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Attached is the Health Effects Division’s (HED) preliminary risk assessment of the soil 
fumigant, trichloronitromethane, which is also referred to as chloropicrin.  HED evaluated the 
hazard and exposure data and conducted exposure assessments, as needed, to estimate the human 
health risks associated with the registered uses of chloropicrin.  An intentional dosing human 
sensory irritation study was submitted to the Agency for consideration in the acute inhalation 
hazard assessment (Cain, 2004; MRID 46443801).  The Human Studies Review Board (HSRB) 
evaluated the ethical conduct and scientific validity of the chloropicrin human study in June, 
2006.  The HSRB concluded that there was not clear and convincing evidence that the conduct of 
the research was either fundamentally unethical or significantly deficient relative to the ethical 
standards prevailing when the study was conducted.  The chloropicrin human study also was 
considered scientifically sound for the purpose of estimating a safe level of inhalation exposure 
to chloropicrin (HSRB Draft Final Report, September, 2006).  Therefore, irritation data from this 
human study were incorporated into the revised risk assessment.  This assessment also 
incorporates error correction comments received from the Chloropicrin Manufacturers Task 
Force (March 25, 2005) and responded to by HED (D305338/August 17, 2005).  The key 
concern in this assessment was inhalation exposures to those in the general population in 
proximity to treated fields and facilities (i.e., bystanders).  The potential for dietary exposure, 
drinking water exposure and occupational exposures via inhalation were also addressed. 
 
Throughout the 6-phase risk assessment process, HED’s methodologies for calculating the 
potential risks associated with fumigant use have been constantly evolving.  This evolution 
includes evaluation of new volatility studies for chloropicrin and the other fumigant chemicals.  
For chloropicrin, there are a number of volatility studies which quantified emissions from treated 
fields and greenhouses.  However, these data are limited in their utility because they provide 
results only for the specific conditions under which the experiments were conducted.  Therefore, 
to provide flexibility, HED also used ISCST3 or the Industrial Source Complex: Short-Term 
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Model to develop risk estimates for bystanders associated with chloropicrin uses 
(http://www.epa.gov/scram001/).  [Note:  Also refer to 
http://www.epa.gov/scram001/guidance/guide/appw_03.pdf for additional information 
concerning the development and validation of ISCST3.]  Additionally, in response to the 
Agency’s methodologies based on ISCST3 for assessing risks for preplant soil fumigants, three 
other models that incorporate ISCST3 variability in weather and emissions (PERFUM, FEMS, 
SOFEA) were reviewed by the FIFRA SAP in August and September of 2004 
(http://www.epa.gov/scipoly/sap/2004/index.htm).  The SAP concluded that each of the three 
models could provide scientifically defensible estimates of the risks associated with soil 
fumigation practices and also suggested modifications and additional data that could further 
refine risk estimates.  In this risk assessment, PERFUM has been used to evaluate bystander risks 
(http://www.epa.gov/opphed01/models/fumigant/).  HED would also evaluate submissions based 
on the other models if detailed documentation accompanied any such submission. 
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1.0   Executive Summary 
 
The Special Review and Reregistration Division (SRRD) requested that the Health Effects 
Division (HED) conduct a human health risk assessment/determination of safety for the fumigant 
chloropicrin.  Chloropicrin (trichloronitromethane) is a nonselective preplant soil fumigant with 
fungicidal, herbicidal, insecticidal, and nematicidal properties. 
 
The Chloropicrin Manufacturer’s Task Force is currently supporting preplant soil uses 
(agriculture and commercial greenhouses) including a spot treatment for tree replant sites, in-situ 
telephone pole applications, empty grain bins and empty potato storage house/cellar fumigations.  
Preplant soil uses in agriculture account for most of the use of chloropicrin.  Chloropicrin is also 
added to methyl bromide (for preplant soil fumigation) formulations at 2% or less by weight and 
it is used with sulfuryl fluoride (during indoor fumigations).  When used in this capacity, 
chloropicrin is considered a warning agent to indicate possible hazardous concentrations of 
odorless methyl bromide or sulfuryl fluoride vapors. 
 
Chloropicrin’s volatility in the environment and results of metabolism studies in soil and plants 
indicate that there is no reasonable expectation of finite residues to be incurred in/on any raw 
agricultural commodity when these products are applied according to label directions.  
Therefore, this fumigant does not require food tolerances and is not subject to the amendments to 
the Federal Food, Drug, and Cosmetic Act (FFDCA) promulgated under the Food Quality 
Protection Act (FQPA) of 1996, and an aggregate risk assessment is not required. 
 
Chloropicrin is a sensory irritant in which the trigeminal nerve mediates sensations in the nose, 
eyes, throat, and upper respiratory tract.  As such, chloropicrin is expected to result in port-of-
entry related toxic effects (necrosis and rhinitis of nasal epithelium, lung congestion, and 
bronchiole mucosal edema).  Chloropicrin is classified as category I (highly toxic) for acute 
inhalation, skin irritation, and acute dermal toxicity.  Since the skin irritation and acute dermal 
toxicity studies for chloropicrin are category I, HED is not currently requiring a subchronic 
dermal toxicity study due to the corrosivity.  For the major route of exposure of concern, the 
inhalation database is robust with exposure durations ranging from 30 minutes to two years (108 
weeks) evaluating acute, subchronic, chronic/cancer, reproductive and developmental toxicity.  
In vitro mutagenicity assays have mixed positive and negative results, however, chloropicrin is 
currently not considered a carcinogen by the inhalation route of exposure.  From these rodent 
studies, it is apparent that both air concentrations of chloropicrin and duration of exposure factor 
into the development of port-of-entry effects. 
 
A three phase human irritation study is available for chloropicrin.  The Human Studies Review 
Board (HSRB) concluded the study was conducted under ethical standards and scientifically 
sound for estimating a safe level of inhalation exposure.  Eye irritation was consistently the most 
sensitive endpoint in every phase of the study.  Protection of eye irritation likely protects against 
changes in upper respiratory parameters.  Responses of participating subjects are consistent with 
symptoms reported from public health data.  Specifically individuals exposed to the agricultural 
use of chloropicrin typically complain of lacrimation, irritation to throat, headache, coughing, 
and difficulty breathing.  The human study also provides information regarding the variability 
among healthy subjects to detect chloropicrin as either odor or eye irritation. 
 
Chloropicrin, like the other soil fumigants, has the potential to move off-site following field 
applications, resulting in exposure to bystanders near treated areas and to people far away from 
treated areas through ambient air.  Exposure to chloropicrin may also occur to those handling the 
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pesticide or working in treated fields.  Acute inhalation exposures to bystanders and workers 
appear to present the greatest risk concern.  Phase 3 of the human study most closely resembles 
the acute bystander inhalation scenario (1 to 8 hours of exposure) for the human health risk 
assessment.  Objective (nasal nitric oxide, nasal cytology, forced vital capacity, forced expiratory 
volume) and subjective scores (0 to 3 scale of severity of symptoms in eye, nose, throat) on the 
irritation of chloropicrin are examined in phase 3.  Results of phase 3 indicate initial changes in 
respiratory parameters occur with eye irritation.  As such, eye irritation is an appropriate marker 
for protection of more serious respiratory outcomes.   
 
Benchmark dose (BMD) analysis, or in this case benchmark concentrations (BMC) analysis is 
generally a preferable alternative to the no-observable-adverse-effect-level (NOAEL)/lowest-
observable-adverse-effect-level (LOAEL) approach to define a point of departure (PoD).  The 
Office of Pesticide Programs is increasing its use of BMD/BMC techniques in its human health 
risk assessments.  A BMC analysis is available that utilizes irritation data from phase 3 of the 
human study.  The lower bound estimate or BMCL10 is 73 ppb based on irritation severity scores 
of the maximum response period (30 – 55 mins) of phase 3.  The BMCL10 of 73 ppb is 
appropriate for establishing a point of departure for a 1-hour (acute) inhalation scenario.  
Typically, EPA uses a 10x factor to account for variability within species and another 10x factor 
to account for interspecies extrapolation.  In this case, the 10x for interspecies extrapolation is 
not needed since a human study was selected.  Due to the variability of the responses to 
chloropicrin among healthy subjects in every phase of the study, the 10X is appropriate for 
intraspecies variability.  As a result, the total composite margin of exposure (MOE) of 10 defines 
HED’s level of concern (LOC) for acute inhalation to chloropicrin.  
 
For short-term (ST) and intermediate-term (IT) durations, the human study does not provide the 
appropriate durations of exposure.  Therefore, the 13-week mouse inhalation study was selected 
for estimating inhalation risk.  The LOAEL is 1.0 ppm based on clinical signs consistent with 
port-of-entry irritation (nasal rhinitis and lung histopathology) and more severe damage (lung 
hyperplasia, alveolar histiocytosis, increased lung weights) was observed at higher doses in 
animals of both sexes in the 13-week mouse study.  The NOAEL is 0.3 ppm. 
 
A two-year mouse carcinogenicity study was selected to estimate long-term (LT) inhalation risk 
to chloropicrin.  Increased lung weights and histological changes in the nasal cavity and lungs 
also were observed at the mid- (0.5 ppm) and high-dose (1.0 ppm) animals of the two-year 
carcinogenicity study.  The LOAEL is 0.5 ppm based on increase lung weights and histological 
changes in the nasal cavity and lungs.  The NOAEL is 0.1 ppm.  [Note: HED does not expect 
long-term chloropicrin exposures but has included the long-term toxicological data to provide the 
complete toxicological picture for chloropicrin.] 
 
Human equivalent concentrations (HECs) were derived from these rodent studies for developing 
margins of exposure (MOEs) using EPA’s reference concentration (RfC) methodology (1994).  
EPA’s RfC method provides algorithms which calculate HECs for different regions of the 
respiratory system.  In some cases, as that for chloropicrin, the HECs for local effects can be 
more protective than HECs calculated for systemic effects, even if the test species NOAEL 
identified for the study provides a lower value.  As such, HECs for local effects have been used 
in the current risk assessment to extrapolate ST, IT, and LT risk.  The HECs differ between non-
occupational and occupational scenarios since residential HECs are based on 24-hour exposures 
occurring 7 days per week, while the occupational HECs are based on an 8-hour exposure 
occurring 5 days per week.  Because EPA’s RfC methodology incorporates some 
pharmacokinetic differences between mice and humans, the interspecies extrapolation factor is 



 
Page 9 of 291 

reduced to 3x.  Typically, EPA uses a 10x factor to account for intraspecies variability.  
Therefore, a MOE of 30 defines HED’s LOC for ST, IT, and LT inhalation risk to chloropicrin. 
 
Based on the use of the RfC methodology, the short- and intermediate-term non-occupational 
HEC is 0.008 ppm and the occupational HEC is 0.035 ppm, based on significant increases in 
nasal lesions (rhinitis) and lung histopathology (hyperplasia, alveolar histiocytosis).  The long-
term non-occupational HEC is 0.004 ppm and the occupational HEC is 0.015 ppm, based on 
nasal rhinitis and exudate, hyaline epithelial inclusions, and olfactory epithelial atrophy in both 
sexes.   
 
Based on the expected exposure pattern and physicochemical properties of chloropicrin, the 
Agency does not anticipate dermal exposure resulting from typical use.  As a result, HED is not 
conducting a quantitative dermal risk assessment at the present time. However, it should be noted 
that handlers are required by the current labels to wear personal protective equipment (PPE) due 
to the corrosivity of chloropicrin to skin. 
 
Releases of fumigants, such as chloropicrin, can be categorized into two distinct exposure 
scenarios. These include residential bystander exposure from two key sources: a) known or point 
sources (i.e., at the edge of a treated field); and b) many or nonpoint sources within a region (i.e., 
ambient air).  Data from field volatility studies were used to estimate known point source 
exposures.  Data from ambient air studies were used to estimate nonpoint source exposures.  
Ambient-air exposures are most likely to occur to residents living in agricultural areas where 
there is significant agricultural use during a particular season, such as in the strawberry growing 
region in California.  Data from ambient air studies in California were used to estimate ambient 
air exposures. 
 
