus 
DNA modifications?  

 
TSCA currently requires that the sponsor confirm that the genetic constructs are stable and do not 
code for any toxin production, the requirement should remain. 
 
There is no such thing as ‘fail-proof’, and the requirement should be to use the best techniques 
available to ensure there is a low probability that a GE microorganism can become an ‘invasive 
species’ just as there should be for a non-GE algae. “No risk to the environment” is not a feasible 
or desirable standard; regulatory attention should instead be focused on an appropriate and 
reasonable level of risk as articulated in TSCA; and equate to the same level of risk that applies to 
non-GE alternatives. 
 
Charge question for concluding session  
 

7) What questions have we not asked that are relevant to our task? What have we missed?  
 
The questions are framed in a manner which seems to pre-suppose harm and the necessity for 
containment. Additional questions would allow commenters to speak to the overall safety of these 
technologies relative to current technologies, or to address the benefits of these technologies 
relative to other more traditional ones. Without these there is no context for the Agency to 
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benchmark GE versus conventional technologies, and little opportunity for a balanced evaluation of 
relative risk, yet this is particularly relevant for a risk benefit statute such as TSCA. The use of 
genetic engineering technologies support the development of microorganisms which help reduce 
greenhouse gas emissions either directly through carbon sequestration, or indirectly through the 
provision of an alternative manufacturing technology which does not rely on fossil fuels. EPA has 
helpfully considered the evaluation of substitute chemicals in terms of reducing ozone-depleting 
chemicals in the EPA’s Significant New Alternatives Policy (SNAP) program under Section 612 of the 
Clean Air Act (CAA); consideration of alternative manufacturing technologies, which can create a 
similar impact, is likewise valid when considering the regulatory treatment of microorganisms 
under TSCA. 
 
The questions could also be construed as assuming a one size fits all approach to information 
needs, which is not appropriate to the diversity of microorganisms (which includes algae) which 
exist in the environment. The Current “Points to Consider” document (page 7) strongly 
recommends that submitters discuss their plans in advance with a Biotechnical Program Manager in 
the New Chemicals Notice Management branch of the Chemical Control Division of the Office of 
Pollution Prevention and Toxics, which can result in guidance more specifically tailored to the 
preparation of a document for the submitter’s microorganism. This provides the Agency with 
flexibility to tailor its information requests and address each MCAN submission on a case-by-case 
basis. Overly prescriptive guidance would not improve this flexibility but could unnecessarily 
increase the burden on manufacturers, particularly as guidance documents can often become de 
facto requirements. 
 

VII. Conclusion 
 
With the advent of global trade in food, humans have eaten more novel, unregulated DNA in the 
last 100 years than in the many hundreds of years before. We have been genetically engineering 
our biological environment for thousands of years, using unregulated “conventional” breeding 
techniques. The products of newer breeding technologies, including genetic engineering, have 
proven to be as safe as those products derived using conventional methodologies. That a 
technology or the product of that technology is “new” does not mean it automatically needs greater 
oversight or regulation. In fact, many of the older technologies and chemistries receive less 
oversight even though in many cases they may pose greater risks.  
 
The EPA has successfully regulated GE microorganisms for decades. There is no evidence that the 
current system cannot address the risks which may be associated with the commercial production 
of GE algae. We request a scientific and proportionate approach to the regulation of things which 
are “new” and which may be different but not necessarily hazardous. We ask that benefits be 
recognized, and that the product not the process be the focus of regulatory action. There is a real 
risk that over-regulation could curb the development of an industry which offers significant benefits 
to society as a whole. The current Points to Consider guidance has succeeded in providing the 
Agency the information and oversight it needs and TSCA continues to enable the Agency achieve 
its mission of protecting human health and the environment. This is no less now with the advent of 
newer genetic technologies than it was when these technologies were first developing.  
 
The compounds and technologies our manufacturers produce are low risk, and offer great benefits 
to society, not just as a result of the specific products they make but the opportunity they present 
to develop a greener, cleaner atmosphere. The Agency should continue to develop and implement 
rapid screening approaches to ensure compounds which pose the greatest risk – be they new or 
already on the TSCA inventory - are prioritized for regulatory oversight and thereby ensure Agency 
resources are expended on those activities which provide the greatest return for the environment 
and a healthier society.  
 
 



D. Glass Associates, Inc. 
 

124 Bird Street  Phone 617-653-9945 
Needham, MA 02492 USA  Fax 781-449-8045 
www.dglassassociates.com  dglass@dglassassociates.com 
 

October 29, 2015 
 
RE: Docket identification number: EPA–HQ–OPPT–2015–0508 
 
Comments on “Considerations for Risk Assessment of Genetically Engineered Algae” 
 
These comments are being submitted on behalf of D. Glass Associates, Inc., in response to the 
request for comments and the Charge Questions posed by EPA posted on August 25, 2015 
(Docket identification number: EPA–HQ–OPPT–2015–0508). D. Glass Associates, Inc. (DGA) 
is a consulting company that assists industrial biotechnology companies with planning for, and 
compliance with, U.S. and international regulations affecting the commercialization of 
renewable fuels, bio-based chemicals, and other products and services. David J. Glass, Ph.D., 
president of DGA, has over thirty year’s experience with biotechnology regulations and 
longstanding experience with EPA’s program of regulation of new microorganisms under TSCA 
dating back to EPA’s interim policies in the 1980s. A brief biographical paragraph is attached to 
these comments, and additional details on Dr. Glass’s prior experience can be found at 
www.dglassassociates.com/INFO/summary.htm.  
 
At the September 30, 2015 public meeting, Dr. Glass presented comments on behalf of Joule 
Unlimited Technologies, Inc. a company for which DGA consults. The written comments 
submitted by Joule following that public meeting are attached to this document. DGA supports 
the comments made by Joule in that document. The comments below are made in addition to the 
points addressed in Joule’s comments. Our responses to those questions on which we are 
commenting can be found after the text of each EPA question.  
 
To first offer some general comments, DGA supports the role of responsible government 
regulation in overseeing the development of industrial biotechnology and ensuring that 
appropriate risk assessments are made as the technology develops. Throughout Dr. Glass’s long 
experience with EPA’s biotechnology program under TSCA, and we have found this program to 
be effective in assessing potential health and environmental risks while offering a clear path for 
commercial development of those technologies determined not to pose unreasonable risks.  The 
technologies being commercialized by many companies developing industrial uses of algae and 
cyanobacteria offer substantial societal benefits in reducing greenhouse gas emissions, providing 
innovative solutions for carbon capture and utilization, and providing environmentally-friendly 
alternatives to uses of fossil fuels, while avoiding the use of feedstocks based on food crops and 
without using arable land that would best be used for food production. Governmental regulation 
of this industry should consider such larger societal goals when assessing the risk-benefit 
equation of specific proposed technologies.  
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1. Comment on Charge Question #2 
 

2) What algae data are available to help determine the risk posed by algal mass production during 
the submission process?  
a. Are data available about natural occurring or wild-type algae, when found or grown in high 
concentrations that can be used to evaluate the effects of engineered algae mass grown for 
commercial purposes?  

 
With regard to Question #2, we would observe that there is a fair amount in the literature 
regarding the potential environmental impacts of genetically modified algae or other introduced 
algal strains. A brief summary of some relevant review articles can be found on pages 72-73 of 
the attached paper, published by Dr. Glass earlier this year (Glass David J. Industrial 
Biotechnology. April 2015, 11(2): 71-83. doi:10.1089/ind.2015.1503).  
 
2. Comment on Charge Question #4a 
 

4) What information should be included when submitting information on the construct used to 
develop a new organism in which the genetic code has been altered using synthetic biology 
techniques? 
a. Should data requirements be different for these organisms? If so, why? 

 
With regard to Question #4a, we reiterate the comments made on behalf of Joule, which is to 
note that several governmental or international bodies have, in recent years, reviewed the need 
for regulations for “synthetic biology” (as perhaps differently defined by these bodies), and have 
all come to the conclusion that, at least for the foreseeable future, existing laws and regulations 
around the world are sufficient to provide for adequate risk assessment and risk management of 
proposed commercial uses of synthetic biology. The findings of these reports were summarized 
in the slides presented in the Appendix to the Joule comments, each of which is accompanied by 
a URL from which the complete report can be downloaded (all accessed October 14, 2015).  
 
Attached with these comments is a full copy of the presentation from which those slides were 
taken, which is a presentation made by David Glass at the 2015 BIO World Congress on 
Industrial Biotechnology, July 22, 2015. It is our strong opinion that existing laws and 
regulations around the world that now apply to biotechnology activities are generally sufficient 
to apply to the potential applications of “synthetic biology” that are contemplated in the near 
future, and that data requirements under such regulations, including EPA’s TSCA biotechnology 
regulations, do not need to be substantially changed in order to provide effective oversight over 
synthetic biology.  
 
3. Comment on Presentation #1: Toxic Substances Control Act Oversight of New 
Organisms (Mark Segal). 
 
We would like to comment on an issue that arose during discussion of two related issues covered 
by Dr. Segal’s presentation at the September 30, 2015 public meeting. Specifically, on the 
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applicability and interrelationship between the definition of “Commercial R&D” in Dr. Segal’s 
Slide #12 and the provisions for the Contained Structure Exemption in Slide #13. In our recent 
work for several clients, we have found there to be some confusion about how these provisions 
are meant to apply to R&D activities conducted at for-profit companies. 
 
It is our understanding that the term “Commercial R&D” was defined in the 1997 rulemaking 
specifically to identify the research conducted at non-profit institutions that might be judged to 
be “commercial” and therefore potentially subject to TSCA. This definition was not meant to 
apply to for-profit companies, since it was acknowledged in the rulemaking that all activities 
conducted by for-profit entities would inherently be considered “commercial”: In Unit IV.B of 
the Response to Comments, EPA stated “All research conducted directly by a commercial entity 
is clearly for commercial purposes, as the court decided in The Dow Chemical Company v. EPA, 
605 F.2d 673 (3d Cir. 1979)”. As explained in detail in the Response to Comments and the 
Federal Register preamble to the Final Rule, the so-called indicia of Commercial R&D were 
meant to be used by academic researchers to determine whether their specific research had 
commercial intent and would therefore be potentially subject to TSCA. 
 
The development of this concept was related to EPA’s decision that certain R&D activities with 
new microorganisms could not be eligible for the traditional “small quantities” exemption for 
chemicals under TSCA, because of the (asserted) “ability of [even small quantities of] 
microorganisms to reproduce, disseminate and spread.” This led to the creation of the 
“Contained Structure” exemption for certain uses of small quantities of microorganisms under 40 
CFR Part 725.234 and the TERA process under 40 CFR Part 725.250 for those R&D uses of 
microorganisms not taking place in contained structures. Therefore under the regulations, it was 
contemplated that R&D with new microorganisms, including R&D conducted at for-profit 
companies and also academic R&D that met the definition of “Commercial R&D”, could take 
place under the §725.234 Contained Structure exemption (if the applicable conditions were met) 
or if not, would require approval of a TERA under §725.250 (discounting the limited exemptions 
in 40 CFR Part 725.239).  
 
When advising companies on the applicability of the Part 725 regulations, we have encountered 
situations where companies have been unclear on the applicability of the “Commercial R&D” 
definition to for-profit companies and the implications of this definition with regard to the 
Contained Structure exemption. Furthermore, during the discussion at the September 30 public 
meeting, we believe there was an assertion that the Contained Structure exemption did not apply 
to “Commercial R&D”, or more generally to R&D conducted by for-profit entities. We would 
like to point out that any such assertion is in error, and that it is widely understood in the 
community, and we believe clear under the regulations, that R&D conducted at for-profit 
companies could qualify for the Contained Structure exemption if all the applicable conditions 
were met. As EPA stated about the Contained Structure exemption in Unit IV.C of the Response 
to Comment document (emphasis added): 
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In general, an activity will be considered "research and development" if it consists of 
scientific experimentation or analysis for purposes of developing a product (the 
discussion of commercial purposes under Unit IV.B in this document is also relevant 
here). EPA intends this phrase to be interpreted broadly, because EPA recognizes that 
contained microorganism R&D may consist of several types of activities, including the 
bench-level or laboratory synthesis stage, pilot plant stage, and the performance testing 
stage. 

 
It is our understanding that the “Commercial R&D” definition is meant to define the threshold by 
which certain academic R&D might be considered to come within the scope of TSCA; but that 
once an R&D activity is determined to be subject to TSCA, it may potentially take advantage of 
the Contained Structure exemption regardless of the nature of the entity conducting the research. 
We therefore suggest that EPA clarify whether or not this interpretation is correct. 
 
Thank you for the opportunity to comment on these questions.  We look forward to continue to 
participate in EPA’s efforts to foster public discussion on these issues. Please feel free to contact 
Dr. David Glass, at 617-653-9945 (dglass@dglassassociates.com) with any questions about these 
comments. 
 
 
 
David J. Glass, Ph.D. is a consultant specializing in industrial biotechnology and renewable 
fuels regulatory affairs, who has over 25 years experience with government regulation of the 
commercial uses of modified microorganisms and plants. Dr. Glass directed intellectual property 
and regulatory affairs for BioTechnica International, where he obtained government approvals 
for some of the earliest U.S. field tests of genetically modified microorganisms and transgenic 
plants, including approvals under EPA’s interim policies of regulating biotechnology under 
TSCA. As a consultant, Dr. Glass has advised agricultural, environmental, and industrial 
biotechnology companies on the impact of EPA, USDA, FDA and international regulations on 
their activities, facilitated agency consultations, and coordinated the successful preparation and 
submission of Microbial Commercial Activity Notices and other regulatory applications. Dr. 
Glass previously served as director of regulatory affairs for Joule Unlimited Technologies, for 
which he coordinated the submission of the first MCAN received by EPA for a modified 
cyanobacterium. 
 
Dr. Glass has also written and published market reports on bioremediation, phytoremediation and 
other industry sectors, and has performed market research and other consulting assignments for 
clients on a wide range of market segments. He also has over twenty years experience in 
academic technology transfer. Dr. Glass holds a B.S. in biological sciences from Cornell 
University and a Ph.D. in biochemical sciences from Princeton University. 
 

mailto:dglass@dglassassociates.com�


D. Glass Associates, Inc. 
Comments on Algae Risk Assessment 
October 29, 2015 Docket No: EPA–HQ–OPPT–2015–0508 Page 5 
 
 
 
Attachment: Comments of Joule Unlimited Technologies, Inc. 



 
Joule Unlimited Technologies, Inc. 

18 Crosby Drive 
Bedford, MA 01730 

 
October 29, 2015 
 
Docket identification number: EPA–HQ–OPPT–2015–0508 
 
Joule Unlimited Technologies, Inc. 
Comments on “Considerations for Risk Assessment of Genetically Engineered Algae” 
 

These comments are being submitted on behalf of Joule Unlimited Technologies, Inc. 
in response to the questions posed by EPA in the above-referenced docket. Joule has 
pioneered a CO2-to-fuel production platform, effectively reversing combustion through the 
use of solar energy. The company’s platform applies engineered catalysts to continuously 
convert waste CO2 directly into renewable fuels such as ethanol or hydrocarbons for diesel, 
jet fuel and gasoline.  Joule has submitted one Microbial Commercial Activity Notice to EPA 
(MCAN No. J12-0006), and company representatives have had numerous conversations 
with EPA staff regarding the TSCA biotechnology program.  

We appreciate the opportunity to comment on the Charge Questions posed by EPA 
in its document posted on August 25, 2015. Our responses to those questions on which we 
are commenting can be found after the text of each EPA question. Our comments below 
also address certain portions of the document “Considerations for Risk Assessment of 
Genetically Engineered Algae” (hereinafter the “Considerations document”) that has been 
posted on the Workshop website. These comments expand upon the comments made by 
Dr. David Glass on our behalf at the September 30, 2015 public workshop. 

To first offer some general comments, Joule supports the role of responsible 
government regulation in overseeing the development of industrial biotechnology and 
ensuring that appropriate risk assessments are made as the technology develops. As noted 
above, Joule has worked with EPA under its TSCA biotechnology program, in interactions 
dating back to 2011 or earlier, and we have found the agency’s regulatory program to be 
effective in assessing potential health and environmental risks while offering a clear path 
for commercial development of those technologies determined not to pose unreasonable 
risks.  

The technologies being commercialized by Joule and other companies developing 
industrial uses of algae and cyanobacteria offer substantial societal benefits in reducing 
greenhouse gas emissions, providing innovative solutions for carbon capture and 
utilization,  and providing environmentally-friendly alternatives to uses of fossil fuels, 
while avoiding the use of feedstocks based on food crops and without using arable land 
that would best be used for food production. Governmental regulation of this industry 
should consider such larger societal goals when assessing the risk-benefit equation of 
specific proposed technologies.  
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Charge questions for presentation #2 on Algae Mass Production  
Intrinsic Hazards and Effects Data  
 

1) Besides toxins and the potential for harmful algal blooms (HABs), what other hazards 
may be associated with the mass production of algae? (e.g., invasiveness, ecological effects, 
effects on aquatic food webs, etc) 
 a. How can these hazards be best detected/monitored? How can these hazards be best 
measured?  
b. What types of data can be collected and should we request/gather during the submission 
process in order to evaluate these potential hazards?  
 
2) What algae data are available to help determine the risk posed by algal mass production 
during the submission process?  
a. Are data available about natural occurring or wild-type algae, when found or grown in 
high concentrations that can be used to evaluate the effects of engineered algae mass grown 
for commercial purposes?  

 
Joule’s Responses to Questions 1 and 2: 
 

Joule agrees that it is important to build a database of environmental effects of algae 
and cyanobacteria strains that are intended for industrial uses subject to TSCA. However, 
EPA should always keep in mind that regulatory risk assessments should be strain-specific. 
For example, a database of environmental effects of HABs would be useful, but would be of 
little value in a risk assessment of an organism based on a recipient strain with no history 
of HAB formation. What would be most useful would be for EPA to compile, or sponsor the 
compilation of, a database of algae and cyanobacterial strains known in the literature not to 
express toxins, cause HABs, or otherwise have deleterious effects.  

If such a database were to be compiled, applicants planning uses of modified algae 
strains for commercial purposes subject to TSCA should be encouraged to select recipient 
strains with no known history of HAB formation, toxin biosynthesis, etc., and for modified 
algae based on such strains, risk or hazard concerns should be minimal (i.e., analogously to 
the provisions of Good Industrial Large Scale Practice that call for selection and use of 
nonpathogenic host organisms). In such cases, EPA and applicants should be able to rely on 
the published literature providing guidance on the expected environmental effects of the 
species chosen for use. Some commenters at the September 30 public workshop 
questioned whether there was enough available literature, or whether it was otherwise 
feasible, to compile such a database, but even knowing the answer to such questions would 
be helpful in future regulatory oversight and risk assessments, and in guiding industry 
towards the use of familiar recipient organisms whose characteristics and environmental 
behavior are best understood. 

We would further point out that EPA’s risk assessment of modified algae should 
focus on whether the introduced genetic modifications somehow change the predicted 
behavior or risk characteristics of the recipient strain. If the modifications are not likely to 
alter properties of environmental fitness or survival, infectivity or pathogenicity, etc., then 
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the likelihood is low that the use of the modified strain would pose any environmental or 
safety risks. The Considerations document includes a very comprehensive summary of 
potential environmental and health impacts that should be considered for uses of algae or 
cyanobacteria, and we agree it is important to document such properties of the recipient 
strain, but EPA’s risk assessment should focus on whether the proposed modifications are 
likely to alter any of such properties. EPA should also recognize that it will not be possible 
or necessary for any applicant to provide all the listed information in the Considerations 
document for the regulatory submission for any specific microorganism, so that the listed 
information should be used as guidance for the types of information that should be 
submitted, if available and applicable, for any given organism. 

On a more specific note, in response to Charge Question 2, Joule urges EPA to 
continue to allow applicants to rely on genomic or proteomic analysis of proposed 
recipient strains to address whether such strains produce toxins or might be pathogenic or 
virulent. A significant literature has developed on the genes encoding toxin production or 
other pathogenic traits in algae and cyanobacteria, and the ability to quickly and routinely 
search a sequenced genome for the presence of nucleic acid sequences encoding such 
function can be a powerful tool in assessing the risks of using such any given recipient 
strain in an industrial process.  

We feel that it is important to differentiate between risk assessment and risk 
management. That is, EPA should request specific data from applicants that would be 
needed to complete a risk assessment (e.g. as outlined in the Considerations document), 
but not all that information would necessarily lead to a conclusion that a given activity is 
potentially risky such that risk management and/or monitoring activities should be 
imposed. For example, data on environmental survival or persistence of a recipient or a 
modified algae strain could and should be submitted in an MCAN or TERA to the extent 
available, but it should not be necessary to require monitoring of environmental dispersal 
in all cases, particularly not in MCANs for contained manufacturing. Specifically, it is our 
expectation that the information on “Monitoring” in Section IX of the Considerations 
document would primarily be applicable to proposed open pond uses, and would only be 
applicable to contained uses in extraordinary situations, and we recommend that the 
document make this clear. 

