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Revised chloropicrin use requirements impact strawberry 
growers unequally 
by Rachael Goodhue, Melissa Schweisguth and Karen Klonsky

Buffer zone requirements are by nature spatial and their effects are site-specific, with 
some fields — because of their location — more impacted than others. Using a set 
of strawberry fields in Ventura County that were preplant soil fumigated in 2013 as a 
baseline, we examined how much acreage eligible for chloropicrin fumigation would 
have been lost if either of two buffer zone distance regulations had been in effect: any 
one of the four sets of alternative distances proposed in May 2013 by the California 
Department of Pesticide Regulation (DPR) or the buffer zone distances DPR released 
in January 2015. Buffer zone distances are based on several factors including the 
anticipated protection of human health, referred to as the percentile of protection. 
We find that the effects are highly dependent on the percentile of protection. From 4% 
to 29% of the fumigated blocks analyzed would have had an increase in buffer zone 
acreage depending on the percentile of protection. In those blocks, the share of total 
acreage that would no longer have been eligible for fumigation with chloropicrin varied 
from 3% to 45%. We also identify strategies that growers employed to reduce required 
buffer zone distances under use requirements in effect in 2013. The most frequently 
used strategies were using a tarp type with the lowest buffer zone requirements (“60% 
tarp”), extending a buffer onto a neighboring property, road and/or farm path, and 
reducing application rates. The results have an important policy implication: spatially 
defined use regulations have very different effects for different fields; aggregated 
industry-level analyses will miss the range of impacts on growers. 

Pesticide regulations and label 
requirements are increasingly 
defined in terms of spatial param-

eters. Rather than specifying uniform 

use regulations for all applications or 
banning a product, regulators restrict 
use according to the location of identi-
fied negative environmental or human 

health effects. For example, to manage 
humans’ chronic exposure to an active 
ingredient, regulators may limit total 
use at the township level. In addition, 
many label restrictions specify a buf-
fer zone distance regarding how close 
pesticides can be applied to bodies of 
surface water. Buffer zone distance re-
quirements sometimes result in buffer 
zones that reduce the treatable acreage 
in a field. The buffer zone is the area es-
tablished around the perimeter of each 
application block by extending the buf-
fer zone distance from the perimeter in 
all directions. 

While buffer zone distances intended 
to protect surface water quality are de-
pendent on the physical landscape, buffer 
zone distances intended to address hu-
man health effects are dependent on the 
location of nearby residents, workers and 
possible bystanders relative to the field 
being treated. 

To comply with buffer zone regula-
tions, a grower can sometimes set up a 
buffer zone outside the field, for example, 
if a field that needs treatment is sur-
rounded by agricultural land that doesn’t 
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Buffer zone regulations for the fumigant 
chloropicrin are designed to limit human 
exposure. Where farms abut developed areas, 
such regulations may restrict treatable field area.

http://dx.doi.org/10.3733/ca.2016a0002


need treatment (fig. 1). But in other cases, 
such as when the field borders a subdivi-
sion, or a farm road or storage building, 
for example, the required buffer zone 
distance must extend inside the field, ef-
fectively reducing the treatable area of the 
field (fig. 2). 

Such differences mean that the effects 
of a buffer zone distance requirement are 
heterogeneous across fields. Our objec-
tive was to evaluate how much the effects 
vary, and the extent to which growers are 
able to mitigate the loss of treatable acre-
age using various management strategies. 
We addressed these questions using a set 
of strawberry fields in Ventura County 
that had been treated with chloropicrin 
preplant soil fumigation in 2013. We 
considered the losses of treatable acreage 
that would have occurred if different buf-
fer zone distances had been necessary: 
the four sets of buffer zone distances 
proposed in May 2013 by the California 
Department of Pesticide Regulation (DPR) 
and the buffer zone distances DPR re-
leased in January 2015. We also identified 
strategies that growers were employing in 
2013 to reduce the effects of required buf-
fer zone distances and the frequency with 
which they were used.

Preplant treatments of chloropicrin are 
widely used to control nematodes, soil 
pathogens and some weeds. Chloropicrin 
may be applied as a sole active ingredient 
or in a product that also contains methyl 
bromide or 1,3-D. Products containing 
both chloropicrin and methyl bromide are 
also subject to regulations governing the 
use of methyl bromide, including mini-
mum buffer zone distance requirements 
(DPR 2016a). 