Throughout the 6-phase risk assessment process, HED’s methodologies for calculating the 
potential risks associated with fumigant use have been constantly evolving.  This evolution 
includes evaluation of new volatility studies for chloropicrin and the other fumigant chemicals.  
For chloropicrin, there are a number of volatility studies which quantified emissions from treated 
fields and greenhouses.  However, these data are limited in their utility because they provide 
results only for the specific conditions under which the experiments were conducted.  Therefore, 
to provide flexibility, HED also used ISCST3 or the Industrial Source Complex: Short-Term 
Model to develop risk estimates for bystanders associated with chloropicrin uses 
(http://www.epa.gov/scram001/). [Note:  Also refer to 
http://www.epa.gov/scram001/guidance/guide/appw_03.pdf for additional information 
concerning the development and validation of ISCST3.]  In addition, in response to the Agency’s 
methodologies based on ISCST3 for assessing risks for preplant soil fumigants, three other 
models that incorporate ISCST3 variability in weather and emissions (PERFUM, FEMS, 
SOFEA) were reviewed by the FIFRA SAP in August and September of 2004 
(http://www.epa.gov/scipoly/sap/2004/index.htm).  The SAP concluded that each of the three 
models could provide scientifically defensible estimates of the risks associated with soil 
fumigation practices and also suggested modifications and additional data that could further 
refine risk estimates. 
 
Since then, PERFUM has been updated in order to address additional source types instead of just 
agricultural fields (http://www.sciences.com/perfum/index.html). The updated version of 
PERFUM is capable of estimating results for agricultural fields of different sizes and shapes. 
Additionally, PERFUM can model releases from structures (e.g., greenhouses and chambers of 
different sizes and shapes), appropriate for evaluating potential releases from commodity 
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treatments.  The other two models which were evaluated by the SAP in 2004 (i.e., FEMS & 
SOFEA) at this point do not have the capability of addressing use patterns of this nature. 
 
The distance at which the target concentration (i.e., HC coupled with uncertainty factor) is 
reached in the agricultural field PERFUM distributions is variable and clearly depends upon the 
desired statistical interpretation of the results.  At very low percentiles of exposure and lower 
MOEs, target concentrations are met within 100 meters or so of the field’s edge for the whole 
field buffer statistic.  In many of the examples the predicted distances exceed 1000 meters and in 
some circumstances attain ≥ 1440 meters (particularly for the 40 acre maximum distance buffer 
statistic) which is the farthest distance considered in PERFUM.  Results also reflect the general 
trend that lower exposure percentiles, application rates, and field sizes result in lower predicted 
distances to a selected target concentration (i.e., based on HC and UF). 
 
Potentially, the size and shape of a treated field can also impact results.  The results of the size 
analysis which examined the impact of changing field sizes were expected in that buffer 
distances increased with larger fields.  The slope of the curves for each flux study varied because 
of the different emission profiles associated with each.  The higher the emissions, the larger the 
buffer distance required.  The impact of changing field shapes was also investigated.  It appears 
that at least for the Ventura California meteorological data and 5 acre fields that the shape did 
not significantly impact buffer distances.  This probably indicates that there is not a prevailing 
wind direction for the Ventura California weather station and that wind vectors occurred in 
several directions over the time-frame of the analysis.  It is possible that results would differ for 
different weather station locations and that more site specific analyses could be required if this 
parameter requires further investigation.  It is also likely that results would be more pronounced 
with larger fields or if a weather station has a definite prevailing wind direction. 
 
The distance at which the target concentration (i.e., HC coupled with uncertainty factor) is 
reached in the greenhouse PERFUM distributions is also variable and clearly depends upon the 
desired statistical interpretation of the results.  At 95th percentile of exposure, target 
concentrations are met within a few hundred meters of the field’s edge (depending on the amount 
of chloropicrin emitted) for the whole field buffer statistic.  In many of the examples the 
predicted distances exceed 1000 meters and in many circumstances attain ≥ 1440 meters which is 
the farthest distance considered in PERFUM.  Results also reflect the general trend that lower 
exposure percentiles and greenhouse sizes result in lower predicted distances to a selected target 
concentration (i.e., based on HC and UF). 
 
Based on the ambient-air monitoring data, the acute risks for most of the monitoring stations 
considered do not exceed HED’s level of concern. 
 
Risks to occupational handlers, including tractor drivers, co-pilots, shovelers, soil sealers, tarp 
punchers and tarp removers, involved /in preplant field fumigation were evaluated using 
chloropicrin-specific handler monitoring data.  Acute risks to handlers exceed HED’s level of 
concern (MOE < 10) for most of the sample points in every study at the baseline level (no 
respirator).  However, with the addition of a PF 10 respirator, many of the handler risks do not 
exceed HED’s level of concern.  Short- and intermediate-term risks to handlers also exceed 
HED’s level of concern  (MOE < 10) for many of the sample points in every study at the 
baseline level as well as with the addition of a PF 10 respirator. 
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2.0 Ingredient Profile 
 

 2.1 Summary of Registered Uses  
 
Chloropicrin is a broad-spectrum fumigant used for the control of weeds, nematodes, insects, 
rodents, and certain fungi.  Chloropicrin is a strong irritant that is toxic to all biological systems, 
affecting body surfaces and interfering with the respiratory system and the cellular transport of 
oxygen.  Chloropicrin end-use products are packaged as 100% chloropicrin formulations as well 
as in combination formulations with methyl bromide and telone.  Chloropicrin is also projected 
to be combined with iodomethane (which is currently in the registration process).  In these 
combination end-use products, the percent active ingredient for chloropicrin can range from 20 
to 55% when combined with methyl bromide and from 15 to 60% when combined with telone.  
It is projected to be combined with iodomethane at various percent active ingredient levels. 
 
Preplant soil use in agriculture accounts for most of the use of chloropicrin.  Typical use consists 
of making one application per year prior to planting to sterilize the soil.  Individually, 
strawberries, tomatoes, peppers, and tobacco were the crops with the highest percentage of their 
overall acreage treated according to the most recent Biological and Economic Analysis 
Division’s (BEAD) Screening-level Usage Analysis (SLUA), which is dated November 17, 
2005.  The average annual percent crop treated for those crops, respectively, were 30, 20, 20, and 
15 percent while the maximum percent crop treated, respectively, for those crops was 65, 50, 40, 
and 20 percent. 
 
Figure 1 below shows the average chloropicrin use over 2002-2004 for the United States1.  
Typically, chloropicrin use in tobacco seedbeds and fields occurs in Florida and Virginia 
(application rates range from 25 to 75 lbs ai/acre).  Use on tomato fields occurs in Florida and 
Michigan (application rates range from 100 to 150 lbs ai/acre) and California (application rates 
of 300 lbs ai/acre and above).  Grape production (table and wine) in California also uses 
chloropicrin (application rates range from 25 to 75 lbs ai/acre).  Finally, chloropicrin use in 
strawberry fields occurs in Florida and North Carolina (application rates range from 100 to 150 
lbs ai/acre) and in Ohio and Pennsylvania (application rates range from 250 to 300 lbs ai/acre). 

                                                 
1 USEPA, Biological and Economic Analysis Division.  Overview of the Use and Usage of Soil Fumigants.  July 6, 2005. 
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Figure 1:  Chloropicrin Annual Pounds of Active Ingredient Applied By State For All 

Surveyed Crops Based on Three Years of EPA Data (2002-2004) 1. 
 
The Chloropicrin Manufacturer’s Task Force (CMTF) members have amended the four existing 
manufacturing labels to delete use of chloropicrin as an active ingredient in pesticide 
formulations for post-harvest uses, structural fumigations, forestry uses, and aquatic use patterns.  
The CMTF is only supporting the use of chloropicrin as a preplant soil fumigant for agricultural 
fields, in commercial greenhouses, in empty grain and potato bins, and in the remedial treatment 
of wood poles (e.g., telephone poles).  In addition to these labeling changes, CMTF is supporting 
the following maximum rates for preplant soil fumigation uses: 
 

 -- 350 lbs per treated acre for shank injection applications - tarped; 
 -- 175 lbs per treated acre for shank injection applications - untarped; 
 -- 300 lbs per treated acre for drip irrigation applications (including greenhouses); and 
 -- 500 lbs for tree hole replant applications (small area). 

 
At this time, the Phase 3 chloropicrin risk assessment reflects these new maximum rates.  Other 
registrants wishing to support higher application rates must conduct the appropriate volatility 
studies and submit them to the Agency. 
 
Chloropicrin is also used as a warning agent when it is added at 2% or less by weight to methyl 
bromide (for preplant soil fumigation) formulations.  Chloropicrin may also be used as a warning 
agent when it is introduced at low levels prior to sulfuryl fluoride structural fumigations.  
However, in this case the chloropicrin is a separate formulation as chloropicrin is not formulated 
with sulfuryl fluoride.  When used in either of these capacities, chloropicrin is considered a 
warning agent (not an active ingredient) that is used to indicate possible hazardous 
concentrations of odorless methyl bromide or sulfuryl fluoride vapors. 
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 2.2 Structure and Nomenclature 
 
Table 2.2 provides the structures and relevant nomenclature for chloropicrin. 
 

Table 2.2: Test Compound Nomenclature 
Chemical structure 

NCl

Cl

Cl

O

O

 
Common name Chloropicrin 
Molecular formula CCl3NO2 
Molecular weight 164.38 g/mol 
IUPAC name Trichloronitromethane 
CAS name Trichloronitromethane 
CAS number 76-06-2 
PC Code 081501 

 

 2.3 Physical and Chemical Properties 
 
A listing of the physical and chemical properties of chloropicrin included in this assessment is 
provided in Table 2.3. 
 

Table 2.3: Physicochemical Properties of the Technical Grade Test Compound 
Parameter Value/Description Reference 
Physical State Near colorless, oily liquid  
Melting point/range -69.2oC Merck Index 
Boiling point/range 112oC at 757 mm H Merck Index 
Density 1.7 g/ml at 25oC D268927 
Water Solubility Limited D268927 
Solvent Solubility 70.5 g/mL at 25oC in acetone, ethyl alcohol, hexane, and xylene D268927 
Vapor Pressure 23.8 mm Hg at 25oC D268927 
Dissociation constant (pKa) Not applicable, nonpolar D268927 
Octanol/water partition coefficient Log (KOW) = 2.58 D268927 

3.0 Metabolism 
 

 3.1 Description of Primary Crop Metabolism 
 
The qualitative nature of the residue in plants is adequately understood based on an acceptable 
plant metabolism study (S. Knizner, Memo, 8/25/94).  The plant metabolism and environmental 
fate studies demonstrated that when used as a preplant soil fumigant, chloropicrin is degraded in 
both aerobic and anaerobic soil to carbon dioxide (CO2).  The CO2 generated from the 
chloropicrin is subsequently taken up by the plant and incorporated into starch, proteins, pectin, 
lignin, hemicellulose, and cellulose.  Therefore, the use of chloropicrin as a preplant soil 
fumigant is considered to be a non-food use and tolerances are not needed. 
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 3.2 Description of Livestock Metabolism 
 
Because plant metabolism studies demonstrated that residues consisted of natural plant 
components, the requirement for animal metabolism studies has been waived (S. Knizner, 
D207927, 10/4/94). 

 3.3 Description of Rat Metabolism 
 
There are currently no guideline metabolism studies in rats available for chloropicrin. 
 

4.0 Hazard Characterization/Assessment 

 4.1 Hazard Characterization 
        
  4.1.1 Database Summary (See Appendix A for executive summaries of critical 
studies and toxicological profile of chloropicrin.) 
 
Studies available and acceptable (human, animal, general literature) 
Chloropicrin is a sensory irritant with the main exposure of concern via inhalation.  As such, the 
database of inhalation and/or port-of-entry toxicity studies for chloropicrin is robust.  For 
example, acceptable inhalation studies in mice, rats, and rabbits are available in exposure 
durations ranging from 30 minutes to two years (108 weeks) evaluating acute, subchronic, 
chronic/cancer, reproductive and developmental toxicity.  Both acute rodent inhalation studies 
(30 minute and 4-hours) are acceptable/non-guideline but provide only limited details for port-
of-entry irritation.  For example, the 30-minute mouse study provides a level at which 50% 
respiratory depression (RD50) occurs with no examination for irritation lesions whereas the 4-
hour inhalation rat study assesses port-of-entry effects but at lethal and sub-lethal concentrations.  
Additionally, it should be noted that, unlike other inhalation toxicity studies, the multi-generation 
reproductive toxicity study did not show evidence of port-of-entry effects (nose, lungs).   
 