Along the same lines, EPA should be clear that MCANs for contained manufacturing 
using algae or cyanobacteria would be evaluated and regulated in a manner different from 
TERAs or MCANs for open-pond uses of such organisms. Many of the issues EPA has 
identified regarding potential hazards would be of less concern for contained uses than 
they might be for open-pond uses; and even for the latter, the issues may be of less concern 
for well-managed outdoor uses where measures are taken to minimize dispersal of the 
modified algae strain. EPA might wish to compile or sponsor the compilation of “best 
practices” for conducting outdoor experimentation of modified algae under TERAs so that 
such tests can be appropriately managed and monitored. If such a document already exists, 
EPA might wish to adapt it as needed for use under the TSCA regulations. The 
Considerations document as drafted does specify in several locations which provisions are 
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applicable to open ponds as opposed to contained uses, but EPA should be sure that such 
guidance is appropriately given throughout the document. 

Exposure Considerations  
 

3) What potential hazards do different containment systems pose and should be considered 
and evaluated during a risk assessment?  
a. How can a submitter demonstrate a containment system is secure or poses no threat to 
the surrounding environment?  

 
Joule’s Response to Question 3: 
 

Joule would first like to comment on what we feel is an inappropriate phrasing of 
this question. It is incorrect to consider that a containment system per se might pose 
“potential hazards” or a “threat to the surrounding environment”. A containment system 
may feature opportunities for “exposure” ( e.g. “release points”), where the subject 
microorganism may be exposed to or impact the environment, but whether this poses any 
risk or threat to the environment will depend on the inherent characteristics of the 
organism. If the modified algae or cyanobacteria to be used in a containment system or 
even an open pond can be shown to pose minimal risk, and/or to be shown that the 
modifications are not expected to change the risk profile of the recipient strain, then no 
adverse environmental effects would be expected even if the strain were to be released 
from containment, and so it is not appropriate to consider that the containment system per 
se might  “pose a threat to the surrounding environment”.  

The phrasing is further inappropriate because the burden should not be on the 
submitter to “demonstrate” that a containment system is secure. Neither the TSCA statute 
nor the Part 725 regulations places such a burden on the applicant. EPA practice in 
reviewing MCANs has generally acknowledged that contained systems cannot prevent all 
accidental release ; and the provisions in the regulations for TERAs (Sections 725.239 
through 725.288) assume that there will be release from the proposed experimentation 
and require that outdoor activities be managed and monitored. 

Joule believes that the proper question to ask is “What information about a 
containment system (i.e. photobioreactor) should be provided to assess the potential for 
release of modified algae from the containment system?” In other words, EPA’s goal should 
be to develop guidance for applicants by creating a version of Section F of the Points to 
Consider document applicable to algae or cyanobacteria reactors. The appropriate question 
should be whether the guidance in Section F, which was written with stainless steel 
fermentors in mind, is applicable to algae reactors, and if not, what alternate information 
should be requested. 

To date, the existing guidance in Section F of the Points to Consider document has 
been easily adaptable for contained photobioreactors, and indeed companies such as Joule 
and Algenol have been able to utilize this guidance to successfully submit MCANs 
describing cyanobacteria photobioreactors to EPA’s satisfaction. The information listed in 
Section VI of the Considerations document , particularly VI.B for photobioreactors, seems 
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comprehensive and mostly appropriate, in that it focuses on questions such as information 
about the materials from which the bioreactor is constructed and their environmental 
hardiness and other properties; the piping or other connections through which live 
microorganisms might be conveyed, and details of how the algae or cyanobacteria would 
be grown, harvested and handled in the photobioreactor system. Here too we should note 
that this exhaustive list of requested information may not be available or necessary for any 
specific bioreactor or proposed process, and that the list in Section VI.B should be used as 
guidance for applicants. 

Joule has not reviewed Section F of the Points to Consider document or the 
corresponding information in the Considerations document from the perspective of open-
pond reactors, as the company has no current or future plans to use such reactors for 
TSCA-regulated purposes.  

Charge questions for presentation #3 on Advanced Genetic Engineering  
 

4) What information should be included when submitting information on the construct used 
to develop a new organism in which the genetic code has been altered using synthetic 
biology techniques?  

 
Joule’s Response to Question 4: 
 

Joule believes that the information that is now required in MCANs and TERAs is 
appropriate. Specifically, applicants should provide complete sequence data for all 
intergeneric or synthetic coding constructs introduced into the recipient strain, including 
flanking regulatory sequences as appropriate. Complicated or lengthy sequence 
information should be accompanied by cartoons or vector diagrams clarifying the 
modifications that have been made and the source or origin of each coding sequence. 
Applicants should clearly state and explain the purpose behind any synthetic 
manipulations to coding sequences: e.g. if codon optimization is used to enhance gene 
expression, or if novel or improved enzymatic activities are created by synthetic 
techniques, the rationale for such manipulations should be clearly explained. Our 
understanding is that this is the level of detail commonly submitted in MCANs to date. 

 
a. Should data requirements be different for these organisms? If so, why?  

 
Joule’s Response to Question 4a: 
 

No. Almost all current applications of genetic engineering use “synthetic” 
technologies to some extent, and what some observers consider to be “synthetic biology” 
can instead be seen as one end of a continuum of genetic manipulation techniques. If EPA is 
satisfied with the level of detail it is receiving in MCANs and TERAs to date, then there 
should not be any need for additional or differing data requirements for “synthetic” 
organisms.  
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In this regard, we would note that several governmental or international bodies 
have, in recent years, reviewed the need for regulations for “synthetic biology” (as perhaps 
differently defined by these bodies), and have all come to the conclusion that, at least for 
the foreseeable future, existing laws and regulations around the world are sufficient to 
provide for adequate risk assessment and risk management of proposed commercial uses 
of synthetic biology. These opinions are summarized in the slides presented in the 
Appendix, each of which is accompanied by a URL from which the complete report can be 
downloaded (all accessed October 14, 2015). 

Thank you for the opportunity to comment on these questions.  We look forward to 
continue to participate in EPA’s efforts to foster public discussion on these issues. Please 
feel free to contact Dr. David Glass, Joule’s Regulatory Affairs Consultant, at 781-533-9126 
(dglass@jouleunlimited.com) with any questions about these comments. 
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Appendix. Slides summarizing international opinions on the adequacy of existing 
biotechnology regulatory frameworks for the regulation of synthetic biology.  

 
Source: https://www.cbd.int/doc/publications/cbd-ts-82-en.pdf/

 
Source: 
http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_044.pdf   
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Source: http://www.hse.gov.uk/research/rrpdf/rr944.pdf/  
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Government Regulation of 
Synthetic Biology: 
Is the existing framework 
sufficient to address use of SynBio
in industrial biotechnology?

July 22, 2015

David J. Glass
D. Glass Associates, Inc.

 “Synthetic biological creations are designed to self‐replicate and once 
released into the environment they would be impossible to stop. The 
ways in which these organisms will interact with the natural 
environment is unpredictable, potentially devastating, and permanent”.1

 “Synthetic biologists are capable of designing organisms with no 

Synthetic Biology: 
Must be pretty risky, right?

Synthetic biologists are capable of designing organisms with no 
relatives in nature”.2

 The technical ability … to create synthetic organisms 
faroutpaces our understanding of how these 
novel products may work. Even engineering 
supposedly simple organisms could have 
major ecological and health effects”.3

1. Synthetic Biology 101, Friends of the Earth 2013

2. David Wei, FIELD, undated.

3. Principles for the Oversight of Synthetic Biology, FOE, CTA, ETC, 2012

 “The underlying principles for synthetic biology are 
the same as those for more traditional rDNA
techniques: the biggest differences are size, scope, 
accuracy and speed of genetic changes …Even [in 
early demonstrations], re‐design of the genome has 
been modest”.1

Or is it?

 “The first generation of synthetic biology products 
is, or may likely be, relatively simple and similar to 
other genetically engineered products, [and] in the 
short term … are unlikely to raise novel risk 
assessment or risk management issues”.2, 3

1. J. Craig Venter Institute, 2014

2. “New Life, Old Bottles”, 2009

3. Presidential Commission, 2010

 NIH Guidelines: recently amended to explicitly cover 
synthetic DNA molecules.

 Select Agents: USDA, CDC regulations that restrict 

U.S. Regulation of 
Synthetic Biology Research

Select Agents: USDA, CDC regulations that restrict 
possession, use, importation and transfer of select 
agents and toxins now prohibit or require permits for 
some uses of synthetic nucleic acids encoding toxins.

 Screening Framework Guidance to monitor export of 
synthetic double‐stranded DNA.

 Outdoor R&D:  oversight required under all biotech 
regulation (NIH Guidelines, EPA, USDA rules).

Environmental Protection Agency

 Microbial pesticides, plant pesticides.

 Engineered microorganisms used for other industrial 

U.S. Regulation of
Commercial Biotechnology

g g
purposes. 

U.S. Department of Agriculture

 Transgenic plants, potential plant pests.

 Plant‐produced industrial products. 

Food and Drug Administration
 Foods, food additives, pharmaceuticals.

EPA TSCA Biotechnology 
Regulations: Overview

 Regulations adopted in 1997 under the Toxic Substances 
Control Act (TSCA) cover commercial uses of new 
(“intergeneric”) microorganisms not regulated by other 
agencies: primary rules covering industrial biotechnology. g p y g gy

 R&D: No oversight for contained activities; advance EPA 
approval needed for outdoor research (TSCA Experimental 
Release Application; TERA).

 Commercial Uses: Advance EPA review needed for most 
commercial applications through filing of Microbial 
Commercial Activity Notice (MCAN). Exemptions require 
strict adherence to containment provisions.
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 EPA policy: if the sequence of a synthesized gene is 
different from, or not known to be identical to, a 
sequence in the genus of the recipient microorganism, 
the resulting product is considered intergeneric

EPA Regulation under TSCA:
Applicability to SynBio

the resulting product is considered intergeneric.

 Most microorganisms made via synthetic biology for a 
TSCA purpose would be covered.

 Even presence of a small number of synthetic or 
nonnative nucleotides or codons in a native gene would 
cause the organism to be considered intergeneric.

 Environmental use of new organisms always covered, 
both for R&D and commercial use.

USDA Biotechnology 
Regulations: Overview

 Regulations issued in 1987, administered by USDA Animal 
and Plant Health Inspection Service (APHIS), cover 
environmental uses or interstate movement of 
organisms considered to be “potential plant pests”.organisms considered to be  potential plant pests .

 R&D: Rules generally cover only outdoor research, 
requiring either a permit or USDA advance notice; 
suitable confinement provisions must be in place.

 Commercial use: Approval for commercial use and sale 
through “petitions for nonregulated status”, based on 
years of field testing and substantial data on 
environmental effects.

 Potential plant pest status is usually based on presence 
of DNA sequences from listed genera and species.

 But the definition of “regulated article”: Any organism 
hi h h  b   lt d    d d th h  ti  

USDA Biotechnology Regulation: 
Applicability to SynBio

which has been altered or produced through genetic 
engineering, if the donor organism, recipient organism, 
or vector or vector agent is an unclassified organism 
and/or an organism whose classification is unknown, or 
… which the Administrator determines is a plant pest or 
has reason to believe is a plant pest.

 APHIS recently announced its intent to revisit possible 
regulatory revisions to broaden applicability. 

 Under most national laws, especially where subject to Cartagena 
Protocol, anymodified organism would be subject to regulation.

 Living modified organism (LMO) defined as “any living organism that 
possesses a novel combination of genetic material obtained through the 

f d bi h l “

International Biotechnology 
Regulation: Applicability to SynBio

use of modern biotechnology “.

 Even under the laws of nonconforming nations, organisms made by 
synthetic biology would be covered. For example:

 Canada: New Substance Regulations apply to any microorganism new to 
commerce in Canada.

 Europe: “organism in which the genetic material has been altered in a way 
that does not occur naturally by mating and/or natural recombination”. 

 Australia: gene technology: “any technique for the modification of genes or 
other genetic material”.

 March 2015 publication of two information documents 
submitted to the Conference of the Parties, to support work of 
Ad Hoc Technical Expert Group on Synthetic Biology. 

 Among its conclusions:

Convention on Biological Diversity
March 2015 SynBio Report

 Precautionary principle is relevant but its 
implications for SynBio are not clear.

 Living organisms resulting from current SynBio
techniques are LMOs as defined by the CBD, and 
subject to its biosafety provisions and to the 
requirements of the Cartagena Protocol.

 Although there may be gaps for components and 
products that are not living organisms, overall, the 
components, organisms and products resulting from
SynBio would fall under the scope of a number 
of regulatory mechanisms. 

Second of 3 opinions on SynBio to be issued by EC and its non‐food 

Scientific Committees: June 16, 2015. Findings (emphasis added):

 The current methodology used for GMO risk assessment can 

be extended to SynBio developments, given similarities in 

methodologies and tools, but there are specific cases in 

European Commission:
Opinion on SynBio Risk Assessment Methods

which new approaches may be necessary.

 Present risk assessment methodologies are appropriate for 

assessing potential risks of SynBio activities and products. 

However, several improvements can be made to ensure 

continued safety protection proportionate to risk. 

 Safety locks currently available in genetic engineering are 

not yet sufficiently reliable for SynBio. 

 A clear strategy for developing new forms, additional layers, 

of bio‐containment is needed.
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 The robust risk assessments needed for 
synthetic biology work for occupational health 
protection and to address public health 
concerns are at present covered by Genetically 
Modified Organisms regulations. 

 The general view is that the current risk 

U.K. Health and Safety Executive
2012 Review of SynBio

 The general view is that the current risk 
analysis system for GMOs also applies to 
synthetic organisms, although difficulties 
could arise in assessing the characteristics of 
an organism that has been created via the 
bottom‐up approach. 

 With proper regulation and risk assessments, 
the consensus is that the likelihood of an 
untoward incident involving accidental or 
deliberate release of a modified organism 
could be significantly reduced. 

For the foreseeable future, “synthetic” organisms will all be 
based on a naturally occurring “host” species, so that risk 
assessments can use familiar principles.

 Does the organism have harmful or deleterious properties  

Risk Assessment Principles

 Does the organism have harmful or deleterious properties, 
e.g. toxicity, pathogenicity, enhanced competitiveness? 

 If released to the environment, will the organism survive, 
multiply, compete and disseminate in the environment?

 Horizontal gene transfer: can genetic material be 
transferred to indigenous organisms?

 Will any of the above cause adverse ecological effects?

 Assign host organism to a “Risk Group”.

 Use well‐established principles of Good Laboratory 
Practice, Good Large‐Scale Practice, commensurate with 
Risk Group of the organism

Containment Principles: 
Industrial Microorganisms

Risk Group of the organism.

 Controlled access to facility.

 Inactivation of liquid and solid wastes.

 Minimize release from air vents, other potential release 
points.

 Institute spill control procedures and other emergency 
protocols.

 Follow established practices in transporting and planting 
transgenic plants and disposal of wastes.

 Locate field tests away from areas of commercial 
d ti

Confinement Principles: Plants

production.

 Include buffer zones in the test plots.

 Employ measures to prevent pollination.

 Air, soil and water monitoring as appropriate during field 
trials.

 Scouting for volunteers after trial has concluded.

 Earliest commercial organisms will not be “entirely new 
life forms” – they will be modified with synthetic versions 
of a relatively small number of genes, enabling adequate 
risk assessment.

 The principles of risk assessment are sufficient for 

Applicability to SynBio

 The principles of risk assessment are sufficient for 
commercial or large‐scale uses.

 Principles of containment/confinement/monitoring 
sufficient for R&D uses.

 Appropriate to continue to assess adequacy of 
regulations and risk assessment methodology.

 Although it is legitimate to review the adequacy of 
regulations, many of the critics are recycling arguments 
and scare tactics from the 1970s and 1980s.

 Consensus of most governments and international 

“Old Arguments, New Bottles”

 Consensus of most governments and international 
bodies is that current regulations and risk assessment 
methods are sufficient for organisms likely to be created 
in the short term.

 General acknowledgement that more 
advanced products of synthetic biology 
may require additional levels of scrutiny.
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David J. Glass, Ph.D.
D. Glass Associates, Inc.

Thank you very much

D. Glass Associates, Inc.
124 Bird Street
Needham, MA 02492
Phone 617-653-9945
dglass@dglassassociates.com
www.dglassassociates.com
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18 Crosby Drive 
Bedford, MA 01730 

 
October 29, 2015 
 
Docket identification number: EPA–HQ–OPPT–2015–0508 
 
Joule Unlimited Technologies, Inc. 
Comments on “Considerations for Risk Assessment of Genetically Engineered Algae” 
 

These comments are being submitted on behalf of Joule Unlimited Technologies, Inc. 
in response to the questions posed by EPA in the above-referenced docket. Joule has 
pioneered a CO2-to-fuel production platform, effectively reversing combustion through the 
use of solar energy. The company’s platform applies engineered catalysts to continuously 
convert waste CO2 directly into renewable fuels such as ethanol or hydrocarbons for diesel, 
jet fuel and gasoline.  Joule has submitted one Microbial Commercial Activity Notice to EPA 
(MCAN No. J12-0006), and company representatives have had numerous conversations 
with EPA staff regarding the TSCA biotechnology program.  

We appreciate the opportunity to comment on the Charge Questions posed by EPA 
in its document posted on August 25, 2015. Our responses to those questions on which we 
are commenting can be found after the text of each EPA question. Our comments below 
also address certain portions of the document “Considerations for Risk Assessment of 
Genetically Engineered Algae” (hereinafter the “Considerations document”) that has been 
posted on the Workshop website. These comments expand upon the comments made by 
Dr. David Glass on our behalf at the September 30, 2015 public workshop. 

To first offer some general comments, Joule supports the role of responsible 
government regulation in overseeing the development of industrial biotechnology and 
ensuring that appropriate risk assessments are made as the technology develops. As noted 
above, Joule has worked with EPA under its TSCA biotechnology program, in interactions 
dating back to 2011 or earlier, and we have found the agency’s regulatory program to be 
effective in assessing potential health and environmental risks while offering a clear path 
for commercial development of those technologies determined not to pose unreasonable 
risks.  

The technologies being commercialized by Joule and other companies developing 
industrial uses of algae and cyanobacteria offer substantial societal benefits in reducing 
greenhouse gas emissions, providing innovative solutions for carbon capture and 
utilization,  and providing environmentally-friendly alternatives to uses of fossil fuels, 
while avoiding the use of feedstocks based on food crops and without using arable land 
that would best be used for food production. Governmental regulation of this industry 
should consider such larger societal goals when assessing the risk-benefit equation of 
specific proposed technologies.  
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Charge questions for presentation #2 on Algae Mass Production  
Intrinsic Hazards and Effects Data  
 

1) Besides toxins and the potential for harmful algal blooms (HABs), what other hazards 
may be associated with the mass production of algae? (e.g., invasiveness, ecological effects, 
effects on aquatic food webs, etc) 
 a. How can these hazards be best detected/monitored? How can these hazards be best 
measured?  
b. What types of data can be collected and should we request/gather during the submission 
process in order to evaluate these potential hazards?  
 
2) What algae data are available to help determine the risk posed by algal mass production 
during the submission process?  
a. Are data available about natural occurring or wild-type algae, when found or grown in 
high concentrations that can be used to evaluate the effects of engineered algae mass grown 
for commercial purposes?  

 
Joule’s Responses to Questions 1 and 2: 
 

Joule agrees that it is important to build a database of environmental effects of algae 
and cyanobacteria strains that are intended for industrial uses subject to TSCA. However, 
EPA should always keep in mind that regulatory risk assessments should be strain-specific. 
For example, a database of environmental effects of HABs would be useful, but would be of 
little value in a risk assessment of an organism based on a recipient strain with no history 
of HAB formation. What would be most useful would be for EPA to compile, or sponsor the 
compilation of, a database of algae and cyanobacterial strains known in the literature not to 
express toxins, cause HABs, or otherwise have deleterious effects.  

If such a database were to be compiled, applicants planning uses of modified algae 
strains for commercial purposes subject to TSCA should be encouraged to select recipient 
strains with no known history of HAB formation, toxin biosynthesis, etc., and for modified 
algae based on such strains, risk or hazard concerns should be minimal (i.e., analogously to 
the provisions of Good Industrial Large Scale Practice that call for selection and use of 
nonpathogenic host organisms). In such cases, EPA and applicants should be able to rely on 
the published literature providing guidance on the expected environmental effects of the 
species chosen for use. Some commenters at the September 30 public workshop 
questioned whether there was enough available literature, or whether it was otherwise 
feasible, to compile such a database, but even knowing the answer to such questions would 
be helpful in future regulatory oversight and risk assessments, and in guiding industry 
towards the use of familiar recipient organisms whose characteristics and environmental 
behavior are best understood. 

