
March 04, 2014 

David Duncan, Chief Environmental 
Monitoring Branch Pesticide 
Programs Division Department of 
Pesticide Regulation 
1001 “I” Street, Floor 3 
Sacramento, California 95814 

Dear Mr. Duncan: 

EXTERNAL PEER REVIEW OF THE DEPARTMENT OF PESTICIDE REGULATION’S 
METHODOLOGY TO DEVELOP BUFFER ZONES AND MITIGATION MEASURES FOR 
CHLOROPICRIN 

This letter responds to the attached November 14, 2013 request for external scientific peer 
review for the subject noted above.  The review process is described below.  All steps were 
conducted in confidence.  Reviewers’ identities were not disclosed. 

To begin the process for selecting reviewers, I contacted the University of California, 
Berkeley (University) and requested recommendations for candidates considered qualified to 
perform the assignment. The University was provided with the November 14, 2013 request 
letter to me and attachments. The request was later augmented with the January 27, 2014 
request letter to me and attachments. The University concurred that the augmented request was 
appropriate, and no additional material was asked for. This service by the University includes 
interviews of each promising candidate and is supported through an Interagency Agreement co- 
signed by Cal/EPA and the University. 

Each candidate who was both interested and available for the review period was asked to 
complete a Conflict of Interest (COI) Disclosure form and send it to me for review, with 
Curriculum Vitae. The cover letter for the COI form describes the context for COI concerns that 
must be taken into consideration when completing the form.  “As noted, staff will use this 
information to evaluate whether a reasonable member of the public would have a serious 
concern about [the candidate’s] ability to provide a neutral and objective review of the work 
product.” 

In subsequent letters to candidates approved as reviewers, I provided the attached 
January 7, 2009 Supplement to the Cal/EPA Peer Review Guidelines, which, in part serves two 
purposes:  a) it provides guidance to ensure confidentiality through the course of the external 
review, and, b) it notes reviewers are under no obligation to discuss their comments with 
third-parties after reviews have been submitted. We recommend they do not.  All outside 
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parties are provided opportunities to address a proposed regulatory action, or potential basis for 
such, through a well-defined rulemaking process. 

Later, I sent each reviewer the material to be reviewed and a detailed cover letter to initiate the 
review (examples attached). 

Also, attached to the cover letter was the November 14, 2013 request for reviewers to me. Its 
Attachment 2 was highlighted as the focus for the review.  Each reviewer was asked to address 
each topic, as expertise allows, in the order given.  Fifty days were provided for the review.  I 
also asked reviewers to direct enquiring third-parties to me after they have submitted their 
reviews. 

I subsequently sent the January 27, 2014 augmentation request to each reviewer. This added a 
fifth conclusion to be reviewed. The request included an attachment of eight references which 
could be accessed electronically. 

Reviewers’ names, affiliations, curriculum vitae, and reviews are being sent to you now with this 
letter.  All attachments can be electronically accessed through the bookmark icon at the left of 
the screen. 

Approved reviewers are as follows: 
 

1.  Mingxin Guo, Ph.D. 
Professor of Soil and Water Sciences 
Department of Agriculture and Natural Resources 
Delaware State University 
15 Baker Building 
Dover, DE 19901 

Telephone: 302-857-6479 
FAX: 310-857-6455 
Email:  mguo@desu.edu 

2.  Glenn C. Miller, Ph.D. 
Professor, Department of Natural Resources and Environmental Science 
Director, Graduate Program in Environmental Science 
University of Nevada, Reno 
1664 North Virginia Street 
Reno, NV 89557 

Telephone: 775-784-4108 
FAX: 775-784-4583 
Email: glennm@unr.edu

3.  James N. Seiber, Ph.D. 
Editor-in-Chief, Journal of Agricultural and Food Chemistry 
Department of Environmental Toxicology, Emeritus Professor 
University of California, Davis 
One Shields Avenue 
Davis, CA 95616 

mailto:mguo@desu.edu
mailto:glennm@unr.edu
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Telephone: 530-752-1141 
FAX: 530-752-4759 
Email:  jnseiber@ucdavis.edu 

 
 
If you have questions, or require clarification from the reviewers, please contact me directly. 

Regards, 

 
 
 
Gerald W. Bowes, Ph.D. 
Manager, Cal/EPA Scientific Peer Review Program 
Office of Research, Planning and Performance 
State Water Resources Control Board 
1001 “I” Street, 16th Floor 
Sacramento, California 95814 

 
Telephone: (916) 341-5567 
Fax:  (916) 341-5284 
Email:  GBowes@waterboards.ca.gov 

 
Attachments 

 

1) November 14, 2013 Request by David Duncan for Scientific Peer Review 
 

2) Example of Letter to Reviewer Initiating the Review 
a)  Mingxin Guo, Ph.D., Delaware State University 
b)  Glenn C. Miller, Ph.D., University of Nevada, Reno 
c)  James N. Seiber, Ph.D., University of California, Davis 

 

3) January 7, 2009 Supplement to Cal/EPA Peer Review Guidelines 
 

4) January  27, 2014 Request by David Duncan to Amend the November 14, 2013 
Scientific Peer Review Request 

 

5) Curriculum Vitae: 
a)  Mingxin Guo, Ph.D., Delaware State University 
b)  Glenn C. Miller, Ph.D., University of Nevada, Reno 
c)  James N. Seiber, Ph.D., University of California, Davis 

 

5) Reviews: 
a)  Mingxin Guo, Ph.D., Delaware State University 
b)  Glenn C. Miller, Ph.D., University of Nevada, Reno 
c)  James N. Seiber, Ph.D., University of California, Davis 

 
ec: Randy Segawa, Environmental Program Manager 

Department of Pesticide Regulation 
Randy.Segawa@cdpr.ca.gov 
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Department of Pesticide Regulation 

Brian R. Leahy 
Director M E M O R A N D U M Edmund G. Brown Jr. 

Governor 

TO: Gerald W. Bowes, Ph.D.  

Manager, Cal/EPA Scientific Review Program 
Office of Research, Planning and Performance 
State Water Resources Control Board 
1001 I Street, MS 16B 
Sacramento, California 95814 

   

FROM: David Duncan, Environmental Program Manager Original Signed By 
Environmental Monitoring Branch 
916-445-3870 

   DATE: November 14, 2013 

SUBJECT: REQUEST FOR AN EXTERNAL PEER REVIEW OF THE DEPARTMENT OF 
PESTICIDE REGULATION’S METHODOLOGY TO DEVELOP BUFFER ZONES 
AND MITIGATION MEASURES FOR CHLOROPICRIN 

 

In accordance with Health and Safety Code section 56004, the California Department of Pesticide 
Regulation (DPR) requests external peer review of its methodology entitled “Development of 
Chloropicrin Buffer Zones.” The methodology consists of analysis of field monitoring data performed 
to provide a basis for California buffer zone development. DPR will use the document to support 
future mitigation measures for chloropicrin, but regulations are not in development at this time. 

For this peer review, I suggest that the reviewers have expertise in the following areas, in order of 
importance: 

1. Statistics - distributional analysis 
2. Air quality / air pollution modeling 
3. Environmental chemistry 

We estimate that three reviewers will be adequate to cover all needed areas of expertise. 

The documents are ready for review at any time, and the preferred period of review is 60 days. 

The following attachments are enclosed: 
• Attachment 1: Plain English summary of the proposal, “Development of Chloropicrin Buffer 

Zones.” 
• Attachment 2: Description of scientific assumptions, findings, and conclusions to review. 
• Attachment 3: List of Participants. 

o A. California Department of Pesticide Regulation Staff 
o B. Other Participants 
o C. Participants who Provided Comments During Public Comment Period 
o D. Bibliography 

1001 I Street • P.O. Box 4015 • Sacramento, California 95812-4015 • www.cdpr.ca.gov 

A Department of the California Environmental Protection Agency 
Printed on recycled paper, 100% post-consumer--processed chlorine-free. 

http://www.cdpr.ca.gov/docs/whs/pdf/appendix_4_development_of_chloropicrin_buffer_zones.pdf
http://www.cdpr.ca.gov/docs/whs/pdf/appendix_4_development_of_chloropicrin_buffer_zones.pdf
http://www.cdpr.ca.gov/
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If you have any questions regarding this request, please contact Randy Segawa, at 916-324-4137 or at 
<rsegawa@cdpr.ca.gov>. Thank you for your time and consideration of this request. 

Attachments 

cc: Randy Segawa, DPR Environmental Program Manager (w/Attachments) 

mailto:rsegawa@cdpr.ca.gov
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Attachment 1 
Plain English Summary of “Development of Chloropicrin Buffer Zones” 

 
DPR identified chloropicrin as a Toxic Air Contaminant (TAC) and determined that mitigation 

measures are needed to reduce exposures. DPR completed a Risk Characterization Document (RCD) 
for chloropicrin as a TAC in February 2010. Focusing on residents and bystander exposure, the RCD 
assessed the health risk of chloropicrin based on evaluations of toxicology studies, and exposure 
estimates from air monitoring, computer modeling, and other data. In December 2010, DPR issued a 
Risk Management Directive that identified some unacceptable exposures in the RCD, and directed 
staff to develop use restrictions. DPR’s Risk Management Directive determined that the primary effect 
observed with acute exposure to chloropicrin is sensory irritation, and the appropriate regulatory target 
level to restrict acute exposure to chloropicrin is 73 parts per billion or 0.073 parts per million 
averaged over an eight-hour period. As with other fumigants, a key element in mitigating exposure is 
establishing a buffer zone between a fumigated area and residents and bystanders. 

 
The U.S. Environmental Protection Agency (U.S. EPA) employs buffer zones as one of the 

primary mitigation measures on its revised labels for chloropicrin products. For each particular use 
scenario, U.S. EPA presents a main buffer zone table containing buffer zones of maximum length and 
then gives buffer zones credits of up to 80% to reduce the size of a particular buffer zone. Those 
credits are applied directly to the buffer zone distance and not to the flux used to generate the buffer 
zone. U.S. EPA allows credits for the following factors: tarp type, organic matter, clay content, soil 
temperature, Symmetry System, potassium thiosulfate (KTS), and water seal applied over the tarp. 

 
This document presents the approach DPR followed to develop buffer zones, using only flux 

data generated in the field. It describes the chloropicrin field data analysis performed to provide a basis 
for California buffer zone development. It discusses why DPR’s methodology differs from that used by 
the U.S. EPA. 