Although there are currently no food tolerances for chloropicrin, oral toxicity studies are 
available for chloropicrin and include a two-year chronic toxicity study in rats and a one-year 
oral capsule study in dogs.  Chloropicrin was corrosive in the skin irritation and acute dermal 
toxicity studies (Tox Category I).  Since the skin irritation and acute dermal toxicity studies for 
chloropicrin are category I, HED is not currently requiring a subchronic dermal toxicity study 
due to chloropicrin’s corrosivity to the skin. 
 
An intentional dosing human sensory irritation study has recently been submitted to the Agency 
for consideration as part of the acute inhalation hazard assessment (Cain, 2004; MRID 
46443801).  The Human Studies Review Board (HSRB) evaluated the ethical conduct and 
scientific validity of the chloropicrin human study in June, 2006.  The HSRB concluded that 
there was not clear and convincing evidence that the conduct of the research was either 
fundamentally unethical or significantly deficient relative to the ethical standards prevailing 
when the study was conducted.  The chloropicrin human study also was considered scientifically 
sound for the purpose of estimating a safe level of inhalation exposure to chloropicrin (HSRB 
Draft Final Report, September, 2006).  The chloropicrin study is a controlled three phase human 
irritation study that provides information on: 1) the odor threshold for chloropicrin; 2) the 
detection of feel in healthy subjects’ eyes, nose, and throat; 3) the irritation potential from 
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repeated exposures; and 4) the magnitude of variability in subjects’ responses to varying 
concentrations and durations of exposure to chloropicrin.  The concentrations (50 ppb to 1200 
ppb) and durations (1-2 seconds to 60 minutes/day for 4 consecutive days) of exposure to 
chloropicrin varied with each phase of the study.  Please refer to Section 4.1.2 for additional 
details of the human study or Appendix A for the executive summary. 
 
Metabolism, toxicokinetic, mode of action data 
 
There are no inhalation pharmacokinetic or metabolism studies available for chloropicrin and the 
metabolic pathway has not been determined.  However, studies from the open literature indicate 
glutathione and thiol proteins may play a role in the metabolism of chloropicrin.  Chloropicrin is 
postulated to be dechlorinated to yield dichloronitromethane (CHCl2NO2), chloronitromethane 
(CH2ClNO2), and polar nonvolatile metabolites that are eliminated via the urine (Schneider et al., 
19992; Sparks et al., 19973; Sparks et al., 20004).  
 
Chloropicrin is a sensory irritant in which the trigeminal nerve mediates sensations in the nose, 
eyes, throat, and upper respiratory tract.  As such, chloropicrin is expected to result in port-of- 
entry related toxic effects (Alarie, 19735, Buckley et al., 19846, Shusterman 20027).  Since 
sensory irritation can have different meanings, for this assessment, chemical sensory irritation 
refers to “the range of physiological responses (including sensory, secretory, respiratory, cellular, 
and biochemical) produced when airborne chemicals stimulate unspecialized free trigeminal 
nerve endings available in the mucosae of the ocular, nasal, oral, and upper respiratory tract” 
(Doty et al., 20048).  Responses from a sensory irritant are distinct from that of chemical 
stimulation (specialized olfactory or taste receptor cells).  Irritation responses from a sensory 
irritant may include localized chemosensations such as burning, itching, and stinging, as well as 
associated physiologic (e.g., secretory) responses resulting from surrounding tissues (e.g., eyelid 
closure, inflammation, etc.).   
 
Quantification of the chemosensations produced from chloropicrin vapor has been determined in 
mice (RD50 concentration) (Hoffman et al., 1999; MRID 451178901; Buckley et al., 1984) and 
evaluated recently in human subjects (MRID 46443801).  Therefore for this hazard assessment, 
chloropicrin is considered a sensory irritant evoking irritating effects at the ports-of-entry: eyes 
(lacrimation, redness), nose, throat, lungs, and mucous membranes in inhalation exposure 
studies.  It is notable that these effects are consistent with other chemicals, such as chlorine and 
formaldehyde (Alarie, 19819;Buckley et al., 1984).  Chloropicrin also caused irritation of the 
gastrointestinal tissue in oral exposure studies by eliciting stomach lesions, emesis, and diarrhea. 
  

                                                 
2 Schneider et al., 1999. Glutathione activation of chloropicrin in the Salmonella mutagenicity test. Mutation Research. 439: 233-
238. 
3 Sparks et al., 1997. Chloropicrin: reactions with biological thiols and metabolism in mice. Chem. Res. Toxicol., 10: 1001-1007. 
4 Sparks et al., 2000. Chloropicrin dechlorination in relation to toxic action. J. Biochem Molecular Toxicology. 14 (1):26-32. 
5 Alarie, Y. 1973. Sensory irritation by airborne chemicals. CRC Crit. Rev. Toxicol. 2: 299-363. 
6 Buckley et al., 1984. Respiratory tract lesions induced by sensory irritants at the RD50 concentration. Toxicology and Applied 
Pharmacology. 74: 417-429. 
7 Shusterman D 2002. Review. Individual factors in nasal chemesthesis. Chem. Senses 27: 551-564. 
8 Doty eta l., 2004.  Assessment of upper respiratory tract and ocular irritative effects of volatile chemicals in humans.  Critical 
Reviews in Toxicology. 34(2): 85-142. 
9 Alarie. Y. 1981. Dose-response analysis in animal studies: prediction of human responses. Environmental Health Perspectives. 
42: 9-13. 
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Sufficiency of studies/data 
 
The toxicological database of animal and human data for chloropicrin is robust and adequate for 
selecting toxicity endpoints for the current risk assessment. 

  4.1.2 Endpoints 
 
Chloropicrin is a unique soil fumigant in that it has been previously used for a variety of 
purposes including as a warning agent (when used in conjunction with other odorless fumigants) 
as well as a tear gas.  Current information for chloropicrin indicates the sensitivity among 
individuals varies regarding the odor and feel of chloropicrin in the eye.  Individuals handling the 
fumigant or working in treated fields also may become exposed.  Like the other soil fumigants, 
chloropicrin has the potential to move off-site from the site of field application.  Individuals near 
a site of chloropicrin application, therefore, may inadvertently become exposed to chloropicrin 
through ambient air. 
 
   Responses in Laboratory Animals 
 
Based on toxicity studies in laboratory animals (rats and mice), port-of-entry effects such as 
necrosis and rhinitis of nasal epithelium, lung congestion, and bronchiole mucosal edema from 
inhalation exposure were observed at exposure concentrations as low as 10.6 ppm (LOAEL, 
MRID 45117902) in acute, 1.0 ppm (LOAEL, MRID 43063201) in subchronic, and 0.5 ppm 
(LOAEL, MRID 43632201) in chronic studies of chloropicrin.  It should be noted, however, that 
the rodent studies fail to provide information regarding odor detection and the concentration at 
which chloropicrin becomes irritating to the eyes, nose, and throat. 
 
Two studies are available for the acute inhalation scenario.  Both acute rodent inhalation studies 
are acceptable/non-guideline.  The 30-minute mouse study (MRID no.45117901) is limited as it 
only provides a level at which 50% respiratory depression occurs and port-of-entry irritation 
symptoms (lesions) were not examined.  In contrast, the four-hour inhalation rat study (MRID 
45117902) provides port-of-entry effects, but only at lethal and sub-lethal concentrations.    
 
In developmental inhalation toxicity studies with chloropicrin (MRID 42740601, 42740602), no 
evidence of quantitative or qualitative susceptibility in developing animals was observed.  
Clinical signs consistent with those reported in the subchronic inhalation studies (e.g. nasal 
staining, decreased activity and emaciation) were observed in maternal rats and rabbits.  In 
addition, decreased food consumption and body weights were noted.  There were no treatment-
related differences from control animals in terms of mean numbers of implantation sites, 
resorptions, number of live and dead fetuses, fetal sex ratios, fetal malformations or variations.  
 
Results from the available inhalation rat reproductive study (main study) are equivocal due to 
inconsistencies between port-of-entry and reproductive effects observed in other inhalation 
toxicity studies with chloropicrin. Specifically, in a range-finding reproductive inhalation study 
(MRID 46427801), chloropicrin was administered 6 hours daily to rats at 0.4, 1.0, and 2.0 ppm 
for 7 days per week during premating (14 days) and during gestation (Day 0-20).  The report of 
the range-finding study indicated litter sizes and uterine implantations were both decreased at the 
high dose (2.0 ppm).  According to study methods, nasal and lung changes were not examined in 
the range-finding study; consequently no significant changes in nasal or lung tissues were 
reported in the clinical or necropsy findings at any dose level.  In the 90-day inhalation rat study 
(MRID 43063201), irritation was noted as increased relative and absolute lung weight, nasal 
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lesions, and microscopic pulmonary changes at 1.0 ppm.  However, in the main reproductive 
study, none of the lesions, irritation, or alterations in reproductive parameters was observed from 
microscopic examination even though concentrations (0.5, 1.0, 1.5 ppm) were comparable to 
other inhalation toxicity studies with chloropicrin.  Air concentration analysis of the main 
reproductive study indicated chloropicrin was administered within 93% to 107% of the target 
concentration.  The duration of exposure may be a key factor for the lack of port-of-entry effects 
in the reproductive study compared to lesions observed in the 90-day study. 
 
Port-of-entry effects were also observed in oral gavage studies.  Irritation was evident as 
hyperkeratosis of the non-glandular stomach in rats at concentrations as low as 1.0 mg/kg/day 
and vomiting and diarrhea in dogs as low as 5.0 mg/kg/day.  
 
In the acute, subchronic, or chronic inhalation studies in animals there was no indication of 
neurotoxicity or endocrine disruption. 
 
Chloropicrin has mixed positive and negative results in several in vitro mutagenicity assays.  S9- 
activated chloropicrin was mutagenic in the Ames assay.  Chloropicrin was clastogenic in a 
chromosome aberration assay (Chinese hamster) and clastogenic in the absence of S9 activation 
in this mammalian test system.  However, chloropicrin was neither mutagenic at the gene or 
DNA level in the mouse lymphoma assay nor genotoxic in primary rat hepatocytes (unscheduled 
DNA synthesis).   
 
For the major exposure route of concern, there were no treatment-related increases in tumor 
incidence when compared to control animals in two acceptable inhalation carcinogenicity studies 
in the mouse (MRID 43632201) and rat (MRID 43755301).  A supplemental 
carcinogenicity/gavage study (bioassay) (MRID 05014905) of chloropicrin did not permit the 
evaluation of carcinogenicity due to short survival time of mice and rats.  Neoplasms, however, 
were not observed at higher incidences in dosed rats compared to controls.  A possible increased 
incidence of mammary fibroadenoma in the high-dose females in a two-year gavage study 
(MRID 43744301) in rats has not been fully evaluated.  Chloropicrin is currently not considered 
a carcinogen by the inhalation route of exposure. 
 
   Responses in Humans 
 
Before the submission of the chloropicrin human study in 2004, there was limited information 
regarding odor threshold and a corresponding level for onset of irritation.  Some sources provide 
estimates for odor threshold and for the onset of irritation.  According to NIOSH (2004)10, 
chloropicrin may cause eye and nasal irritation, vomiting, difficulty breathing, headache, 
dizziness, cyanosis, pulmonary edema, and possibly death.  Symptoms from the public health 
data are consistent with the port-of-entry irritation (nose, lung) effects reported in the available 
rodent studies.  Currently, the Occupational Safety and Health Administrations (OSHA) 
permissible exposure limits (PELs) and the American Conference of Governmental Industrial 
Hygienists (ACGIH’s) threshold limit values (TLVs) are set at 0.1 ppm or 100 ppb as a time 
weighted average (TWA).   The OSHA website does not define the TWA, but it is assumed to be 
over an 8 hour period.  The odor threshold of chloropicrin is estimated at 1.1 ppm (Clayton and 
Clayton, 198211).  The lowest irritating concentration with human symptoms of eyelid closure 
                                                 
10 NIOSH. National Institute for Occupational Safety and Health. Chemical listing and documentation of revised 
IDLH values. Chloropicrin. 2004. (http:www.cdc.gov/niosh/idlh/76062.html) 
11 Clayton G, and Clayton F, editors. Patty’s Industrial Hygiene and Toxicology. 3rd ed. Herbert E. Stokinger. Aliphatic nitro 
compounds, nitrates, nitrites. New York: John Sibley and Sons; 1982. Chapter 53 p. 4164- 4166. 
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was reported from 0.3 to 0.37 ppm within 3 to 30 seconds (ACGIH, 199112).  Immediate 
lacrimation and eye irritation in humans from exposure to chloropicrin was reported from 1.0 to 
1.3 ppm (Grant, 198613; Clayton and Clayton, 1982).  A higher concentration of 4.0 ppm (26.8 
mg/m3) for only a few seconds is reported to render a person unfit for military action, although 
no clinical details were provided (Flury and Zernik, 193114). 
 