We would further point out that EPA’s risk assessment of modified algae should 
focus on whether the introduced genetic modifications somehow change the predicted 
behavior or risk characteristics of the recipient strain. If the modifications are not likely to 
alter properties of environmental fitness or survival, infectivity or pathogenicity, etc., then 
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the likelihood is low that the use of the modified strain would pose any environmental or 
safety risks. The Considerations document includes a very comprehensive summary of 
potential environmental and health impacts that should be considered for uses of algae or 
cyanobacteria, and we agree it is important to document such properties of the recipient 
strain, but EPA’s risk assessment should focus on whether the proposed modifications are 
likely to alter any of such properties. EPA should also recognize that it will not be possible 
or necessary for any applicant to provide all the listed information in the Considerations 
document for the regulatory submission for any specific microorganism, so that the listed 
information should be used as guidance for the types of information that should be 
submitted, if available and applicable, for any given organism. 

On a more specific note, in response to Charge Question 2, Joule urges EPA to 
continue to allow applicants to rely on genomic or proteomic analysis of proposed 
recipient strains to address whether such strains produce toxins or might be pathogenic or 
virulent. A significant literature has developed on the genes encoding toxin production or 
other pathogenic traits in algae and cyanobacteria, and the ability to quickly and routinely 
search a sequenced genome for the presence of nucleic acid sequences encoding such 
function can be a powerful tool in assessing the risks of using such any given recipient 
strain in an industrial process.  

We feel that it is important to differentiate between risk assessment and risk 
management. That is, EPA should request specific data from applicants that would be 
needed to complete a risk assessment (e.g. as outlined in the Considerations document), 
but not all that information would necessarily lead to a conclusion that a given activity is 
potentially risky such that risk management and/or monitoring activities should be 
imposed. For example, data on environmental survival or persistence of a recipient or a 
modified algae strain could and should be submitted in an MCAN or TERA to the extent 
available, but it should not be necessary to require monitoring of environmental dispersal 
in all cases, particularly not in MCANs for contained manufacturing. Specifically, it is our 
expectation that the information on “Monitoring” in Section IX of the Considerations 
document would primarily be applicable to proposed open pond uses, and would only be 
applicable to contained uses in extraordinary situations, and we recommend that the 
document make this clear. 

Along the same lines, EPA should be clear that MCANs for contained manufacturing 
using algae or cyanobacteria would be evaluated and regulated in a manner different from 
TERAs or MCANs for open-pond uses of such organisms. Many of the issues EPA has 
identified regarding potential hazards would be of less concern for contained uses than 
they might be for open-pond uses; and even for the latter, the issues may be of less concern 
for well-managed outdoor uses where measures are taken to minimize dispersal of the 
modified algae strain. EPA might wish to compile or sponsor the compilation of “best 
practices” for conducting outdoor experimentation of modified algae under TERAs so that 
such tests can be appropriately managed and monitored. If such a document already exists, 
EPA might wish to adapt it as needed for use under the TSCA regulations. The 
Considerations document as drafted does specify in several locations which provisions are 
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applicable to open ponds as opposed to contained uses, but EPA should be sure that such 
guidance is appropriately given throughout the document. 

Exposure Considerations  
 

3) What potential hazards do different containment systems pose and should be considered 
and evaluated during a risk assessment?  
a. How can a submitter demonstrate a containment system is secure or poses no threat to 
the surrounding environment?  

 
Joule’s Response to Question 3: 
 

Joule would first like to comment on what we feel is an inappropriate phrasing of 
this question. It is incorrect to consider that a containment system per se might pose 
“potential hazards” or a “threat to the surrounding environment”. A containment system 
may feature opportunities for “exposure” ( e.g. “release points”), where the subject 
microorganism may be exposed to or impact the environment, but whether this poses any 
risk or threat to the environment will depend on the inherent characteristics of the 
organism. If the modified algae or cyanobacteria to be used in a containment system or 
even an open pond can be shown to pose minimal risk, and/or to be shown that the 
modifications are not expected to change the risk profile of the recipient strain, then no 
adverse environmental effects would be expected even if the strain were to be released 
from containment, and so it is not appropriate to consider that the containment system per 
se might  “pose a threat to the surrounding environment”.  

The phrasing is further inappropriate because the burden should not be on the 
submitter to “demonstrate” that a containment system is secure. Neither the TSCA statute 
nor the Part 725 regulations places such a burden on the applicant. EPA practice in 
reviewing MCANs has generally acknowledged that contained systems cannot prevent all 
accidental release ; and the provisions in the regulations for TERAs (Sections 725.239 
through 725.288) assume that there will be release from the proposed experimentation 
and require that outdoor activities be managed and monitored. 

Joule believes that the proper question to ask is “What information about a 
containment system (i.e. photobioreactor) should be provided to assess the potential for 
release of modified algae from the containment system?” In other words, EPA’s goal should 
be to develop guidance for applicants by creating a version of Section F of the Points to 
Consider document applicable to algae or cyanobacteria reactors. The appropriate question 
should be whether the guidance in Section F, which was written with stainless steel 
fermentors in mind, is applicable to algae reactors, and if not, what alternate information 
should be requested. 

To date, the existing guidance in Section F of the Points to Consider document has 
been easily adaptable for contained photobioreactors, and indeed companies such as Joule 
and Algenol have been able to utilize this guidance to successfully submit MCANs 
describing cyanobacteria photobioreactors to EPA’s satisfaction. The information listed in 
Section VI of the Considerations document , particularly VI.B for photobioreactors, seems 
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comprehensive and mostly appropriate, in that it focuses on questions such as information 
about the materials from which the bioreactor is constructed and their environmental 
hardiness and other properties; the piping or other connections through which live 
microorganisms might be conveyed, and details of how the algae or cyanobacteria would 
be grown, harvested and handled in the photobioreactor system. Here too we should note 
that this exhaustive list of requested information may not be available or necessary for any 
specific bioreactor or proposed process, and that the list in Section VI.B should be used as 
guidance for applicants. 

Joule has not reviewed Section F of the Points to Consider document or the 
corresponding information in the Considerations document from the perspective of open-
pond reactors, as the company has no current or future plans to use such reactors for 
TSCA-regulated purposes.  

Charge questions for presentation #3 on Advanced Genetic Engineering  
 

4) What information should be included when submitting information on the construct used 
to develop a new organism in which the genetic code has been altered using synthetic 
biology techniques?  

 
Joule’s Response to Question 4: 
 

Joule believes that the information that is now required in MCANs and TERAs is 
appropriate. Specifically, applicants should provide complete sequence data for all 
intergeneric or synthetic coding constructs introduced into the recipient strain, including 
flanking regulatory sequences as appropriate. Complicated or lengthy sequence 
information should be accompanied by cartoons or vector diagrams clarifying the 
modifications that have been made and the source or origin of each coding sequence. 
Applicants should clearly state and explain the purpose behind any synthetic 
manipulations to coding sequences: e.g. if codon optimization is used to enhance gene 
expression, or if novel or improved enzymatic activities are created by synthetic 
techniques, the rationale for such manipulations should be clearly explained. Our 
understanding is that this is the level of detail commonly submitted in MCANs to date. 

 
a. Should data requirements be different for these organisms? If so, why?  

 
Joule’s Response to Question 4a: 
 

No. Almost all current applications of genetic engineering use “synthetic” 
technologies to some extent, and what some observers consider to be “synthetic biology” 
can instead be seen as one end of a continuum of genetic manipulation techniques. If EPA is 
satisfied with the level of detail it is receiving in MCANs and TERAs to date, then there 
should not be any need for additional or differing data requirements for “synthetic” 
organisms.  
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In this regard, we would note that several governmental or international bodies 
have, in recent years, reviewed the need for regulations for “synthetic biology” (as perhaps 
differently defined by these bodies), and have all come to the conclusion that, at least for 
the foreseeable future, existing laws and regulations around the world are sufficient to 
provide for adequate risk assessment and risk management of proposed commercial uses 
of synthetic biology. These opinions are summarized in the slides presented in the 
Appendix, each of which is accompanied by a URL from which the complete report can be 
downloaded (all accessed October 14, 2015). 

Thank you for the opportunity to comment on these questions.  We look forward to 
continue to participate in EPA’s efforts to foster public discussion on these issues. Please 
feel free to contact Dr. David Glass, Joule’s Regulatory Affairs Consultant, at 781-533-9126 
(dglass@jouleunlimited.com) with any questions about these comments. 
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Appendix. Slides summarizing international opinions on the adequacy of existing 
biotechnology regulatory frameworks for the regulation of synthetic biology.  

 
Source: https://www.cbd.int/doc/publications/cbd-ts-82-en.pdf/

 
Source: 
http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_044.pdf   

https://www.cbd.int/doc/publications/cbd-ts-82-en.pdf/�
https://www.cbd.int/doc/publications/cbd-ts-82-en.pdf/�
http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_044.pdf�
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Source: http://www.hse.gov.uk/research/rrpdf/rr944.pdf/  
 

http://www.hse.gov.uk/research/rrpdf/rr944.pdf/�
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Posted to the EPA docket ID number EPA-HQ-OPPT-2015-0508 on October 30, 2015

September 30, 2015

Comments to the EPA workshop on regulation of synbio algae

Good Morning

I am Jaydee Hanson, Policy Director for Emerging Technologies (including synthetic biology) at the International 

Center for Technology Assessment.   We are happy that EPA is revising its regulations for the oversight of synbio 

organisms.  In 2010, we called for the agencies of the US government to quit pretending that the coordinated 

framework was adequate for regulating synthetic biology and issued with some 120 other groups, the Principles 

for the Oversight of Synthetic Biology. These comments support the Principles before recommending 

improvements to TSCA for synbio organisms.

EPA uses the Toxic Substance Control Act to regulate microorganisms.  TSCA is inadequate for microorganisms 

intended to produce specific chemicals in enclosed containers and it is more inadequate for the regulation of 

synbio algae grown in ponds with still greater environmental interactions. Moreover, EPA’s staffing is 

inadequate for the flood of new synbio organisms. Some companies with large synthetic biology programs, 

including those producing algal biofuels, may consider dozens or even hundreds of variants of their microbial 

products during product development, each of which would require an EPA review of a TSCA Environmental 

Release Application (TERA) for field testing. 

EPA cannot process the deluge of new applications with the same thoroughness that it used to review TERAs 

and Microbial Commercial Activity Notices (MCAN) to date.  Synbio organisms will come from a broader diversity 

of microbes than the dozen organisms widely used today.  As such, the EPA will need to develop greater and 

more specialized expertise, requiring training existing staff or making new hires. If EPA’s TSCA Biotechnology 

Program does not receive more resources to keep pace with the anticipated workload, longer review times may 

become more common or inadequate reviews will occur, increasing the likelihood that the agency will be sued.  

Whether from slow reviews or reviews stopped because the EPA faces legal challenges, product developers will 

be frustrated. 

EPA officials may  be tempted to review and approve MCANs and TERAs on a programmatic level where 

multiple, related notifications or applications can be processed together, but this may raise additional questions 

about whether such programmatic reviews address the concerns of groups like mine that each synbio organisms 

be reviewed specifically, not just as a class. 

While the agency’s experience in regulating microbes has been limited, EPA officials have argued that the 

agency has reasonably strong pre-market authorities to ask for data and information from product developers, 

both during the TERA process and when product developers move toward commercialization of their products 
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by submitting MCANs. EPA officials have argued that the agency has adequate authority to impose conditions on 

manufacture or use of engineered microbes to ensure their safe use through the use of Consent Orders and 

“Significant New Use Rules.”  The agency recently proposed a Significant New Use Rule relating to a genetically 

engineered strain of Trichoderma reesei used in the production of enzymes for ethanol. EPA officials were 

concerned that under some conditions of use, the microbe would not be contained to the appropriate level and 

might generate peptides with toxic characteristics; the proposed SNUR would allow EPA to evaluate a new 

intended use of the microbe and prohibit or limit that use if it may be hazardous. This SNUR demonstrates an 

important tool that EPA has available, but the White House Office of Management and Budget has tried to limit 

how the EPA uses SNURs for nano-chemicals and it will likely limit their use for synthetic biology. This is not the 

appropriate response.

Regardless, EPA’s experience using TSCA for engineered microbes is limited, and questions have been raised 

whether TSCA gives EPA officials sufficient authority to require necessary, but expensive tests to place 

conditions on use, or to prevent the commercialization of a dangerous product. While product developers may 

agree to Consent Orders, they are not a legal requirement. TSCA requires that once a manufacturer submits an 

MCAN, notifying EPA that it intends to commercially produce a new intergeneric microbe, EPA officials then 

have 90 days to make a finding. If EPA would like to request more data or information, it must find that there is 

insufficient information to evaluate the human health and environmental effects of the substance, and either (1) 

that the microbe may present an unreasonable risk of injury to human health or the environment, or (2) that the 

microbe will be produced in substantial quantities and may be anticipated to enter the environment in 

substantial quantities or that there may be significant or substantial human exposure. This standard puts a 

substantial burden of proof on the agency and may be particularly difficult for the agency to meet when it is 

faced with increasingly novel microbes. In the absence of this finding, a product can move to market after the 

90-day evaluation period even without the additional data. This timeline is only 60 days for the TERA. 

For both the TERA and the MCAN, the short time-frame allowed to EPA officials to make a determination raises 

questions about the quality of review. In general, when product developers have been unable to comply with 

those requests, they have withdrawn the application or notification. As more and more applications come to 

EPA product developers may not be so cooperative. This process has not been challenged in court, so there is 

still much legal uncertainty.  

Congress is currently considering several additional measures to strengthen EPA’s authority in TSCA. None of the 

bills being considered have specific language related to microorganisms, but the following ideas would help EPA 

with synbio organisms: 

STRONG BURDEN OF PROOF MUST BE REQUIRED OF THE DEVELOPER ON SAFETY

• requiring product developers to demonstrate that there are no unreasonable adverse effects before a product 

can go to market; this will save the EPA time and money and make the entire process faster. It reduces the 

burden of proof required for EPA to pursue post-market restrictions. Such provisions could be developed 

specifically for intergeneric microbes under TSCA. This type of Congressional action would increase the authority 
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that EPA brings to bear in regulating intergeneric microbes, thereby improving the ability of EPA officials to 

minimize risks.

LONGER ASSESSMENT TIMES FOR EPA

• extending the assessment periods for environmental release applications and for pre-market notifications to 

allow a more thorough assessment by EPA; 

POST MARKET REPORTING

• instituting mandatory post-market reporting requirements; 

TRANSPARENCY

• prohibit claims of Confidential Business Information for data related to human health and safety and 

environmental effects; EPA should not allow companies to claim the name of their product or company as CBI.

•post all MCAN, TERA, SNURs for public review promptly.  The public has a chance to comment on organisms 

being added to the Tier 1 and Tier 2 lists.  The public should be afforded a chance to comment on new organisms 

being considered by the EPA and also on new uses of existing organisms previously reviewed by the EPA. 

• microbes used for non-commercial purposes or which fall under other statutes must be added to EPA review 

or there may be some environmental releases of a genetically engineered microbe that do not have a 

commercial purpose and would therefore not be covered under TSCA and EPA’s regulations. If there is no 

agency with jurisdiction over the release, even legitimate research in the open environment has no way of being 

reviewed and might legally happen without review. 

DEFINITION OF INTERGENERIC MUST INCLUDE ALL NEW KINDS OF GENETIC ENGINEERING

• the definition of “intergeneric” needs to be expanded to include all forms of new synbio organisms, 

engineered using any DNA/RNA transfer techniques, so EPA’s authority is clear.

SYNBIO ORGANISMS MUST BE TREATED AS NEW ORGANISMS 

•Synbio engineered microorganisms could pose challenges to the safety of the dozen microbes to which the EPA 

has given Tier 1 and Tier 2 exclusions. EPA should require all synbio organisms to go through MCAN and TERA 

reviews even if they are using Tier 1 and Tier 2 organisms as their “platform” to develop a new organism.   Even 

some of the simplest synbio organisms inserted into Tier 1 or Tier 2 organisms have been metabolically 

engineered with changes in 10 or more locations within the “platform” organism.  This extensive re-engineering 

should require new review, not categorical exclusion by EPA.



      
             Matt Carr 

Executive Director 
125 St. Paul Street 

P.O. Box 369 
Preston, MN 55965-0369 

(877)531-5512 
mcarr@algaebiomass.org 

 

 
Jeffrey Morris 
Deputy Director for Programs 
Office of Pollution Prevention and Toxics (OPPT) 
Environmental Protection Agency 
1200 Pennsylvania Ave. NW.  
Washington, DC 20460 
 
Submitted via Federal eRulemaking Portal: http://www.regulations.gov. 

 
RE:  EPA-HQ-OPPT-2015-0508 – Comment on Considerations for Risk Assessment of Genetically 
Engineered Algae 
 
October 31, 2015 
 
Dear Deputy Director Morris, 
 
On behalf of the Algae Biomass Organization (ABO) and its corporate, institutional and individual 
members, thank you for the opportunity to comment on EPA’s proposed Considerations for Risk 
Assessment of Genetically Engineered Algae. ABO is the trade association for the algae industry, 
representing the leading developers of renewable fuels, ingredients and products from algae, 
cyanobacteria and other microorganisms. Our membership includes pioneering algae technology 
companies, research institutions, leading academics, utilities, airlines and other end users, and a 
range of other industry partners throughout the algae supply chain.  
 
ABO and its members support an open, science-based approach to regulation of algae and other 
microorganisms that ensures appropriate risk assessments are made as technologies develop. ABO 
members have been actively engaged with EPA under its TSCA biotechnology program for several 
years and have found the agency’s regulatory program to be effective in assessing potential health 
and environmental risks while offering a clear path for commercial development of approved 
technologies. 
 
EPA’s proposal to develop Considerations for Risk Assessment of Genetically Engineered Algae, 
and the Agency’s proactive approach to soliciting public comment on the proposal, demonstrates that 
EPA is actively and appropriately regulating algae under the existing coordinated framework, and is 
working diligently to protect the public interest. 
 
The industrial application of algae for the production of food and feed, fuel, renewable chemicals and 
other products has the potential to deliver profound societal benefits. Algae offer a highly sustainable 
platform for the production of environmentally-friendly alternatives to petroleum-based 
transportation fuels and toxic chemicals; a promising new source of protein, oils and other nutritional 
components that protect fragile fish stocks and avoid deforestation; and even future treatments for 
cancer and other diseases. Algae also offer an important opportunity for economically viable 
mitigation of greenhouse gas emissions from power plants and other industrial sources through 
carbon capture and utilization (CCU). EPA in its Final Rule implementing the Clean Power Plan 

http://www.regulations.gov/
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recognized the potential of algae-based CCU to reduce CO2 emissions from new and existing power 
plants, and established a framework for inclusion of CCU projects in state compliance plans. Any 
future regulations should fully consider such societal benefits when assessing the risk-benefit 
equation of proposed technologies.  
 
ABO also urges EPA to ensure that its approach to regulation of GE algae does not unduly burden 
applicants in naming and identifying their microorganisms. The agency’s approach should also 
maximize regulatory flexibility in defining exemptions from notification requirements for 
commercialization of microorganisms that meet specified criteria. ABO comments on specific charge 
questions follow. 
 
 
Charge questions on Algae Mass Production  
 
Intrinsic Hazards and Effects Data  
 

1) Besides toxins and the potential for harmful algal blooms (HABs), what other hazards may 

be associated with the mass production of algae? (e.g., invasiveness, ecological effects, 

effects on aquatic food webs, etc)  

a. How can these hazards be best detected/monitored? How can these hazards be best 

measured?  

b. What types of data can be collected and should we request/gather during the 

submission process in order to evaluate these potential hazards? 

 

2) What algae data are available to help determine the risk posed by algal mass production 

during the submission process?  

a. Are data available about natural occurring or wild-type algae, when found or grown 

in high concentrations that can be used to evaluate the effects of engineered algae 

mass grown for commercial purposes? 

 
The key risk assessment questions for algae are strain selection and survival in the receiving 
environment. If a proposed algae strain is native to the surrounding environment, ecological effects 
are not anticipated. For strains not native to the surrounding environment, the question becomes one 
of survival. If a strain is unsuitable for survival in the receiving environment, other risks, such as the 
potential to produce toxins and the potential for harmful algal blooms or other ecological effects, are 
mitigated.  
 