 
In addition, preliminary buffer zones are presented and the modeling system and methods used 

to develop them are described. Supporting information for the approach used to develop the 
chloropicrin buffer zones is also presented. The supporting information is drawn from analysis and 
modeling performed to develop other fumigant mitigation measures. These fumigants include methyl 
bromide, metam sodium, and methyl iodide. The topics in the supporting information are an analysis of 
the protection level of whole field versus maximum direction buffer zones (Appendix 6) and an 
analysis supporting the choice of weather data used to develop the chloropicrin buffer zones (Appendix 
7). 



Gerald W. Bowes 
November 14, 2013 
Page 4 

 

 
 
 
 

Attachment 2 
Description of Scientific Assumptions, Findings, and Conclusions to be Addressed by the Peer 

Reviewers 
 
Reviewers are asked to determine whether the scientific work product is “based upon sound 
scientific knowledge, methods, and practices.” 

 
We request that you make this determination for each of the following issues. An explanatory 
statement is provided for each issue to focus the review. 

 
For those work products which are not proposed rules, as is the case here, reviewers must 
measure the quality of the product with respect to the same exacting standard as if it was subject 
to Health and Safety Code 57004. 

 
The following conclusions are based on information provided in DPR’s document, “Development of 
Chloropicrin Buffer Zones.” 

 
1. DPR used data from 28 of the 47 fumigations available to determine buffer zones and 
correctly excluded, for scientific and policy reasons, data from 19 of the fumigations. 

 
The U.S. Environmental Protection Agency (U.S. EPA) received data from pesticide registrants for 45 
chloropicrin fumigations, which U.S. EPA used to revise labels for chloropicrin products as of 
December 2012 and develop mitigation measures, including buffer zones.  DPR had access to two 
additional newer studies, for a total of 47 fumigations (see Appendix 1 in the “Development of 
Chloropicrin Buffer Zones”). 

 
As discussed on page 2 of the “Development of Chloropicrin Buffer Zones,” DPR decided to exclude 

data from seven of the 47 fumigations for the reasons listed below (where n is the number of 
fumigations). 

• Data did not did not meet the laboratory Quality Assurance/Quality Control standards for data 
submission and were, therefore, finally rejected after several additional submissions by the 
registrant (n=2). 

• Data were submitted to U.S. EPA but not to DPR (n=1); since DPR did not have the data, DPR 
did not include them. 

• Data were removed at the direction of DPR management (n=4). 
 
Table 1 (page 4 of the “Development of Chloropicrin Buffer Zones”) summarizes maximum flux in the 
chloropicrin database of 40 fumigations. As discussed on pages 2 through 5 in “Development of 
Chloropicrin Buffer Zones,” DPR excluded 12 more studies for the following scientific reasons (where 
n is the number of fumigations). 

• Symmetry Method application type across all tarp types because this method is not practiced in 
California (n=3). 

• Metallized tarp type because the use of Metallized tarps is discouraged in California due to 
disposal issues (n=2). 

http://www.cdpr.ca.gov/docs/whs/pdf/appendix_4_development_of_chloropicrin_buffer_zones.pdf
http://www.cdpr.ca.gov/docs/whs/pdf/appendix_4_development_of_chloropicrin_buffer_zones.pdf
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• The VIF tarp type (n=1); strip application type (n=1); strip/deep application type (n=1); 
broadcast/deep application type (n=2); drip application type + TIF tarp type (n=1); and 
broadcast application type + TIF tarp type (n=1) were not conducted in enough combinations of 
applications and tarp types to allow inclusion in the statistical analysis. 

 
Therefore, DPR used data from the remaining 28 fumigations for its evaluation (see Table 2 on page 5 
of the “Development of Chloropicrin Buffer Zones”). 

 
2. DPR classified chloropicrin fumigation methods into only three groups, based on tarp type, 
and correctly excluded other tarp and application types. 

 
Chloropicrin fumigation methods vary by application type (method of injection [tractor shank or drip 
irrigation], depth of injection [10 – 24 inches], field configuration [bedded or flat field]) and   tarp type 
(untarped, poly tarp, totally impermeable film [TIF] tarp), and other parameters. DPR grouped 
fumigation methods by only tarp type because flux differences due to other fumigation methods were 
not statistically significant or it was not possible to perform a statistical analysis due to small sample 
size as discussed on pages 3 through 8 and shown in Figures 1, 2 and 3 in “Development of 
Chloropicrin Buffer Zones.” Therefore, DPR used the following three tarp types to classify 
chloropicrin fumigations: untarped, Poly and TIF. 

 
3. Peak flux sometimes occurred during the day and sometimes during the night, and DPR 
correctly and completely accounted for these time periods. 

 
Peak flux for most fumigants and fumigation methods occur during daylight hours. Peak flux can occur 
at night in a few cases, but this is usually associated with particular fumigants and fumigation methods. 
Chloropicrin is the first fumigant evaluated by DPR that showed inconsistent times for peak flux, with 
no discernible pattern as discussed on pages 8 through 14 (see also Tables 3 and 4; and Figures 4 – 7) 
in “Development of Chloropicrin Buffer Zones.” Peak flux at night results in much higher air 
concentrations and buffer zone distances compared to peak flux during the day due to differences in 
weather conditions. Because a consistent flux profile could not be determined, DPR modeled each of 
the 28 fumigations separately to determine buffer zone distances. 

 
4. DPR concludes insufficient evidence exists to support most buffer zone reduction credits, 
contrary to the U.S. Environmental Protection Agency’s (U.S. EPA’s) conclusions. 

 
Except for tarp type, DPR did not find evidence in the field study data to support the buffer zone 
credits awarded by U.S. EPA. U.S. EPA credits were developed using a mix of field results and soil 
column studies in the laboratory. Thus far, DPR has relied on field-generated data, not laboratory soil 
column studies, because the relationship between the laboratory results and field results are not 
quantified. U.S. EPA credits are for soil moisture at the time of application, soil temperature at the 
time of application, application of a water seal following application, application of reactive boundary 
layers such as potassium thiosulfate following application, organic content of the soil, and clay content 
of the soil. The following topics are analyzed and discussed in the “Development of Chloropicrin 
Buffer Zones” as shown below and were found not to be effective in changing flux data : 

http://www.cdpr.ca.gov/docs/whs/pdf/appendix_4_development_of_chloropicrin_buffer_zones.pdf
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• Application of a reactive boundary layer following fumigant application, such as a KTS seal 
(pages 7 - 8 and Figure 3), 

• Application of a water seal (page 8), and 
• Soil moisture at time of application, Appendix 3 

 
Such factors as soil temperature at time of application, organic content of soil and clay content of soil 
are not likely to be enforceable (see page 15 of the “Development of Chloropicrin Buffer Zones”). 

 
Based on these findings and conclusions, DPR does not use these U.S. EPA credits in its development 
of buffer zones. 

 
The Big Picture 

 
Reviewers are not limited to addressing only the specific topics presented above, and are asked to 
consider the following questions. 

 
(a) Are there any scientific issues not mentioned above that are part of the scientific basis of the 
proposed rule? If so, please comment on whether these are based on sound scientific knowledge, 
methods, and practices. 

 
(b) Taken as a whole, is the scientific portion of this proposal based upon sound scientific knowledge, 
methods, and practices? 

 
Reviewers should also note that some proposed actions may rely on professional judgment where 
available scientific data are not as extensive as desired to support the statutory requirement for absolute 
scientific rigor. In these situations, the proposed course of action is favored over no action. 
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Attachment 3: List of Participants 
 
For the sake of completeness, DPR has taken a special effort to identify everyone involved in the 
process. In addition to the staff who were involved (Section A) and those outside DPR involved 
(Sections B and C), this document was prepared using the available scientific literature and data 
(Section D). 

 
Section A. California Department of Pesticide Regulation Staff 

 
Chuck Andrews 
Marylou Verder-Carlos, DVM, MPVM 
David Duncan 
Randy Segawa 
Pamela Wofford 
Terrell Barry, Ph.D. 
Bruce Johnson, Ph.D. 
Frank C. Spurlock, Ph.D. 

 
Section B. Other Participants 

 
David Sullivan – Sullivan Environment Consulting, Inc., Alexandria, Virginia 
Husein Ajwa – Department of Plant Sciences, University of California Davis, Salinas, California 
John R. Griffin – Exponent Inc., Menlo Park, California 
Richard Reiss – Exponent Inc., Menlo Park, California 

 
Section C. University Scientists who Provided Comments during Public Comment Period on the 
Document Entitled “Chloropicrin Mitigation Proposal, May 15, 2013.” Available at: 
http://www.cdpr.ca.gov/docs/whs/pdf/dpr_chloropicrin_mitigation_proposal_and_app_1-3.pdf 

 
Mark Bolda – UC Cooperative Extension, Watsonville, CA 
Jeffrey Jenkins – Department of Environmental & Molecular Toxicology, Oregon State University 
David Doll – UC Cooperative Extension, Merced County, CA 
Steven Fennimore – UC Cooperative Extension, Salinas, CA 
Dale Hattis – Clark University, Worcester, MA 

 
Section D. Bibliography 

 
NOTE: The references highlighted in green are available only upon written request. Allow one month 
for delivery. To obtain copies of these documents, submit your request via e-mail to Jackie Rivers, 
DPR Staff Services Analyst, Registration Branch, at JRivers@cdpr.ca.gov. Be sure to include the CDPR 
data volume number in the list of references you provide. By law, she is required to contact each of the 
data owners to request their permission to release the data. Once she obtains all the permissions, she 
will ask the requestor to sign either a confidentiality form or a confirmation of status form. Then she 
will scan the documents and e-mail them to the requestor. 

http://www.cdpr.ca.gov/docs/whs/pdf/dpr_chloropicrin_mitigation_proposal_and_app_1-3.pdf
mailto:JRivers@cdpr.ca.gov
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January 06, 2014 
 

 
 

Mingxin Guo, Ph.D. 
Professor of Soil and Water Sciences 
Department of Agriculture and Natural Resources 
Delaware State University 
15 Baker Building 
Dover, DE 19901 

 
Dear Professor Guo, 

 
PEER REVIEW OF THE DEPARTMENT OF PESTICIDE REGULATION’S METHODOLOGY 
TO DEVELOP BUFFER ZONES AND MITIGATION MEASURES FOR CHLOROPICRIN 

 
I have been asked by the California Environmental Protection Agency’s (Cal/EPA) Department 
of Pesticide Regulation (DPR) to continue managing the external scientific peer review of the 
subjects noted above.  DPR will not communicate with the approved reviewers, such as 
yourself, nor know their identities, until I send the reviews to DPR. 