As stated earlier, a three-phase human sensory irritation study is available for the acute 
assessment.  The human study provides information regarding odor threshold and onset of 
irritation in the eyes and nose, which is pertinent to assessing the inhalation scenario of the 
human health risk assessment.  The third phase of the study most closely resembles the acute 
inhalation scenario of the risk assessment. As such, the results from the third phase of the human 
study are discussed below.  Results of the human sensory irritation study are consistent with 
available public health data.  Symptoms most commonly reported by nearby residents exposed to 
agriculturally applied chloropicrin generally include lacrimation, irritation to eyes and throat, 
headache, coughing, and difficulty breathing.  For more details of the public health data, please 
refer to Section 5.0. 
 

Summary of the chloropicrin human sensory irritation study: 
 
To determine a subject’s sensitivity to the odor and the feel (identification and severity) in eyes, 
nose, and/or throat produced by chloropicrin vapors, healthy volunteers (18 to 35 years of age, 
average 23 years) were exposed to a range of vapor concentrations and exposure durations in a 
controlled laboratory setting (MRID 46443801).  The investigation consisted of three phases: 
 

• Phase 1: a brief (1 - 2 second) exposure at 0, 356, 533, 800, and 1200 ppb (vapor 
delivery device) 

• Phase 2: a 20 - 30 minute exposure at 0, 50, 75, 100, and 150 ppb (chamber) 
• Phase 3: a 60 minute exposure for 4 consecutive days at 0, 100, and 150 ppb 

(chamber) 
 
Positive controls were not used in any phase; however, air was used as a blank.  For more details 
on the conduct of this study, please refer to the data evaluation record (DER) of the chloropicrin 
human study (DP 312312, TXR No. 0053064). 
 

Phase 3 Results (Table 4.1.2): 
 

The third phase involved the random exposure to 0 ppb, 100 ppb, and 150 ppb chloropicrin for 
60 minutes repeated over 4 consecutive days.  This phase of the human study most closely 
resembles the acute bystander inhalation scenario for the human health risk assessment.  Phase 3 
provides both objective (nasal nitric oxide, nasal cytology, forced vital capacity, forced 
expiratory volume) and subjective scores (0 to 3 scale of severity of symptoms in eye, nose, 
throat) on the irritation of chloropicrin.  Measurements reported every minute (repeated 
measurements) by the subject provide the timing of recognition of chloropicrin, the severity of 
irritation, and the maximal response period. 
 

                                                 
12 American Conference of Governmental Industrial Hygienists, Inc. Documentation of the Threshold Limit Values and 
Biological Exposure Indices. 6th ed. Volumes I, II, III. Cincinnati, OH: ACGIH, 1991. p. 299. 
13 Grant WM. Toxicology of the eye. 3rd ed. Springfield (IL): CC Thomas Publisher, 1986. p 215. 
14 Flury F., and Zernik F. 1931. Schadliche Gase. Berlin: Springer. 
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Subjects in Phase 3 gave higher ratings to symptoms in the eyes than to those in the nose and 
throat.  This is consistent with results for Phase 2 (for more details see Appendix A).  There was 
no indication of intensification of symptoms for any parameter across the four consecutive days 
of exposure.  On a group level, a dose-response was evident on the time required for detection 
and the severity of the response.  The average group ratings for nasal and throat irritation never 
went above background (0 ppb) levels.  None of the subjects left the chamber early on any of the 
four consecutive days. 
 

Table 4.1.2:  Summary of results from Phase 3 
Summary of Severity of Eye Irritation 

Exposure 
Concentrations 

Exposure 
Duration 

# of 
subjects 

Exit from 
Chamber Group Results Physiological 

Parameters (p≤0.05) 

0, 100 ppb, and 
150 ppb 

60 minutes, 
repeated 4 

days 

32 
15 M, 17 F 

-None 

-100 ppb, 30 minutes to 
mild eye irritation  

 
-150 ppb, 20 minutes to 

mild eye irritation  
- BMCL10 = 73 ppb        

-100 ppb: ↑10% nasal 
nNO, differential change 

in air flow 
-150 ppb: ↑8% nasal 

nNO, differential change 
in air flow 

data taken from MRID 46443801 

 
Chloropicrin at 100 ppb and 150 ppb had both perceptual and physiological effects.   
The concentration of nasal nitric oxide (nNO) and air flow in the nose changed in association 
with exposure to chloropicrin from pre- to post-exposure in one day.  This physiological 
parameter suggests the beginning of an inflammation response in the nasal passage.  In addition, 
the nNO increased despite the absence of nasal symptoms perceived by the subject but neither 
persisted into the following day nor became progressively greater as the week of exposures wore 
on.  Clinical examinations an hour after exposure indicated no chloropicrin-associated signs of 
the exposures, though at times some subjects reported residual ocular symptoms.  The symptoms 
did not worsen during the four days of exposure, but dissipated between exposures and none 
existed the day after the final exposure of a cycle. 
 
The summary conclusion drawn from this human irritation study is that the irritation responses to 
chloropicrin vary greatly among individuals.  Approximately 10% to 30% of the subjects failed 
to identify chloropicrin in the eyes, nose, or throat at any concentration or duration of the study.  
In contrast, approximately 30% to 40% of those subjects positively detecting chloropicrin did so 
at the lowest concentration examined.  Furthermore, phase 3 of the human study provides a level 
of exposure at which chloropicrin is felt in the eyes as well as early changes in physiological 
parameters (nasal nitric oxide, inspiratory and expiratory air flow).  Since chloropicrin is 
currently used as a warning agent as well as mixed with other fumigants, it is imperative that a 
concentration be established at which chloropicrin may warn individuals of its presence (i.e., 
odor or feeling in eyes) without inducing irreversible irritation in the eyes or respiratory tract. 
 
A benchmark concentration (BMC) analysis of the human data was performed by the Toxicology 
Excellence for Risk Assessment (TERA) group (MRID 46614801).  This analysis focused on 
Phase 3 eye irritation scores from the maximal response period (30-55 minutes).  The resulting 
BMCL10 for eye irritation is 73 ppb.  Results of the human study suggest that a small percentage 
of individuals may be capable of detecting chloropicrin (eyes, odor) in advance of other 
individuals.  The observed trends from this study also indicate that the lower the chloropicrin 
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concentration, the longer the period before detection (eyes).  Similarly, the longer the time 
required to detect chloropicrin will likely result in less severe irritation.  In contrast, higher 
exposure concentrations will likely evoke a greater irritation response more rapidly.   
 
  4.1.3 Dose-response (See Appendix B for hazard assessment array.) 
  
Based on the currently registered use pattern of chloropicrin and plant metabolism profile, 
dietary exposure is not expected.  Acute and chronic dietary reference doses are not necessary at 
this time. 
 
The volatility of chloropicrin in the environment and results of metabolism studies in soil and 
plants assure that there is no reasonable expectation of finite residues to be incurred in/on any 
raw agricultural commodity when these products are applied according to label directions.  
Therefore, this fumigant does not require food tolerances, is considered to be a ‘non-food use’ 
chemical, and is not subject to the amendments to the FFDCA promulgated under the Food 
Quality Protection Act of 1996; and therefore, an aggregate risk assessment is not required  (For 
details, see section 6.3 Acute and Chronic Dietary Exposure).  EPA, however, does acknowledge 
that chloropicrin is formed during the chlorination process of drinking water (Merlet et al., 
198515; National Research Council, 198716).  Available monitoring data indicate that levels of 
chloropicrin from its use as an agricultural fumigant are lower than those detected during the 
chlorination process.  As part of this risk assessment, acute and chronic dietary reference doses 
have not been selected. 
 
   4.1.3.1 Inhalation Exposure 
 
Chloropicrin, like the other soil fumigants, has the potential to move off-site following field 
applications, resulting in exposure to bystanders near treated areas and to people far away from 
treated areas through ambient air.  Exposure to chloropicrin may also occur to those handling the 
pesticide or working in treated fields.  Acute inhalation exposures to bystanders and workers 
appear to present the greatest risk concern.  For example, public health data summarized in 
section 5.0 consist almost entirely of nonoccupational exposure resulting from drift.  Although 
HED has not often developed quantitative assessments based on eye or respiratory irritation, a 
quantitative risk assessment for eye or respiratory irritation is appropriate for chloropicrin due to 
its mode of action.  Hazard effects induced by chloropicrin have been evaluated by HED’s Risk 
Assessment Review Committee (RARC, 9/1/04) and HED’s Hazard Science Policy Council 
(HazSPoC) (6/30/05).  The human sensory irritation study was reviewed (June, 2006) and 
approved by the Human Studies Review Board (HSRB) for ethical and scientific considerations 
(Draft Final Report, September, 2006).  The following endpoints for the inhalation scenario 
reflect the combined conclusions of the RARC, HED HazSPoC, and HSRB (acute inhalation), in 
addition to relevant calculations using EPA’s RfC methodology for the short-, intermediate-, and 
long-term scenarios.  
 
Based on current chloropicrin labels, HED believes exposures can be acute (less than 24 hours), 
short-term (1-30 days), and/or intermediate-term (1 month-6 months) in duration.  Long-term 
exposure is not anticipated for chloropicrin based on current labeled uses; however, calculations 
have been included for the long-term scenario for completeness of the risk assessment.   
                                                 
15 Merlet N., Thibaud H., and Dore M. 1985. Chloropicrin formation during oxidative treatments in the preparation of drinking 
water. The Science of the Total Environment. 47:223-228. 
16 National Research Council. 1987. Chemistry and toxicity of selected disinfectants and by-products, in: Drinking water and 
health: disinfectants and disinfectant by-products. Vol 7, National Academy Press, Washington DC. Pp 162-168. 
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Phase 3 of the human study provides the most useful information for establishing a point of 
departure (PoD) for the acute inhalation exposure scenario.  For the short and intermediate-term 
durations, however, the rodent inhalation data are most appropriate.  Human data are not 
available for appropriate short and intermediate-term durations.  However, the methods and 
dosimetry equations described in EPA’s reference concentration (RfC) guidance (1994) are 
suited for calculating human equivalent concentrations (HECs) and for use in margin of exposure 
(MOE) calculations.  Compared to the methods previously used by OPP, the dosimetry equations 
in the RfC guidance more appropriately address different properties of gases and particles, 
different properties of reactive and non-reactive compounds, and explicitly consider some 
differences in the structure of the respiratory tract between laboratory animals and humans.  As 
shown below, OPP has used the dosimetry equations from the RfC guidance to develop HECs to 
estimate short-, intermediate-, and long-term inhalation risk to chloropicrin.  For other soil 
fumigants, EPA has compared the toxicity endpoints with those of the California Department of 
Pesticide Regulation (CDPR).  However, at this time, CDPR has not conducted a risk assessment 
for chloropicrin; thus, CDPR HECs are not available for chloropicrin. 
 
In this risk assessment, endpoint selection was based on the effects occurring at the lowest 
human concentration (HC)  or the lowest HEC derived from animal data using the RfC 
methodology.  For the acute endpoint, the point of departure was selected from the available 
human sensory irritation study and therefore the RfC methodology was not required and only 
HCs are provided.   
 
For the short/intermediate and long-term scenarios, inhalation data from rodent studies are most 
appropriate for determining HECs.  In the RfC methodology, different HECs may be calculated 
for the same experimental NOAEL due to:  
 

1. Different algorithms are used to derive HECs for systemic versus port-of-entry 
effects.  Therefore, HECs are calculated separately for systemic versus port-of-entry 
effects.  Systemic HECs are dependent upon the regional gas dose ratio (RGDR).  
Calculations used to estimate the inhalation risk to humans from aerosols are 
dependent not on the RGDR as for gases, but on the regional deposited dose ratio 
(RDDR).  The RDDR is a multiplicative factor used to adjust an observed inhalation 
particulate exposure concentration of an animal to the predicted inhalation particulate 
exposure concentration for a human. For further details on the critical studies used for 
endpoint selection and the chloropicrin toxicity profile the reader is instructed to refer 
to Appendix A.  For additional information on the methodologies used in this risk 
assessment and the HC and HEC arrays, please refer to Appendix B. 