Strawberries account for roughly 70% 
of the chloropicrin applied annually in 
California, primarily on the Central Coast 
between Ventura and Santa Cruz counties 
(DPR 2016b). Treated soil is covered with 
plastic tarps during the fumigation appli-
cation. Potential risks are eye, nose, throat 
and upper respiratory irritation for people 
working or living near fields as a result of 
volatilization of chloropicrin (DPR 2010). 
Safety measures to reduce exposure are 
in place at the county, state and federal 
levels.

Baseline regulations
The strawberry fields in Ventura County 
that served as the baseline for our study 
were treated in compliance with two sets 
of regulations in place in 2013: the Phase 
2 U.S. Environmental Protection Agency’s 
(EPA’s) label requirements for chloropic-
rin and DPR’s 2013 recommended permit 
conditions as implemented by the county. 
State regulations must conform to U.S. 
EPA’s requirements; for a state regulation 
to have an effect it must be stricter than 
federal requirements. 

The regulatory provisions relevant 
for our analysis were buffer zone dis-
tance, buffer zone distance credits (e.g., 
allowing smaller buffer zone distances 
if high-barrier tarp is used), minimum 
buffer zone distance, maximum applica-
tion block size and requirements for ap-
plications with overlapping buffer zones. 
We omit discussion of other regulatory 
provisions that are not relevant for straw-
berry production in Ventura County, 
e.g., regulations related to tree hole 
fumigation. 

Phase 2 EPA requirements
The key features of the Phase 2 EPA re-
quirements are as follows: Buffer zone 
distances are based on application block 
size, fumigant application method and 
rate, and tarp type, and are implemented 
on product labels. Buffer zone distance 
credits are given for the use of specific 
high-barrier tarps that reduce fumigant 
emission rates and associated human 
health effects, as well as for other prac-
tices not relevant for this study such as 
untarped applications. The minimum 
buffer zone distance for all fumigations 
is 25 feet. Maximum application block 
size for a 24-hour period is between 120 
and 160 acres depending on the mate-
rial and rate applied. Applications with 
overlapping buffer zones must be made 
at least 12 hours apart and the required 
buffer zone distances are dependent on 
the tarp types used on the individual ap-
plication blocks. 

2013 DPR recommended permit 
conditions
Recommended permit conditions were 
issued by DPR as guidance for coun-
ties issuing restricted material permits; 
although they are not mandatory, they 
were adopted by all permitting counties 
in 2013. Among tarp types, only 60% tarp 
(eligible for a 60% buffer credit from EPA 
due to its lower permeability) qualified 
for a buffer zone distance credit; tarps 
with 20% or 40% credit from EPA were 
not given credit in the permit conditions. 
Minimum buffer zone distances in-
creased for non-60% tarps (other tarps). 
The minimum buffer zone distances 
are 25 feet for 60% tarp (EPA is 25 feet 
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Fig. 1. Buffer zone lies outside the fumigated block so the size of the 
treatment application block is not affected.

Fig. 2. When a buffer zone cannot be extended outside a field, the size of the 
treatment application block is reduced.
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minimum for any tarp). For other tarps, 
the minimum is 60 feet for treatment 
blocks less than or equal to 6 acres and 
100 feet for blocks greater than 6 acres 
and up to 40 acres. Otherwise, buffer 
zone distances are the same as in the 
EPA regulations. 

The maximum application block 
size is 40 acres within a 24-hour period. 
Applications with overlapping buffer 
zones are subject to additional require-
ments: within a 36-hour period after the 
completion of the first application, only 
a combined maximum of 40 acres can be 
treated, and buffer zone distances depend 
on tarps and acreage for all applications. 
If both blocks use 60% tarp, the buffer dis-
tances are calculated per individual block 
acreage. However, if at least one block is 
other tarp, then the buffer distances are 
calculated with the combined acreage and 
the resulting buffer distance is applied to 
all of the combined blocks.

Recent DPR regulatory 
initiatives 
The fumigation decisions reported for 
the strawberry fields in Ventura in 2013 
were made under the 2013 DPR recom-
mended permit conditions and the Phase 
2 EPA regulations, described above. Our 
study examines what the consequences 
would be in terms of buffer zone acreage 
if the 2013 mitigation proposal or 2015 
mitigation measures had been in effect at 
that time. 

2013 DPR mitigation proposal
In May 2013, DPR issued the chloropicrin 
mitigation proposal (referred to below as 
the proposal) regarding potential future 
use requirements for fumigant products 
that contain chloropicrin as an active 
ingredient, either alone or with 1,3-D or 
methyl bromide in California (DPR 2013a). 
The objective of the proposal was to offer 
means of mitigating short-term adverse 
health effects for nearby residents and 
bystanders in addition to the measures 
in the Phase 2 EPA requirements. The 
proposal contains five types of mitigation 
measures: buffer distances, acreage limits 
for applications, waiting periods between 
applications in instances where buffer 
zones overlap, emergency preparedness 
and response requirements, and notice of 
intent (NOI) requirements. 