 
My letter today is intended to initiate the next phase of the external review – the actual reviews 
themselves. 

 
Included with this letter are the following key documents: 

 
1. November 14, 2013 memorandum, from David Duncan to Gerald Bowes, “Request for 
an external peer review of the Department of Pesticide Regulation’s methodology to 
develop buffer zones and mitigation measures for chloropicrin,” which included the 
following attachments: 

 
-Attachment 1: Plain English summary of the proposal, “Development of Chloropicrin Buffer 
Zones” 
-Attachment 2: Description of scientific assumptions, findings, and conclusions to 
review 
-Attachment 3: List of participants 

o Section A. California Department of Pesticide Regulation Staff 
o Section B. Other Participants 
o Section C. Participants who provided comments during public comment period 
o Section D. Bibliography 
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2. Supporting documents for Attachment 1 and 3: 

 
 
A. Supporting documents for Attachment 1: 

o DPR. 2013. Chloropicrin mitigation proposal 
o DPR. 2008. Memo to US EPA: Comments for Dockets EPA_HQ-OPP-2007- 

0350, EPA-HQ-OPP-2005-0128, EPA-HQ-OPP-2005, and EPA-HHQ-OPP-2005- 
0123 

B. Supporting documents (six hardcopy and seventeen on CD) for Attachment 3 Section D 
Bibliography, except those highlighted-see Section C below: 

o Barry and Johnson. 2005 
o Barry et al. 2004 
o CMTF. 2011 
o Cryer. 2005 
o Johnson. 1999 
o Reardon. 2013 

C. The highlighted references will be made available to reviewers on a separate CD when 
reviewers have signed the attached form entitled, “Acknowledgement of Data Handling 
Responsibilities” (DPR-REG-011), and returned it to me. You will be able to expedite this 
process by scanning your signed form and sending it to me by email. The original signed 
copy should then be sent by regular mail. 

 
 
3. Proposal: “Development of Chloropicrin Buffer Zones,” which includes: 

 
 

o Memo from T. Barry to R. Segawa, dated March 20, 2013, transmitting entitled 
“Development of Chloropicrin Buffer Zones” (Major document to be reviewed) 

o Appendices 1 - 7 
 
4. January 7, 2009 Supplement to the Cal/EPA Peer Review Guidelines. 

 
Comments on the foregoing: 

 
1.  You have been sent the November 14, 2013 request memorandum during the 

solicitation process for reviewer candidates conducted by the University of California, 
Berkeley’s Institute of the Environment. 

 
2.  Attachment 2 to the request memorandum provides focus for the review.  I ask that you 

address all topics, as expertise allows, in the order listed. 
 

3.  The January 7, 2009 Supplement – you received this earlier when I approved you as a 
reviewer.  I am sending it again to make certain that you have it. In part, it provides 
guidance to ensure the review is kept confidential through its course. The Supplement 
notes reviewers are under no obligation to discuss their comments with third-parties after 
reviews have been submitted. We recommend they do not.  All outside parties are 
provided opportunities to address a proposed regulatory action through a well-defined 
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regulatory process.  Please direct enquiring parties to Mr. Duncan 
(David.Duncan@cdpr.ca.gov). 

 
Questions about the review, or review material, should be for clarification, in writing – email is 
fine, and addressed to me.  My responses will be in writing also.  DPR should not be contacted. 

 
Please send your reviews to me on February 28, 2014, not before.  I will subsequently forward 
all reviews together to Mr. Duncan with reviewers’ CVs.  All this information will be posted at the 
appropriate DPR program web site. 

 
Your acceptance of this review assignment is most appreciated. 

Sincerely, 

 
 
Gerald W. Bowes, Ph.D. 
Manager, Cal/EPA Scientific Peer Review Program 
Office of Research, Planning and Performance 
State Water Resources Control Board 
1001 “I” Street, MS-16B 
Sacramento, California 95814 

 
Telephone: 916-341-5567 
Facsimile: 916-341-5284 
Email: GBowes@waterboards.ca.gov 

 
Attachments 

mailto:David.Duncan@cdpr.ca.gov
mailto:GBowes@waterboards.ca.gov
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Glenn C. Miller, Ph.D. 
Professor 
Department of Natural Resources and Environmental Science 
University of Nevada, Reno 
1664 North Virginia Street 
Reno, NV 89557 

 
Dear Professor Miller, 

 
PEER REVIEW OF THE DEPARTMENT OF PESTICIDE REGULATION’S METHODOLOGY 
TO DEVELOP BUFFER ZONES AND MITIGATION MEASURES FOR CHLOROPICRIN 

 
I have been asked by the California Environmental Protection Agency’s (Cal/EPA) Department 
of Pesticide Regulation (DPR) to continue managing the external scientific peer review of the 
subjects noted above.  DPR will not communicate with the approved reviewers, such as 
yourself, nor know their identities, until I send the reviews to DPR. 

 
My letter today is intended to initiate the next phase of the external review – the actual reviews 
themselves. 

 
Included with this letter are the following key documents: 

 
1. November 14, 2013 memorandum, from David Duncan to Gerald Bowes, “Request for 
an external peer review of the Department of Pesticide Regulation’s methodology to 
develop buffer zones and mitigation measures for chloropicrin,” which included the 
following attachments: 

 
-Attachment 1: Plain English summary of the proposal, “Development of Chloropicrin Buffer 
Zones” 
-Attachment 2: Description of scientific assumptions, findings, and conclusions to 
review 
-Attachment 3: List of participants 

o Section A. California Department of Pesticide Regulation Staff 
o Section B. Other Participants 
o Section C. Participants who provided comments during public comment period 

Section D. Bibliography o 
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2. Supporting documents for Attachment 1 and 3: 

 
 
A. Supporting documents for Attachment 1: 

o DPR. 2013. Chloropicrin mitigation proposal 
o DPR. 2008. Memo to US EPA: Comments for Dockets EPA_HQ-OPP-2007- 

0350, EPA-HQ-OPP-2005-0128, EPA-HQ-OPP-2005, and EPA-HHQ-OPP-2005- 
0123 

B. Supporting documents (six hardcopy and seventeen on CD) for Attachment 3 Section D 
Bibliography, except those highlighted-see Section C below: 

o Barry and Johnson. 2005 
o Barry et al. 2004 
o CMTF. 2011 
o Cryer. 2005 
o Johnson. 1999 
o Reardon. 2013 

C. The highlighted references will be made available to reviewers on a separate CD when 
reviewers have signed the attached form entitled, “Acknowledgement of Data Handling 
Responsibilities” (DPR-REG-011), and returned it to me.  You will be able to expedite this 
process by scanning your signed form and sending it to me by email. The original signed 
copy should then be sent by regular mail. 

 
 
3. Proposal: “Development of Chloropicrin Buffer Zones,” which includes: 

 
 

o Memo from T. Barry to R. Segawa, dated March 20, 2013, transmitting entitled 
“Development of Chloropicrin Buffer Zones” (Major document to be reviewed) 

o Appendices 1 - 7 
 
4. January 7, 2009 Supplement to the Cal/EPA Peer Review Guidelines. 

 
Comments on the foregoing: 

 
1.  You have been sent the November 14, 2013 request memorandum during the 

solicitation process for reviewer candidates conducted by the University of California, 
Berkeley’s Institute of the Environment. 

 
2.  Attachment 2 to the request memorandum provides focus for the review.  I ask that you 

address all topics, as expertise allows, in the order listed. 
 

3.  The January 7, 2009 Supplement – you received this earlier when I approved you as a 
reviewer.  I am sending it again to make certain that you have it. In part, it provides 
guidance to ensure the review is kept confidential through its course. The Supplement 
notes reviewers are under no obligation to discuss their comments with third-parties after 
reviews have been submitted. We recommend they do not.  All outside parties are 
provided opportunities to address a proposed regulatory action through a well-defined 
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regulatory process.  Please direct enquiring parties to Mr. Duncan 
(David.Duncan@cdpr.ca.gov). 

 
Questions about the review, or review material, should be for clarification, in writing – email is 
fine, and addressed to me.  My responses will be in writing also.  DPR should not be contacted. 

 
Please send your reviews to me on February 28, 2014, not before.  I will subsequently forward 
all reviews together to Mr. Duncan with reviewers’ CVs.  All this information will be posted at the 
appropriate DPR program web site. 

 
Your acceptance of this review assignment is most appreciated. 

Sincerely, 

 
 
Gerald W. Bowes, Ph.D. 
Manager, Cal/EPA Scientific Peer Review Program 
Office of Research, Planning and Performance 
State Water Resources Control Board 
1001 “I” Street, MS-16B 
Sacramento, California 95814 

 
Telephone: 916-341-5567 
Facsimile: 916-341-5284 
Email: GBowes@waterboards.ca.gov 

 
Attachments 

mailto:David.Duncan@cdpr.ca.gov
mailto:GBowes@waterboards.ca.gov
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James N. Seiber, Ph.D. 
Editor-in-Chief, Journal of Agricultural and Food Chemistry 
Department of Environmental Toxicology, Emeritus Professor 
University of California, Davis 
One Shields Avenue 
Davis, CA 95616 

 
Dear Professor Seiber, 

 
PEER REVIEW OF THE DEPARTMENT OF PESTICIDE REGULATION’S METHODOLOGY 
TO DEVELOP BUFFER ZONES AND MITIGATION MEASURES FOR CHLOROPICRIN 

 
I have been asked by the California Environmental Protection Agency’s (Cal/EPA) Department 
of Pesticide Regulation (DPR) to continue managing the external scientific peer review of the 
subjects noted above.  DPR will not communicate with the approved reviewers, such as 
yourself, nor know their identities, until I send the reviews to DPR. 

 
My letter today is intended to initiate the next phase of the external review – the actual reviews 
themselves. 