 
2. Time adjustments are needed for nonoccupational versus occupational exposure 

scenarios.  HECs for non-occupational exposure are based on the numbers of hours 
an individual may be at home.  Therefore, the most conservative estimate of hours 
spent at home would be 24 hours/day and 7 days/week.  In comparison, the average 
work week for an occupational worker is 8 hours/day and 5 days/week. 

 
Since the RfC methodology takes into consideration the pharmacokinetic (PK) differences 
between animals and humans but not the pharmacodynamic (PD) differences, the UF for 
interspecies extrapolation (i.e., animal to human) may be reduced to 3X (to account for the PD 
differences) while the UF for intraspecies variation is retained at 10X.   Thus, the UF when using 
the RfC methodology is customarily 30X. 
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When human data are available for consideration of endpoint selection, as is the case for the 
current acute inhalation scenario, the 10X interspecies extrapolation factor may be reduced to1X, 
while the UF for intraspecies variation is retained at 10X.  Therefore, the UF when using human 
concentrations (HC) is customarily 10X. 
 

Acute Inhalation Exposure 
 
Phase 3, Human Sensory Irritation Study 
Brief Summary Phase 3: 
In Phase 3 of the human sensory irritation study (MRID 46443801), the focus was on the 
detection of chloropicrin vapor as evidenced by irritation to the eyes, nose, and/or throat after 1 
hour (60 minute) exposures repeated over 4 consecutive days.  Concentrations examined 
included blank (air), 100 ppb, and 150 ppb.  These concentrations, however, occurred in random 
order.  Irritation scores (0 to 3) for the eyes, nose, and throat were reported by the subjects at 30 
seconds, 1 minute, followed by every minute until 60 minutes.  This phase included a clinical 
exam of the eyes, nose, and throat, as well as pulmonary function testing with the outcome 
variable FEV1 (Forced Expiratory Volume) and FVC (Forced Vital Capacity), rhinomanometry, 
and nasal cytology.  In addition, an assessment was performed based on ocular cytology from 
cell samples taken from the conjunctival membrane inside the lower eyelid and from the 
concentration of exhaled nitric oxide sampled from the lung (eNO) and nose (nNO).  Odor 
detection was not measured in phase 3.   
 

Acute Non-Occupational and Occupational Exposure 
 
Dose and Endpoint for Risk Assessment (non-occupational):  The duration of Phase 3 most 
closely resembles the acute inhalation non-occupational scenario (1-24 hours) and therefore 
provides the most useful information for establishing a point of departure (PoD).  The human 
sensory study provides not only subjective eye irritation but also objective upper and lower 
respiratory parameters that demonstrate physiological changes begin to occur in addition to eye 
irritation.  Protection of eye irritation, therefore, likely protects against changes in upper 
respiratory parameters.  According to the recent review by the HSRB (June, 2006), the human 
sensory irritation study was conducted in an ethical manner and provides scientifically robust 
information appropriate for risk assessment.  In the case of chloropicrin, therefore, it is 
appropriate to establish a PoD on eye irritation. 
 
Benchmark concentration (BMC) analysis is generally a preferable alternative to the 
NOAEL/LOAEL approach to define a PoD.  A BMC analysis is available that utilizes irritation 
scores from the maximal response period in phase 3.  Based on the analyses provided by the 
TERA group and reviewed by HED, the BMCL10 of 73 ppb is appropriate for a PoD for a 1-hour 
(acute) inhalation exposure scenario of the chloropicrin human health risk assessment.  This 
lower bound estimate is based on an average ocular irritation score of 1.5 which is above the 
average background (air) irritation score of 0.87.  In addition, this estimate is based on the 
maximal response data from phase 3 of the human study (30-55 minutes).   
 
Because a human study is being used for the acute inhalation exposure scenario for chloropicrin, 
an interspecies extrapolation factor (i.e., animal to human) is not necessary.  Due to the intra-
individual variability of the responses to chloropicrin in every phase of the human study, a 10X 
is appropriate for intraspecies variability.  Consequently, a 10X UF defines HEDs level of 
concern.   
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Short- and Intermediate-term Inhalation Exposure 

 
It is noted that human studies are not available with appropriate exposure durations to assess the 
short- and intermediate-term inhalation scenarios.  The available subchronic inhalation rodent 
studies, therefore, are utilized for determining HECs. 
 
Brief Executive Summary: 
In a subchronic inhalation toxicity study (MRID 43063201) chloropicrin (99.6% a.i., lot no. 
920130-2 and 31291-A) was administered to 10 CD-1 mice/sex/concentration by dynamic whole 
body exposure at concentrations of 0, 0.3, 1.0, or 3.0 ppm (equivalent to 0, 0.002, 0.007, or 0.020 
mg/L) for 6 hours per day, 5 days/week for 13 weeks (a total of 65 days). 
 

Short- and Intermediate-term Non-occupational Exposure 
 
Table 4.1.3.1a:  Table of systemic and port-of-entry endpoints for short- and intermediate- 
term non-occupational exposure based on a subchronic mouse inhalation study with 
chloropicrin with NOAEL of 0.3 ppm (0.002 mg/L) and LOAEL of 1.0 ppm (0.007 mg/L) 
Effect Endpoint HEC 
systemic 0.054 ppm 
Systemic LOAEL 1.0 ppm, based on decreased body weight and food consumption, and 
pathological lesions of the nasal and pulmonary regions. 
extrathoracic (ET) 0.008 ppm 
tracheobronchial (TB) 0.116 ppm 
pulmonary (PU) 0.150 ppm 
Port-of-entry LOAEL 1.0 ppm, based on increased absolute and relative lung weights in mid- 
and high-dose males and females, nasal (rhinitis) and lung histopathology (hyperplasia, alveolar 
histiocytosis) in males and females of the mid- and high-dose and in females of the mid-dose 
group. 
 
Dose and Endpoint for Risk Assessment (non-occupational): HEC of 0.008 ppm, based on 
significant increases in nasal lesions (rhinitis).  The duration of exposure in the 13-week 
inhalation toxicity study is appropriate for short- and intermediate-term risk assessments and it 
yields the lowest HEC (ie. most health-protective exposure concentration) for these exposure 
scenarios.  An UF of 30X defines HEDs level of concern in accordance with the guidance 
provided in the RfC methodology. (see section 4.2 below.) 
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Short- and Intermediate-term Occupational Exposure 
 
Table 4.1.3.1.b:  Table of systemic and port-of-entry endpoints for short- and intermediate- 
term occupational exposure based on a subchronic mouse inhalation study with 
chloropicrin with NOAEL of 0.3 ppm (0.002 mg/L) and LOAEL of 1.0 ppm (0.007 mg/L) 
Effect Endpoint HEC 
systemic 0.226 ppm 
Systemic LOAEL 1.0 ppm, based on decreased body weight and food consumption, and 
pathological lesions of the nasal and pulmonary regions. 
extrathoracic (ET) 0.035 ppm 
tracheobronchial (TB) 0.488 ppm 
pulmonary (PU) 0.584 ppm 
Port-of-entry LOAEL 1.0 ppm, based on increased absolute and relative lung weights in mid- 
and high-dose males and females, nasal (rhinitis) and lung histopathology (hyperplasia, alveolar 
histiocytosis) in males and females of the mid- and high-dose and in females of the mid-dose 
group. 
 
Different HECs have been calculated for occupational exposures due to the time adjustments 
made for the exposure scenarios (i.e., 8 hours/day and 5 days/week). 
 
Dose and Endpoint for Risk Assessment (occupational): HEC of 0.035 ppm, based on significant 
increases in nasal lesions (rhinitis).  The duration of exposure in the 13-week inhalation toxicity 
study is appropriate for short- and intermediate-term risk assessments and it yields the lowest 
HEC (ie. most health-protective exposure concentration) for these exposure scenarios.  An UF of 
30X defines HEDs level of concern in accordance with the guidance provided in the RfC 
methodology.  (see section 4.2 below.) 
 

Long-term Inhalation Exposure 
 
HED does not expect long-term chloropicrin exposures but has included the long-term 
toxicological data to provide the complete toxicological picture for chloropicrin. 
 
Brief Executive Summary: 
In an inhalation carcinogenicity study (MRID 43632201) chloropicrin (99.6% a.i., lot/batch # 
920130-2) was administered to groups of 50 CD-1® mice/sex/concentration by dynamic whole 
body exposure as a vapor at concentrations of 0, 0.1, 0.5, or 1.0 ppm (equivalent to 0, 0.0007, 
0.0034, or 0.0067 mg/L) for 6 hours per day, 5 days per week for up to 78 weeks.  
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Long-term Non-Occupational Exposure 
 
Table 4.1.3.1.c:  Table of systemic and port-of-entry endpoints for long-term non-
occupational exposure based on an inhalation carcinogenicity mouse inhalation study with 
chloropicrin with NOAEL of 0.1 ppm (0.0007 mg/L) and LOAEL of 0.5 ppm (0.0034 mg/L) 
Effect Endpoint HEC 
systemic 0.018 ppm 
Systemic LOAEL 0.5 ppm, based on decreased body weights and body weight gains, increased 
lung weights, and histological changes in the nasal cavity and lungs. 
extrathoracic (ET) 0.004 ppm 
tracheobronchial (TB) 0.050 ppm 
pulmonary (PU) 0.058 ppm 
Port-of-entry LOAEL 0.5 ppm, based on nasal rhinitis and exudate, hyaline epithelial inclusions, 
and olfactory epithelial atrophy in both sexes. 
 
Dose and Endpoint for Risk Assessment (non-occupational): HEC of 0.004 ppm, based on nasal 
rhinitis and exudate, hyaline epithelial inclusions, and olfactory epithelial atrophy in both sexes.  
This study is of the appropriate duration and yields the lowest HECs for this risk assessment.  An 
UF of 30X defines HEDs level of concern in accordance with the guidance provided in the RfC 
methodology.  (see section 4.2 below.) 
    

Long-term Occupational Exposure 
 
Table 4.1.3.1.d:  Table of systemic and port-of-entry endpoints for long-term occupational 
exposure based on an inhalation carcinogenicity mouse inhalation with chloropicrin with 
NOAEL of 0.1 ppm (0.0007 mg/L) and LOAEL of 0.5 ppm (0.0034 mg/L) 
Effect Endpoint HEC 
systemic 0.075 ppm 
Systemic LOAEL 0.5 ppm, based on decreased body weights and body weight gains, increased 
lung weights, and histological changes in the nasal cavity and lungs. 
extrathoracic (ET) 0.015 ppm 
tracheobronchial (TB) 0.208 ppm 
pulmonary (PU) 0.245 ppm 
Port-of-entry LOAEL 0.5 ppm, based on nasal rhinitis and exudate, hyaline epithelial inclusions, 
and olfactory epithelial atrophy in both sexes. 
 
Different HECs have been calculated for occupational exposures due to the time adjustments 
made for the exposure scenarios (i.e., 8 hours/day and 5 days/week). 
 
Dose and Endpoint for Risk Assessment (occupational): HEC of 0.015 ppm, based on nasal 
rhinitis and exudate, hyaline epithelial inclusions, and olfactory epithelial atrophy in both sexes.  
This study is of the appropriate duration and yields the lowest HECs for this risk assessment.  An 
UF of 30X defines HEDs level of concern in accordance with the guidance provided in the RfC 
methodology.  (see section 4.2 below.) 
 
   4.1.3.2 Dietary Exposure 
 
The volatility of chloropicrin in the environment and results of metabolism studies in soil and 
plants assure that there is no reasonable expectation of finite residues to be incurred in/on any 
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raw agricultural commodity when these products are applied according to label directions.  This 
fumigant does not require food tolerances, therefore, a dietary risk assessment is not required. 
 