The proposal details buffer zone dis-
tances based on four possible percentiles 
of protection for human health (80th, 85th, 
90th and 95th). For each percentile of pro-
tection under consideration, buffer dis-
tances are presented for three categories 
of tarp (60%, other, and no tarp). The per-
centile of protection is the probability of 
not exceeding the 73 parts per billion tar-
get concentration outside the buffer zone. 
DPR estimates the buffer zone distance 
required to achieve each percentile of 
protection using available scientific infor-
mation such as air monitoring, computer 
modeling and the results of toxicology 
studies. The four percentiles of protection 
were proposed as four alternative human 

health standards with associated buffer 
zone distances to be considered for future 
implementation. The intent of the pro-
posal process was for DPR to ultimately 
select one percentile of protection for the 
final mitigation measures following pub-
lic comment and further analyses of the 
proposal. 

The buffer zone distance requirement 
for applications using 60% tarp is the 
same in the proposal as in the Phase 2 
requirements. For other tarps, the buf-
fer zone distances in the proposal vary 
with the application method, application 
rate, acreage treated and the percentile 
of protection. For some fumigation block 
sizes and application rates, buffer zone 
distances are larger than the EPA ones 
for applications using other tarps. The 
maximum application block size and 
requirements for applications with over-
lapping buffer zones were the same as 
those in the 2013 recommended permit 
conditions. 

2015 DPR mitigation measures

In January 2015, DPR announced its deci-
sions and intent with regard to required 
mitigation measures involving applica-
tions of chloropicrin (DPR 2015). The 
document includes an explanation of the 
decision process and the scope of the miti-
gation strategy. A few months later, DPR 
released the exact requirements added 
to the pesticide enforcement program 
standards (DPR 2016a). These mitigation 
measures include modifications to many 
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Strawberries account for roughly 70% of the chloropicrin 
applied annually in California, primarily on the Central 
Coast between Ventura and Santa Cruz counties.
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of the measures in the proposal and ef-
fectively replace the 2013 recommended 
permit conditions. The 2015 mitigation 
measures used for this analysis were 
modified in February 2016. DPR is cur-
rently working with registrants (manu-
facturers and distributors) to develop 
California-only labels for chloropicrin 
products consistent with the mitigation 
measures. Amendments to the product 
labels must be approved by EPA before 
those labels can be approved for use in 
California. In other words, the mitigation 
measures are final, although the way in 
which they are implemented will change 
from DPR interim recommended permit 
conditions to EPA approved product 
labels. 

The 2015 control measures are based 
on the 95th percentile of protection of 
human health standard (DPR 2015); 
however, due to the inclusion of addi-
tional weather data (that allowed refine-
ment of buffer zone distances by region), 
refining of buffer zone distances based 
on application method, and corrections 
of errors, the buffer zone distances in 
the 2015 mitigation measures are smaller 
than the 95th percentile buffer zone 
distances in the 2013 proposal except 
for the lowest application rate for small 
treatment blocks. 

There are two additional changes in 
buffer zone distance requirements rela-
tive to the 2013 proposal. First, when ap-
plications with overlapping buffers use 
60% tarp, then the buffer zone distance 
remains at 25 feet but the applications 
must treat no more than 60 acres in total. 
Second, when one or more applications 
using 60% tarp have overlapping buffers 
with one or more applications using other 
tarp, the acres treated under 60% tarp do 
not need to be included when calculating 
the required buffer zone distances for the 
applications using other tarp. 

Field fumigation data 
collection
We examined a subset of restricted mate-
rial permits for preplant soil fumigation 
of Ventura County strawberry fields in 
2013. At that time, the county permit 
conditions were equivalent to DPR’s 2013 
recommended permit conditions plus 
an added requirement that areas treated 
within a 12-hour period that have overlap-
ping buffers are treated as a single field 

for the purpose of calculating buffer zone 
distances. 

The notice of intent (NOI) data we 
examined report growers’ actual 2013 pre-
plant soil fumigation decisions. An NOI 
is part of a restricted materials permit. 
Each NOI describes the fumigation of a 
designated field. Each field may be sub-
divided into any number of blocks, with 
each block treated as a unique fumigation 
event (“a fumigation”). 