By design, the conditions in industrial algae production systems are substantially different from those 
of the surrounding environment. Temperature, salinity, and other conditions are optimized to 
maximize productivity and minimize risk of contamination by pests. Strains are also typically 
optimized to thrive in the system environment, making them unsuitable for survival in the 
surrounding environment. Non-invasiveness tests by ABO members Algenol and Sapphire have 
demonstrated the inability of their respective industrial strains to become invasive. Favorable MCAN 
reviews for ABO members Algenol, Joule and Solazyme further reinforce the safety of industrial 
algae strains. 
 
ABO agrees that it is important to build a database of environmental effects of algae and 
cyanobacteria strains that are intended for industrial uses subject to TSCA, and that it is appropriate 
for EPA to conduct risk assessments for genetically engineered algae strains proposed for industrial 
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production. However, regulatory risk assessments for algae should be strain-specific and should 
focus on whether the introduced genetic modifications change the predicted behavior or risk 
characteristics of the recipient strain. If the modifications are determined not to alter these 
characteristics, then the likelihood is low that the use of the modified strain would pose any 
environmental or safety risks.  
 
The Considerations document includes a very comprehensive summary of potential environmental 
and health impacts that should be considered for uses of algae or cyanobacteria, and we agree it is 
important to document such properties of the recipient strain. However, EPA’s risk assessment for 
GE algae should focus on whether the proposed modifications are likely to alter any of such 
properties. EPA should also recognize that it will not be possible or necessary for any applicant to 
provide all the listed information in the Considerations document for the regulatory submission for 
any specific microorganism, so that the listed information should be used as guidance for the types of 
information that should be submitted, if available and applicable, for any given organism. 
 
ABO also urges EPA to continue to allow applicants to rely on genomic or proteomic analysis of 
proposed recipient strains to address whether such strains produce toxins or might be pathogenic or 
virulent. A significant literature has developed on the genes encoding toxin production or other 
pathogenic traits in algae and cyanobacteria, and the ability to quickly and routinely search a 
sequenced genome for the presence of nucleic acid sequences encoding such function can be a 
powerful tool in assessing the risks of using any given recipient strain in an industrial process.  
 
It is also important to differentiate between risk assessment and risk management. That is, EPA 
should request specific data from applicants that would be needed to complete a risk assessment (e.g. 
as outlined in the Considerations document), but not all that information would necessarily lead to a 
conclusion that a given activity is potentially risky such that risk management and/or monitoring 
activities should be imposed. For example, data on environmental survival or persistence of a 
recipient or a modified algae strain could and should be submitted in an MCAN or TERA to the 
extent available, but it should not be necessary to require monitoring of environmental dispersal in all 
cases.  
 
Exposure Considerations  
 

3) What potential hazards do different containment systems pose and should be considered and 

evaluated during a risk assessment?  

a. How can a submitter demonstrate a containment system is secure or poses no threat 

to the surrounding environment?  

 

Section IV.F of EPA’s Points to Consider in the Preparation of TSCA Biotechnology Submissions 
for Microorganisms identifies the information about a containment system that should be provided to 
assess the potential for release of modified microorganisms from the containment system. The 
existing guidance in Section F has proven easily adaptable for contained photobioreactors. 
Companies such as Joule and Algenol have been able to utilize this guidance to successfully submit 
MCANs describing cyanobacteria photobioreactors to EPA’s satisfaction.  
 
The information listed in Section VI of the Considerations document, particularly VI.B for 
photobioreactors, seems comprehensive and mostly appropriate. However, not all elements of the 
requested information may be available or necessary for any specific bioreactor or proposed process. 
The list in Section VI.B should therefore be used only as guidance for applicants. 
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Finally, ABO wishes to stress that the burden should not be on the submitter to “demonstrate” that a 
containment system is secure. Neither the TSCA statute nor the Part 725 regulations places such a 
burden on the applicant. EPA practice in reviewing MCANs has generally acknowledged that 
contained systems cannot prevent all accidental release; and the provisions in the regulations for 
TERAs (Sections 725.239 through 725.288) assume that there will be release from the proposed 
experimentation and require that outdoor activities be managed and monitored. 
 
 
Charge questions for presentation #3 on Advanced Genetic Engineering  
 

4) What information should be included when submitting information on the construct used to 

develop a new organism in which the genetic code has been altered using synthetic biology 

techniques? 

a. Should data requirements be different for these organisms? If so, why? 

 

ABO believes that the information now required in MCANs and TERAs is appropriate. Specifically, 
applicants should provide complete sequence data for all intergeneric or synthetic coding constructs 
introduced into the recipient strain, including flanking regulatory sequences as appropriate. 
Complicated or lengthy sequence information should be accompanied by cartoons or vector diagrams 
clarifying the modifications that have been made and the source or origin of each coding sequence. 
Applicants should clearly state and explain the purpose behind any synthetic manipulations to coding 
sequences: e.g. if codon optimization is used to enhance gene expression, or if novel or improved 
enzymatic activities are created by synthetic techniques, the rationale for such manipulations should 
be clearly explained. Our understanding is that this is the level of detail commonly submitted in 
MCANs to date. 
 

There is no need for additional or differing data requirements for “synthetic” organisms. Several 
governmental and international bodies have reviewed the need for regulations for “synthetic biology” 
and have come to the conclusion that existing laws and regulations are sufficient to provide for 
adequate risk assessment and risk management of proposed commercial uses of synthetic biology. 
There are no additional risks associated with synthetic biology techniques beyond those already 
considered by EPA for genetically engineered microorganisms. 
 
Thank you for the opportunity to comment on this timely document. We look forward to continuing 
to work with EPA to realize the important environmental benefits of the industrial applications of 
algae.  
 
Sincerely, 
 

 
 
Matt Carr, PhD 
Executive Director 
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October 30, 2015 

Submitted via Federal eRulemaking Portal: http://www.regulations.gov. 

Re: EPA-HQ-OPPT-2015-0508 – Comment on Considerations for Risk Assessment of Genetically 

Engineered Algae 

Dear Environmental Protection Agency: 

On behalf of Algenol, thank you for the opportunity to comment on EPA’s proposed Considerations 

for Risk Assessment of Genetically Engineered Algae. Algenol is an industrial biotechnology company 

that is commercializing its patented algae technology platform for production of ethanol and green crude 

using proprietary algae, sunlight, carbon dioxide (CO2) and saltwater.  Algenol's technology produces 

high yields and relies on patented photobioreactors and proprietary downstream separation techniques for 

low-cost fuel production.  These novel materials and processes have the added benefit of consuming CO2 

from industrial sources and not using farmland, food crops or freshwater. The Company’s technology 

comprises a unique two-step process in which ethanol is produced directly from the algae and the spent 

algae biomass is then converted to a green crude oil that can be further refined into a variety of additional 

renewable fuels. Because Algenol’s enhanced (ethanologenic) algae are the foundation of the Company’s 

technology, we are especially interested in contributing to EPA’s efforts to establish best management 

practices for conducting appropriate risk assessments that allow for beneficial algae-based technologies to 

be commercialized without significant regulatory delays.  

Cyanobacteria are among the most photosynthetically active organisms on earth, and exhibit 

extremely efficient carbon fixation capabilities. Algenol enhances a natural ability found in many strains 

of cyanobacteria to produce ethanol by overexpressing common fermentation pathway enzymes, thereby 

channeling the majority of photosynthetically fixed carbon into ethanol production rather than routine cell 

growth and maintenance. It is important to note that this is one of the many reasons why the Company’s 

enhanced algae are non-invasive in natural habitats. The initial screening paradigm utilized by the 

Company eliminated strains of algae known to be responsible for harmful environmental effects. 

Likewise, the introduced genes that facilitate ethanol production do not confer characteristics that could 

result in environmental harm or negatively impact human health if the algae were to be released 

accidentally into the environment. 
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 Algenol grows its algae in proprietary flexible plastic film photobioreactors (PBR) that facilitate 

product creation and collection in a system that is fully enclosed for the entire production process, 

including inoculation, cultivation, harvesting and downstream processing into finished fuels. The 

cultivation system and associated processes are specifically tailored to support the specialized nutrient 

requirements of Algenol’s algae and to provide a protected environment able to eliminate competition 

with other algae, which otherwise would outcompete the ethanol-producing strains The plastic used for 

PBR construction has been specifically engineered and enhanced with industrial resins, additives, and 

other features designed to optimize a variety of performance metrics, such as leak prevention and overall 

durability. Each individual PBR consists of ports for ethanol and biomass collection and the introduction 

of CO2 and nutrients. Although the PBR and related systems are enclosed, Algenol recognizes that it 

cannot guarantee leaks will not occur, for instance in extreme weather situations. Therefore, the Company 

has institutionalized a comprehensive and thorough approach to assessing and mitigating potential risks 

associated with the commercial deployment of enhanced algae, which is described more fully below and 

demonstrates the environmental safety of the Company’s technology. 

Algenol supports an open, science-based approach for risk assessments of algae-based technologies 

that adequately consider both the potential environmental risk and environmental benefits of those 

technologies. In the case of Algenol’s technology, the benefits of sustainably producing renewable 

transportation fuels by capture and conversion of anthropogenic CO2 emissions should be considered as 

well as perceived risks. EPA recently acknowledged these benefits in its final Clean Power Plan by 

specifically including qualifying algae technologies as a legitimate strategy for reducing CO2 emissions at 

power generating facilities. EPA’s biotechnology program has outlined an effective process for evaluating 

risks and allowing important technologies to be commercialized without additional rule making or 

legislation. As such, EPA should continue to focus risk assessments of genetically enhanced algae on a 

specific strain’s competitiveness in the environment – poor competitiveness corresponds to the inability to 

produce blooms or toxins at significant levels. With respect to species identification and taxonomy, it is 

important to recognize that lack of identification in the literature does not increase risk. In fact, one could 

argue that if a particular genus and species was problematic, it likely would have been known and 

characterized, as is the case with algae know to create nuisance blooms or produce ecologically relevant 

toxins. EPA’s guidance documents are comprehensive and helpful, however, EPA should recognize that 

not all of the identified information may be available and in any case isn’t necessary for adequate risk 

assessment. 
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 Algenol’s Comprehensive Approach to Risk Assessment 

The ability of Algenol’s Direct to Ethanol® technology to produce transportation fuels by utilizing 

the enhanced algae in concert with sunshine, saltwater, CO2, and marginal land will yield significant 

environmental benefits when deployed at commercial scale. Algenol’s commitment to environmental 

safety starts at the very beginning of identifying and developing a candidate algal strain in the laboratory. 

Candidate strains are rigorously screened not only for their performance characteristics with respect to, 

among other things, temperature optimum, salinity tolerance, and ethanol production in the specific 

conditions created inside the photobioreactor, but also for environmental considerations to ensure they are 

non-toxic, non-invasive and are not plant pests. The Company’s proprietary screening paradigm is 

augmented by a battery of environmental studies that each host organism is subjected to at the appropriate 

stage of development. Along with a history of safe use, these studies have repeatedly yielded significantly 

similar results that demonstrate the enhanced algae’s environmental and human health safety. The 

environmental studies include: 

• Non-invasiveness testing to determine the enhanced algae’s ability to thrive in the event of a spill 

onto soil or into a variety of natural water types; 

• Whole genome sequence analysis and annotation in order to perform genome-wide screening for 

cyanotoxin pathway genes; 

• Qualitative analysis of working cultures, both biomass and media, for the presence of 

cyanotoxins using high performance liquid chromatography; and 

• Assessment of horizontal gene transfer potential. 

 

Each of these studies are summarized below. It is important to note that these studies have been 

designed with input from the Florida Department of Agriculture and Consumer Services (FDACS) in 

order to receive necessary state level authorizations for outdoor deployment at the Company’s research 

and development campus in Fort Myers and the potential commercial locations. These studies, first 

suggested and designed by Algenol’s internal experts, have evolved over time with input from FDACS 

and its experts. In many cases, the studies were made more stringent in order to observe outcomes in 

simulated extreme conditions. For example, the inoculation density of the non-invasiveness studies 

replicates a massive spill into a small body of water.  

What these studies show is that Algenol’s enhanced algae strains are incapable of thriving in natural 

water samples, lack the ability to produce toxins and do not transfer the ethanologenic gene cassette under 

conditions optimal for such a transfer. The results of these studies considered in totality strongly support 
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the conclusion that the basic genetic enhancement of overexpressing fermentation pathway enzymes in 

cyanobacteria consistent with the Company’s practices does not result in an unacceptable risk to the 

environment, especially when considered in light of the potential benefits of the technology.  

Algenol’s Environmental Studies  
 

Non-Invasiveness Studies: 

The simulation of an enhanced algae spill revealed the inability of the ethanologenic 

cyanobacterium strain to thrive in natural Southwest Florida surface waters. Addition of hybrid algae to 

water from five local Southwest Florida sources at a high cell concentration resulted in a pronounced 

green coloration of the water in the incubation bottles at the time of inoculation. In all incubations, the test 

organism failed to proliferate and immediately began to disappear such that the green coloration was 

cleared within one week. Native algae present in the water samples often flourished and formed dense 

mats, indicating that simulated in situ culture conditions were able to support algal growth. The presence 

of the ethanologenic strain during the lab incubation of the inoculated environmental water samples was 

monitored by the polymerase chain reaction (PCR) with specific primers for genomic and plasmid DNA 

of the test organism. Water samples for the studies included water from two storm water drainage canals 

adjacent to Algenol’s R&D facility, the Caloosahatchee River, and downstream brackish and marine 

habitats including estuaries and the Gulf of Mexico. This experiment demonstrated the inability of the 

strain to become an invasive alga in natural Florida surface waters.   

Desiccation Studies: 

A lab simulation of a culture spill onto soil of the Algenol Integrated Biorefinery revealed that a 

strain of enhanced algae was unable to survive short periods of desiccation. Two mL of a dense culture 

were added to 5 mL of soil and incubated under illumination in uncovered petri dishes in the lab. Re-

suspension of the inoculated soil samples into standard cyanobacterial growth medium revealed that this 

strain was unable to re-grow to visible levels after 9 days of exposure to dry soil conditions.  

Confirmation of Non-Toxicity 
 
Cyanotoxins are toxic secondary metabolites produced in some species of cyanobacteria that can 

have adverse impacts on both the environment and public health.  All the cyanotoxins are synthesized via 

a non-ribosomal mechanism by multi-function, multi-domain enzyme complexes including non-

ribosomal peptide synthetase (NRPS) and polyketide synthase (PKS) modules.  The genes required for 

the biosynthesis of major cyanotoxins (e.g., hepatotoxins and neurotoxins) have recently been identified 
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in a number of representative, toxic cyanobacterial species.  In concert with whole genome sequence 

analysis and annotation, a genome-wide bioinformatics-based screening for cyanotoxin pathway genes is 

routinely conducted in Algenol’s candidate strains.  The results reveal that none of these strains contain 

key enzymes required for the de novo biosynthesis of various cyanotoxins.   

Assessment of Gene Transfer Potential 
 
Lab scale experiments were performed to assess the potential for horizontal gene transfer of the 

ethanologenic plasmid from enhanced algae to other bacteria and cyanobacteria.  The plasmid 

intentionally lacks the genes required for conjugal gene transfer to other organisms, so no transfer of the 

genes to other organisms via conjugation would be expected, and this lack of transfer was confirmed 

through specific experimentation. Furthermore, horizontal gene transfer of the plasmid from intact or 

lysed ethanologenic algae to several different genera of cyanobacteria via natural DNA uptake also has 

not been observed despite the use of very high concentrations of ethanologenic algae and potential 

recipient cells. 

Human Health Assessment 
	  

The attached document from the Center for Disease Control effectively addresses the potential 

adverse health effects that can result when certain strains of cyanobacteria produce blooms and/or toxins. 

The document identifies certain species of cyanobacteria that are known to cause such adverse effects, 

and although the list is not comprehensive, other agencies such as the USDA and FDACS go further to 

identify species that are either prohibited in many circumstances or strictly controlled. These “bad actors” 

have been thoroughly studied and well documented. One element of the screening paradigm noted above 

specifically includes confirmation that Algenol’s host strains are not included on any such list through a 

variety of identification methods ranging from simple microscopic analysis to sophisticated DNA 

sequencing and analysis using state of the art genetic tools and methods. 

As detailed in the CDC document, cyanotoxins are the primary human health concern related to 

cyanobacteria. Algenol takes a comprehensive approach to safeguarding against developing strains that 

may produce those toxins. The submitted report summarized above specifically confirms that the protein 

sequences encoded by the genes required for the biosynthesis of the major cyanotoxins – nodularin, 

microcystin, cylindrospremopsin, saxitoxin and anatoxin – are not present in Algenol’s ethanologenic 

algae. Well established HPLC analyses are then conducted to confirm that toxins in fact are not produced 

in working cultures. 
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Photobioreactor Systems 

Regarding Algenol’s PBR systems described above, Algenol wishes to stress that the burden 

should not be on the submitter to “demonstrate” that a containment system is secure. Neither the TSCA 

statute nor the Part 725 regulations places such a burden on the applicant. The EPA’s standard practice in 

reviewing MCANs has generally acknowledged that contained systems cannot prevent all accidental 

release, and the provisions in the regulations for TERAs (Sections 725.239 through 725.288) assume that 

there will be release from the proposed experiments and requires that outdoor activities be managed and 

monitored. 

  Again, thank you for the opportunity to comment on this important process. Algenol is committed 

to developing a technology that has important environmental benefits and the organization takes seriously 

good environmental stewardship. Accordingly, the Company has developed a rigorous and thorough 

approach to ensuring that the deployment of its technology does not pose an unacceptable risk to the 

environment or human health. Algenol’s work in this regard can serve as an example of best management 

practices for the industry. Please do not hesitate to contact us with further questions. 

Sincerely, 

Paul Roessler 

Chief Scientific Officer 

 

 

	  

 



 

2105 FIRST AVENUE SOUTH MINNEAPOLIS, MINNESOTA 55404 (612) 870-0453 FAX (612) 870-4846 IATP.ORG 

110 MARYLAND AVE NE, SUITE 307 WASHINGTON, D.C. 20002 (202) 543-8602 FAX: (202) 543-0978 

 

Environmental Protection Agency 
Comment on Risk Assessment of “Advanced Genetic Engineering” Applied to Algae 
Docket ID number EPA-HQ-OPPT-2015-0508 
 
Submitted electronically on October 31, 2015 

The Institute for Agriculture and Trade Policy (IATP)1 appreciated the opportunity to comment 
at the Environmental Protection Agency’s public hearing on September 30 concerning 
“Considerations for Risk Assessment of Genetically Engineered Algae: Session 3 on Advanced 
Genetic Engineering.”2 The following comment is an expanded and revised version of the three 
minute oral statement.3 The agency may be interested in reading our blog about the hearing in 
the context of the Algae Biomass Summit, which immediately followed the hearing.4 The blog links 
to our original oral statement.  
 
IATP has worked on cellulosic bio-product development policy intermittently since about 2000.5 
We hope the following comments will help the EPA revise its 1997 “Points to Consider in the 
Preparation of TSCA [Toxics Substance Control Act] Biotechnology Applications for Micro-
organisms” to take into account the microbial modification and synthesis techniques of Advanced 
Genetic Engineering.6 

                                              
1 The Institute for Agriculture and Trade Policy (IATP) is a nonprofit, 501(c)(3) nongovernmental 

organization, headquartered in Minneapolis, Minn., with an office in Washington, D.C. Our mission 

states, “The Institute for Agriculture and Trade Policy works locally and globally at the intersection of 

policy and practice to ensure fair and sustainable food, farm and trade systems.” 

2 http://www.gpo.gov/fdsys/pkg/FR-2015-08-25/html/2015-21039.htm 

3 Steve Suppan, “Oral Statement for the Environmental Protection Agency Workshop for Public Input on 
Considerations for Risk Assessment of Genetically Engineered Algae: Session 3 on Advanced Genetic 
Engineering,” Institute for Agriculture and Trade Policy, September 30, 2015. 
http://www.iatp.org/files/2015_09_28_EPA%20synbio%20algae%20statement.pdf  
 
4 Steve Suppan, “Algae: Raceway to the Future?” Institute for Agriculture and Trade Policy, October 15, 
2015. http://www.iatp.org/blog/201510/algae-raceway-to-the-future  

5 E.g. Ben Lilliston, “IATP applauds Stonyfield Farms purchase of Working Landscapes Certificates,” 
Institute for Agriculture and Trade Policy, October 12, 2010. http://www.iatp.org/documents/iatp-applauds-
stonyfield-farms-purchase-of-working-landscapes-certificates and http://www.iatp.org/issue/rural-
development/environment/agriculture/working-landscapesReference Working Landscapes certification 
program    

6 https://projects.erg.com/conferences/oppt/docs/1997PtC_bio.pdf 

http://www.gpo.gov/fdsys/pkg/FR-2015-08-25/html/2015-21039.htm
http://www.iatp.org/files/2015_09_28_EPA%20synbio%20algae%20statement.pdf
http://www.iatp.org/blog/201510/algae-raceway-to-the-future
http://www.iatp.org/documents/iatp-applauds-stonyfield-farms-purchase-of-working-landscapes-certificates
http://www.iatp.org/documents/iatp-applauds-stonyfield-farms-purchase-of-working-landscapes-certificates
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General comment 

The EPA request for comment wisely does not limit the input it seeks to technical and scientific 
issues involved in modifying microbes used in algal products manufacture. The overview of the 
EPA “Biotechnology Algae Project” states, “Therefore, as EPA develops its considerations document 
for biotechnology algae, it welcomes public input not only on technical environmental assessment 
issues, but also on the societal benefits and implications of biotechnology algae products.”7 We 
anticipate that commercialization applicants will provide ample claims of societal benefits for their 
products, so there is no need for IATP to add to those claims.   