 
Included with this letter are the following key documents: 

 
1. November 14, 2013 memorandum, from David Duncan to Gerald Bowes, “Request for 
an external peer review of the Department of Pesticide Regulation’s methodology to 
develop buffer zones and mitigation measures for chloropicrin,” which included the 
following attachments: 

 
-Attachment 1: Plain English summary of the proposal, “Development of Chloropicrin Buffer 
Zones” 
-Attachment 2: Description of scientific assumptions, findings, and conclusions to 
review 
-Attachment 3: List of participants 

o Section A. California Department of Pesticide Regulation Staff 
o Section B. Other Participants 
o Section C. Participants who provided comments during public comment period 
o Section D. Bibliography 
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2. Supporting documents for Attachment 1 and 3: 

 
 
A. Supporting documents for Attachment 1: 

o DPR. 2013. Chloropicrin mitigation proposal 
o DPR. 2008. Memo to US EPA: Comments for Dockets EPA_HQ-OPP-2007- 

0350, EPA-HQ-OPP-2005-0128, EPA-HQ-OPP-2005, and EPA-HHQ-OPP-2005- 
0123 

B. Supporting documents (six hardcopy and seventeen on CD) for Attachment 3 Section D 
Bibliography, except those highlighted-see Section C below: 

o Barry and Johnson. 2005 
o Barry et al. 2004 
o CMTF. 2011 
o Cryer. 2005 
o Johnson. 1999 

Reardon. 2013 o 
C. The highlighted references will be made available to reviewers on a separate CD when 

reviewers have signed the attached form entitled, “Acknowledgement of Data Handling 
Responsibilities” (DPR-REG-011), and returned it to me.  You will be able to expedite this 
process by scanning your signed form and sending it to me by email. The original signed 
copy should then be sent by regular mail. 

 
 
3. Proposal: “Development of Chloropicrin Buffer Zones,” which includes: 

 
 

o Memo from T. Barry to R. Segawa, dated March 20, 2013, transmitting entitled 
“Development of Chloropicrin Buffer Zones” (Major document to be reviewed) 

o Appendices 1 - 7 
 
4. January 7, 2009 Supplement to the Cal/EPA Peer Review Guidelines. 

 
Comments on the foregoing: 

 
1.  You have been sent the November 14, 2013 request memorandum during the 

solicitation process for reviewer candidates conducted by the University of California, 
Berkeley’s Institute of the Environment. 

 
2.  Attachment 2 to the request memorandum provides focus for the review.  I ask that you 

address all topics, as expertise allows, in the order listed. 
 

3.  The January 7, 2009 Supplement – you received this earlier when I approved you as a 
reviewer.  I am sending it again to make certain that you have it. In part, it provides 
guidance to ensure the review is kept confidential through its course. The Supplement 
notes reviewers are under no obligation to discuss their comments with third-parties after 
reviews have been submitted. We recommend they do not.  All outside parties are 
provided opportunities to address a proposed regulatory action through a well-defined 
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regulatory process.  Please direct enquiring parties to Mr. Duncan 
(David.Duncan@cdpr.ca.gov). 

 
Questions about the review, or review material, should be for clarification, in writing – email is 
fine, and addressed to me.  My responses will be in writing also.  DPR should not be contacted. 

 
Please send your reviews to me on February 28, 2014, not before.  I will subsequently forward 
all reviews together to Mr. Duncan with reviewers’ CVs.  All this information will be posted at the 
appropriate DPR program web site. 

 
Your acceptance of this review assignment is most appreciated. 

Sincerely, 

 
 
Gerald W. Bowes, Ph.D. 
Manager, Cal/EPA Scientific Peer Review Program 
Office of Research, Planning and Performance 
State Water Resources Control Board 
1001 “I” Street, MS-16B 
Sacramento, California 95814 

 
Telephone: 916-341-5567 
Facsimile: 916-341-5284 
Email: GBowes@waterboards.ca.gov 

 
Attachments 

mailto:David.Duncan@cdpr.ca.gov
mailto:GBowes@waterboards.ca.gov
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Supplement to Cai/EPA External Scientific Peer Review Guidelines- 
"Exhibit F" in Cai/EPA Interagency Agreement with University of California 

Gerald W. Bowes, Ph.D. 
 
 
Guidance to Staff: 

 
1.  Revisions.  If you have revised any part of the initial request, please stamp "Revised" on 

each page where a change has been made, and the date of the change.  Clearly describe 
the revision in the cover letter to reviewers, which transmits the material to be reviewed. 
The approved reviewers have seen your original request letter and attachments during the 
solicitation process, and must be made aware of changes. 

 
2.   Documents requiring review.  All important scientific underpinnings  of a proposed science 

based rule must be submitted for external peer review.  The underpinnings would include 
all publications (including conference proceedings),  reports, and raw data upon which the 
proposal is based.  If there is a question about the value of a particular document, or parts 
of a document, I should be contacted. 

 
3.   Documents not requiring review.  The Cai/EPA External Peer Review Guidelines note that 

there are circumstances where external peer review of supporting scientific documents is 
not required.  An example would be "A particular work product that has been peer 
reviewed with a known record by a recognized expert or expert body."  I would treat this 
allowance with caution.  If you have any doubt about the quality of such external review, or 
of the reviewers' independence  and objectivity, that work product- which could be a 
component of the proposal - should be provided to the reviewers. 

 
4.  Implementation review.  Publications which have a solid peer review record, such as a US 

EPA Criteria document, do not always include an implementation strategy. The Cai/EPA 
Guidelines require that the implementation of the scientific components of a proposal, or 
other initiative, must be submitted for external review. 

 
5.  Identity of external reviewers.  External reviewers should not be informed about the identity 

of other external reviewers.  Our goal has always been to solicit truly independent 
comments from each reviewer.  Allowing the reviewers to know the identity of others sets 
up the potential for discussions between them that could devalue the independence of the 
reviews. 

 
6.  Panel Formation.  Formation of reviewer panels is not appropriate.  Panels can take on the 

appearance of scientific advisory committees and the external reviewers identified through 
the Cai/EPA process are not to be used as scientific advisors. 

 
7.  Conference calls with reviewers.  Conference calls with one or more reviewers can be 

interpreted as seeking collaborative scientific input instead of critical review.  Conference 
calls with reviewers are not allowed. 
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Guidance to Reviewers from Staff: 

 
1.  Discussion of review. 

 
Reviewers are not allowed to discuss the proposal with individuals who participated in 
development of the proposal. These individuals are listed in Attachment 3 of the review 
request. 

 
Discussions between staff and reviewers are not permitted.  Reviewers may request 
clarification of certain aspects of the review process or the documents sent to them. 

 
Clarification questions and responses must be in writing.  Clarification questions about 
reviewers' comments by staff and others affiliated with the organization requesting the 
review, and the responses  to them, also must be in writing.  These communications will 
become part of the administrative record. 

 
The organization requesting independent review should be careful that organization 
reviewer communications  do not become coilaboration, or are perceived by others to have 
become so.  The reviewers  are not technical advisors.  As such, they would be considered 
participants in the development  of the proposal, and would not be considered by the 
University of California as external reviewers for future revisions of this or related 
proposals.  The statute requiring external review of science-based rules proposed by 
Cai/EPA organizations prohibits participants serving as peer reviewers.. 

 
2.  Disclosure of reviewer Identity and release of review comments. 

 
Confidentiality begins at the point a potential candidate is contacted by the University of 
California.  Candidates who agree to complete the conflict of interest disclosure form 
should keep this matter confidential, and should not inform others about their possible role 
as reviewer. 

 
Reviewer identity may be kept confidential until review comments are received by the 
organization that requested the review.  After the comments are received, reviewer identity 
and comments must be made available to anyone requesting them. 

 
Reviewers are under no obligation to disclose their identity to anyone enquiring. It is 
recommended reviewers keep their role confidential until after their reviews have been 
submitted. 

 
3.  Requests to reviewers by third parties to discuss comments. 

 
After they have submitted their reviews, reviewers may be approached by third parties 
representing special interests, the press, or by colleagues.  Reviewers are under no 
obligation to discuss their comments with them, and we recommend that they do not. 

 
All outside parties are provided an opportunity to address a proposed regulatory action 
during the public comment period and at the Cai/EPA organization meeting where the 
proposal is considered for adoption.  Discussions outside these provided avenues for 
comment could seriously impede the orderly process for vetting the proposal under 
consideration. 
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request to add a fifth specific issue described in the attached document. 
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Amendment to Attachment 2 of DPR’s request for a peer review of chloropicrin buffer zones, 
dated November 14, 2013.  Description of Scientific Assumptions, Findings, and Conclusions to 
be Addressed by the Peer Reviewers 

 
Conclusion 5. DPR utilized 1.25 m/s as the definition of a calm hour for wind speed and direction 
data from the California Irrigation Management Information System (CIMIS).  Speeds at or 
below 1.25 m/s are considered calm hours for purposes of modeling and speeds above 1.25 are 
considered non-calm hours. 

 
As described on page 27 of “Development of Chloropicrin Buffer Zones,” DPR used CIMIS 
meteorological data for Ventura to determine the buffer zone distances. DPR’s processing of the 
CIMIS data included a 1.25 m/s threshold for defining calm hours. The threshold value is based on the 
following information, assumptions, and analyses of the CIMIS data. 

 
The minimum reported wind speed for CIMIS wind speed is 0.447 m/s. The CIMIS meteorological 
system uses Met024A wind direction sensor and Met014A wind speed sensor (CIMIS 2013). For both 
instruments the threshold is 0.447 m/s (1 mph).  At low or zero wind speeds, the Met014A reports 
0.447 m/s (Campbell Scientific 2011, 2012). Hourly wind speeds reported by the CIMIS stations are 
based on the average of 60 samples taken during the hour. Sixty samples are taken each hour for each 
CIMIS sensor (Eching and Moellenberndt 1998). Because the wind direction sensor (MET024A) has a 
threshold of 0.447 m/s, when an average wind speed is low, some fraction of the sixty wind direction 
measurements for the one hour average will reflect wind speeds below the threshold of the direction 
sensor and hence may reflect erroneous direction. 