Each NOI contains a map (or maps) of 
the site, the fumigation method, the fumi-
gant, broadcast rate in pounds of product 
and the tarp used. All applications we 
examined used some type of tarp, as is 
standard in California strawberry produc-
tion. The NOI also may include informa-
tion about the individual blocks within 
the site to be fumigated each day, such as 
the block size, the date of each fumiga-
tion and the buffer zone distance for each 
fumigation block. In addition, the maps 
show the shapes of the blocks and loca-
tion of the buffers. Most importantly, they 
depict the physical relationships among 
the fumigation blocks and between the 
fumigation blocks and adjacent land, in-
cluding the property operator of adjacent 
farmland, urban areas, and occupied 
structures. In most cases, the maps are the 
only way to identify overlapping buffer 
zones because the available GIS data do 
not provide information on fumigation 
blocks and buffers, only on fields. 

The Ventura County agricultural com-
missioner’s office provided the NOIs in 
response to our request for public records. 
To get a diverse sample, we requested 
NOIs associated with permits for fields 
adjacent to urban areas, adjacent to 
strawberry fields owned by other grow-
ers, and adjacent to agricultural land 
in crops other than strawberries. The 
data include preplant fumigations using 
chloropicrin with and without 1,3-D, and 
chloropicrin without methyl bromide. 
The data cover 17 permits containing 80 
NOIs, accounting for a total of 271 fumi-
gations, which represent about two-fifths 
of Ventura County’s 2013 fumigations 
using chloropicrin that did not include 
methyl bromide. As explained earlier, 
each permit corresponds to one grower, 
each NOI to one field. Each field can be 
divided into fumigated blocks that each 
have a related buffer distance and buffer 
zone meeting all requirements. Therefore, 
the number of blocks equals the number 

of fumigations and, for the permits we 
examined, is larger than the number of 
fields.

For each fumigation, we entered the 
date, block size and buffer zone distance 
and indicated whether the grower ex-
tended the buffer zone distance onto his 
or her own property outside the fumi-
gated block. For other tarp fumigations 
only, we noted the percentage of the pe-
rimeter for which there was an opportu-
nity to extend the buffer farther outward. 
In addition, we entered information from 
the corresponding NOI, including per-
mit number, site ID, planted and treated 
acres, total product and broadcast rate 
(pounds), and method (including use of 
60% tarp). 

We also entered the use of three buffer 
zone–reducing practices: increasing the 
number of hours between adjacent ap-
plications to 36 hours or more, extending 
buffers onto adjacent fields, farm paths or 
roads, and reducing block size to 6 acres 
or less when using other tarp.

Growers’ response to 
2013 regs 
As noted earlier, buffer zone distances 
are determined by fumigation block size, 
application method, tarp type and fumi-
gant. First, we summarized the number 
of blocks by size. Almost a quarter of 
blocks (25%) were 6 or fewer acres. An-
other 19% were between 6 and 10 acres. 
Overall, 230 fumigations (85%) were 20 
or fewer acres. 

Next, we summarized the number 
of fumigations and treated acreage by 
method (drip/chemigation, or broad-
cast) and tarp type (60% or other). Table 
1 reports the share of applications and 
acreage using each of the two application 
methods and each of the two tarp types. 

TABLE 1. Applications and treated acres by 
fumigation method and tarp type, subset of 

Ventura County fumigation blocks, 2013

Applications % Acres % 

Total 271 3,678

Method

Drip 221 82% 3,094 84%

Broadcast 50  18% 584 16%

Tarp

60% 185 68% 2,345 64%

Other 86  32% 1,333 36%
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The majority of applications (64%) used 
60% tarp — for 60% tarp, buffer zone dis-
tances did not change under the 2013 pro-
posal or 2015 mitigation measures. Drip 
was used over 80% of the time. 

Table 2 reports the share of fumiga-
tions by tarp type for each method. 
Although the largest number of fumiga-
tions used drip and 60% tarp, almost all 
broadcast applications used 60% tarp 
compared to 62% of drip applications. 
This may be because the average applica-
tion rate is higher for broadcast than for 
drip, and buffer zone distances increase 
with the application rate. Thus, growers 
using broadcast have more of an incen-
tive to use a tarp that provides a 60% 
buffer reduction credit. (It is important 
to note that there are two important non-
regulatory factors that may have driven 
the difference in the use of 60% tarp by 
application method: using 60% tarp rep-
resents a $320 per acre increase above the 
cost of using other tarp, and 60% tarps 
that were physically flexible enough to 
cover mounded strawberry beds for bed 
fumigations have only recently become 
available.) 