Instead, we advise the agency to heed the counsel of the Nuffield Council on Bioethics to not 
restrict regulatory focus to the “potential power of the technologies” to create societal benefits. 
Rather the EPA should evaluate its own capacity to ensure that commercialization applicants 
assume operational and legal responsibility for the safety of algal products derived from microbial 
modifications in the “circumstances of their emergence.”8 The most of the immediate of these 
circumstances in the U.S. regulatory context is the huge increase in microbial commercialization 
applications since 2012, which the EPA has charted, including TSCA Experimental Release 
Applications (TERAs) and Microbial Commercial Activity Notices (MCANs).9 This huge increase 
in applications is a main driver of the “Biotechnology Algae Project” and revision of the 1997 
“Points to Consider” document.  

We hope the revised “Points to Consider” will organize information that EPA requires to review 
TERA and MCAN documentation in a way that helps to ensure the safety and efficacy of the 
modified microbes and the products derived from them. However, the unhappy fact is that the 
agency is greatly understaffed and under-resourced to evaluate the flood of novel microbial TERAs 
and MCANs under the current 60 day and 90 day time limits, respectively, before novel products 
derived from the modified microbes enter commerce by default. Recent Congressional assaults on 
the EPA’s mandate and budget10 are unlikely to stop in the near future. 

In view of this unhappy regulatory circumstance of the emerging biotechnologies, IATP urges EPA 
to extend immediately the regulatory review period for MCANs and TERAs to 180 days. 
Furthermore, if applicant submissions provide insufficient information and data to meet agency 
requirements, products derived from the modified microbes must not be allowed to enter into 
commerce after 180 days. Commercialization applicants will no doubt protest such proposed 
changes to the regulatory review process. However, if they wish for an expedited process, the 
members of the Algae Biomass Organization and other modified microbe product developers can 
lobby their Members of Congress for increasing the EPA’s budget and other resources 
                                              
7 “US Environmental Protection Agency Biotechnology Algae Project,” August 5, 2015, 2. 
http://www2.epa.gov/sites/production/files/2015-09/documents/biotechnology_algae_project.pdf  

8 “Emerging Biotechnologies: technology, choice and the public good,” Nuffield Council on Bioethics, 
December 2012, xvii. http://nuffieldbioethics.org/wp-
content/uploads/2014/07/Emerging_biotechnologies_full_report_web_0.pdf  

9 “US Environmental Protection Agency Biotechnology Algae Project,” 3. 

10 E.g. Ronald White, “Congress’ Latest Assault on the EPA,” Center for Effective Government, July 14, 
2014. http://www.foreffectivegov.org/blog/congresss-latest-assault-epa  

http://www2.epa.gov/sites/production/files/2015-09/documents/biotechnology_algae_project.pdf
http://nuffieldbioethics.org/wp-content/uploads/2014/07/Emerging_biotechnologies_full_report_web_0.pdf
http://nuffieldbioethics.org/wp-content/uploads/2014/07/Emerging_biotechnologies_full_report_web_0.pdf
http://www.foreffectivegov.org/blog/congresss-latest-assault-epa
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commensurate with ensuring the protection of public and environmental health. Otherwise, they 
will have to accept slower regulatory reviews as a cost of business in the current anti-regulatory 
Congressional environment.  

A no less immediate circumstance of the emerging biotechnology techniques, is the revision of 
the 1986 “Coordinated Framework for the Regulation of Biotechnology,”11 as mandated on July 2 
by four advisors to the Office of the President.12 The memo states, “Through those policies 
[Executive Orders and the 2011 “Principles for the Regulation and Oversight of Emerging 
Technologies”], this Administration has sought regulatory approaches that protect health and the 
environment while reducing regulatory burdens and avoiding unjustifiably inhibiting innovation, 
stigmatizing new technologies, or creating trade barriers. These principles must now be applied 
to updating the regulatory framework and systems that regulate the products of biotechnology.”13 
This presidential mandate requires the EPA to go beyond its statutory duties of protecting public 
and environmental health to fulfilling commercial objectives under terms for which there are no 
regulatory metrics, let alone scientific evidence. For example, how could the EPA demonstrate that 
a rigorous application of exposure science to evaluating risk of a product derived from a technique 
of synthetic biology did not “stigmatize” a commercial applicant’s submission for registration of a 
product under EPA’s authority? 

Since there is another opportunity to comment on the revision of the Coordinated Framework 
per se, we will make no extended comment on it here. However, since the revision of the 
Coordinated Framework will occur contemporaneously with revision of the “Points to Consider,” 
White House and commercial applicant pressure may be brought to bear on scientific issues as 
fundamental as whether to revise the “Points to Consider” definition of “intergeneric microbe.” In 
our view, that definition must be revised to include the entire gamut of techniques for transferring, 
modifying and synthetic DNA/RNA sequences to create synthetic organisms. Exempting techniques 
because applicants claim they have conventional comparators in nature is the first step in a 
slippery slope towards efficient but unsafe deregulation of modified microbes.  

The agency should consider whether maintaining current definitions and implementation practices 
resulting from the 1986 Coordinated Framework best serve the “modernization” ordered by the 
President. For example, does “modernization” require EPA to continue to cite unpublished 
corporate studies, under the claim of Confidential Business Information, in human health 
assessments, as it did in 2001 for Bt plant incorporated protectants?14  How can the U.S. claims of 
“science based” regulation be maintained credibly when the corporate scientific evidence in 
applicant submissions, reviewed by EPA scientists, is not published for peer-review, the very 

                                              
11 https://www.aphis.usda.gov/brs/fedregister/coordinated_framework.pdf  

12 “Modernizing the Regulatory System for Biotechnology Products,” Office of the President, July 2, 2015. 
https://www.whitehouse.gov/sites/default/files/microsites/ostp/modernizing_the_reg_system_for_biotech_p
roducts_memo_final.pdf  

13 Ibid., 2.  

14 William Freese and David Schubert, “Safety Testing and Regulation of Genetically Engineered Foods,” 
Biotechnology and Genetic Engineering Reviews, Vol. 21, November 2004, 299. 
http://www.centerforfoodsafety.org/files/freese_safetytestingandregulationofgeneticallyebgineeredfoods_n
ov212004_62269.pdf  

https://www.aphis.usda.gov/brs/fedregister/coordinated_framework.pdf
https://www.whitehouse.gov/sites/default/files/microsites/ostp/modernizing_the_reg_system_for_biotech_products_memo_final.pdf
https://www.whitehouse.gov/sites/default/files/microsites/ostp/modernizing_the_reg_system_for_biotech_products_memo_final.pdf
http://www.centerforfoodsafety.org/files/freese_safetytestingandregulationofgeneticallyebgineeredfoods_nov212004_62269.pdf
http://www.centerforfoodsafety.org/files/freese_safetytestingandregulationofgeneticallyebgineeredfoods_nov212004_62269.pdf
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bedrock of the scientific method? As genetic engineering moves beyond the aleatory techniques 
of the “gene gun” for inserting foreign genes into a genome to far more sophisticated and 
computational genomics informed modifications of organisms, will “modernization” be served by 
continuing to restrict scientific review to what is allowed under CBI claims by the applicant’s 
lawyers?  

Finally, how will the agency respond to the Office of Management and Budget, if the agency’s 
science-based regulations on biotechnology products are delayed unduly or even re-written by 
OMB lawyers in the name of fulling the commercialization objectives of the July 2 memo? For 
example, with regard to Horizontal Gene Transfer of open-pond micro-algae modified by synthetic 
biology, if a synthetically modified and an economically devastating super weed establishes itself 
as the Office of Information and Regulatory Affairs (OIRA) delays EPA’s “Points to Consider” 
document, will a future EPA administrator be forced to respond diplomatically, as Gina McCarthy 
recently, did that OIRA “make[s] sure that we are thinking outside our own views?”15 

Responses to draft charge questions for [September 30th] presentation on “Advanced Genetic 
Engineering 

Three European Commission Scientific Committees have in effect responded jointly to the first 
question for Session 3 in their 2015 “Preliminary Opinion [on] Synthetic Biology Risk Assessment 
Methodologies and Safety Aspects.” I quote from the summary: “Currently available safety locks 
used in genetic engineering such as genetic safeguards (e.g. auxotrophy and kill switches) are not 
yet sufficiently reliable for SynBio. Notably, SynBio approaches that provide additional safety levels, 
such as the genetic firewalls, may improve containment compared with classical genetic 
engineering. However, no single technology solves all biosafety risks and many new approaches 
will be necessary.”16 
 
The current lack of reliable biosafety containment safeguards has a direct relevance to the 
production of algal biomass products derived from synthetic biology. As stated in a recent review 
article: “The main concern with GM algae appears to be with regard to the potential escape of 
either viable GM algae or the relevant transgene(s) into natural ecosystems, the latter by sexual 
reproduction or horizontal gene transfer (HGT).”17 Potential avenues for escape of GM algae 
include aerosolizing of microalgae from open or even covered ponds; leakage from the plastic lined 
ponds not subject to civil engineering materials and standards; and escape via microalgae 
byproducts of photo-bioreactor fuel production, including the application to agricultural fields of 
manure containing microalgae from livestock feed18 or of biosolids processed from water used in 
microalgae production.  
 

                                              
15 Scot J. Paltrow, “How a small White House agency stalls live-saving regulations,” Reuters, October 29, 
2015. http://www.reuters.com/investigates/special-report/usa-regulations-oira/  

16 http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_048.pdf at 6. 

17 http://www.conacyt.gob.mx/cibiogem/images/cibiogem/comunicacion/publicaciones/CBR-
V9/Shashi_vol9.pdf  

18 E.g. http://www.scientificamerican.com/article/can-algae-feed-the-world-and-fuel-the-planet/  

http://www.reuters.com/investigates/special-report/usa-regulations-oira/
http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_048.pdf
http://www.conacyt.gob.mx/cibiogem/images/cibiogem/comunicacion/publicaciones/CBR-V9/Shashi_vol9.pdf
http://www.conacyt.gob.mx/cibiogem/images/cibiogem/comunicacion/publicaciones/CBR-V9/Shashi_vol9.pdf
http://www.scientificamerican.com/article/can-algae-feed-the-world-and-fuel-the-planet/
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The Preliminary Opinion, as well as the Presidential Commission for the Study of Bioethical Issues 
in synthetic biology, assume multiple genetic safeguards will be required to solve biosafety risks.19 
However, as one biosafety research team noted, “the higher the complexity of a biosafety device, 
the more prone it may be to disturbance and failure” because of multiple physiological burdens 
placed on the microbial host by the multi-device safeguard.20   The same researchers state that 
building a genetic firewall against HGT from combinations of DNA or RNA not found anywhere 
in nature “could lead to an effective semantic containment within decades; however, this would 
not stop a refactored microbe from competing at the physiological level with natural flora and 
fauna during environmental release.”21 Investors in algal biofuels, including the Departments of 
Defense and Energy, must be required to show that the physical and genetic containment barriers 
of algal biofuels products and by-products prevent HGT to natural environments. 
 
The second multi-part question 5 posed by the EPA for this session includes the question, “what 
biological containment methods are best employed?” and what synthetic biology containment 
information should industry applicants submit for commercialization of algal biofuels.  IATP does 
not have the scientific competence to evaluate which method or methods are most likely to lead 
to the effective containment of synthetically engineered microalgae. However, we strongly urge 
the EPA to prohibit commercialization applicants from classifying containment studies and any 
related environmental or human/animal health data as Confidential Business Information. CBI 
claims by GMO product developers to U.S. regulators have crippled independent peer-reviewed 
research to verify safety and efficacy claims made for GMOs.22  
 
The EPA should advise industry that applicant biosafety data affecting human, animal or 
environmental health will not be classified CBI, but will be made available by the EPA for peer 
review. Commercialization applicant information is amply protected by patents. There is no 
adequate legal justification for allow applicants to claim biosafety data and information as CBI.  
 
Finally, and too briefly, we respond to the last question for this session, concerning difference in 
RNA and DNA that would affect the EPA’s approach to synthetically engineered microbes. 
Synthetic biology’s techniques for interfering with RNA hopefully will not result in scientists’ 
dismissal of non-coding RNA as “noise,” just as DNA that did not code for proteins was dismissed 
as non-functional “junk DNA.”23 The EPA should require submission of the applicant’s finding of 
RNA “noise,” as well as information about the expression of gene traits by RNA editing techniques. 
A peer review of the “noise” might reveal a biosafety problem of regulatory concern.  
 
One team of synthetic biologists for biofuels production prefers “photosynthetic microbes growing 
in controlled environments . . . because they are fundamentally more engineerable and do not do 

                                              
19 http://bioethics.gov/node/172  

20 Oliver Wright, Guy-Bart Stan and Tom Ellis, “Building-in biosafety for synthetic biology,” Microbiology 
159 (July 2013), 1223. 

21 Ibid., 1227. 

22 Kaare M Nielsen, “Biosafety Data as Confidential Business Information,” PLOS Biology 11(3) (March 
2013), 1. doi:10.1371/journal.bbio.1001499   

23 AF Palazzo and TR Gregory (2014) “The Case for Junk DNA.” PLoS Genet 10(5): e1004351. 
doi:10.1371/journal.pgen.1004351 

http://bioethics.gov/node/172
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as many wasteful things as plants.”24 However, just because we do not understand everything that 
RNA does, should not lead the EPA to dismiss RNA “noise” any more than we dismiss as “wasteful” 
those plant functions that are not readily engineered. 
 
Thank you for the opportunity to present IATP’s views on this important public policy issue. We 
look forward to having further opportunities to comment on the revised “Points for Consideration” 
document.  
 
 

 

 

                                              
24 David Savage, Jeffrey Way and Pamela Silver, “Defossiling Fuel: How Synthetic Biology Can 
Transform Biofuel Production,” ACS Chemical Biology, Vol. 3:1 (2008), 16. 
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When Engineers Take Hold of Life: 
Synthetic Biology

Craig Holdrege

Scientists today are offering two entirely different visions 
of living beings. On the one hand, researchers are discover-
ing the fluid, contextual nature of cellular and molecular 
processes in the organism from countless different angles, 
with considerable excitement. On the other hand—and 
with equal excitement—proponents of a relatively new 
discipline called “synthetic biology” are pursuing the idea 
that microorganisms, plants, animals, and human beings 
are machine-like systems consisting of context-independent 
parts. Synthetic biologists speak of “rationally designing,” or 
reengineering, the organism to carry out functions that they 
and their funders deem worthwhile. 

The fluid and contextual view of life is borne out by 
countless biological studies. For that reason we could 
wonder whether synthetic biology’s focus on independent 
parts and its machine view of the organism—a view so little 
grounded in the biological reality of life—warrants serious 
consideration. But synthetic biology is propelled forward 
by highly intelligent and driven engineers and scientists 
and is funded and supported by large government grants 
and by venture capitalists who are led to envision myriad 
products coming down the pike. To be sure, we need to 
recognize that as a young discipline trying to sell itself to 
academia, businesses, and funders, synthetic biology can 
generate enthusiasm that is more or less detached from 
reality. But it is also true that one-sided and misguided 
ideas can have tremendous negative impact on the world. 
They warrant, therefore, careful consideration—and not 
only after the fact. 

We can only hope that organisms themselves will be given 
due attention and that the shape of the future will not be deter-
mined by the free-floating fancies of grant-seeking, innova-
tion-driven scientists and engineers. In the spirit of that hope, I 
begin with a brief look at what it means to be an organism.

A Power to Grow, Heal, and Adapt

Every healthy human being and animal has the remark-
able capacity to heal wounds. When we are injured—cut, 
bitten, or burned—our body immediately responds. If the 
wound is not too massive, the blood clots, and a scab and 
new tissue, including blood vessels, begin to form. Within 

days or weeks, the healing process, which perhaps also 
results in the formation of scar tissue, is complete. 

When biologists and medical scientists began looking 
into the details of wound healing at the cellular and molecu-
lar levels, they had cause to be amazed at, if not over-
whelmed by, the complexity of all the relevant processes. 
And the more they have discovered, the more it has become 
clear that there is no “set” of processes, no defined “mecha-
nism” of action in wound healing. 

Take, for instance, platelets. As Leslie writes (2010): 

Thirty years ago, researchers were convinced that they 
had platelets pegged. Every milliliter of our blood, the 
thinking went, harbors hundreds of millions of these cell 
fragments for just one reason: to save us from bleeding to 
death. If we suffer a cut or other injury, platelets swarm 
into action, forming a plug that seals the wound. 

As we now know, “in the absence of hemorrhage, plate-
lets are not essential to wound healing” (Singer & Clark 
1999). Moreover, platelets have many functions beyond 
their contribution to blood clot formation (Leslie 2010; 
Boyanova et al. 2011; Ware et al. 2013). They produce 
growth factors that promote healing and substances that 
help in the re-formation of damaged tissues. They influence 
the inflammatory response of the body to a wound and 
its innate immune response in a variety of ways. There are 
over 5,000 platelet proteins, and although platelets have no 
nucleus (and are in this sense “cell fragments”) research-
ers have discovered that they do “contain a pool of mRNA 
which can be spliced and translated in a signal dependent 
manner” (Boyanova et al. 2011; see also Denis et al. 2005). 
What this means is that, depending on the substances 
platelets encounter in the wound environment, they form 
specific proteins that are effective in that particular situ-
ation. Since no two wounds are alike, the healing process 
varies according to the specific circumstances. 

Another example. Connective tissue growth factor 
(CTGF) was so named because it was initially discovered 
as a substance that influences the growth of fibroblasts—
cells that form connective tissue (Moussad & Brigstock 
2000). Later it was shown to be involved in wound healing 
and the generation of new blood vessels. Over time, many 
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we should not then forget what it is that we have done to 
achieve our results. The clarity gained comes at the cost of a 
loss of fuller reality, which only begins to show itself when 
we put our findings back into relation to the results of other 
experiments and we drop the mechanistic framework. What 
is determinative for one experiment is not determinative in 
biological reality.  

Synthetic Biology 

When we turn to synthetic biology, we come up against 
a very different way of thinking. This may in part reflect the 
fact that synthetic biologists often have engineering back-
grounds, hold patents, and are involved in bioengineering 
start-up companies, so that they have a financial interest in 
their efforts coming to fruition.

How, then, do they tend to view living organisms and the 
task of synthetic biology? James Collins, a leading practi-
tioner and proponent of synthetic biology, studied physics as 
an undergraduate, holds a PhD in medical engineering, and 
currently works at Boston University and Harvard. He writes: 

With a box of Lego[s], you can create a whole range of 
different structures. Snap together pieces of various colours, 
shapes and sizes to create a multitude of structures — a 
house, a boat, a tower — with different functions. In the 
world of biology, a growing group of scientists is thinking 
about parts of cells in much the same way. Engineers are 
using genes and proteins as building blocks to create new 
kinds of cells and new functions for cells. (Collins 2012)

more functions were discovered (Moussad & Brigstock 
2000; Cicha & Goppelt-Struebe 2009). CTGF was found to 
enhance the growth of other types of cells, but also, under 
certain circumstances, to have negative effects on cell 
growth. Depending on the situation, during wound healing 
it can stimulate the generation of blood vessels, inhibit the 
growth of new blood vessels, or not be involved in blood 
vessel formation at all (Cicha & Goppelt-Struebe 2009). It 
becomes clear that the production and action of CTGF is “a 
function of the diverse environmental cues to which a cell is 
exposed at any point in time” (Moussad & Brigstock 2000). 

It has become increasingly—we might also say, glar-
ingly—clear that every cell type or molecule is much more 
multifunctional than originally thought. If researchers 
study, say, platelets in a particular experimental context, 
then they may get a fairly defined picture of what they 
might call “platelet function.” But they should call it “plate-
let function under such-and-such circumstances.” When 
other research groups study different kinds of wounds or 
inflammatory responses, the functions of the platelets are 
seen to diversify, depending on the situation.