 
Scalar wind speeds follow a Weibull distribution. Deaves and Lines (1998, 1997) and Seguro and 
Lambert (2000) concluded that the Weibull distribution provides a good fit for wind speed over a wide 
range. To make a decision about which hourly average wind speeds and directions to use, a stochastic 
simulation was performed which fit CIMIS wind speed data to a Weibull distribution (Johnson 2001, 
Appendix 2). Based on simulation results, as average hourly wind speed decreased  from 2.1 m/s to 
0.447 m/s, the fraction of the sixty values below the instrument threshold  increased from 0.13 to 0.40 
(Figure Appendix 2.4, Johnson 2001). The increased fraction exhibited a break point at 1.25 m/s with 
more sharply increasing fraction to the left and less sharply decreasing fraction to the right (Figure 
Appendix 2.5, Johnson 2001). At this average speed, approximately 20% of the measurements are 
below the instrument threshold and approximately 80% are above the threshold. 
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February 26, 2014 

Review Comments 
on California Department of Pesticide Regulation (DPR)’s Methodology 

to Develop Buffer Zone and Mitigation Measures for Chloropicrin 
 
 
 

The following documents from California DPR were intensively reviewed. Comments were based on 
information provided in these documents and other supporting documents. 

1.   Development of Chloropicrin Buffer Zones (March 26, 2013) 
2.   Development of Additional Methyl Isothiocyanate Buffer Zones for the Metam Sodium 

Mitigation Proposal (February 8, 2007) 
3.   Analysis of the Relationship between Percentiles of the Whole Field Buffer Zone Distribution 

and the Maximum Direction Buffer Zone Distribution (October 23, 2007) 
4.   Resolving Sources of Differences in PERFUM Methyl Isothiocyanate Buffer Zones Between 

Bakersfield  and Ventura (November 2, 2007) 
5.   Request to Amend the External Peer Review for the Department of Pesticide Regulation’s 

Methodology to Develop Buffer Zones and Mitigation Measures for Chloropicrin (January 27, 
2014) 

 
Chloropicrin has been identified by California Department of Pesticide Regulation (DPR) as a toxic air 
contaminant. The principal pathway for human exposure to this toxicant is inhalation after it is applied 
as a fumigant to control soil-borne pathogens. The primary acute exposure effect is sensory irritation. 
DPR, in agreement with the U.S. Environmental Protection Agency (EPA), determined a regulatory 
concentration of chloropicrin in ambient air at averagely 0.073 ppm (mg/L) over an 8-hr period to 
avoid acute exposure to this toxicant. 

 
A buffer zone between a chloropicrin-fumigated area and nearby residents and bystanders is essential 
to control chloropicrin exposure. As many factors such as chloropicrin application rate, application 
method, field size, surface tarp type, soil characteristics, and weather conditions influence emissions 
and atmospheric diffusion of chloropicrin from treated fields, effective buffer zones (the distance away 
from the edge of the fumigated area to where the target 0.073 ppm chloropicrin air concentration 
reaches) vary in length with specific fumigation scenarios. Using primarily computer modeling with a 
modified CHAIN 2D solute movement model, EPA recommended minimum buffer zone lengths for 
particular chloropicrin uses, with assigning credits to decrease the required buffer zone length to the 



 

 

following factors: tarp type, soil organic matter content, clay content, soil temperature, Symmetry 
System fumigant injection, potassium thiosulfate spray, and water seal over tarp. Considering the 
particular fumigation practices, soil properties, and metrological conditions in California, DPR 
proposes a field flux-based approach to develop buffer zones for chloropicrin soil fumigation. The key 
points of the field flux-based approach are as follows. Review comments are made on each of the 
points. 

 

 

1.   DPR used data from 28 of the 47 fumigations available to determine buffer zones and 
correctly excluded, for scientific and policy reasons, data from 19 of the fumigations. 

A database containing information of 47 field chloropicrin applications is currently available to 
DPR. These applications were conducted in different locations in CA, AZ, FL, GA, MI, and WA. 
The applications varied in chloropicrin application rate, application method, field acreage, surface 
tarp type, soil characteristics, and weather conditions, but most of them were measured for the 
maximum 6-hr chloropicrin flux (µg/m2 sec) from the treated area. Of the 47 applications, one did 
not contain data accessible for DPR, two were rejected by DPR as the flux sampling intervals 
during the first 48 hrs after fumigation started were not fixed (ranging from 3.5 to 11 hrs) and the 
data did not meet the laboratory quality assurance/control standards, and four were intentionally 
removed by DPR due to unreasonably high (outliers relative to other applications) maximum 6-hr 
flux values. It is appropriate to exclude these applications. DPR further excluded 12 
applications that involved Symmetry Method fumigant injection, metallized tarp, VIF (virtually 
impermeable film) tarp, strip application, or strip/deep injection from the remaining 40 
applications. The further exclusion is scientifically sound, as fumigation by Symmetry Method is 
not practiced in California, use of metalized tarp is discouraged, and VIF tarp and strip (/deep) 
applications were not conducted in adequate combinations of application type and tarp type to 
allow reliable statistical analysis. 

 

 

 

Finally 28 applications were identified for statistical analysis to demonstrate the effects of 
fumigation method and tarp type on chloropicrin emissions (fluxes) from treated fields. If the 
applications were systematically designed, the sample size (e.g., 28 > 3×3×3) is large enough to 
conduct ANOVA (analysis of variance). 

2.   DPR classified chloropicrin fumigation methods into only three groups, based on tarp type, 
and correctly excluded other tarp and application types. 

The maximum 6-hr fumigant flux data of the selected 28 chloropicrin field applications were 
analyzed using unbalanced two-way ANOVA methods to evaluate the effects of application 
method (bed injection, solid field broadcast, drip/bed application) and tarp type (untarped, Poly 
tarp, TIF tarp) on emissions of chloropicrin from treated areas (Poly: polyethylene; TIF: totally 
impermeable film). The statistical results show that the effect of application method on the 
maximum 6-hr chloropicrin flux was insignificant or rather marginal, while the effect of tarp type 
was significant. Consequently, DPR classified chloropicrin fumigation methods into only three 
groups based the tarp type: untarped, Poly tarp, TIF tarp. 
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The 28 chloropicrin field applications were correctly assigned to different treatment groups 
covering all possible combinations of application method (3 levels) and tarp type (3 levels). The 
two-way ANOVA statistical method itself is applicable to the data. However, those applications 
were not systematically designed for the purpose. Instead, the trials were conducted by different 
operators, in different locations, at different times, using different application rates, with different 
soils, and under different weather conditions. It is possible that the effects of other factors (e.g., soil 
moisture, temperature, and fumigation rate) that influence chloropicrin field emissions confounded 
effects of application method and tarp type, bringing forth the reliability concern on the ANOVA 
results. The reviewer suggests that DPR use published research findings to provide additional 
support for the ANOVA inferences. 

The reviewer noticed that all maximum 6-hr chloropicrin flux data of the 28 applications with 
different application rates were normalized to the level for the 200 lb/ac application rate, assuming 
that chloropicrin flux is proportional to the application rate. This assumption may not stand. 
Scientific proof is needed to support the assumption. 

 
The methods for applying fumigants to disinfect cropland soils can be broadly separated into two 
categories: broadcast (injection) application and drip application (chemigation) (Sprinkler 
application of metam sodium is excluded here). Broadcast application covers bed injection, strip 
injection, and solid (entire field) injection. Strip application of fumigants is practiced in California 
(e.g., in orchards) and therefore, cannot be neglected in the buffer zone development. Symmetry 
Method belongs to solid injection (termed as Broadcast in the present document). Deep injection 
(>18”) is typically practiced as tree hole treatments without tarping (mechanical compaction of soil 
is used for sealing) and thus, can be distinguished in buffer zone development (so did in the present 
document). It is scientifically sound to classify fumigations into three groups based on the 
application methods: bed injection, broadcast (including both strip and solid injections), and drip 
application. When combining with surface tarping (untarped, Poly tarp, and TIF tarp), however, 
two more treatments should be included:  strip Poly tarp and strip TIF tarp, since emissions 
of fumigants from these two scenarios will differ from solid Poly tarp and solid TIF tarp 
treatments, respectively. Further, VIF tarp can be treated as TIF tarp, as indicated by the similar 
chloropicrin emission reduction achievements of the two types of films in field applications (Table 
1). In the meanwhile, LDPE (low density polyethylene), HDPE (high density polyethene), and SIF 
(semi-inpermeable film) films should be included in the “Poly tarp” group. 

 

 

3.   Peak flux sometimes occurred during the day and sometimes during the night, and DPR 
correctly and completely accounted for these time periods 

A number of factors influence soil diffusion and subsequent atmospheric volatilization of 
fumigants from the fumigated field. The time for maximum 6-hr chloropicrin flux to occur after 
the fumigation starts depends on application method, tarp type, application depth, soil moisture, 
temperature, soil compaction, and etc. It is difficult, if not impossible, to predict the occurrence of 
maximum 6-hr chloropicrin flux at night or in the day, especially when the start time of fumigation 
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in a day is not regulated. DPR analyzed the occurrence time of maximum 6-hr chloropicrin flux 
from the 28 field applications and found a random distribution of day-time and night-time 
occurrences regardless of the application start time and tarp type. 

 

 

 

 

 

The day-time meteorological conditions are different from the night-time conditions. Air near the 
ground is generally more stable during the night time than during the day time. Diffusion of air 
toxicants from fumigated field to surrounding areas during day and night may follow varied 
patterns. It is essential to consider the occurrence time (day or night) of maximum 6/8-hr 
chloropicrin flux in developing effective buffer zones. DPR attempted to determine the sizes of 
buffer zones for chloropicrin fumigations resulting in specific maximum 6/8-hr chloropicrin fluxes 
by HYDRUS model simulations. A total of 1825 days (5 yr) of hourly weather data were used in 
modeling. For each day three 8-hr time intervals covering both day and night were employed. By 
doing so, DPR correctly and completely accounted for the day and night time occurrences of 
peak chloropicrin flux. 

DPR further analyzed the 28 field chloropicrin applications and found that 95% of the maximum 6- 
hr fluxes occurred within 43 hours after the application was completed. Therefore, installation of a 
buffer zone for 48 hours after application is completed will provide adequate protection for 
residents and bystanders. 

4.   DPR concludes insufficient evidence exists to support most buffer zone reduction credits, 
contrary to the U.S. Environmental Protection Agency’s (U.S. EPA’s) conclusions. 

U.S. EPA allocates credits for decreasing the required buffer zone length by 80% to the following 
factors: tarp type, soil organic matter content, clay content, soil temperature, Symmetry System 
fumigant injection, potassium thiosulfate (KTS) spray, and water seal over tarp. These EPA credit 
conclusions were based on research findings, as these factors do influence degradation, diffusion, 
and atmospheric emissions of field-applied fumigants including chloropicrin. It is confident that 
the chloropicrin flux profile will change if one of these creditable factors is manipulated, affecting 
the required length of an effective buffer zone. 