   4.1.3.3 Dermal Exposure 
 
Chloropicrin is classified as category I (corrosive) for skin irritation potential (rabbit) and acute 
dermal toxicity (rat).  Based on the effects shown in the acute dermal toxicity and corrosivity 
studies, HED is not currently requiring a subchronic dermal toxicity study.  Dermal exposure to 
chloropicrin of any significance is not expected based on the delivery systems used (e.g., soil 
injection or drip irrigation) and emission reduction technologies (e.g., tarping).  The 
physiochemical properties of chloropicrin also make significant dermal exposure unlikely and 
quantifying any potential low level exposures very difficult.  Therefore, a quantitative dermal 
exposure assessment has not been completed.  Since HED does not have adequate data to 
quantify dermal risk, PPE for dermal protection should be based on the acute toxicity of the end- 
use product as described in the Worker Protection Standard and mitigation measures for dermal 
exposure described in PR Notice 93-7. 
 
   4.1.3.4 Classification of Carcinogenic Potential  
 
At this time, chloropicrin has not been classified with respect to its carcinogenic potential via the 
oral or inhalation route.  However, for the major route of concern, there are two acceptable 
guideline chronic/carcinogenic inhalation studies, one in mice and one in rats.  These inhalation 
studies did not indicate an increase in neoplasm incidence.  Therefore, chloropicrin is currently 
not considered a carcinogen by the inhalation route of exposure.  One gavage study in mice and 
rats (NCI) indicate chloropicrin was not neoplastic and one gavage study (2 year) in rats indicate 
a possible increase in fibroadenoma of the mammary gland.  However, this study has not been 
fully evaluated to determine the classification via the oral route.  Nonetheless, because oral 
exposures are not expected as a result of chloropicrin uses, further assessment of the potential for 
carcinogenicity by this route is not required at this time. 

 4.2 Uncertainty Factors 
 
When conducting inhalation risk assessments, the magnitude of the UFs applied is dependent on 
the methodology used to calculate risk.  For studies in this risk assessment with inhalation animal 
data, UFs are based on the RfC methodology developed by the Office of Research and 
Development (ORD) for the derivation of inhalation reference concentrations (RfCs) and human 
equivalent concentrations (HECs) for use in margin of exposure (MOE) calculations.  Since the 
RfC methodology takes into consideration the pharmacokinetic (PK) differences but not the 
pharmacodynamic (PD) differences, the UF for interspecies extrapolation may be reduced to 3X 
(to account for the PD differences) while the UF for intraspecies variation is retained at 10X17.   
Thus, the UF when using the RfC methodology is customarily 30X. 
 
For the acute scenario in this risk assessment with human inhalation data, the interspecies 
extrapolation UF is not warranted.  However, due to the variability of responses from subjects in 
the human study, the UF for intraspecies variation is retained at 10X.  Thus, the UF for PoDs 
using human data is 10X.   
 

                                                 
17 A 3X UF for interspecies extrapolation is retained to account for the PD differences between animals and humans which are 
not accounted for in the RfC methodology. 
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Based on the rapid dissipation and complete metabolism in soil and plants, dietary exposure to 
chloropicrin is not expected.  Acute and chronic dietary reference doses are not necessary at this 
time; the 10X factor provided by the Food Quality Protection Act of 1996 does not apply.  
 
 4.3 Endocrine Disruption 
 
Following recommendations of its Endocrine Disruptor Screening and Testing Advisory 
Committee (EDSTAC), EPA determined that there was a scientific basis for including, as part of 
the endocrine disruption screening program, the androgen and thyroid hormone systems, in 
addition to the estrogen hormone system.  EPA also adopted EDSTAC’s recommendation that 
the Program include evaluations of potential effects in wildlife.  For pesticide chemicals, EPA 
will use FIFRA and, to the extent that effects in wildlife may help determine whether a substance 
may have an effect in humans, FFDCA authority to require the wildlife evaluations.  As the 
science develops and resources allow, screening of additional hormone systems may be added to 
the Endocrine Disruptor Screening Program (EDSP).  It is notable that based on the available 
toxicology studies with chloropicrin, there is no indication of endocrine disruption.   

4.4 Summary of Toxicological Endpoint Selection 
 

Table 4.4: Summary of Toxicological Dose and Endpoints for Use in Chloropicrin Human Health 
Inhalation Risk Assessment 

Risk Assessment Study NOAEL/LOAEL Endpoint HED HC or HEC 
Non-
occupational 

Human Irritation 
Study 

BMCL10= 73 ppb 
LOAEL = 100 ppb 

Eye irritation, ↑ nasal 
nitric oxide & change in 
air flow  

HC = 73 ppb 
UF = 10 

Acute 
Inhalation 

Occupational Human Irritation 
Study 

BMCL10= 73 ppb 
LOAEL = 100 ppb 

Eye irritation, ↑ nasal 
nitric oxide & change in 
air flow 

HC = 73 ppb 
UF = 10 

Non-
occupational 

13-Week 
Inhalation Study 
in Mice 

NOAEL = 0.3 ppm 
LOAEL = 1.0 ppm 

Nasal and lung damage, 
increased lung weights 

HEC = 0.008 ppm 
UF = 30 

Short- and 
Intermediate-
Term  
Inhalation  
(1-6 months) 

Occupational 13-Week 
Inhalation Study 
in Mice 

NOAEL = 0.3 ppm 
LOAEL = 1.0 ppm 

Nasal and lung damage, 
increased lung weights 

HEC = 0.035 ppm 
UF = 30 

Non-
occupational 

78-Week Cancer 
Study in Mice 

NOAEL = 0.1 ppm 
LOAEL = 0.5 ppm 

Nasal discharge, nasal and 
lung damage, increased 
lung weights, body weight 
loss 

HEC = 0.004 ppm 
UF = 30 

Long-term 
Inhalation 
(> 6 months) 

Occupational 78-Week Cancer 
Study in Mice 

NOAEL = 0.1 ppm 
LOAEL = 0.5 ppm 

Nasal discharge, nasal and 
lung damage, increased 
lung weights, body weight 
loss 

HEC = 0.015 ppm 
UF = 30 

Cancer Chloropicrin is currently not considered a carcinogen. 

5.0 Public Health Data 
 
An analysis of incidents related to chloropicrin use was completed that considered data from the 
OPP Incident Data System (IDS), Poison Control Centers, DPR, and National Institute of 
Occupational Safety and Health’s Sentinel Event Notification System for Occupational Risks 
(NIOSH SENSOR).  Soil fumigation with chloropicrin in California has resulted in widespread 
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adverse effects to nearby neighborhoods in 1984 (Goldman et al. 198718), 1995 (Incident #2621-
3 and #3377-19), and 2003 (Centers for Disease Control and Prevention, in press19).  The 
symptoms of chloropicrin exposure are principally lacrimation (tearing of the eyes), irritation to 
throat, headache, coughing, and difficulty breathing.  An air monitoring study conducted for the 
registrant (Incident #3000-1) demonstrated that when two workers were exposed to 0.2 ppm 
(eight hour Time Weighted Average) chloropicrin, they reported transient eye irritation during 
tarp removal. 
 
Goldman et al. (1987) examined reports of acute symptoms in persons living near a strawberry 
field in California treated with methyl bromide and chloropicrin in 1984.  Homes within two 
miles of the strawberry field and control homes further away were identified and surveyed by 
telephone along with a review of local emergency room records.  A total of 134 households were 
interviewed for a response rate of 68%.  In the 134 households there were 71 adults and 23 
children with reported illnesses after the application.  Of these, 32 adults and 4 children in 26 
households reported symptoms consistent with exposure to fumigants on the three days 
following application.  The authors found that symptoms were possibly attributable to methyl 
bromide in 7 adults, and more likely due to chloropicrin in 31 adults and 5 children (some adults 
and children had symptoms due to both compounds).  For those with chloropicrin-type 
symptoms the following frequencies were reported among the 31 adults: eye irritation (65%), 
throat irritation (45%), and nose irritation (23%).  Also consistent with chloropicrin exposure 
were headache (48%) and cough (29%).  The authors report that the fumigants were apparently 
applied properly and according to regulations but that atmospheric conditions (the inversion and 
high temperature) led to higher ambient air levels than usual. 
 
A pesticide incident occurred in 1995, when soil was fumigated with chloropicrin in a strawberry 
field.  The field was tarped and there was no sign of rips in the tarp. Investigation of the 
application by the County Agricultural Commissioner found no violations of applicable pesticide 
laws and regulations.  The product drifted about 200 feet toward a residential complex during an 
inversion which kept the chloropicrin from dispersing.  Fifty-five individuals were exposed to 
the product.  The individuals receiving treatment reported eye irritation, headache, nausea, and 
dizziness. 
 
The Centers for Disease Control (in press, 2004) reported on an agricultural pest control 
company who applied 100% chloropicrin at a rate of 80 pounds/acre to 34 acres of fallow land in 
California in 2003.  The investigation revealed that 165 individuals who ranged in age from three 
months to 63 years old reported eye (tearing in 82%, eye pain or burning in 54%), upper 
respiratory symptoms (cough in 32%, difficulty breathing in 16%, other upper respiratory 
irritation 13%), and other symptoms (vomiting 22%, headache 25%).  A retrospective air 
dispersion model estimated exposures of 0.20 ppm with peak concentrations estimated above 1 
ppm during this incident.  As a result of this incident, the Kern County Agricultural 
Commissioner prohibited applications within one-quarter mile of occupied structures and 
mandatory use of a heavy-duty tarp or water seal for applications within one-half mile of such 
structures. 
 

                                                 
18 Goldman LR, Mengle D, Epstein DM, Fredson D, Kelly K, Jackson RJ. (1987)  Acute symptoms in persons residing near a 
field treated with the soil fumigants methyl bromide and chloropicrin. 
West J Med. 147(1):95-8. 
19 Centers for Disease Control and Prevention (in press) Illness associated with chloropicrin soil fumigant drift into a residential 
area – Kern County, California, 2003.  Morbidity and Mortality Weekly Report. 
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Within the open literature, the odor of chloropicrin is reported to be detectable at 1.1 ppm 
(Clayton and Clayton, 1982).  The response of lacrimation and eye irritation to chloropicrin is 
reported to vary according to an individual’s susceptibility.  The lowest irritant concentration 
inducing human symptoms of eyelid closure was reported from 0.3 to 0.37 ppm within 3 to 30 
seconds (ACGIH, 1991).  Immediate lacrimation and eye irritation occurred at 1.0 to 1.3 ppm 
(Grant, 1986; Clayton and Clayton, 1982) and a concentration of 4 ppm (26.8 mg/m3) for a few 
seconds renders a person unfit for military action, although no clinical details were provided 
(Flury and Zernik, 1931).  Exposure to 7-7.5 ppm chloropicrin for 10 minutes to 1 hour produced 
intolerable irritation to the eyes and upper respiratory tract (Prentiss, 193720; Clayton and 
Clayton, 1982), and 15 ppm for 1 minute was intolerable (Clayton and Clayton, 1982).  Lethality 
has also been reported in humans following a 10 minute exposure to a concentration as low as 
297.6 ppm (2,000 mg/m3 or 2.0 mg/L) (Clayton and Clayton, 1982; Prentiss, 1937) and a longer 
exposure of 30 minutes to a concentration of 119 ppm (Clayton and Clayton, 1982).  Death was 
due to acute effects on the upper and lower airways.  Chloropicrin affects the medium and small 
bronchi primarily, but also injures the alveoli, resulting in pulmonary edema, which is often the 
cause of death (Clayton and Clayton, 1982; Gonmori et al., 198721).  The estimated human oral 
lethal dose is between 5 and 50 mg/kg (Gosselin et al., 197622). 
 
For more chloropicrin incident data considerations, please refer to the “Review of Chloropicrin 
Incident Reports” (J. Blondell, D306838, 8/19/04). 
 

6.0  Non-Occupational Exposure Assessment and Characterization 
 
This section describes the potential exposure scenarios associated with the use of chloropicrin.  
These include residential bystander exposure from two key sources including: known sources 
from an application site (i.e., area sources such as at the edge of a treated field) and ambient air 
levels that result from many application(s) within a region where the sources are not quantified.  
There are no residential uses of chloropicrin by homeowners so this aspect of the risk assessment 
focuses on those types of exposures that may occur from commercial uses of chloropicrin that 
can lead to exposures in residential environments.  Section 6.1: Residential Bystander Exposure 
describes how exposures and risk estimates were calculated for the general population who may 
be exposed living in proximity to individual application sites or within regions where 
chloropicrin use routinely occurs.  Section 6.2: Bystander Risk Characterization describes the 
factors that should be considered when interpreting the results of this risk assessment.  Section 
6.3: Residue Profile describes the residue data that were considered for the dietary risk 
assessment.  Section 6.4: Water Exposure/Risk Pathway describes issues related to the potential 
for drinking water exposure. 
 