There are a number of strategies grow-
ers can use to reduce the buffer zone for a 
fumigation block. First, it can be reduced 
by altering the governing factors: tarp 
type, product application rate, block size, 
and overlapping buffers across blocks 
using other tarp or across neighboring 
blocks fumigated at least 12 hours apart. 
Growers have additional options in some 
cases. They can locate the buffer on a road, 
on other property they own or operate, or 
on property owned by another entity. 

We report in table 3 the number of fu-
migations and acres where such strategies 
were used. These numbers do not reflect 
entirely the importance of these strate-
gies because it is not always feasible for a 
grower to choose a specific strategy. For 
example, growers can only choose to ex-
tend a buffer zone on other acreage they 
own or operate if they own or operate 
adjacent land. Percentages are reported as 
a share of the total number of NOIs where 
each measure was feasible, not as a per-
centage of all fumigations. 

Table 3 shows that using a 60% tarp, 
putting a buffer on a neighboring prop-
erty, road or farm path, and using lower 
application rates were the most common 
strategies to reduce buffer zone acreage. 
Virtually all fumigations extended buffer 

zones onto farm paths. Most fumiga-
tions used application rates substantially 
lower than the maximum application 
rate allowed on the EPA label: 83% of 
fumigations and 91% of treated acreage 
used application rates less than 66% of the 
permitted maximum. (The base for this 
percentage excludes applications of prod-
ucts also containing 1,3-D because 1,3-D 
is subject to township caps — limits on 
the total amount of the material that can 
be applied in each 36-square mile town-
ship — which could also drive a reduction 
in the application rate.) 

Of course, growers may have used 
these measures for reasons other than 
buffer zone reduction. For example, a 
grower may have needed to wait 2 or 
more days between fumigations due to 
the unavailability of irrigation equipment 
or fumigation rigs. Growers may have 
used a lower product application rate to 
save money or because of a history of low 
disease pressure in the block. However, 
regardless of the reasons for their use, the 
factors reported in table 3 did determine 
buffer zone distance.

Valuation of buffer zone sizes
We estimated buffer zone distances for 
each fumigation block under the baseline 
2013 conditions (Phase 2 EPA regulations 
and 2013 recommended permit condi-
tions), the 2013 DPR proposal, and the 
2015 DPR mitigation measures. The dis-
tances were based on the tarp type, block 
size and application rate. 

The 2013 baseline buffer zone dis-
tances were computed using the EPA’s 
online calculator (US EPA 2015) and 
checked against permit requirements for 
each NOI; we excluded two fumigations 
from the analysis because the EPA buffer 
for both fumigations was much smaller 
than the buffer on the NOI and we could 
not determine the reasons for these 
differences. 

We estimated what the buffer zone dis-
tances would have been if the 2013 DPR 
proposal requirements had been in effect 
by using the tables for the four percentiles 
of protection in the proposal (DPR 2013a). 
Similarly, we used the tables in DPR’s 2015 
mitigation measures to estimate what the 

TABLE 3. Use of strategies that reduce buffer distances reported in Ventura County NOIs, 2013

Applications Fumigated acres 

Strategy n % of feasible n % of feasible

60% tarp 185 68% 2,344 64%

2 or more days between adjacent blocks* 104 42% 1,796 55%

2 or more days between adjacent blocks, other tarp, 
adjacent blocks sum to ≤ 40 acres*

52 21% 630 19%

Buffer on other property† 123 59% 2,065 56%

Buffer on farm path between properties‡ 258 99% 3,559 100%

(All) blocks ≤ 6 acres, all tarp types§ 65 24% NA NA

(All) blocks ≤ 6 acres, other tarp¶ 19 21% NA NA

Application rate < 66% of max rate# 203 83% 2,919 91%

* Of 247 fumigations and 3,280 acres with adjacent fumigated blocks. 
† Of 207 fumigations in which the owner/operator of blocks adjacent to fumigated block were indicated. 
‡ Of 262 fumigations and 3,559 acres where a farm path was labeled clearly. 
§ Six acres is DPR’s cutoff for a 60-foot minimum buffer for fumigations using other tarps; larger blocks have a 100-foot minimum buffer.
¶ Of 90 fumigations using other tarp.
# Of 244 fumigations that did not use products containing 1,3-D.