Clearly, a specific cell type or molecule cannot do every-
thing; it has a limited range of possibilities, but this range 
is fluid and not predetermined. This is what the research 
shows for virtually every cell type and molecule in the body. 
Since, however, cell and molecular biologists are so special-
ized today and each research group typically focuses on 
one particular molecule in one type of organism from one 
limited perspective, the fluidity of the processes becomes 
apparent only when scientists step back from their own 
work and review the broader research in their field.*

There is an important implication of this research: there 
are no specific or fixed pathways, and there is no “mecha-
nism” (Talbott 2014). You simply cannot say that cell type X 
has function Y or that molecule S has mechanism of action 
T. What biologists hold in mind as determinate pathways 
are in fact specific realizations of the adaptive, flexible 
potential of the organism as it manifests in a particular 
cellular and molecular context. The reality of the mecha-
nism is that it is the mental framework through which the 
phenomena are viewed; it is not something physically “in” 
the organism. To limit ourselves to investigations that look 
for proximal causal relations (“this molecule elicits that 
response”) means to work within a narrow set of highly 
controlled conditions. We de-contextualize. That is fine, but 

 * If biologists were to study and take to heart Goethe’s seminal little 
essay “The Experiment as Mediator of Subject and Object”—writ-
ten in 1792—they would realize the crucial importance of varying 
experimental conditions in order to gain a realistic picture of a given 
phenomenon. See: natureinstitute.org/pub/ic/ic24/ic24_goethe.pdf.

“Building Bricks of Life,” by Nathan Sawaya. 
Image courtesy of brickartist.com.
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(genes) the central position in the “operating system” of the 
organism. On the assumption that a gene as a particular 
sequence of DNA determines the structure and function of 
a particular protein, you can easily conjure up the notion 
that the organism is built up out of discrete parts—the 
thousands of genes in DNA. DNA is viewed as a kind of 
biological code, as Collins views it:

The genetic code is like any other language: to be able to 
write it, you have to learn how to read it and understand 
it. ... Our DNA was once an uncracked code as well, but 
over the past century, scientists have slowly learned how 
to read the genetic code that every living cell contains. 
They have figured out which genes determine which 
characteristics of cells and organisms, and how changes 
to genes can alter these characteristics. (Collins 2012) 

It should, on this view, be possible to know these parts, 
to construct new ones for human aims, and to know exactly 
what these synthetic parts will do in an organism. That is 
one of the main goals of synthetic biology. 

To achieve their aims, synthetic biologists want to 
construct “standardized biological parts” that can be put 
together to make “devices” that, when assembled together, 
would make a “system” (Endy 2005). “We define a biologi-
cal part to be a natural nucleic acid sequence that encodes a 
definable biological function and a standard biological part 
to be a biological part that has been refined in order to con-
form to one or more defined technical standards” (Shetty 
et al. 2008). Such standard biological parts are often called 
BioBricks and they represent “sequences of DNA with spe-
cific function that can be combined together to implement 
more complex functions” (http://syntheticbiology.org/Bio-
Bricks.html). There is a public online registry of thousands 
of such parts (http://parts.igem.org/). 

Synthetic biologists speculate that their technologies will 
help solve many pressing (and imagined) problems: 

What can synthetic biology do for us? How can moving 
genes around cells, creating biological circuits, and writ-
ing new genetic programs change the world? Many of the 
major global problems, such as famine, disease and energy 
shortages, have potential solutions in the world of engi-
neered cells.... If scientists can build genes from scratch, 
they can create organisms with new traits. They can create 
bacteria that can clean up oil spills, rice with genes that 
keep the plant infection-free, or cells that can churn out 
new materials.... What if we could engineer humans with 
sonar, like that used by bats, to help us navigate in the 
dark? What if we had genes that enabled us to get energy 
from sunlight, like plants do? (Collins 2012) 

In the minds of synthetic biologists, organisms are 
machines, a point Drew Endy, professor of bioengineering 
at Stanford, makes in stark terms:  

For engineers, biology is a technology . . . To an engineer, 
biological systems are replicating machines that make 
mistakes during the replication process (that is, biological 
systems are reproducing machines). (Endy 2005) 

And these machines can be improved: 

Synthetic biology is bringing together engineers and 
biologists to design and build novel biomolecular 
components, networks and pathways, and to use these 
constructs to rewire and reprogram organisms. (Khalil & 
Collins 2010) 

The “biological machine” is often compared to a com-
puter, here by Craig Venter, who gained fame as the leader 
of one of the two groups that first sequenced the human 
genome: 

The genome can be thought of as the software that 
encodes the cell's instructions, and the cellular machin-
ery as the hardware that interprets and runs the software. 
Advances in DNA technology have made it possible for 
scientists to act as biological “software engineers,” pro-
gramming new biological “operating systems” into cells. 
(Gibson & Venter 2014) 

With the notion of the precisely functioning mechanism 
as their idol, synthetic biologists look down on traditional 
genetic engineering: It is an “expensive, unreliable and ad 
hoc” technology (Endy 2005) that “generally requires many 
years of work and trial-and-error experiments to implement” 
(Arkin 2008). Synthetic biology wants to be more precise and 
achieve more predictable and controllable results through the 
application of strict engineering standards:   

Standards underlie most aspects of the modern world. 
Railroad gauges, screw threads, internet addresses, ‘rebar’ 
for reinforcing concrete, gasoline formulations, units of 
measure, and so on. In the science of biology, a num-
ber of useful standards have already arisen around the 
‘central dogma’ that defines the core operations of most 
natural biological systems....” (Endy 2005)

The “central dogma” Endy refers to is the now outmoded 
1960s hypothesis that all the information needed to form an 
organism is contained in DNA, and that this information is 
transferred only in one direction: from DNA to RNA to the 
proteins (enzymes) that in the end are responsible for build-
ing up and maintaining the organism. This idea gave DNA 
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development of the drug. As the chassis of a car serves as 
the framework on which all the parts are mounted, so the 
host organism serves as structure upon which the biological 
parts are mounted.

To take another example, Craig Venter and his colleagues 
published an article in 2010 called “Creation of a Bacte-
rial Cell Controlled by a Chemically Synthesized Genome” 
(Gibson et al. 2010). The article drew widespread atten-
tion, in part because people feared that the Venter team 
had created an artificial form of life. The team does not say 
they did. But they do say more than what their results—
considered in a dry and not hyped-up fashion—warrant. 
What they did, briefly, was to chemically synthesize a 
genome, based on the known genome DNA sequence of 
the bacterium Mycoplasma mycoides. The synthetic genome 
closely resembled—except for additions such as  “water-
mark” sequences for identification purposes—the bacterial 
genome; it was, in effect, an edited copy of it. The synthetic 
genome was then inserted into the cell of a different bacte-
rium—Mycoplasma capricolum—and the resulting “hybrid” 
with the synthetic DNA was able to reproduce. 

This was a remarkable technical accomplishment. But 
were Venter and colleagues the creators of a “bacterial cell” 
or, as they state in their article, a “synthetic cell”? No. They 
inserted a synthetic genome into a living cell that provided 
the context needed for the genome to do anything at all. 
Clearly, they were overstating their case, and it is discon-
certing that the editors of Science paid no attention to the 
misleading claim. Commenting on the research, Mark 
Bedau—philosopher and editor of the journal, Artificial 
Life—more accurately describes the outcome as a “normal 
bacterium with a prosthetic genome” (Bedau et al. 2010). 

The discrepancy between language and actual facts is of 
real concern. First, the language suggests that organisms 
are in fact the mechanistic assemblies (think again of the 
expression “chassis” for a host organism) that synthetic biol-
ogists treat them as. Second, the organisms and experiments 
are described in an engineering style, so that there appears 
to be more rigorous engineering at work than is actually the 
case. Third, the results are over-interpreted and framed to 
favorably fit the mechanistic mission. A kind of hubris takes 
root in the mind of synthetic biologists who boldly assert 
that they hold the key to improving organisms. 

     Living Beings Do Not Consist of 
     “Independent Parts” 

It is an important premise of synthetic biology that a 
standard part (a gene, for example) defines a clearly circum-
scribed function so that one could construct a device or 

Synthetic biology is bringing together engineers and 
biologists to design and build novel biomolecular 
components, networks and pathways, and to use these 
constructs to rewire and reprogram organisms. These 
re-engineered organisms will change our lives in the 
coming years, leading to cheaper drugs, “green” means to 
fuel our cars, and targeted therapies to attack “superbugs” 
and diseases such as cancer. The de novo engineering of 
genetic circuits, biological modules, and synthetic path-
ways is beginning to address these critical problems and 
is being used in related practical applications. (Khalil & 
Collins, 2010; article’s abstract)

Clearly, there is a good deal of self-promotion and hype 
in these statements. Every new technical innovation will, 
in the eyes of its inventors and promoters, help “solve” 
significant world problems. Whether it will actually end 
up doing so or not, or cause new problems that the next 
ingenious invention will have to solve, remains a question. 
What in any case is clear is that synthetic biologists pursue 
a mission—“redesigning,” “reprogramming,” “rewiring” life 
and, in the end, creating artificial life. This mission is driven 
by the image of the organism as a machine-like entity—a 
notion that permeates all their language. They aim to make 
living beings into the machines they imagine. They believe 
that existing life forms are imperfect and mistake-ridden 
and warrant improvement.

    The Gulf Between Language and Facts 

The term “synthetic biology” has caught on in the past 
decade. While it is relatively easy to formulate the engineer-
ing conceptual framework and the theoretical goals, it is 
another matter to discern whether research that runs under 
the name synthetic biology actually follows its strict engi-
neering principles (Porcar & Peretó 2012). 

For example, a new malaria drug, semi-synthetic arte-
misinin, is viewed as a product of synthetic biology (Peplow 
2013). It is a drug that was developed with genetic engi-
neering techniques, chemical synthesis, and also synthetic 
versions of DNA using synthetic biology principles and 
techniques (Paddon & Keasling 2014). However, as Porcar 
& Peretó (2012) point out, all the steps taken to produce 
this product hardly satisfy synthetic biology’s claim of 
“predictability, lack of noise, orthogonality [i.e. independent 
functioning of the parts] and standardization.” Nonetheless, 
in their review article, Paddon and Keasling, co-creators of 
semi-synthetic artemisinin, resort to engineering “synbio 
speak.” For example, they use the term “chassis organism” 
when they refer to the host organism employed in the 
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“discrete compartments”—the ideal “parts” of synthetic 
biologists—do not in fact exist in organisms. 

The scientific literature on the biology of organisms 
is full of such examples. Based on his reviews of current 
research in molecular biology, Steve Talbott concludes: 

One reason we cannot explain the organism through 
the relations between parts, is that those parts tend not to 
remain the same parts from moment to moment. For exam-
ple, as most molecular biologists now acknowledge, there is 
no fixed, easily definable thing we can call a gene. Whatever 
we do designate a gene is so thoroughly bound up with 
cellular processes as a whole that its identity and function 
depend on whatever else is happening. The larger context 
determines what constitutes a significant part, and in what 
sense, at any particular moment. Where, then, is any sort of 
definable mechanism? (Talbott 2012; see also Talbott 2014)

  
When biologists begin reckoning with the dynamic and 

contextual nature of biological processes, the concept of the 
gene loses any clear-cut demarcation:  

Genes might be redefined as fuzzy transcription clusters 
with multiple products. (Mattick et al. 2010)

[A gene is] a statistical model to help interpret and pro-
vide concise summarization to potentially noisy experi-
mental data. (Gerstein 2007) 

system with a predictable outcome. The parts should not do 
something that has not been foreordained. For this reason, 
“for engineering purposes, parts are most suitable when 
they contribute independently to the whole. This ‘independ-
ence property’ allows one to predict the behaviour of an 
assembly” (Benner & Sismour 2005). Synthetic biologists 
often speak of independent modules, and the mutual inde-
pendence of parts is also called “orthogonality.”

The question is, do such independent parts exist in real-life 
organisms?  We saw at the beginning of this article in discuss-
ing platelets and connective tissue growth factor that this is 
certainly not the case. Describing what is known about the 
platelet-derived growth factor (PDGF), professor of genetics 
and developmental biology, Bruce Mayer, and his colleagues 
come to the conclusion that “the activated receptor looks 
less like a machine and more like a ... probability cloud of an 
almost infinite number of possible states, each of which may 
differ in its biological activity” (Mayer et al. 2009). 

But what about the sequences of DNA we call genes? The 
same picture is emerging for DNA as it is for all other sub-
stances in the body: all its activity is highly context depend-
ent. Geneticists Emmanouil Dermitzakis and Andrew Clark 
(2009) remark that “we tend to talk about pathways and 
processes as if they are discrete compartments of biol-
ogy. But genes and their products contribute to a network 
of interactions that differ radically among tissues.” Such 

The tadpoles of the desert spadefoot toad 
(which is actually a frog; Spea multiplicatus) 
develop in small ephemeral ponds in the 
southwestern U. S. and Mexico.  Depending 
on what they feed on, they develop in drasti-
cally different ways (Pfennig 1992; Ledón-Ret-
tig and Pfennig 2011). 

When they hatch, all tadpoles have the 
same basic morphology, but if they begin to 

feed on shrimp and continue to have shrimp as their main food, they develop rapidly, grow large in size, have large 
jaw muscles, notched and serrated mouthparts, and a short loosely coiled intestine (right in photo). In contrast, 
their siblings in the same pond (left in photo) may feed on dead organic matter (detritus) and microorganisms. 
These siblings develop much more slowly, are smaller, and have small jaw muscles, smooth mouthparts, and long 
coiled intestines. 

Other environmental and maternal influences can affect the development of the carnivorous morph, as it is 
called, and, remarkably, the carnivorous tadpoles can transform back into the detritus-feeding morph if their food 
is altered. So the specific way these animals form and live depends largely on the active relation they establish with 
the environment, which in turn influences the formation and growth of their organs and body. 

This is anything but machine-like behavior. Synthetic biologists may want to reflect on such realities of biologi-
cal life when they imagine—and misconstrue—organisms as machines.
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The gene has turned out to be a highly abstract and fuzzy 
concept precisely because the organism is not a mechanism. 

And genes are not what make things happen in the organ-
ism. Writing in the journal Science and Education with the 
aim to bring science educators up-to-date about the cur-
rent concept of genes and DNA, Charbel El-Hani and his 
colleagues emphasize that “it is not DNA that does things to 
the cell; rather, it is the cell that does things with DNA. This 
is, indeed, one of the major conclusions we can take from 
developments in the debates around the gene concept in 
the last three decades...” (Meyer et al. 2013).  Because of this 
context dependency, genes should be, in their words, “con-
ceived as emerging as processes at the level of the systems 
through which DNA sequences are interpreted, involving 
both the cellular and the supracellular environment. Thus, 
genes are not found in DNA itself, but built by the cell at a 
higher systemic level.” 

The reality of “parts” within organisms is that they are not 
definable independent entities but rather interconnected and 
dynamic processes or potentials that respond and change in 
relation to changing situations. This is hardly the notion of a 
“standard biological part.” At least to a degree, this is recog-
nized by some synthetic biologists, such as Timothy Gard-
ner and Kristy Hawkins, who write: “natural biological parts 
are often not modular. Small changes from part to part, or 
the molecular context in which the part is situated, produce 
oft-times significant variation in the functional behaviors” 
(Gardner & Hawkins 2013). 

The Failure of Synthetic Biology Systems

Given the fact that the synthetic biology framework 
does not conform with organismic reality, it is not surpris-
ing that synthetic biology design experiments have often 
failed to work. This has not, of course, gone unnoticed 
by the synthetic biology community. A review article by 
synthetic biologists Stefano Cardinale and Adam Arkin of 
the Lawrence Berkeley National Laboratory tries to identify 
the “causes of failure of synthetic biology systems” since 
all too often, as they state, “molecular and genetic devices 
inexplicably fail to function as designed when tested in vivo” 
(Cardinale & Arkin 2012).  

Spanish systems and synthetic biologist Victor de Lorenzo 
(2014) writes that “synthetic biologists have created a large 
number of genetic circuits in which transcription factors 
and promoters are rationally re-connected following a man-
made blueprint aimed at programming new-to-nature prop-
erties” (see also Khalil & Collins, 2010, for many examples). 
De Lorenzo points out that “it is now common knowledge 
that such devices operate for a limited period of time, after 
which they often succumb to noise and mutations.” 

For instance, part of the genome of the T7 bacteriophage—
a virus that infects bacteria—was reconfigured (“refactored”) 
by scientists (Chan et al. 2005). The modified phage was able 
to infect bacteria—it was functional in this sense and is cited 
as an early example of successful synthetic biology. However, 
“its subsequent evolution in vivo whilst progressing towards 
recovering the fitness level of the wildtype phage erased 40% 
of the manmade modifications. In contrast, naturally occur-
ring regulatory circuits are quite robust, and maintain their 
performance across time and space” (de Lorenzo 2014). 

Part of the “problem” of real organisms is that they live 
in variable environments and can respond meaningfully 
and in a variety of unpredictable ways to those variations. 
So one strategy of synthetic biology is to create highly 
uniform and stable conditions in the environment so that 
the organism with its new synthetic parts is not subjected 
to the myriad perturbations in real-world life. Therefore, 
writes biotechnologist and bioengineer Martin Fussenegger 
in a sober assessment, “should a species with a programmed 
synthetic genome one day become useful, it would probably 
be contained in specific production environments” (Bedau 
et al. 2014). He’s thinking of micro-organisms carrying out 
specific processes or producing specific products in highly 
controlled industrial conditions. 

Making Machine-Like Organisms?

But the goal of synthetic biology is not only to control the 
environment, but also to control internal functions of organ-
isms. Therefore the contextual, situation-dependent activity 
of the organism at all levels presents a major challenge; it is a 
“barrier to predictability in design” (Cardinale & Arkin 2012). 

In a moment of circumspection synthetic biologists 
Bashor and Collins admit that “engineered biological 
circuits rarely work as designed. In most cases, the per-
formance of their molecular parts is highly dependent on 
cellular and sequence context and varies greatly from one 
system to the next” (Bashor & Collins 2012). What is their 
response to this challenge? Unfortunately, they do not re-
think their approach in light of the reality of organisms. No, 
the unwieldy nature of organisms needs to be overcome. 
“Synthetic biology urgently requires strategies to limit such 
context-dependence.” 

We should let this sentence sink in. Limiting context 
dependence means making an organism less of an organism 
and more machine-like. It means limiting the spontaneity, 
unpredictability, and flexible responsiveness that are integral 
to life. So if synthetic biology actually follows its own prin-
ciples and strives, in its view, to “improve” plants, animals, 
and human beings, then it will “succeed” to the degree that it 
limits or eliminates essential characteristics of life. 
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Given the degree of technical sophistication, zeal, intel-
ligence, and funding that supports synthetic biology, I have 
little doubt that, left to its own devices, it will forcefully 
pursue this goal. And since living beings are above all else 
adaptable, I can imagine that synthetic biologists will find 
ways to make them accept and adapt to their machine-like 
assemblies. But I’m even more certain that along the way 
much will go wrong and there will be many unintended con-
sequences—for the organisms themselves and for the larger 
environment as well. 

What is particularly disturbing about synthetic biology 
is that we know today that organisms are not machine-
like assemblies. So why would we want to implement an 
inadequate framework? Is the deeper motivation that the 
engineering mind simply wants to follow its fascination with 
absolute control and predictability? Shouldn’t we consider 
more thoughtfully what it means when human beings 
engage in the activity of making other living beings and 
perhaps ourselves into less-than-living “systems”? Can we 
do that responsibly? What boundaries can or should be set? 
Who can set such boundaries?

Whether and how these questions are addressed should 
not be left up to the community of synthetic biologists and its 
funders, given their mission-driven zeal and power.  These are 
urgent questions that warrant attention and consideration by 
a larger community of concerned lay people, environmental-
ists, scientists who are not proponents of synthetic biology, 
policy makers, and, yes, synthetic biologists. 

Of course, who of us comprehends life and knows all 
we should know before we act? But there are two differ-
ent kinds of ignorance. We can study the phenomena of 
life and realize life’s intricacies, its remarkable plasticity, its 
context-sensitivity, its aliveness. In the process of gaining 
this knowledge we begin to realize how little we know. This 
is wise Socratic ignorance—knowing you don’t know. It is a 
kind of ignorance that encourages circumspection and cau-
tion in action. But there is also the very different ignorance 
that Herman Wouk captures when he writes about someone 
being “too clever to be wise.” This ignorance is blinded by its 
own intelligence, ignores what it does not want to see, and 
strives to bend reality to fit its mission: man manipulating 
life in service of the machine idol. This ignorance fosters 
hubris that tends—because it thinks it knows best—to run 
roughshod over the intricacies of life. 
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To	Whom	It	May	Concern,	
	
Food	&	Water	Watch	is	a	national	nonprofit	advocacy	organization.	We	appreciate	the	
opportunity	to	comment	on	the	Environmental	Protection	Agency	(EPA)’s	“Workshop	for	
Public	Input	on	Considerations	for	Risk	Assessment	of	Genetically	Engineered	Algae”	
(Docket	No.	EPA-HQ-OPPT-2015-0508-0001).		
	