  6.1 Residential Bystander Exposure 
 
Residential bystander exposure may occur because of chloropicrin emissions coming directly 
from treated fields and greenhouses or from chloropicrin in ambient air (combination of the 
emissions from multiple regional sources).  The emissions coming from treated fields and 

                                                 
20 Prentiss A. Chemicals in war. New York: McGraw Hill; 1937. p. 143. 
21 Gonmori K, Muto H, Yamamoto T, Takahashi K. A case of homicidal intoxication by chloropicrin. Am J. 
Forensic Med Pathol. 1987; 8(2):135-138. 
22 Gosselin RE, Hodge HC, Smith RP, and Gleason MN. Clinical Toxicology of Commercial Products. 4th ed. 
Baltimore: Williams and Wilkins, 1976. p. II-68. 
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greenhouses can travel to non-target areas which could lead to negative impacts on human health 
and will be referred to simply as bystander risks in this assessment. 
 
Throughout the 6 phase risk assessment process, HED’s methodologies for calculating the 
potential risks associated with fumigant use have been constantly evolving.  This evolution 
includes evaluating new volatility studies for chloropicrin and the other fumigant chemicals.  For 
chloropicrin, there are a number of volatility studies which quantified emissions from treated 
fields and greenhouses.  However, these data are limited in their utility because they provide 
results only for the specific conditions under which the experiments were conducted.  Therefore, 
to provide flexibility, HED also used ISCST3 or the Industrial Source Complex: Short-Term 
Model to develop risk estimates for bystanders associated with chloropicrin uses 
(http://www.epa.gov/scram001/). [Note:  Also refer to 
http://www.epa.gov/scram001/guidance/guide/appw_03.pdf for additional information 
concerning the development and validation of ISCST3.]  In addition, in response to the Agency’s 
methodologies based on ISCST3 for assessing risks for preplant soil fumigants, three other 
models that incorporate ISCST3 variability in weather and emissions (PERFUM, FEMS, 
SOFEA) were reviewed by the FIFRA SAP in August and September of 2004 
(http://www.epa.gov/scipoly/sap/2004/index.htm).  The SAP concluded that each of the three 
models could provide scientifically defensible estimates of the risks associated with soil 
fumigation practices and also suggested modifications and additional data that could further 
refine risk estimates. 
 
Since then, PERFUM has been updated in order to address additional source types instead of just 
agricultural fields (http://www.sciences.com/perfum/index.html). The updated version of 
PERFUM is capable of estimating results for agricultural fields of different sizes and shapes. 
Additionally, PERFUM can model releases from structures (e.g., greenhouses and chambers of 
different sizes and shapes), appropriate for evaluating potential releases from commodity 
treatments.  The other two models evaluated by the SAP in 2004 (i.e., FEMS & SOFEA) at this 
point do not have the capability of addressing use patterns of this nature. 
 
HED also believes that PERFUM, instead of the techniques employed using ISCST3, provides 
more appropriate information allowing risk managers to better evaluate the risks associated with 
preplant soil fumigation.  PERFUM has the capability to provide distributional outputs which 
better characterize the anticipated range of exposures that can be expected to be associated with 
the soil fumigation use pattern.  As such, HED recommends results derived from PERFUM serve 
as the basis for risk management decisions rather than those generated with ISCST3.  Note that 
HED would evaluate submissions based on the other appropriate models (i.e., FEMS or SOFEA) 
if detailed training and documentation accompanied any such submission. 
 
For exposures from ambient air (i.e., attributable to many non-quantified application(s) in a 
region), air concentrations of chloropicrin are estimated from monitoring data collected to 
represent such conditions within regions of use. 
 
Bystander exposures from treated fields and greenhouses are described below in Section 6.1.1: 
Bystander Exposures and Risks From Known Point Sources while ambient air exposures are 
described below in Section 6.1.2: Ambient Bystander Exposure From Multiple Regional Sources. 
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  6.1.1 Bystander Exposures from Known Point Sources 
 
As noted, residential bystander exposure may occur because of emissions due to single 
applications from known sources such as chambers, buildings and other structures, or stored 
commodities. The techniques used to assess the exposures and risks vary and are described 
below in Section 6.1.1.1: Methods Used To Calculate Bystander Exposures and Risks from 
Known Sources. The results calculated for all scenarios of interest based on the most appropriate 
method for that scenario are presented in Section 6.1.1.2: Bystander Exposures and Risks from 
Treated Fields, Section 6.1.1.3: Bystander Exposures and Risks from Treated Greenhouses, 
Section 6.1.1.4: Bystander Exposures and Risks from Treated Empty Potato Cellars and Grain 
Bins, and Section 6.1.1.5: Bystander Exposures and Risks from Residential Homes. 
 
   6.1.1.1  Methods Used To Calculate Bystander Exposures and  
     Risks Resulting from Fumigant Applications 
 
HED’s methodologies for calculating potential bystander exposures and risks from fumigant 
applications have been constantly evolving.  Each of the methods used to estimate these types of 
exposures are described below along with a discussion of which method HED believes provides 
the best representation of the exposures and risks that could be expected from actual chloropicrin 
use. 
 
Three methods have been used to assess potential chloropicrin bystander risks, including: direct 
use of air monitoring data from controlled volatility studies referred to as the (1) Monitoring 
Data Method, the use of ISCST3 referred to as the (2) ISCST3 Modeling Method, and the use of 
PERFUM referred to as the (3) PERFUM Modeling Method.  Each method has been a critical 
element of HED’s evaluation of chloropicrin but HED also believes that a specific method best 
represents the risks that would be anticipated for chloropicrin for each setting where it is used 
given the techniques that are currently available.  Each method is described below along with a 
description of how each method was used and should be interpreted in the context of this 
assessment. 
 
(1) Monitoring Data Method:  In the monitoring data method, air concentrations are estimated 
using actual air monitoring data from controlled volatility studies.  In these studies, the fumigant 
is applied to a field, building, or other areas, and air samplers positioned in and around the 
treated area continuously sample the air by pulling the air through a filter (e.g., charcoal) which 
captures the chemical for later analysis.  Sampling times can vary but generally range from about 
4 to 12 hours, so that the samples represent the average air concentrations for the sampling 
intervals used.  Usually shorter times are used at the beginning because fumigants generally 
quickly make it in to the atmosphere. 
 
There are several uncertainties associated with the use of the direct sampling method which limit 
its utility.  First, air concentrations around treated fields are influenced by a number of factors 
including how a chemical is applied, application rate, techniques to control emissions (e.g., tarps, 
water seals), and weather conditions.  Varying weather conditions, for example, can significantly 
change the air concentrations at specific sites around a treated area; and since there is such a 
large range of potential weather conditions which could exist, it is not possible for these studies 
to represent the entire range of potential exposures which could result from different weather 
situations.  Second, the air concentrations are measured by fixed samplers positioned at various 
directions around the treated area, both downwind and upwind, as well as at points in between.  
Air concentrations downwind will be relatively high since the fumigant plume will be pushed by 
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the wind in that direction, while concentrations upwind will be low or close to zero since the 
plume is pushed by the wind in the opposite direction.  Therefore, there can be a very large 
difference between upwind and downwind air concentrations.  For areas where there is a 
predominant wind direction, averaging of the air concentrations from these various samplers 
should not be done since persons around treated areas will generally be in one location relative to 
the wind and not exposed to an average of these concentrations.  Third, samplers are positioned 
at specific distances from the treated area, and represent air concentrations only at those 
distances.  Since air concentrations vary greatly by distance, the air concentrations estimated 
from direct measures represent a narrow range of the possible levels to which people could be 
exposed.  Overall trends in the monitoring data have also been used to characterize the results 
calculated with modeling methods and are referenced as appropriate.  HED believes that results 
based on monitoring data provide estimates of exposure and risk that are representative of the 
conditions under which the data were collected and also which suffer limitations due to the 
number of samplers used and their placement.  As such, HED does not believe that monitoring 
data provide the most informative approach for considering the risks associated with chloropicrin 
use because other field conditions and risks at different distances from the source can be 
evaluated with modeling approaches. 
 
(2) ISCST3 Modeling Method:  The ISCST3 modeling method uses the Agency developed, 
Industrial Source Complex Short Term (ISCST3) model coupled with the monitoring data 
described above (which is used to determine a key ISCST3 input parameter known as flux - i.e., 
the numerical means to quantify emission rates from a treated field, building or structure) to 
model the range of concentrations which might be found under different conditions of 
application rate, weather, source size and shape (e.g., field size in acres), and distance from the 
treated field, building or structure.  Before a modeling analysis can be done, one of the most 
important parameters for ISCST3, the flux or rate of pesticide emissions from the treated fields, 
buildings or structures per unit area per unit time, must be determined.  As an example, for field 
applications it is usually expressed in units of micrograms per square meter per second 
(ug/m2/sec).  In essence, flux represents how quickly the pesticide moves or volatilizes into the 
surrounding atmosphere.  Numerous factors can influence flux rates such as application rate, 
depth of soil injection, type of application (e.g., drip vs. soil injection vs. granule application), 
techniques used to control emissions (e.g., tarps, water seals), temperature, wind and weather 
conditions, soil type, and others.  Flux is also difficult to determine.  There are three generally 
recognized methods used to estimate flux from soil applications including (1) the chamber 
method; (2) the aerodynamic flux method; and (3) the indirect flux method.  All three techniques 
are generally considered appropriate for use in determining flux from treated fields.  For 
chloropicrin applications, flux estimates were completed using the indirect back-calculating 
method. 
 

ISCST3 Flux Method 1: Chamber - The first method is a direct sampling method for 
determining flux that uses emission data measured in a flux chamber placed in a treated 
field.  A flux chamber is basically a box which encloses a small defined area of a treated 
field, from which air samples are obtained representing defined durations (e.g., air is 
pulled through a charcoal trap collecting emitted pesticide over a continuous length of 
time such as 4 hours).  Since the surface area is defined by the area of the chamber, and 
the quantity of pesticide emitted per unit time is defined by the air concentration, this 
method directly measures flux.  A possible issue with flux chambers is that the conditions 
within the chamber (e.g., temperature, wind, air stability) are not generally identical to 
those outside the chamber in the treated field; since flux rates can be significantly 
affected by these factors, flux rates measured in these chambers may not always represent 



 
Page 33 of 291 

actual flux rates in the field.  Flux chambers are not often used for estimating flux and, in 
fact, no such field study data were available for use in this assessment. 

 
ISCST3 Flux Method 2: Aerodynamic Flux - A second direct method used is known as 
the aerodynamic flux method.23  In this method, air samplers are set up in treated fields at 
various heights on a mast (e.g., 15, 30, 90, and 150 cm from the ground).  Using 
measured air concentrations at these various heights, a vertical gradient of concentrations 
can be estimated for different time points, which can be integrated across all heights to 
estimate the flux rate at each time point after application.  Some studies are available 
using this method to determine flux rates. 

  
ISCST3 Flux Method 3: Indirect Back-Calculation - The method most often used to 
determine flux rates is the indirect or back-calculation method. [Note:  EPA essentially 
followed the CDPR technique.  For more details, see 
http://www.cdpr.ca.gov/docs/empm/pubs/ehapreps/eh9903.pdf.]  This method uses 
measured air concentrations taken in a typical field fumigation study in which air 
samplers are located at various positions around the field.  The measured air 
concentrations, together with information about weather conditions which occurred when 
the samples were obtained, are used as inputs into the Industrial Source Complex Short 
Term model (ISCST3).  The model assumes that these air concentrations result from a 
Gaussian plume, the plume being distributed around the treated field as a result of the 
wind and weather conditions.  The model then estimates the flux rate which would be 
required to emit the plume in that manner and to obtain the air concentrations measured.   
 