Symmetry System fumigation is currently not practiced in California. Soil organic matter content 
and clay content vary over a large area (e.g., 40 ac) and with soil depth. Soil temperature further 
changes with season, weather, soil depth, and soil moisture content. Moreover, data of these soil 
properties are currently not available in California. It is not practical to extensively measure these 
parameters or to manipulate them in soil fumigation. Spraying KTS or applying water over Poly 
tarp or bed top is effective only in coincidence with maximum fumigant flux occurrence to reduce 
chloropicrin emissions. Since the time of maximum fumigant flux occurrence is largely 
unpredictable in individual soil fumigation events, application of KTS solution or water seal may 
merely result in wasting of water. Therefore, it is reasonable and acceptable that DPR does not 
give credits to the above soil factors, application method, and water/KTS spray in developing 
fumigation buffer zones. 
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Only tarps should receive buffer zone credits. Using untarped fumigation as a reference, credits for 
Poly tarp and TIF tarp to decrease the buffer zone length can be estimated from their performance 
in reducing the maximum 6/8-hr chloropicrin flux. The credits have been incorporated in the 
methodology and are demonstrated in the proposed Percentile Buffer Zone Tables (Appendix 4) in 
the present document. 

 
The statistical analyses conducted by DPR on the 28 field chloropicrin applications, however, 
cannot lead to conclusions that insufficient evidence exists to support most buffer zone reduction 
credits. Once again, these applications were not systematically (statistically) designed. The effects 
of many factors on the maximum 6-hr chloropicrin flux level were confounded and cannot be 
distinguished. Published research results should be visited for additional evidences. On the other 
hand, “certain actions may rely on professional judgment where available scientific data are not as 
extensive as desired to support the statutory requirement for absolute scientific rigor. In these 
situations, the proposed course of action is favored over no action.” 

 
5.   DPR utilized 1.25 m/s as the definition of a clam hour for wind speed and direction data from 

the California Irrigation Management Information System (CIMIS). Speeds at or below 1.25 
m/s are considered calm hours for purposes of modeling and speeds above 1.25 m/s are 
considered non-calm hours. 

 
The meteorological data of Ventura, CA recorded by the California Irrigation Management 
Information System (CIMIS) were used by DPR to develop chloropicrin fumigation buffer zone 
regulations. The CIMIS data report on hourly-average wind speed from minute measurements. Due 
to the sensor sensitivity, wind speeds at or below 0.447 m/s (1 mph) were all treated as 0.447 m/s. 
Therefore, the CIMIS wind speed data overestimate the actual wind speeds. By stochastic 
simulations, DPR found that 13–40% (averagely 20%) of the minute measurements for the hourly 
average 4.7 mph wind speed at Merced, CA were actually at or below 0.447 m/s. At a 20% 
frequency of ≤1 mph wind, the hourly average wind speed is 2.8 mph (1.25 m/s). 

 
In meteorology, calm air and light air are defined as with wind speed at 0-0.3 m/s and 0.3-1.5 m/s, 
respectively. If a 40% occurrence of ≤1 mph wind in 60 minute-measurements is assumed, a calm 
air would demonstrate an hourly average wind speed at 0.5 m/s (= 0.3 + 0.447×40%) in the CIMIS 
data system. In many cases, however, light air (wind speed <1.5 m/s) is treated as calm air (EPA, 
2011). Therefore, it is scientifically acceptable that DPR considers calm hours as the 
durations with average wind speeds at or below 1.25 m/s for modeling purposes. 

 
EPA, 2011. AERMINUTE User’s Instructions. Available at 
http://www.epa.gov/ttn/scram/models/aermod/aerminute_userguide_v11059_draft.pdf. 
Environmental Protection Agency: Washington, D.C. 

 
Overall, the methodology used by DPR to develop buffer zone and mitigation measures for 
chloropicrin is scientifically sound and practically applicable. However, data from the selected 28 field 
chloropicrin applications are not adequate to support essential statistical analyses for concluding buffer 
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Page 2. 95% of those applications 
Page 2. The meteorological data were also uniform 
Page 3.  class F (highly stable) 
Page 16. Table 8 title. Delete 100 from “represents 100 percentage of exceedances,” 

Appendix 7: Resolving sources of differences in PERUM methyl isothiocyanate buffer zones 
between Bakersfield and Ventura 

Page 3. Check the statement “In addition, the five year spans are different: 1999 through Ventura and 
1995 through 1999 for Bakersfield.” Indicated in the previous paragraph, Bakersfield data were from 
1999 to 2003 and Ventura data from 1995 to 1999. 

Appendix 2-4-4: Delete “maximum” from the phrase “the acceptable maximum level of” 

Professor, Soil & Water Sciences 
(302) 857-6479 
mguo@desu.edu 
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Introduction 
 
 

Chloropicrin has been used for several decades in California as a soil fumigant to control a 
variety of pathogenic organisms. As is the case for almost all pesticides, concerns have been 
expressed on use patterns due to the potential for human exposure.  It is also a lachrymator 
and elicits a strong response from persons who are exposed to low concentrations of 
chloropicrin in air, either when used as a single fumigant, or in combination with other 
fumigants.  The California Department of Pesticide Registration has prepared a document 
entitled “Chloropicrin Mitigation Proposal”, which includes an appendix (4) entitled 
“Development of Chloropicrin Buffer Zones”. I have been asked to review these documents 
and to provide comments on their scientific basis. 

 
The request for review focused on whether the “scientific work product is based upon sound 
scientific knowledge, methods and practices”. Because of the volatility of chloropicrin, the 
primary mode of loss from soil is volatilization, followed by transport in air to various receptors. 
In order to protect human health, the concentration of chloropicrin in air should be sufficiently 
low to minimize or eliminate potential health impacts. Thus, to the extent possible, 
volatilization of chloropicrin from treated fields should be minimized, and buffer zones created 
to allow dilution of the chloropicrin to below the reference dose as it migrates away from the 
application site. Understanding the volatilization of chloropicrin downwind from emissions 
from soils is straightforward, in that emissions should be measured under a variety of 
conditions and, using standard air movement and dilution models, the downwind 
concentrations can be estimated, and the buffer zones established to minimize exposure. 

 
In practice, however, this is a very challenging effort, due to the uncertainty of each factor that 
affects volatilization, particularly the rate of emissions from soils, even when using a variety of 
techniques for minimizing the loss. Wind velocity, soil moisture, soil type, organic content of 
the soils, particle size distribution, temperature, type of tarping (if any), application rate, size 
and frequency of application, transformation of the fumigant in soil and air, among other 
factors all can affect the concentrations to which people are exposed. An additional factor that 
is difficult to include in the buffer zone estimates is the expertise and care of the applicator 
during the application.  In addition, substantial differences in exposure effects and sensitivity 
to chloropicrin are evident.  Each of these factors requires an intensive review of all of the data 
by regulators and the public (including the industry) to allow the best decisions on how to 
protect the public from the potential health effects. 

 
The review requested that I make a determination for each of the following issues, using the 
specific requests and numbering system of Attachment 2 of the request for review. 

 
1.   DPR used data from 28 of the 47 fumigations available to determine buffer zones and 

correctly excluded, for scientific and policy reasons, data from 19 of the fumigations. 
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Exclusion of data from a decision-making process is always an important concern, 
particularly when the variability of data from field studies can be substantial. In this 
case, improper elimination of data sets may inappropriately influence the buffer zone 
decisions.  However, based on the documents reviewed, excluding certain studies on 
chloropicrin use appears to be well justified. 

 
Of the data base of 47 chloropicrin studies, 7 were initially removed.  The 47 studies 
included the 45 studies utilized by the EPA for their buffer zone decisions, plus two 
additional studies that were conducted more recently.  Four of the studies were 
excluded by DPR management, perhaps, in part, because they were conducted in 
Arizona (although no comment was presented as to the technical reasons why they 
were excluded); the DPR staff excluded one study with two applications (also in 
Arizona), based on data deficiencies; and one study used by the EPA was not received by 
the DPR, leaving 40 studies that received additional screening by the DPR.  A letter from 
Ann Hanger, representing the Chloropicrin Manufacturers’ Association Task Force 
appears to agree with exclusion of the Arizona studies, since they appear to have not 
been conducted in accordance with Good Agricultural Practices, and the methods used 
for those applications of chloropicrin would not be allowed, based on current label 
requirements. 

 
Of the 40 remaining studies received by the DPR, 12 additional studies were also 
excluded. The reasons for exclusion of the 12 additional studies were briefly described 
and consisted primarily of differences in methodology for application of chloropicrin. 
The studies that were removed included the Symmetry Method (?) and metallized (20% 
credit tarp credit), which are either not practiced in California or discouraged 
(metalized) due to disposal issues. The remaining excluded studies included VIF tarp 
use, strip and deep injection applications, which had not been conducted with sufficient 
repetitions to allow inclusion in the statistical analysis.   Of this group of 12, two 
additional studies were excluded due to complications from other applications nearby 
or problems with maximum flux estimates. The three major application methods 
examined intensively, included untarped, poly tarped or TIF tarped application methods. 
Thus, the exclusion of the 19 total studies appears well-justified. 

 
The DPR analysis of the use of the 28 remaining studies is presented well and utilized 
valid statistical methods to establish that the three application methods used for 
establishment of the buffer studies were indeed appropriate.  These studies are all 
conducted under Good Laboratory Practices (GLP) and are credible studies, although the 
variability in the results is fairly large, which is not unexpected due to the differences in 
field sites and site specific conditions.  The exclusion of the 19 studies, as discussed 
above is reasonable, and the rational for exclusion of those studies is generally stated 
clearly, except, perhaps for the excluded Arizona studies. 
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2. DPR classified chloropicrin fumigation methods into only three groups, based on 
tarp type, and correctly excluded other tarp and application type. 