The	EPA	has	asked	for	comments	regarding	its	efforts	to	revamp	the	way	it	applies	the	
Toxic	Substances	Control	Act	(TSCA)	to	genetically	engineered	algae,	which	it	is	
undertaking	in	two	main	ways—by	revising	the	agency’s	“Points	To	Consider	In	the	
Preparation	Of	TSCA	Biotechnology	Submissions	For	Microorganisms”	and	creating	a	new	
document	called	“Considerations	for	Biotechnology.1 While	it	is	worthwhile	for	the	EPA	to	
review	how	it	regulates	the	use	of	biotechnology,	including	engineered	algae,	these	efforts	
do	not	represent	a	meaningful	application	of	regulatory	tools	that	EPA	could	and	should	be	
developing	and	using	to	carry	out	its	mission	of	protecting	the	public	and	environment.			
	
In	July,	the	White	House	directed	the	EPA,	the	Food	and	Drug	Administration	(FDA)	and	the	
U.S.	Department	of	Agriculture	(USDA)	to	revise	the	Coordinated	Framework	for	the	
Regulation	of	Biotechnology,	which	should	be	used	as	an	opportunity	to	correct	the	weak,	
industry-friendly	federal	oversight	that	has	presided	over	nearly	two	decades	of	genetically	
engineered	products	used	in	food	and	agriculture.2		EPA	clearly	is	aware	of	the	ways	in	
which	its	current	efforts	to	review	engineered	algae	fit	into	this	directive,	as	the	agency	
discussed	the	coordinated	framework	at	the	public	meeting	it	held	on	algae	in	September	
2015.3		
	
So	it	is	odd	and	troubling	that	the	EPA,	faced	with	the	White	House	directive	and	
opportunity	to	revise	the	coordinated	framework,	is	choosing	to	pursue	such	an	extremely	
narrow	scope,	namely	how	to	best	apply	the	Toxic	Substances	Control	Act	(TSCA),	an	
outmoded,	ineffective	regulatory	tool	that	is	not	capable	of—and	was	not	designed	for—
assessing	the	novel	risks	associated	with	new	biotechnologies.			
	
The	EPA	appears	to	use	TSCA	as	part	of	a	kind	or	regulatory	theatre,	where	it	presents	to	
the	public	an	impression	that	it	is	carrying	out	scientific	assessments	and	safety	reviews,	
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but	in	fact	is	doing	little	more	than	rubber-stamping	risky	industry	development	of	new	
products	and	practices.	
	
The	failures	of	TSCA	and	the	current	coordinated	framework	are	evident	in	the	
discrepancies	and	inconsistencies	in	how	the	federal	government	assesses	the	safety	of	
biotechnology	products,	which	appears	to	be	according	to	the	marketing	decisions	of	
private	companies	being	regulated,	not	the	risks	associated	with	a	given	product,	the	
method	of	production,	or	the	scientific	expertise	of	different	federal	regulatory	agencies.		
That	is,	similar	or	even	identical	genetically	engineered	algae	processes	and	products	will	
undergo	different	and	unequal	levels	of	safety	assessments	depending	on	whether	the	final	
products	are	designed	for	food	markets	or	chemical	markets.		
	
This	greatly	diminishes	public	confidence	that	the	products	of	commercial	biotechnology	
are	safe.		At	a	time	when	there	is	very	keen	public	interest	in	the	issue	of	genetic	
engineering,	the	EPA’s	weak	approach	reinforces	the	public	perception	that	the	federal	
government’s	oversight	of	genetically	engineered	organisms	is	inadequate.		
	
Food	&	Water	Watch	rejects	the	narrow	premise	of	EPA’s	current	approach.	We	call	on	the	
EPA	to	jettison	its	dangerous,	industry-friendly	regulatory	approach	to	genetically	
engineered	organisms	under	TSCA.		Genetically	engineered	organisms,	including	algae,	
require	new	regulations	designed	to	address	the	unique	and	specific	risks	associated	with	
this	very	new	technology,	which	represents	a	radical	departure	from	traditional	breeding	
practices.	As	directed	by	the	White	House,	EPA	should	be	collaborating	with	other	federal	
agencies	to	comprehensively	develop	an	entirely	new	framework	that	follows	the	
precautionary	principle	and	offers	holistic,	systematic	review	of	all	of	the	relevant	risk	
dimensions	associated	with	new	biotechnology	products.		
	
Inadequate	Environmental	Review	
	
Though	EPA	has	the	scientific	expertise	and	the	mandate	to	protect	the	public	from	
environmental	risks,	the	agency	only	provides	environmental	safety	assessments	of	some	
engineered	algae,	and	many	varieties	reach	commercialization	with	no	environmental	
evaluation	at	all.		
	
According	to	EPA	regulations,	it	reviews	products	derived	from	engineered	algae	only	if	
they	falls	under	a	narrow	list	of	commercial	products.4	Many	commercial	products	derived	
from	GMO	algae	are	not	subject	to	EPA	review	under	TSCA	and	undergo	no	environmental	
review	from	any	federal	agency.		For	example,	companies	producing	food	products	derived	
from	engineered	algae	products	self-regulate	through	a	voluntary	FDA	notification	process	
known	as	Generally	Regarded	as	Safe	(GRAS),	which	has	no	environmental	safety	
component.5	
	
In	this	way,	it	would	appear	that	a	company’s	marketing	decision	about	how	it	will	
commercialize	an	algae-based	product	determines	the	level	of	safety	review	it	undergoes	
from	the	federal	government.	That	is,	if	a	company	markets	genetically	engineered	algal	
oils	as	an	industrial	lubricant,	EPA	may	review	this	process	under	TSCA	(though	several	
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exemptions	may	apply).		But	if	the	company	markets	a	similar	or	even	identical	oil	for	use	
as	a	food,	TSCA	does	not	apply	and	no	environmental	review—from	any	agency—occurs.	
	
This	piecemeal	approach	to	regulations	results	in	varying	degrees	of	environmental	safety	
review—or,	in	some	cases,	no	environmental	safety	review	at	all—and	illustrates	well	how	
the	current	coordinated	framework	is	wholly	inadequate.		EPA’s	present	efforts	to	modify	
TSCA	leave	these	regulatory	gaps	wide	open.		
	
Absence-of-Evidence	Standard	under	TERA/MCAN	
	
On	those	occasions	where	the	EPA	does	provide	regulatory	oversight	over	microorganisms	
under	TSCA,	the	agency’s	review	fails	to	consider	the	full	range	of	impacts	on	the	
environment	and	the	public.		
	
The	EPA	indicates	that	the	TSCA	Environmental	Release	Application	(TERA)/Microbial	
Commercial	Activity	Notice	(MCAN)	process	include	a	consideration	of	both	human	health	
and	environmental	impacts,	including	things	like	the	salinity	tolerance	of	algae,	
interactions	in	aquatic	food	systems,	potential	for	horizontal	gene	transfer,	toxin	
production,	allergenic	effects,	potential	for	algal	bloom	formations,	and	the	ability	of	algae	
to	survive	and	compete	if	escaped.6		However,	it	does	not	appear	that	the	EPA	requires	
much	data—or	conducts	much	scientific	review—for	these	risk	questions.		
	
Food	&	Water	Watch	requested	copies	of	a	TERA	and	MCAN	for	engineered	algae	to	assess	
what	kind	of	safety	assessment	EPA	is	conducted.		The	EPA	redacts	the	vast	majority	of	
information	it	collects	from	companies	in	MCANs,	making	it	extremely	difficult	for	the	
public	to	evaluate	EPA’s	level	of	assessment.		EPA	even	redacted	the	name	of	the	submitter,	
even	though	EPA’s	Web	site	discloses	the	name.7	
	
The	TERA	that	Food	&	Water	Watch	reviewed	contained	fewer	redactions.		But,	together,	
the	TERA	and	MCAN	strongly	indicate	that	EPA	use	an	“absence-of-evidence”	standard,	
whereby	it	approves	algae	strains	based	on	the	fact	that	no	safety	research	exists	or	that	
the	limited	safety	research	that	exists	did	not	present	clear	evidence	of	risks.			
	
The	MCAN	that	Food	&	Water	Watch	reviewed,	from	Solazyme,	contained	unredacted	topic	
headings	that	allow	the	public	to	see	how	lengthy	the	company’s	responses	were	to	risk	
questions.8		The	routine	brevity	in	this	application	makes	clear	that	little	information	is	
being	provided	on	key	risk	questions.	In	some	places,	the	company	appears	to	assert	little	
more	than	a	note	that	no	evidence	or	data	exists	on	the	topics	in	question.	9		The	entire	
ecological	assessment	Solazyme	submitted	is	contained	in	10	double-spaced	pages;	the	
human-health	safety	assessment	is	only	eight	double-spaced	pages.10	
	
A	TERA	application	from	Sapphire	Energy	submitted	as	a	consolidated	application	for	five	
different	strains	of	engineered	algae	provides	a	relatively	brief	discussion	of	potential	
harms	to	human,	animal	and	plant	health.11	The	section	addressing	“potential	human	
health	effects”	is	only	three	pages;	the	section	on	“predicted	environmental	effects	and	fate	
of	subject	microorganism”	is	only	16	pages.12				
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In	the	unredacted	portions,	Sapphire’s	safety	research	leaves	many	questions	unanswered.		
This	includes	Sapphire	‘s	discussion	of	the	“nature	and	degree	of	pathogenicity,	virulence,	
or	infectivity,	in	humans,”	in	which	the	company	states	that	its	rudimentary	keyword	
search	on	PubMed	using	words	like	“toxic,”	“pathogen,”	“infect”	and	“virus”	turned	up	no	
relevant	results.	13		Likewise,	Sapphire	reports,	“The	Risk	Group	Database	of	the	American	
Biological	Safety	Association…did	not	return	any	hits	for	the	genus	Scenedesmus.”14	
Sapphire	also	furnishes	as	evidence	a	carefully	worded	anecdote	that	throughout	the	
“several	years”	of	algae	cultivation,	“no	employees	have	reportedly	suffered	any	negative	
consequences	by	contact	with	this	strain.”15			
	
From	what	the	public	can	see,	it	would	appear	that	Sapphire	is	saying	it	has	no	safety	
evidence	about	key	questions	related	to	its	algae	products—an	absence-of-evidence	
argument.		This	was	apparently	satisfactory	for	EPA,	which	approved	Sapphire’s	TERA	in	
September	2013.16			
	
EPA	presents	itself	as	having	developed	a	careful	risk	review	process	whereby	it	asks	
companies	to	provide	information	and	data	about	risk	questions	related	to	specific	
concerns	it	has	identified	with	microorganisms.		But	the	EPA’s	routine	acceptance	of	these	
kinds	of	non-answers	suggests	a	decidedly	cursory	approach	to	risk	assessment.		
	
One	other	weakness	Food	&	Water	Watch	identified	in	the	regulatory	applications	it	
reviewed	was	data	and	information	about	microorganism	behaviors	or	safety	based	on	“a	
nearly	identical	set	of	subject	microorganisms,”	not	the	actual	engineered	algae	that	is	the	
subject	of	the	TERA.17		While	this	may	be	appropriate	at	times,	if	abused,	this	leaves	open	
the	question	of	whether	EPA	is	basing	key	parts	of	its	risk	assessment	on	data	and	
information	about	microorganisms	that	are	not	the	specific	subject	of	the	regulatory	
application.	
	
The	EPA	should	adopt	a	common-sense	approach	to	reviewing	the	risks	associated	with	
engineered	algae,	limiting	commercialization	of	this	technology	until	it	is	shown	to	be	
safe—and	until	the	public	has	been	meaningfully	engaged	in	the	review	process.		This	
approach,	called	the	precautionary	principle,	also	instructs	the	EPA	to	take	other	common-
sense	measures,	like	examining	alternatives	to	commercialization	of	engineered	algae—
including	not	allowing	commercialization.18		
	
Weak	Public	Engagement		
	
The	EPA	has	done	a	poor	job	engaging	stakeholders	or	allowing	members	of	the	public	to	
meaningfully	participate	in	EPA’s	decision	making	on	how	it	reviews	and	regulates	
engineered	microalgae.		As	noted,	the	EPA	redacts	much	of	information	it	collects	from	
companies	in	MCAN	regulatory	submissions	for	commercialization	of	microorganisms	
based	on	the	confidential	business	information	(CBI)	claims	of	private	industry.		EPA’s	
redaction	culture	has	drawn	criticism	from	independent	scientists,	who	note	that	
“Genetically	engineered	(GE)	microalgae	are	nearing	commercial	release	for	biofuels	
production	without	sufficient	public	information	or	ecological	studies	to	investigate	their	
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possible	risks.”19	These	independent	ecologists	noted	as	far	back	as	2012	that	confidential	
business	information	claims	of	biotech	developers	keep	essential	information	out	of	the	
public’s	hands.,20	stating	“access	to	such	public	information	makes	it	possible	for	outside	
parties	to	begin	to	evaluate	possible	risks,	rule	out	unlikely	scenarios,	and	carry	out	
baseline	research	on	relevant	ecological	questions.”21	They	continue,	“…transparent	and	
formal	risk	assessments	of	GE	algae	are	urgently	needed	to	guide	and	inform	the	
development	of	sustainable	algal	biofuel	production.”22	
	
The	EPA	states	the	following	about	its	use	of	CBI:	“A	claim	of	confidentiality	may	be	
asserted	for	any	information	submitted	to	EPA,	with	certain	exceptions.	However,	
submitters	are	encouraged	to	minimize	the	amount	of	CBI	in	biotechnology	submissions,	so	
that	the	public	may	participate	as	fully	as	possible	in	the	review	process.”23		
	
Yet	the	agency	appears	to	routinely	allow	companies	to	redact	the	vast	majority	of	their	
MCAN	submissions.		This	presents	the	agency,	once	again,	as	engaged	in	a	kind	of	
regulatory	theatre,	where	its	presentation	of	its	work	does	not	line	up	with	its	actions.		
	
The	EPA	has	also	failed	to	even	simply	keep	its	records	of	submissions	up-to-date,	with	
MCANs	being	one-year	out	of	date	and	TERAs	two-years	out	of	date,	though	the	agency	has	
indicated	it	has	received	many	applications	and	notices	in	the	last	two	years.24		
	
In	September	2015,	the	EPA	held	a	public	meeting	about	its	plans	to	reformulate	how	it	
uses	TSCA	to	review	engineered	algae,	a	rare	example	where	members	of	the	public	were	
invited	to	participate	in	EPA’s	policy	making.	However,	even	this	effort	seems	largely	
designed	to	communicate	with	industry	representatives,	not	members	of	the	public	or	non-
industry	stakeholders.	
	
The	attendees	of	the	meeting,	according	to	a	list	furnished	by	EPA,	largely	included	private-
sector	developers,	with	few	members	of	the	public,	independent	scientists	or	public-
interest	groups.	It	is	also	noteworthy	that	EPA’s	announcement	for	the	meeting	notes	the	
“new	benefits	for	society”	from	engineered	algae	and	how	the	agency	“supports	its	
development	in	the	United	States,”25	a	bizarre	endorsement	that	seems	antithetical	to	the	
agency’s	primary	role	as	a	regulator	and	public	protector.		
	
EPA	does	not	work	for	industry,	and	its	job	is	not	to	spur	innovation	of	biotechnology	
products	or	advance	the	economic	success	of	biotech	companies	through	development	
(commercialization).		The	EPA	works	for	the	public,	and	its	mission	is	to	protect	the	
environment	and	the	public	from	the	risks	associated	with	the	industry	products	and	
practices.		
	
Impacts	of	a	Sugar-based	Bioeconomy	
	
Missing	from	the	hype	surrounding	algal	oils,	is	that	a	significant	portion	of	this	so-called	
‘green’-economy	is	powered	by	sugar,	which	feeds	algae	produced	in	fermentation	
production	models.		Companies	like	Solazyme	source	sugar	from	sources	like	sugarcane	or	
corn.26		
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The	EPA	must	also	consider	the	impacts	that	shifting	more	arable	land	toward	sugar	
production	to	fulfill	the	needs	of	the	synbio	economy.		The	production	of	sugarcane	can	
lead	to	deforestation	or	carbon	emissions,27	while	most	corn	produced	in	the	United	States	
is	genetically	engineered	to	be	sprayed	with	glyphosate,	recently	declared	a	probable	
human	carcinogen	by	the	World	Health	Organization.28	
	
A	Culture	of	Regulatory	Exemptions	
	
EPA	notes	that	its	current	review	of	engineered	algae	is	necessary	in	light	of	the	flood	of	
applications	it	is	receiving	for	biotechnology	applications,	which	it	expects	to	continue.29		
EPA	notes	that,	as	of	the	fall	of	2015,	it	had	received	more	than	40	new	MCANs,	TERAs	or	
other	exemption	requests	related	to	biotechnology,	some	(or	all)	of	which	presumably	
concern	engineered	algae.		
	
At	its	most	rigorous,	EPA	reviews	engineered	algae	using	a	“notice”	process,	the	MCAN,	
that,	as	noted	before,	provides	limited	safety	review	and	environmental	assessment.		EPA	
also	allows	industry	a	wide	berth	to	claim	exemptions	from	MCAN	reporting,	including	Tier	
I	and	Tier	II	exemptions,	as	well	as	the	TERA	for	research	and	development,	which	many	
developers	take	advantage	of,	according	to	the	agency.30	
	
EPA	recently	released	documents	about	its	“Biotechnology	Algae	Project”	that	listed	the	
dozens	of	exemptions	made	for	“TSCA	biotech	cases”	in	recent	years,	including	more	than	
50	Tier	1	exemptions,	Tier	II	exemptions	and	TERAs	since	2012.		By	contrast,	the	most	
comprehensive	review	EPA	does,	the	MCAN,	counted	only	75	applications	31	
	
Tier	I	exemptions	involve	no	EPA	approvals	and	simply	require	companies	to	give	the	EPA	
a	notification	of	its	commercial	production	commencement.32	Tier	II	exemptions	allow	
companies	to	use	“modified”	containment	practices	and	subject	them	to	a	45-day	review	
that	requires	EPA	approval,	though	the	information	required	of	Tier	II	exemption	does	not	
appear	to	provide	EPA	much	basis	for	evaluating	potential	safety	risks	if	a	microorganism	
were	to	escape.33	
	
Bias	in	Regulatory	Science		
	
In	the	regulatory	submissions	to	EPA	that	Food	&	Water	Watch	reviewed,	the	sponsor	
company	appears	to	supply	all	of	the	science	and	risk	assessment	to	EPA.		The	public	has	
no	way	to	know	the	extent	of	EPA’s	review	process,	whether	the	agency	simply	rubber	
stamps	the	conclusions	of	the	sponsor	company	or	rigorously	scrutinizes	the	science.		
Whatever	the	level	of	scrutiny,	there	appears	to	be	very	little	independent	science	
undergirding	EPA	reviews	of	approvals.		
	
The	sponsor	companies	furnishing	the	data	and	risk	assessment	materials	to	EPA	have	an	
obvious	financial	interest	in	producing	and	reporting	data	that	is	favorable	to	its	economic	
interests.		This	creates	a	conflict	of	interest	that	is	not	hypothetical	but,	in	fact,	a	well	
documented	and	very	routine	bias,	according	to	several	peer-reviewed	meta-analyses,	
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which	show—across	a	wide	range	of	scientific	fields—that	companies	are	very	frequent	
sponsors	of	published,	peer-reviewed	research,	and	that	these	studies	routinely	produce	
results	favorable	to	the	company.	By	contrast,	those	published	studies	that	have	no	such	
industry	sponsorship	(or	other	conflicts	of	interest)	are	far	less	likely	to	arrive	at	pro-
industry	conclusions.34	
	
This	issue	would	appear	very	important	in	the	new	field	of	engineered	algae	production,	on	
which	relatively	little	research	has	been	conducted.		In	some	cases,	it	appears	that	
biotechnology	companies	are	able	to	exercise	absolute	control	over	the	scientific	discourse	
surrounding	their	products	leading	up	to	commercialization—and	at	times	following	
commercial	release.		As	noted,	independent	scientists	have	openly	complained	that	they	
have	been	shut	out	of	the	scientific	process	surrounding	the	environmental	assessment	of	
products	like	engineered	algae	used	in	fuel	production.		
	