TABLE 2. Applications and treated acres by combinations of fumigation methods and tarp types in 271 
Ventura County fumigation blocks, 2013

Method Tarp Applications % Acres %

Broadcast 60% 49 98% 580 99%

Broadcast Other 1 2% 4 1%

Broadcast All 50 100% 584 100%

Drip 60% 136 62% 1,764 57%

Drip Other 85 38% 1,330 43%

Drip All 221 100% 3,094 100%
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buffer zone distances would have been if 
that regulation were in effect (DPR 2016a). 
It should be noted that we used the tables 
in effect in 2015 and not the 2016 revisions 
to those tables. We did not consider any 
changes in growers’ choices regarding 
block size, application method, rate or 
tarp; many factors affect treatment deci-
sions including pest and disease pressure, 
terrain, irrigation system design and cost.

After determining the applicable 
CDPR 2013 proposal buffer zone distance 
for each percentile of protection for each 
fumigation block, we calculated the total 
estimated acres in the buffer zone. If the 
fumigation buffer zone distance and buf-
fer zone acreage were based on combined 
acreage with other blocks due to the 
overlapping buffer rule, we used the com-
bined acreage to calculate them. 

The buffer acreage calculations re-
quired the simplifying assumption that 
fumigation blocks were square due to 
limitations of the NOI map data, and 
that the buffer extended outside the fu-
migation block for the percentage of the 
perimeter that the information in the 
map indicated. This approach results 
in an approximation of the buffer zone 
acreage because the fumigation blocks 
in reality have a broad range of shapes 
and proportions. However, we could not 
discern the lengths of all block sides from 
the maps, and GIS data of the quality 
necessary to address buffer requirements 
were not available. Because the approach 
is consistent across buffer requirements, 
the approximation does not introduce 
distortions in the comparison of different 
requirements. 

To evaluate the incremental effect of 
the 2013 DPR recommended permit condi-
tions, we compared the calculated Phase 
2 EPA buffer zone distances to the NOI 
buffer zone distances and calculated the 
associated buffer zone acreages. Seventy-
six of the 269 fumigations analyzed had 
NOI buffer distances larger than the EPA 
buffer distance, increasing total buffer 
zone acreage by 186 acres. There were 53 
fumigations where NOI and EPA buffer 
distance differed by 5 feet or more, ac-
counting for virtually all of the increase 
in buffer zone acreage (183 acres in total). 
On average, these 53 fumigations saw 
an increase of 3.34 acres in buffer zone 
acreage. 

Overall, these numbers indicate 
that DPR’s 2013 recommended permit 

conditions increased buffer zone dis-
tances for 28% of blocks, with varia-
tion in the extent of this increase and 
the associated effects on the number of 
treated acres. Note that these acreage 
effects regard total buffer zone acreage, 
not the planted acreage lost to incremen-
tal increases in buffer zone distances. 
Technically, growers are not restricted 
from planting in untreated areas. We used 
the same approach to compare the buffer 
zone distances and resulting buffer zone 
acreage that would have been required in 
the 2013 DPR proposal and 2015 DPR miti-
gation measures to the buffer distances 
and buffer zone acreage in the NOIs.

Calculating the treated strawberry 
acreage that would have been lost to buf-
fer zones as a consequence of the 2013 
proposal or 2015 mitigation measures was 
more complex than calculating the actual 
2013 buffer zone acreages. This calcula-
tion was only necessary for fumigations 
using other tarps, as these tarps are the 
only ones where buffer zone distances 
increased. We assumed that growers us-
ing other tarps would be able to expand 
buffer zones onto their own fields, and 
would be able to expand onto other grow-
ers’ fields if the 2013 buffer zones already 
did so. Only 30 fumigations would not 
have been able to extend the buffer zone 
distance outward, in full or in part, due to 
being adjacent to a residential area, indus-
trial property or permanent walking path. 

Buffer zone acreage effects
In the case of applications using 60% tarp, 
there was no difference in buffer zone 
acreage between that reported in the NOI 
and the acreage that would have been 
necessary under the 2013 proposal or 2015 
mitigation measures (the EPA buffer zone 

distance for 60% tarp was larger than that 
in the state regulations, and therefore 
the EPA distance takes precedence in all 
cases). Disaggregating applications us-
ing other tarp by application method, all 
fumigations with increases in buffer zone 
distances are drip applications with the 
exception of a single block with a broad-
cast application at the proposal’s 95th per-
centile of protection. 

Our analysis of the acreage effects of 
the 2013 proposal and 2015 mitigation 
measures has three components. The 
first estimates the total increase in buffer 
zone acreage due to increases in buffer 
zone distances (table 4). The second esti-
mates the reduction in acreage that can 
be fumigated due to increases in buffer 
zone distances (table 5). The reduction in 
acreage that can be fumigated is smaller 
than the increase in buffer zone acreage if 
growers can extend buffer zone distances 
farther outside the field. The third focuses 
on the subset of 30 blocks for which the 
recent buffer zone rules result in a reduc-
tion in the acreage that can be fumigated 
(table 6). 