 
Creation of buffer zones for chloropicrin applications utilized three groups, including 
untarped, poly tarped and TIF tarped methods.  However, a variety of variations of 
these three application types were utilized in the 28 studies. The March 26, 2013 
memo from Randy Segawa, discusses the variation in methods and concludes that there 
was no (or marginal) statistically significant differences in these application methods, 
and, of these studies, the differences were small and did not provide a basis for 
separation of these application methods into a larger number of different application 
methods. Examples of the differences were deep injection with tarping and use of 
potassium thiosulfate as a method for rapidly degrading chloropicrin. Due to the lack of 
repetition or the lack of differences, only the three major application methods were 
examined for creation of buffer zones.  As the Segawa memo indicates, further studies 
on these variations in application methods may, in the future, allow additional 
application methods to have different buffer zones. At present, based on the available 
data, I agree with the DPR that the data are sufficient to justify only the three methods 
of application for establishment of buffer zones.  The use of only three application 
methods also simplifies the enforcement of regulation, and reduces opportunities of 
unintentional or intentional misapplication. 

 
2. Peak flux sometimes occurred during the day and sometimes during the night, and 
the DPR correctly and completely accounted for these time periods. 

 
I was initially surprised by the lack of differences between nighttime and daytime 
emission rates.  Higher temperatures during the day are expected to increase 
volatilization rates, but on further consideration, dry surface soils can retard the 
emissions though sorption of chloropicrin on those very dry near-surface soils.  During 
night, when temperatures are cool, the humidity in the cells and movement of water 
towards the surface can hydrate the soils and decrease sorption of the chloropicrin on 
the soils.   But, the observation of no statistically significant difference in maximum 6-hr 
flux rates between day and night is, at the very least, interesting.  I note that in Table 3, 
there were more daytime maximum flux rates- in the case of the 15 studies of the poly 
tarped applications, 10 applications produced maximum daytime emissions, while only 5 
produced maximum night time emissions. 

 
The Segawa March26, 2013 memo appropriately notes that “. . . night meteorological 
conditions are more stable relative to day conditions. The same flux value will produce 
higher air concentrations at night. The buffer zone development must take into account 
whether the maximum 6-hour flux occurred at night or day”. I agree strongly.  In 
other efforts on estimating risk of methyl bromide to people living nearby, a review 
committee noted that the greatest expected exposure would be during very calm 
(perhaps with an inversion) conditions where the air mass would be moving very slowly, 
and produce the highest exposure concentrations.  The observation of highest 6-hour 



 

 

emission rates following some applications during nighttime provides additional support 
for establishing buffer zones based on calm nighttime conditions, where both emission 
rates and low dilution can maximize exposure. 

 
The DPR appropriately considered this important variable in buffer zone creation. 

 
4.   DPR concludes insufficient evidence exists to support most buffer zone reduction 

credits, contrary to the U.S. Environmental Protection Agency’s (U.S. EPA’s) 
conclusion. 

 
Although I did not extensively review the rationale for the U.S. EPA’s buffer zone credits, 
the Segawa March 26, 2013 memo is persuasive.  The use of buffer zone credits must 
consider all of the available valid data, but should not use data that is equivocal or 
meager.  Indeed, certain additional practices may reduce emission rates.  If practices 
can be used to reliably reduce emission rates, those practices should be encouraged. 
For example, the chemistry of using potassium thiosulfate (KTS) as a method for 
establishment of a barrier for chloropicrin emissions via reactions that destroy 
chloropicrin, has shown success under laboratory conditions, and makes chemical sense. 
The data presented in the Segawa March 26, 2013 memo (Fig. 3) supports the notion 
that KTS deserves some additional attention, but the field data are scant in this regard 
and additional studies are required to confirm this interesting chemical results.  I agree 
that the data are presently insufficient to provide buffer credits at this time.  A similar 
argument can be made for deeper injection depths.  The data (Fig. 2) suggest that deep 
injections may decrease emission rates, but the number of studies available is 
insufficient to make a regulatory decision that buffer credits should be provided for 
those deep injections. 

 
Additionally, enforcement of buffer zones is assisted by having relatively uncomplicated 
requirements, and use of the three application methods is very straightforward, and 
more easily enforced. Complicating the use of buffer zones by use of water content, soil 
temperature, soil type, etc. is arguably not in the best interests for enforcement and 
protection of persons living near treated fields. 

 
I also agree with the DPR’s use of only field based studies for establishing buffer zone. 
Laboratory data developed on emission factors for chloropicrin are critical for 
understanding the factors that control emission from soils.  These factors can be 
carefully controlled so that the factors of temperature, soil type, organic content, water 
content, etc. can be evaluated. However, extrapolation of those data to the field, 
particularly when human exposures are being derived, are sufficiently unreliable that 
regulatory decisions should be made primarily, if not exclusively, with field-obtained 
data.  I agree with the DPR that emission factors are best determined on a field scale 
level. Although these field studies are expensive, they provide emission factors that 
are more reliable for estimating human exposure and ultimately to protect human 
health. 
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Additional comments: 

 
1.   Some additional discussion (page 1 of the Chloropicrin Mitigation Proposal) of the 

environmental fate of chloropicrin would have been helpful, particularly as it relates to 
reduction in concentrations of chloropicrin in soils or air.  Fumigants such as methyl 
bromide and metam sodium (and MITC) react in a reasonably rapid manner with soils. 
The volatile MITC is both transformed by hydroxyl radical and direct photolysis in air, 
although the rates are sufficiently slow (t1/2 several hours) that they are unlikely to 
substantially affect exposure concentrations during night or during sunlight hours. 
Recent work by Vera and coworkers (Vera, et al., “Photolysis of Trichloronitromethane 
(Chloropicrin) under Atmospheric Conditions” Vol. 224 (2010)) indicates that the direct 
photolysis half-life in air is 5-7 hours, which also renders this conversion rate slow, 
compared to the exposure periods of concern. The time that it takes for emitted 
chloropicrin from the soil to migrate to the exposed person is short, compared to the 
photolysis period.  Some comments could have been presented on the reactions of 
chloropicrin in soils, where both microbial and abiotic processes are involved, with first 
order half-lives relatively short, and on the order of <1 to 8 days (publications too 
numerous to include here, but the work of Gan and coworkers and UC Riverside is 
particularly noted.)  These data lend increased confidence that the tarp cutting period 
limitations are appropriate. 

 
2.   Some additional discussion on the variety of tarps used during chloropicrin application 

would have been helpful.   While I understand that California standards exist for the use 
of the various tarps, the variability in the degree of penetration of chloropicrin through 
these tarps is a question that is a bit vexing.  The Segawa memorandum of March 26, 
2013 on the “Development of Chloropicrin Buffer Zones” shows clearly that statistically 
significant (and visually obvious) differences in cloropicrin emissions exist between 
tarped, poly tarped and TIF tarped fields. It is less clear whether major differences exist 
between the variety of polyethylene tarps used during application. The type of tarp 
used in the application is presented in the provided studies, but review of those data are 
beyond the scope of this review.  This concern is not major, however, since the buffer 
zones created by way of use of emission rates of chloropicrin and the two major tarp 
types is sound and justified. 

 
3.   Data on concentrations of chloropicrin in regard to the reference/regulatory exposure 

limit of 73 ppb would have been helpful, rather than just emission rates.  While these 
are well correlated for exposure for situations where maximum direction models are 
utilized, having actual field data compared to modeled data would have been 
interesting and useful.  For the 28 field studies utilized in the establishment of buffer 
zones, how did the measured values compare to the modeled values. 

 
4.   I am less comfortable evaluating the quality of the air modeling model PERFUM, other 

than a recognition that these models are widely utilized and well established. The 
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concept of using the maximum direction distribution, as proposed does make sense, in 
that it is more conservative and considers individual exposures. 

 
5.   There appears to no significant disagreements with the U.S EPA on the basic toxicology 

and reference dose for chloropicrin.  While there is disagreement on how the exposure 
models can be used, and the appropriate models, the differences really are not 
substantial, and both the federal and state agencies are in general agreement on how to 
reduce exposure.  The buffer zones used for California application of chloropicrin are 
more conservative than those of the U.S. EPA, but appear to be generally consistent 
within the uncertainty of predicting the exposures that will occur following individual 
chloropicrin applications.   The perhaps largest disagreement with the EPA buffer zones 
is the determination by the DPR that certain application techniques do not merit buffer 
zone credits. That decision appears well supported, either by the lack of conclusive data 
or by the lack of statistically significant reductions in chloropicrin emissions using those 
practices. 

 
Concluding Comments- The Big Picture 

 
The scientific validity of the California DPR’s methods for determining the variables for 

establishing buffer sounds appears sound. The combination of using validated GLP studies 
under a variety of conditions for chloropicrin emissions rates, coupled with established air 
quality models, is a straightforward method for the establishment of buffer zones to mitigate 
exposures to chloropicrin.  The provided documents are based on a reasonably large data set, 
and the decision to use three emission scenarios (untarped, poly tarped and TIF tarped 
systems) is well-defended and appropriate. While chloropicrin exposures are unlikely to be 
eliminated entirely, the concentrations to which people will be exposed (at a 95% confidence) 
are low and these new buffer zones promise to further mitigate the potential impacts to human 
health. 
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Peer Review of DPR Methodology to Develop Buffer Zones and Mitigation Measures for Chloropicrin 

Original signed by 

James N. Seiber, Professor Emeritus 
 
 
 
 

General comments 
 

DPR staff are commended for doing an exhaustive evaluation of possibilities for developing buffer zones for 
chloropicrin. Much of the evaluation depends on state-of-the-art models. The following comments are meant to 
aid in interpretation, clarification, and avoiding possible pitfalls. They are not meant to detract from the overall 
value of the work performed. 

 
Some results do not include adequate statements or estimates of uncertainty.  See comments below on proposed 
buffer zone distances. In general when a single number is presented in a table, or for linear graphical correlations, 
some estimate should be given of the degree of precision associated with that number or correlation. 

 

 

 

Some data was removed from consideration at the request of DPR management. The rationale was not explained 
in the document although it was noted (p 2) these studies were conducted in Arizona.  Is there a scientific reason 
for excluding these studies? 

Six hour flux was used without adjustment to 8 hour work day. Not clear why this was considered acceptable in 
the report. 

Water level in soil can potentially affect flux, but neither the fumigant–to-water ratio, nor the percent water in soil 
was given eg in Table 1 or discussed adequately in this section of the report. The effect of water on flux should be 
commented upon, particularly for the drip application method. [I later saw the commentary on effect of available 
water moisture on six hour flux, in the Feb 12, 2013 memo from Barry to Segawa. This analysis indicates water 
moisture did not correlate with flux. This analysis should be referenced in the section of the main report which 
contains Table 1, even though it appears to run counter to what is the case for soil applied pesticides in general, 
based on prior studies] 

 

 

 

The results from the Hydrus model are not available for inclusion, but it appears that they are needed to make this 
analysis complete. 