“New”	Microorganisms	
	
Whether	or	not	EPA	regulates	engineered	microorganisms	depends	on	a	very	subjective	
determination	of	whether	the	microorganisms	are	‘new.’		The	EPA’s	language	on	what	
qualifies	as	a	‘new’	organism	is	based	on	taxonomy,	with	the	relatedness	of	organisms	
whose	genes	have	been	recombined	serving	as	the	basis	for	whether	or	not	an	organism	is	
‘new.’		While	EPA	is	correct	in	noting	that	“the	deliberate	combination	of	genetic	material	
originally	isolated	from	different	organisms”	elicits	greater	uncertainty	about	the	effects	on	
such	recombination	on	things	like	human	health	and	the	environment,35	the	EPA	fails	to	
recognize	that	the	process	of	recombining	genes	through	genetic	engineering	also	presents	
great	uncertainty	about	safety.		It	is	now	well	understood	that	gene	engineers	cannot	
simply	insert	a	new	gene	construct	into	the	DNA	of	an	organism	and	expect	the	insertion	to	
have	one	and	only	one	impact	on	the	organism.		Likewise,	EPA	cannot	assume	that	the	
deletion	of	a	gene	or	set	of	genes	will	have	no	effect	or	only	one	effect.	EPA	must	take	into	
consideration	pleiotropic	effects.		
	
Moreover,	this	taxonomic	approach	creates	great	confusion	surrounding	how—or	if—the	
EPA	applies	it	to	new	genetic	engineering	techniques.		If	a	company	uses	cisgenic	
techniques,	splicing	genetic	material	from	the	same	species	or	genus	into	the	algae,	EPA	
appears	to	interpret	this	algae	as	intrageneric	and	not	intergeneric---	and,	hence,	not	new,	
even	though	the	process	of	cisgenesis	likely	involves	a	disruption	in	the	genetic	code	of	an	
algae	in	a	way	that	will	likely	have	unintended	impacts,	not	unlike	those	impacts	through	
transgenesis.36		Likewise,	gene	editing	techniques	may	not	change	the	taxonomy	of	the	
algae—or	introduced	genetic	material	from	organisms	of	a	different	genus,	yet	still	
represent	a	radical	re-engineering	of	the	algae	that	clearly	requires	regulatory	oversight.	
	
When	questioned	on	this	point	at	EPA’s	public	workshop,	the	EPA	did	not	seem	to	have	a	
clear	directive	on	how	or	when	it	would	bring	TSCA	to	bear.		The	arbitrary	trigger	for	TSCA	
around	the	‘newness’	does	not	seem	to	be	clear	or	adequate.	The	gray	area	surrounding	
whether	or	not	a	product	is	‘new’	and	hence	subject	to	TSCA	review	is	further	complicated	
by	the	fact	that	EPA	leaves	this	highly	subjective	determination	to	industry.			
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Escape	
	
The	short	history	of	experimentation	with	engineered	microalgae	has	shown	that	any	work	
with	engineered	algae	leads	to	unintentional	releases	because	the	containment	methods	
have	limits.	37	If	the	EPA	is	concerned	with	environmental	releases,	it	must	appreciate	that	
unintentional	releases	are	inevitable.	This	reality	should	shift	the	EPA’s	focus	well	beyond	
what	appears	to	be	the	current	focus—assessing	the	biosecurity	of	a	company’s	production	
methods	and	the	likelihood	of	escape,	rather	than	meaningfully,	scientifically	examining	
what	the	impacts	will	be	when	algae	escape.	
	
Unintentional	release	of	engineered	algaes	may	also	happen	through	disposal,	as	at	the	
recent	EPA	meeting	it	was	discussed	that	some	engineered	algae	varieties	have	rigid	cell	
walls	that	make	them	unresponsive	to	some	inactivation	methods.38	
	
It	appears	that	the	EPA	provides	zero	monitoring	of	unintentional	releases.		A	TERA	
submitted	by	Sapphire	Energy	noted	the	potential	for	its	production	of	engineered	algae	
presents	a	risk	of	contaminating	nearby	ponds,	which	Sapphire	promised	to	monitor,	
contacting	the	EPA	if	a	problem	emerged.39	Sapphire	would	be	ready	to	“terminate”	the	
trial,	if	serious	problems	emerged.40	
	
Common	sense	and	history	shows	that	leaving	the	biotechnology	industry	in	charge	of	
monitoring	containment	during	field	trials	and	other	development	stages	endangers	the	
public.		If	EPA	does	not	have	the	resources	to	provide	monitoring,	then	the	agency	should	
rethink	whether	it	is	going	to	allow	environmental	releases	to	take	place.	
	
The	agency’s	existing	guidance	on	submitting	MCANs	and	TERAs	asks	companies	for	
information	on	survival	and	fate	of	new	microorganisms,	but	because	EPA	redacts	almost	
the	entirety	of	MCANs	and	TERAs,	it	remains	unknown	if	or	how	this	is	being	reviewed	by	
EPA	or	studied	by	corporate	sponsors.	There	is	no	indication	that	EPA	is	providing	any	
serious-minded	monitoring	or	assessment—and	every	indication	that	the	EPA	does	not	
have	the	resources	to	do	so.		
	
Given	the	potential	for	escape,	EPA	should	require	companies	to	develop	accurate	testing	
procedures	for	all	engineered	organisms,	whether	used	in	labs	or	field	settings,	which	
allow	for	detection	of	escapes.		Further,	EPA,	not	private	companies,	must	actively	monitor	
escapes	by	using	these	tests	and	other	surveillance	methods.	
	
Conclusion	
	
Again,	Food	&	Water	Watch	rejects	the	narrow	premise	of	EPA’s	current	approach	and	call	
on	the	EPA	to	jettison	its	dangerous,	industry-friendly	regulatory	approach	to	genetically	
engineered	organisms	under	TSCA.		Genetically	engineered	organisms,	including	algae,	
require	new	regulations	designed	to	address	the	unique	and	specific	risks	associated	with	
this	very	new	technology,	which	represents	a	radical	departure	from	traditional	breeding	
practices.	EPA	should	be	collaborating	with	other	federal	agencies	to	comprehensively	
develop	an	entirely	new	framework	that	follows	the	precautionary	principle	and	offers	
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holistic,	systematic	review	of	all	of	the	relevant	risk	dimensions	associated	with	new	
biotechnology	products.		
	
Thank	you	for	the	opportunity	to	comment	on	this	important	issue.	
	
Sincerely,		

	
Wenonah	Hauter	
Executive	Director	
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 2

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

Kathy Carr Kirkland Washington 98028
Jonathan Gottlieb Natick Massachusetts 01760
Rebecca Riley Calabasas California 91367
Patricia Lopez Chula	Vista California
Philip	 Papaelias	
Damien McGinnis Santa	Clarita California
Marla Hay Brookville OH 45309-8224
Dennis Kreiner carpentersville Illinois 60110
Richard Jones Naples New	York 14512
Jo DiLallo Temple Pennsylvania 19560
David Cook Eden	Prairie Minnesota 55346
Danny Kline Manchester Michigan 48158
Karen Miller Seal	Beach CA 90740
Melanie Martin Firth Idaho 83236
Shirley Sullivan Oshkosh Nebraska 69154
Reina Sanchez
Douglas Cooke Brooklyn NY 11226
Joan Stone San	Anselmo California 94960
Airynee May Boyce Virginia 22620
Jan Roxburgh 97217
Barbara Jordan North	Bellmore New	York 11710
Lori Clark West	Des	Moines Iowa
Barry Swedlow Lynchburg VA 24501
Mary	Susan Sabol Southington Connecticut 06489
Olowaan Plain Albuquerque New	Mexico 87107-5856
Siv Swan-Pierson MalmÃ¶ SkÃ¥ne	lÃ¤n
Sarah Collen
Jenny Ferguson	 Lakewood Colorado
Ben Micek Fort	Collins Colorado
Bret Withrow Morganton North	Carolina 28655
Leon Roberts Rapid	City South	Dakota 57701
Jean Williams Norwood Massachusetts 02062
alex irwin



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 3

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

Judi Koltay Harwood	Heights Illinois
jody neugebauer
Deborah Walsh Stillwater Minnesota 55082
Helene De	Lorenzo New	York New	York 11228-2614
Tony Agudo Dubai Dubai
Ben A
Amy Gregorich	Kopischke
Paula Frighetti 85710
Freya Hill 21042
Anu Pruitt 13214
Susan Marie 07606
Kayce R. Chicago Illinois 60622
Tim Searle Vancouver British	Columbia
Marice Nelson Hopkinton New	Hampshire 03229
Beverly Foster 19087
Bill Newman Austin Texas 78722
Sherrie Raymond Knoxville Tennessee
Anya Starr Fitchburg Massachusetts 01420
Rob King Little	Rock Arkansas 72205
Kristi Waddell lake	forest	park Wa 98155
Valerie Carlisle Pleasant	Valley New	York 12569
Willa Grant Eureka California 95503-6354
Darlene McLellan	McCarthy Sandwich Massachusetts 02644
Ryan	 Christensen
Stefan Vlahovic Philadelphia Pennsylvania
Jodie Venturelli Burbank California 91505-3237
Lisa Fields Austin Texas 78759
Sue	Ellen Camden-Lee Rutherfordton NC 28139-6614
Nikki Stefina Ann	Arbor Michigan 48105
Barry	Eshkol Adelman
Brett Blau Long	Beach New	York
James Love roanoke Virginia 24015
Virginia Hughes Falmouth Maine 04105



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 4

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

MaryBeth Smith Leon West	Virginia 25123
Renee Greenlee Appleton Wisconsin 54911
Caitlin Adolph Mogadore Ohio 44260
Cecilia Dominguez Los	Angeles California 90021
Vicki Mercer La	Huerta Jalisco 78247
Leilani Clark Kailua-Kona Hawaii 96704
Pamela Fausty Bedford New	York 10506
Kim Chamberlain Fortuna CA 95540
Faith GLenn Kansas	City Missouri 66061
Dean Pryer Eugene OR 97402
Jess Lindberg Aurora Illinois
Stela Felipe Oviedo Florida
Larry Scrima Aurora Colorado 80012
Stella Wilson Oak	Park IL 60304-2420
Lcol Coleman Redwood	City California 94063-3620
Peter Leonard Taos NM 87571
Eugenia Salvatore Lafayette Oregon 97127
Bill Friedman Evanston Illinois 60201
Nancy Orons
Dawn Gazaway Moreno	Valley California 92553
Lynn Salvatore University	Place Washington 98467-1624
Christopher Gautrau New	Milford CT 06776
Pamela	 Braun	 97302
Betty Marr Roanoke VA 24018
Tom Thomas Harrisville Michigan 48740
Daniel Johnson
Paula Harrington las	vegas nv 91016
Marcia O'Reilly Bloomfield	Hills Michigan 48302
Shannon Adams Cleveland Ohio
steven su Chicago Illinois 60527
Cecilia Nakamura Hebron Kentucky 41048
Lauri Ross Charlottesville Virginia 22906
Karen Radzik



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 5

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

Megan Hornsby Peoria Arizona 85383
Tim Harper Morton	Grove Illinois
Wynnie Victor Boston Massachusetts
Rachael Tice Los	Angeles California 91607
Dawn Hendry Littleton Colorado 80127
M Navarro
Kathy Kirby Cathedral	City California 92234
Laurie McCarthy	Olson Lafayette Oregon
Alan Susarret
Kevin Slauson
Emily Swetland
Sherri Hilario Sydney New	South	Wales
Edie Cote Boston Massachusetts
Jeff Berger Oakland California 94601
Mark Laustrup Hayward Wisconsin 54843
Erin	Blythe O'Brien 78957
Jeanne Delia Lakewood Ohio 44302
Jared Polens 01247
Darlene Walker High	River Alberta T1V1K5
Gene Hunter Bethlehem Pennsylvania 18040
Marie Wakefield
Mara Johnson Lafayette California 94549
Maggie rivera Portland OR 97211
Patricia Nance Layton Utah 84040
Kerri Estrella Savannah Georgia 31401
Sue Waite Roseburg Oregon 97470
Sara	 Luevano	 Burleson tx 76028
Nick Marling elk	grove CA 95624
Amanda Kavanagh Midvale Utah 84047
Lois Kain
Sue Kim 11218
Amber Macki Olympia Washington 98501
Emma	Pari Javaherian La	Mesa California 91941



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 6

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

James Cunningham
Mike Lu Austin Texas 78737
Wendy Bardsley San	Francisco California 94110
Virginie Calme Portland Oregon 97229
Angela LeBlanc New	Iberia Louisiana
Terry Mize Crescent	City California 95531
Barbara Smith East	Brunswick New	Jersey 08816
Mary Baxter Half	Moon	Bay California
Troy Tackett 25701
Carrie Franklin Issaquah Wa 98027
Marian Holley
Pamela Large Bellingham Washington 98225
Rick Spisak Enigma Georgia 33455
Elizabeth Bull Waterville Maine
Kay Hawks Ogden Utah 84404
Miranda de	Roo Delft Netherlands 2628	ES
Kiri Nibler
Ken Green 99572
Taina Kaarla
Susan	 Bennet
Carol Verdicchio Phoenix Arizona 85044
Suzanna Davis Medford Oregon
Kathi Kauppi Minneapolis Minnesota 55435
Elisabeth Hoffman Boca	Raton Florida 33431
Chelsey Yeager
Rodema Ashby Albuquerque New	Mexico 87104
Maryanne Adams 03301
Mahesha De	Silva Colombo Western	Province
Cathy Lazarewicz 14223
Barbara Runge Canton Ohio 44706
Jeszica Gage Santa	Cruz California
R	Stephen Karvwatt Raleigh North	Carolina 27603
Gertrud Bessai Schenectady New	York 12345



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 7

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

Tom Egan
Mary	Jo Baldridge Harrisburg Pennsylvania 17102
angelica ochoa
Craig Wolcott 77007
Helen Gilmore Oak	Park IL
Cynthia Maguire 76210
Dessy Wilson Torrance California 90278-5226
Lucy Snow
Susan Tuck Ada Oklahoma
Shanna Goetz Appleton Wisconsin 54466
Carla Kociolek Boulder Colorado 80503
Î•Ï�Î¹Ï†Ï�Î»Î· ÎšÎ¿Ï…Ï„ÏƒÎ¿Ï…Î´Î¬ÎºÎ· Tinton	Falls New	Jersey 07724
Nancy Hayden
Grace Strong Ironwood Michigan
Elizabeth Gulick North	Hollywood CA 91605-5353
Becky Martin Katy TX 77494
Denise Madland
Sarah Shelley Walnut	Creek CA 94598
Regina Guccione Colorado	Springs Colorado 80906
Jane McCullam Newbury ohio 44065
Lorrie Ogren 01532
Lauren Ramsey
George Marengo New	York New	York
Marina Rusev Atlanta Georgia 30062
Donna Walters
Rosie Estrin Fairfield Iowa 52556
Cathy Bassett 97266
Donna Kowzan
Marilyn Borchardt Oakland California
Janet Lindgren	Pierce 97497
Hunter Marshall Roslyn	Heights New	York 11577
Dawne Walker Newark Delaware 19711
Judy Curry Lake	Forest CA 92630



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 8

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

Karen Moynihan 19382
JA Wilson Oregon	City oregon 97045
Rita Hogan Olympia Washington 98502
Tsandi Crew Lake	Bluff Illinois 60044
Tessa Flores
Rose McCaslin Albuquerque New	Mexico 87102
Tina Bowers
Rachel Cook New	Orleans Louisiana 70118
Lance Williams little	rock arkansas 72201
Karen Toyohara La	Mesa CA 91941-6710
Randall Ayers Vancouver Washington 98683
Cheryl Fergeson West	Point Utah 84404
TinaMarie King Redmond Washington
Lori Larson Fairfield Iowa
Charlotte Maloney Eugene Oregon 97405
Wendy Barcomb Staunton Virginia 24401
Nancy Pichiotino 49740
Theresa Rogers Las	Vegas Nevada 89129
Huan Manton Los	Angeles California 80220
DoÃ±a Lea-Johnson Hayden Idaho 83835
Kathleen DeMill San	Diego California
Josie Lilly Astoria Oregon 97103
Karen Wilson Whittier California 90604
Bev Walker Kingsland TX 78639-9574
Ben Williams Charlotte North	Carolina
Jon Yaffe Maplewood MO 63143
Carmen Scaglione St.	Clair	Shores Michigan 48080
Michelle Stern Austin Texas 78701
Nia Fox
Kathy Faller
Gina Fennell Prattville Alabama 36067
Kristen Swanson Springfield Oregon 97477
Bonnie Breckenridge San	Diego California 92105



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 9

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

Barbara Sparkuhl Laguna	Beach California
Dorothy Valone Saint	Augustine Florida 32084
Hill Andt 37327
Linda Howard 10028
Paul Naylor Eugene Oregon 97401
Gayle Flynn Sarasota Florida
Jacqueline Horn Cleveland Ohio 44113
Adriana Beckman Wickenburg Arizona	85390 85390
Jamie Gwynn
jeremy popilsky
Amanda Rieger Swanton Ohio 43558
John McDonald 07105
Rebekah	 Henley	 Weed CA 96094
Lisa Kiss Sag	Harbor New	York
James Cray Desert	Hot	SpringsCA
Jepke Goudsmit Sydney New	South	Wales02000
Tanya Atwood-Adams Fayetteville New	York 13066
Maureen Lattimore Downers	Grove	IL	USA 60559
Jessie Lesko Pittsburgh PA 15218
Robin Crawford Spanaway Washington 98387
dorthea martin Darien Illinois 60561
Patti	J Talbot-Turner 06360
Carolyn Bristol Kalamazoo Michigan
Jessica Kronika Chicago Illinois 60604
Christopher Rostro Santa	Ana California
Wendy Emlinger El	Paso Texas 79936
Sal Taylor
Paul DeFelice V1L	6R7
Christine Stefano
Jene	L. McCovey
Kathy O'Hara Seattle WA 98105-6509
Judy Poveda	 91910
Matthew McKellar



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 10

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,

Janis Dappert Winchester Illinois 62694
Pamela Angel Santa	Monica California 90405
Rocky Lane Sherman	Oaks California 91401
Nancy Champion Tallahassee FL 32312
Kathryn Miller 92531
Dee Tomlin Cincinnati Ohio 45236
Diane Boecke 13856
Laurel Hughes Seattle Washington
Karen Palmer Cumberland Rhode	Island 02864-1002
Jennifer Drew Marblehead Massachusetts 01945
Vicky Gannon Seattle WA 98121
Gerald Devine



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 11

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 12

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 13

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 14

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 15

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 16

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 17

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 18

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 19

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 20

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 21

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 22

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 23

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 24

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 25

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 26

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 27

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 28

First	Name Last	Name City State Zip
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Dear EPA Administrator Gina McCarthy,
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technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
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technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,
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regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,
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technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,
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technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
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regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 49

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
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regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
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technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,
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Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 79

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 80

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 81

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 82

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 83

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 84

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 85

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 86

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 87

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 88

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 89

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 90

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 91

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 92

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 93

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 94

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 95

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 96

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 97

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 98

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 99

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 100

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 101

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 102

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 103

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 104

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 105

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 106

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 107

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 108

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 109

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 110

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 111

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 112

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 113

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 114

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 115

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 116

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 117

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 118

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 119

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 120

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 121

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 122

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 123

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 124

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 125

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 126

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 127

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 128

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 129

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 130

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 131

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 132

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 133

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 134

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 135

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 136

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 137

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 138

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 139

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 140

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 141

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 142

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 143

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 144

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 145

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 146

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 147

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 148

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 149

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 150

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 151

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 152

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 153

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 154

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 155

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 156

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 157

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 158

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 159

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 160

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 161

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 162

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 163

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 164

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 165

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 166

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 167

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 168

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 169

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 170

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 171

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 172

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 173

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 174

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 175

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 176

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 177

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 178

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 179

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 180

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 181

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 182

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 183

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 184

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 185

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 186

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 187

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 188

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 189

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 190

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 191

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 192

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 193

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 194

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 195

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 196

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 197

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 198

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 199

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 200

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 201

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 202

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 203

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 204

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,

The new extreme “synthetic biology” genetically engineered algae is too risky, and too likely 
to escape to use outdated regulations for your approval process. Please require new 
regulations designed to address the unique and specific risks associated with this very new 
technology, which represents a radical departure from traditional breeding practices.

Signed,



www.foodandwaterwatch.org  — (202) 683 2500 — 1616 P St. NW, Washington, DC 20036 205

First	Name Last	Name City State Zip

Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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Dear EPA Administrator Gina McCarthy,
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technology, which represents a radical departure from traditional breeding practices.

Signed,
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