Figure 3 summarizes the number of 
fumigations for which the buffer zone 
distance would increase under the 2013 
proposal and 2015 mitigation measures 
compared to the distances reported in the 
NOIs. The number increases as the per-
centile of protection increases in the DPR 
2013 proposed regulations. The number 
drops under the 2015 mitigation mea-
sures, affecting only 30 fumigations (11% 
of the total number of fumigations). 

For each fumigated block, we calcu-
lated the increase in buffer zone acreage 
by comparing the actual buffer zone 
acreage derived from the 2013 NOIs 
to the buffer zone acreage that would 
have resulted under the proposed and 

TABLE 4. 2013 buffer acreage in Ventura County NOIs, and increases that would have occurred if either 
the DPR 2013 proposal or 2015 mitigation measures had been in effect, by percentile of protection 

2013 NOI buffer acres

Percentile of protection

2013 proposal
2015 mitigation 

measures

80th 85th 90th 95th 95th

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . acres. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                          

60% tarp 853 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Other tarp 781 33 (4%) 336 (43%) 1,477 (189%) 5,214 (668%) 347 (44%)

Broadcast 358 0 (0%) 0 (0%) 0 (0%) 2 (1%) 2 (1%)

Drip 1,276 33 (3%) 336 (26%) 1,477 (116%) 5,212 (408%) 345 (27%)

Total 1,634 33 (2%) 336 (21%) 1,477 (90%) 5,214 (319%) 347 (21%)
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implemented mitigation control mea-
sures. Table 4 summarizes the results. 
There were 1,634 acres in buffer zones 
in the applications reported in the 2013 
NOIs. Some applications using other 
tarp would have sustained increases in 
buffer zone acreage. The estimated ad-
ditional 33 total acres that would have 

been required at the 80th percentile of 
the 2013 DPR proposal represents a 2% 
increase in total buffer zone acreage. The 
impact rises steeply across percentiles of 
protection. The additional 5,214 acres that 
would have been needed for buffers at 
the 95th percentile is a 319% increase over 
the actual 2013 buffer zone acreage. The 

DPR 2015 mitigation measures results in a 
considerably smaller increase in acres in 
buffers: 21%. Critically, not all of the ad-
ditional buffer zone acreage will displace 
acres treated with preplant soil fumiga-
tion for strawberry production because 
of the ability to extend the buffer zone 
further outside the fumigation block in 
most cases. 

Treated acreage effects
To estimate the effect of increases in buf-
fer zone distances on treated strawberry 
acres, we examined the maps for the 
30 fumigations that would have faced 
some limitations to expanding the buffer 
outside the field. In each case, using the 
percentage of the perimeter that could not 
expand, we estimated the loss in treated 
acres due to the buffer zone distance ex-
tending into the field. 

In terms of the loss in treated acres 
across all the fumigations, not just the 
30 most impacted ones, under the DPR 
2013 proposal, the incremental loss was 
negligible at the 80th percentile (see table 
5), under 0.05% of total acreage (1.43 acres 
out of 3,645.5 treated acres). It was sub-
stantial at the 95th percentile, almost 5% 
(181 acres). Under the DPR 2015 mitiga-
tion measures, the loss was only 0.6% of 
treated acreage.

For the 30 impacted blocks, however, 
the average percentage of treated acres 
lost was obviously significantly higher. 
Under the proposed mitigation measures 
at the 80th and 85th percentiles, it was 3% 
and 5%, respectively. The impacts were 
much more pronounced at the higher 
percentiles, with an average of 21.3% of 
treated acres at the 90th percentile becom-
ing part of the buffer, and 45.2% at the 
95th percentile (table 6). Under the DPR 
2015 mitigation measures, the affected 
blocks lost an average of only 10.7% of 
treated acreage.

Implications, lessons
Recent DPR buffer zone distance require-
ments for chloropicrin applications would 
have impacted a few of the strawberry 
growers in our study much more than 
the majority of growers, primarily due 
to the location of their fields and nearby 
land uses. The heterogeneity of the buffer 
zone distance requirements across tarp 
types also would have impacted growers 
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Fig. 3. Number of the 269 Ventura County strawberry fumigation blocks in 2013 that would have 
sustained an increase in buffer zone distance if the DPR 2013 proposed or 2015 mitigation measures 
had been in effect, by percentile of protection.