For a key application variable, injection depth, there was insufficient data to evaluate. 

This is a shortcoming of the report. See p 6. In most previous studies of soil-applied pesticides of all types depth of 
placement is a key variable.(see references by Spencer, Taylor, Glotfelty as examples) 



 

 

KTS barriers have shown promise from lab, chamber, and field studies. Results should be presented, perhaps in a 
footnote or anecdotal statement in order to complete the options discussed in the report, even though the data 
are not as robust as desired. see p 7 

 

 

 

 

Would like to see the effect of soil temperature, soil moisture and wind speed as variables  p 13 states that some 
variables, such as soil temp, are not enforceable.  Not clear why this is so, or why it should affect a discussion of the 
results in this report. 

Fig 8, p 18 shows some periodicity in max flux. But this is not commented on.  Is there a factor, such as max 
sunlight intensity hitting the tarp, at work here? 

What conclusions are we to draw from Fig 10, p 19? This data set is hard to decipher, and hard to interpret.  Every 
Figure and Table should be discussed in the report.  If there is no discussion, these figures or tables with no 
discussion should be dropped, or placed in an appendix. 

Flux from tarp cutting after application will depend on the concentration of chloropicrin under the tarp, ie between 
surface of soil and tarp. A better measure of this factor as a potential variable might be head-space analysis under 
the tarp, rather than full flux determination. P 22 and ff. Was this considered? 

 

 

 

The whole field vs maximum direction section (p25 ff) is hard to follow.  Suggest a rewrite to simplify, and bring out 
the main points for the reader. 

From the data in section 6, p 27 ff, it appears that the Ventura data gives the more health protective buffer zone and 
should be the correct set to choose. Is it possible that this could be overturned by site specific wind data?  This 
might be a possibility for those applicators who wish to go to the trouble of measuring wind speed and direction for 
‘their’ site. 

Appendix 4 would benefit from a legend entitled ‘how this table is meant to be used’.  This starts to come through 
after a couple of perusals, but be better to make it clear in the legend.  Is there any latitude in enforcement of the 
buffer distance in feet, eg +/- 5 %? 

 

 

 

Screening condition buffer zones, used in the absence of the more complete documentation of buffer zones given 
in this report, are presented in the Feb 8 memo, from Barry to Andrews.  First comment, these buffer zones are 
given in meters where the ones in the updated report are in feet—a minor inconsistency.  To put the screening 
method into context of the report, it would be good to have comments on the screening method, and the degree 
of protectiveness it has provided, in the discussion section of the main report.  In other words, cross referencing 
these appendix items back to the appropriate section of the full report would be helpful.  The use of ISCST3 model 
is once again affirmed as the appropriate model—in recognition of the scientific underpinnings of ISCST3. 

Comparison between FEMS and PERFUM2 models (page 4) is important, but I wonder if it could be simplified for 
sake of this report. This gets into a level of detail that somewhat confuses the main points of the report. Why not 
standardize on just one of the two models? 

Discussion of the whole field method and maximum direction methods concludes (p9, Oct 23, 2007 memo) with 
statement that the whole field method does not take into account population centers which, in California, are likely 
to be encountered.  This seems to be a serious drawback. Has this been rectified in the methodology evaluated in 
the updated report? 

 
Appendix B, p 26, again gets into considerable detail on modifications of PERFUM2 to obtain daily spoke-specific 
buffer information.  The section does not contain enough information on why this is being done, or how it will aid 



 

 

in protecting health of persons downwind from the applications of metam.  In other words, the question ‘so what’ 
comes up often and is difficult to answer in spite of the volumes of data presented.  Suggest these technical 
sections be revised and simplified, or preceded with an executive summary that puts the information into 
perspective. Same comment for appendices DEF, although Figure F1 is useful and might be highlighted in some 
way. 

 

 

Appendix 7 (Nov 2, 2007 memo) demonstrates that the choice of weather data affects the results of buffer zone 
calculations in a pronounced way, with Ventura data giving buffer zones about twice those using Bakersfield data. 
Is there a recommendation in the report as to which should be used?  Can we presume that the more protective 
buffer zones, calculated from Ventura data, are to be used, or is this an option depending on where the fields in 
question are located (ie coastal vs Central Valley)? 

It is understandable that portions of this report will be amended when more recent data, (eg availability of Hydrus 
model) is forthcoming.  It would be good to put this sort of information in a concluding or overview section. 

 

 
 
 

Answers to Determination of whether the scientific work product is “based upon sound scientific knowledge, 
methods and practices for each of Four Points posed on pp 4 and 5 of Attachment 2” 

 

 

 

1. DPR used data from 28 of the 47 fumigations available to determine buffer zones, and correctly excluded, 
for scientific and policy reasons, data from 19 of the fumigations. 

In most cases the reason for exclusion was clearly given and follows sound reasoning.  An exception is for 4 
fumigations made in Arizona for which no clear reasons were apparent to this reviewer, except that they were 
removed at the request of DPR management. Not clear what scientific reason existed for excluding these data. 

It would also help to have better reasoning for excluding the data from 3 Symmetry method applications, than the 
stated reason that the Symmetry method is not practiced in California.  After reading up some on the symmetry 
based method, I view it as a reasonable alternative application type that may affect flux and other parameters, and 
I wondered how it can be categorically stated that it is not practiced in CA with an implication that it will never be 
practiced in CA. This seemed arbitrary. 

 

 

 

2. DPR classified chloropicrin fumigation methods into to only 3 groups, based on tarp type, and correctly 
excluded other tarp and application types. The reasons for excluding other types were stated as due to lack of 
statistical significance or too small of sample size (both valid reasons from my viewpoint).  This left only 3 tarp 
types as the basis for comparisons—untarped, poly, and TIF.  These choices appear to this reviewer to agree with 
the primary variable faced by applicators, although several others—depth of incorporation, soil temp, depth of 
injection, tarp cutting time, soil moisture content—are considered by applicators as well. See my comment on 
water level in soil  in my summary General Comments.  For some of these there are good data in the literature 
from model chamber and related lab studies, See references in Woodrow et al A correlation to estimate emission 
rates for soil-applied fumigants, J. Agricultural and Food Chemistry, 59, 939-943 (2011) 

3. Peak flux sometimes occurred during the day, and sometimes during the night, and DPR correctly and 
completely accounted for these time periods.  Note, see pp8-14 and Tables 3 and 4, and figures 4-7 

4. DPR concludes insufficient evidence exists to support most buffer zone credits, contrary to the U.S. E.P.A.’s 
conclusion.  U.S. EPA credits were based upon a mix of field and lab column studies, while DPR uses only field 
studies in its analysis of credits. Although I am generally not in favor of credits for reducing buffer zones, this 
situation does pose a question of sound science, and whether EPA interprets ‘sound science’ differently than DPR. 
Model lab chambers, soil columns, and related techniques can provide good sound data particularly as related to 
variables such as wind speed and temp, which can be controlled in chambers but not in the environment. I would 



 

 

encourage DPR to accept lab chamber and related data, if done according to sound science and GLP principles, but 
not necessarily for the result of providing credits for buffer distances. EPA and DPR are encouraged to exchange 
views on the use of data from model or lab champers, and when such data might be use, and under what 
circumstanes. 

 

 

5. DPR utilized 1.25 m/s as the definition of a calm hour for wind speed and direction data from the California 
Irrigation Management Information System (CIMIS). Speeds at or below 1.25 m/s are considered calm hours for 
purposes of modeling and speeds above 1.25 are considered non-calm hours. 

I do not have expertise in atmospheric meteorology sufficient to provide detailed comments on this poin, but I offer 
the following observations which may, or may not be to the point. DPR provided two references, both by Deaves 
and Lines to support the applicability of the Weibull distribution model to low wind speed data, ie over the 
complete windspeed range.  This is possible because of the development of sonic or lightweight cup anemometers 
that respond at wind speeds below 1.25 m/sec, so that actual data is now available at those low wind speeds and it 
is not necessary to default to 1.25 m/sec when in fact actual wind speed values can be used at low wind speeds, 
including the CIMIS wind speed minimum reporting value of 0.447 m/s. DPR performed stochastic simulation 
which fit CIMIS recorded wind speed data to a Weibull distribution. This allowed DPR to better define a breakpoint 
at 1.25 m/s at which 20% of measurements are below the instrument threshold and 80% of measurements are 
above the threshold. (This reviewer recommends that this information and conclusion be added to the report that 
was provided for peer review, including a clear statement of why this better definition of the low wind speed 
reporting will improve establishment and enforcement of proposed buffer zones). 

 

 

 

Unnumbered:  The Big Picture 

Some of this reviewer’s comments, under the heading of ‘general comments’ are ‘big picture’ in nature. 

DPR staff are commended for doing an exhaustive evaluation of possibilities for developing buffer zones.  In 
particular, the detailed analysis of two state of the art flux models, PERFUM2 and FEMS, was well done.  However, 
data from the Hydrus model is not included, but apparently will be in a future amendment to the report. This 
reviewer suggests that the present Report be indicated as open to updates periodically such as data from Hydrus, 
and perhaps the addition of new field study data. DPR might consider funding studies that shore up, or make more 
robust, the data in this report which was indicated to be of less than desireable volume, robustness, or quality.  An 
example is for injection depth as an application variable that may affect flux. A few other examples, such as KTS 
barriers and soil moisture, are given as separate general comments. 

Some results do not include an adequate statement or estimate of uncertainty. For example, Table 1, DPR 
Proposed buffer Zone Distances, p.10 (and Table 2, other tables specific to each application type), convey a degree 
of accuracy and precision that may not be supported by the data. DPR should consider adding a statement of 
uncertainty, eg +/- 5% to the proposed buffer zones to account for minor variations that might be allowable in 
practice when enforcing these proposed distances. 

The report and proposed buffer zones do not appear to take into account the stability of chloropicrin in air as a 
plume drifts from a treated field down wind.  Does DPR assume that cholopicrin in air is stable to reactions that 
might degrade the chemical, or to deposition process such as exchange with foliage or soil or water surfaces? Some 
statement should be added to the report addressing these potential mitigating effects, and if they are purposefully 
left out of the analysis and report, some recognition of these factors should be made, or simply to state that these 
factors are not considered in the proposed buffer zone distances. 
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