TABLE 5. Percentage of 2013 treated acres for 269 fumigations in Ventura County that would have been 
lost to buffer zones under DPR 2013 proposal and 2015 mitigation measures, by percentile of protection

2013 treated acres

Percentile of protection

2013 proposal
2015 mitigation 

measures

80th 85th 90th 95th 95th

60% tarp 2,330 0% 0% 0% 0%  0%

Other tarp 1,316 0.11% 0.83% 4.53% 13.75% 0.60%

Broadcast 584 0% 0% 0% 0%  0%

Drip 3,062 0.05% 0.35% 1.93% 5.91% 0.60%

All fumigations 3,646 0.04% 0.30% 1.62% 4.96% 0.60%

TABLE 6. Average block-level percentage of 2013 treated acres in Ventura County that would have been 
lost in the 30 impacted blocks under the DPR 2013 proposal or 2015 mitigation measures, by percentile 

of protection

Percentile of protection

2013 proposal
2015 mitigation 

measures

80th 85th 90th 95th 95th

60% tarp 0% 0% 0% 0% 0%

Other tarp 3.13% 5.15% 21.3% 45.16% 10.7%

Broadcast 0% 0% 0% 0% 0%

Drip 3.13% 5.15% 21.3% 45.16% 10.7%

All 30 fumigations 3.13% 5.15% 21.3% 45.16% 10.7%
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differently: buffer zone distances for 60% 
tarp are determined by EPA label restric-
tions and are not affected by the recent 
DPR requirements; for other tarps, the 
percentile of protection in the DPR re-
quirements does influence the buffer zone 
distances, which affect buffer acreage and 
can affect treated acreage. 

An important caution is necessary. 
Extrapolating values from the results of 
this case study to infer potential effects 
for the rest of the strawberry industry, 
or for other commodities, could be mis-
leading for a number of reasons. First, 
the NOIs examined here were a subset 
of NOIs in Ventura County for 2013 re-
sulting from a request for a set of NOIs 
with applications for which buffer zone 
distance regulations are likely to have an 
effect. Fields surrounded completely by 
other agricultural fields, in contrast, could 
have no effects of the regulation on fumi-
gation blocks. At the regional level, other 
strawberry-producing regions differ from 
Ventura County in several ways, includ-
ing but not limited to total strawberry 
acreage, the timing of fumigation, the size 
distribution of strawberry fields, neigh-
boring land uses, yields and local use per-
mit requirements. Further, our analysis 
did not consider how the 2013 proposal 
or 2015 mitigation measures may inter-
act with other regulatory requirements, 
including DPR’s requirements regarding 
VOC emissions and 1,3-D township caps. 
Any of these factors could alter acreage 
effects. Nonetheless, some general lessons 
can be derived from this case study. 

First, when growers have flexibility in 
terms of altering practices to reduce the 
impact of buffer zone requirements, they 
will utilize them based on their field-
specific circumstances; hence, mitigation 
measures should provide opportunities 
to growers to reduce the impact of those 
measures. As a result, the mitigation mea-
sures will encourage growers to select 
practices that mitigate health hazards of 
offsite movement of pesticides without 
mandating the use of specific practices. 
For example, the 2013 recommended per-
mit conditions corresponded to extensive 
use of 60% tarp. 

Second, the buffer zone distance is 
a key driver of the resulting acreage in 
buffers, dramatically changing affected 
acreage according to the percentile of 
protection in the 2013 proposal. Therefore, 
the science underlying the determination 

of a buffer zone distance should be 
carefully evaluated. Importantly, new 
scientific data resulted in substantial 
adjustments to buffer zone distances for 
the 2015 mitigation measures compared 
to the 2013 proposal at the 95th percen-
tile. Investing in the science underly-
ing regulations should be a priority for 
policymakers. 

Finally, when a buffer zone distance 
requirement depends on site-specific 
characteristics, the impacts will be dis-
tributed unequally, because some growers 
can accommodate the buffer zone require-
ment outside the treated blocks while 
others cannot. As the buffer zone distance 
increases, this inequality is magnified. 

Investing in the information necessary 
to study the impacts of spatially defined 
regulations, such as detailed GIS data, 
should be a priority for policymakers and 
regulators engaged in developing these 
regulations.  c

R. Goodhue is Professor in the Department of 
Agricultural and Resource Economics at UC Davis; M. 
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Agricultural and Resource Economics and International 
Agricultural Development programs at UC Davis; K. 
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in the Department of Agricultural and Resource 
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By definition, site-characteristic based buffer zone regulations 
will have dramatically different effects across locations due 
primarily to differences in neighboring land use.
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