Estimation of the flux for all application methods to be considered in an assessment is 
necessary before ISCST3 can be run.  Other key inputs must also be defined such as the 
size and shape of a treated field, wind direction, wind speed, and atmospheric stability.  
ISCST3 calculates downwind air concentrations using hourly meteorological conditions 
that include wind speed and atmospheric stability.  The lower the wind speed and the 
more stable the atmosphere, the higher the air concentrations are going to be close to a 
treated field.  Conversely, if wind speed increases or the atmosphere is less stable, then 
air concentrations are lower in proximity to the treated field.  Atmospheric stability is 
essentially a measure of how turbulent the atmosphere is at any given time.  Stability is 
affected by solar radiation, wind speed, cloud cover, and temperature, among other 
factors.  If the atmosphere is unstable, then more off-field/source movement of airborne 
residues is possible without a large increase in air concentrations because the residues are 
carried up into the atmosphere and moved away from the field or other source, thereby 
lowering the air concentration in proximity to the field/source.  In the ISCST3 modeling 
method, to simplify modeling the transport of fumigant vapors from a source, a single 
wind direction, wind speed, and stability category are used for a given 4-hour period.  
HED has not determined if a particular set of meteorological conditions should be used 

                                                 
 23 Majewski, MS, Glotfelty, DE, Seiber, JN. 1989. A comparison of the aerodynamic and the theoretical-profile-shape methods 

for measuring pesticide evaporation from soil. Atmospheric Environment, 23:929-938. 
 
Majewski, MS, Glotfelty, DE, Kyaw Tha Paw U, Seiber, JN. 1990. A field comparison of several methods for measuring 
pesticide evaporation rates from soil. Environmental Science and Technology, 24:1490-1497. 
 
Parmele, LH, Lemon, ER, Taylor, AW. 1972. Micrometerological measurement of pesticide vapor flux from bare soil and corn 
under field conditions. Water Air Soil Pollut. 1:433-451. 
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for regulatory purposes, so results are presented based on a variety of different 
conditions. 
 
A range of atmospheric conditions representing the continuum from relatively stable (low 
windspeed & calm) to unstable conditions (high windspeeds & unsettled) was evaluated 
using ISCST3 (Figure 2).  Under relatively stable atmospheric conditions, the modeling 
produces results that represent highly exposed individuals (i.e., ISCST3, as used, results 
in exposure estimates at the upper percentiles of an anticipated exposure distribution).  
Two key inputs are the basis for this conclusion.  First, only a constant downwind 
direction is considered which for chloropicrin applications is 4 hours in a single direction 
with no fluctuation.  This type of situation would be highly unlikely in any outdoor 
environment.  Secondly, the quantitative inputs used to define atmospheric conditions are 
based on constant wind speed and atmospheric stability over a 4-hour period which also 
will not occur in an outdoor environment.  Conversely, unsettled conditions may reduce 
risk estimates but it is believed that even these conditions can result in conservative 
estimates because wind direction is constrained to a single direction over the period of 
concern. 
 

 

 
Figure 2: Illustration of ISCST3 Gaussian Plume Approach 

 
ISCST3 provides useful results because it allows estimation of air concentrations 
reflecting different conditions based on changing factors such as application rates, field 
sizes, downwind distances, wind and weather conditions, and other factors, which cannot 
be done using the monitoring data method described above. Results for the preplant soil 
fumigation uses of chloropicrin (i.e., the major use pattern) based on the ISCST3 
Modeling Method are presented in Appendix D but are not believed to be the most 
refined estimates of risk.  As such, overall trends in the ISCST3 results have been used to 
characterize the results calculated using PERFUM (see below for more details) for pre- 
plant soil fumigations as appropriate in conjunction with the monitoring data described 
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above.  HED believes that results based on ISCST3 for the preplant soil fumigant uses of 
chloropicrin provide more flexibility than the monitoring data but do not provide as 
realistic an estimate as that which can be provided using PERFUM because PERFUM 
accounts for fluctuations in meteorological data over 5 year periods and can also account 
for variability around flux measurements. 

 
(3) PERFUM Modeling Method (For Preplant Field Fumigations Only):  The monitoring data 
and ISCST3 methods described above are deterministic methods which provide high-end point 
estimates of exposure and risk.  OPP is coordinating with EPA’s Office of Air, the CDPR, and 
others to evaluate and implement the PERFUM modeling approach based on ISCST3 which 
incorporates actual meteorological and flux data.  [Note: HED would also evaluate submissions 
based on similar modeling approaches such as FEMS or SOFEA.  See above for additional 
details.]  PERFUM allows users to develop an understanding of the distributions of potential 
bystander exposures and thus more fully characterize the range of risks resulting to bystanders 
around treated fields.  PERFUM has recently been modified to be capable of defining a source 
term for commodity type applications (i.e., PERFUM V2.1.2 is available at 
http://www.exponent.com/practices/health/PERFUM.html).  However, in this assessment, 
PERFUM V1.1 has been used in order to calculate differing percentiles of exposure associated 
with preplant soil fumigation and greenhouse applications because there is little to no difference 
between the model versions for these particular application types.  As illustrated in Figure 3 
below, ISCST3 is an integral part of the PERFUM model (for further details see 
http://www.epa.gov/scipoly/sap/2004/index.htm).  The basic physics and code of ISCST3 remain 
unchanged.  PERFUM essentially provides ISCST3 with daily meteorological data over the 
selected 5 years as well as flux estimates within the uncertainty of those data.  PERFUM then 
uses this information to create distributional outputs for pre-defined receptor locations. 
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Figure 3: Operational Flowchart for PERFUM 
 
As a result, many of the inputs used for PERFUM are similar to those used for the ISCST3 
modeling method analysis described above (e.g., field sizes and back-calculated flux rates).  One 
key difference is that PERFUM addresses the uncertainty associated with flux profiles in its 
calculations by sampling flux estimates for each calculation based on the coefficient of variation 
for those measurements.  PERFUM also incorporates 5 years of meteorological data to generate 
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a distribution of daily average concentrations that represent the possible range of air 
concentrations based on wind vectors from the measured data in a series of receptor locations 
described in Table 6.1.1.1a and Figure 4 below.  PERFUM analyses were completed for several 
field sizes (i.e., 1 to 40 acres) but in most cases only the results for 1 and 40 acres were 
processed which represent the possible range of outcomes.  In other cases, all results were 
processed so the impacts of changing field sizes could be more readily apparent.  It is also 
thought that the general trend would apply generically to most situations.  Field geometry (i.e., 
shape) was also investigated by completing analyses for 5 acre fields shaped like a square and a 
rectangle oriented on its side and also top to bottom.  [Note: The maximum distance for which 
calculations are performed on each spoke in PERFUM is ≥1440 meters from the edge of the 
treated field.] 
 

Table 6.1.1.1a:  Receptor Points for Various Field Sizes in PERFUM 

Grid Type Field Size 
(Acres) 

Number of 
Spokes 

Number of 
Rings 

Numbers of Receptors 
(Spokes * Distances) 

1 96 28 2,688 
5 132 28 3,696 
10 152 28 4,256 
20 188 28 5,264 

Fine 

40 232 28 6,496 
1 24 28 672 
5 33 28 924 
10 38 28 1,064 
20 47 28 1,316 

Coarse 

40 58 28 1,624 
Notes: Fine grid option was used for chloropicrin analysis. 

The maximum distance used for PERFUM calculations on each spoke is ≥1440 meters. 
 

Figure 4: Example PERFUM Receptor Grid 
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Since actual meteorological data are integrated into PERFUM for each analysis, data 
representative of the locations where chloropicrin use is anticipated were identified and used in 
the analysis.  It is anticipated that major use of chloropicrin would occur in California, Florida 
and the Pacific Northwest.  Some use in other geographical regions is also anticipated.  As a 
result, the following locations and sources of meteorological data were used in this assessment: 
 
– Bakersfield, California (Source: ASOS or Automated Surface Observing System operated 
by the FAA) to represent inland California locations; 
– Ventura, California (Source: CIMIS or California Irrigation Management Information 
System) to represent coastal California locations; 
– Flint, Michigan (Source: NWS or National Weather Service) to represent central 
Michigan, and other upper midwest locations; 
– Tallahassee, Florida (Source: NWS or National Weather Service) to represent inland 
Florida locations; 
– Bradenton, Florida (Source: FAWN or Florida Automated Weather Network) to represent 
coastal Florida; and 
– Mount Vernon, Washington (Source: NWS or National Weather Service) to represent 
southeastern Washington, and other Pacific northwest locations. 
 
In this assessment, 5 years or 1825 days of meteorological data were considered in each 
calculation.  Bradenton, Bakersfield, and Ventura data were in the range of 1997 through 2003, 
the Tallahassee and Flint data were in the late 1980s through early 1990s, and the Yakima data 
were from 1984-1988.  [Note: Please refer to the SAP background documents for PERFUM for 
further information concerning these data including how they were processed for incorporation 
into PERFUM and any quality control issues related to these data 
(http://www.epa.gov/scipoly/sap/2004/index.htm).]  Figure 5 provides a comparison of the 
distributions of daily average windspeeds for selected stations in California and Florida.  These 
can be used to help characterize the deterministic assessments and to illustrate different 
PERFUM results for the different stations. [Note: As an example, CDPR regulated Methyl 
bromide at 1.4 m/s windspeed.] 

 
Figure 5: Distribution of Daily Average Windspeeds at Selected Meteorological Stations 
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Flux (i.e., field volatility or emissions) data were treated in a manner similar to that used for the 
ISCST3 analysis described above.  In the ISCST3 analysis for chloropicrin applications, 
calculations were based on the emission profiles developed by HED using the indirect back 
calculation method.  The same basic approach was used for the PERFUM assessment except that 
PERFUM requires distributions of flux data be used which allows changes to occur at 
appropriate times of day and also allows for distributional sampling based on the uncertainty in 
the flux data.  PERFUM considers the uncertainties associated with daily flux profiles by 
probabilistically sampling flux based on the range defined by the coefficient of variation 
associated with those data, if available. 
 
HED considered several field volatility studies in the development of the bystander assessment 
for chloropicrin. Four studies quantified emissions from shank injection applications in Arizona  
(i.e., Phoenix - Broadcast/Tarped, Phoenix - Broadcast/Untarped, Phoenix - Bedded/Tarped, and 
Phoenix - Bedded/Untarped).  One study quantified emissions from shank injection applications 
in Florida (i.e., Bradenton - Broadcast/Tarped).  One study quantified emissions from shank 
injection applications in Washington  (i.e., Yakima - Broadcast/Tarped).  Two studies quantified 
emissions from tarped drip irrigation application in California (i.e., Salinas - Poly Tarped and 
Salinas - VIF Tarped).  One study quantified emissions from tarped drip irrigation application in 
Georgia (i.e., Douglas - Poly Tarped).  Table 6.1.1.1b below provides a summary of the analyses 
that were completed using PERFUM.  The summary of the data are included in Appendix C.  
Each of these studies was deemed to be a sufficient quality for risk assessment purposes. 
 

Table 6.1.1.1b:  Summary of PERFUM Analyses Completed For Chloropicrin       
Weather Station Location Flux Study Summary 

Ventura, CA Bakersfield, CA Flint, MI Tallahassee, FL Bradenton, FL Yakima, WA 
Phoenix, AZ Shank Injection -  
Broadcast/Tarped X X X NA NA NA 

Phoenix, AZ Shank Injection -  
Broadcast/Untarped X X X X X X 

Phoenix, AZ Shank Injection -  
Bedded/Tarped X X X X X X 

Phoenix, AZ Shank Injection -  
Bedded/Untarped X X X X X X 

Bradenton, FL Shank Injection -  
Broadcast/Tarped NA NA X X X NA 

Yakima, WA Shank Injection -  
Broadcast/Tarped NA NA X NA NA X 

Douglas, GA Drip Irrigation - Poly Tarped NA NA X X X X 
Salinas, CA Drip Irrigation - Poly Tarped X X X X X X 
Salinas, CA Drip Irrigation – VIF Tarped X X X X X X 
X = analysis completed, NA = analysis not appropriate. 

 
PERFUM calculates outputs based on each day’s worth of meteorological data and the result is 
illustrated by Figure 6 which shows the distances from the field where airborne concentrations 
meet a threshold of concern around the entire perimeter of the field for each spoke in the model 
(i.e., the irregularly shaped line).  The concentric circle represents an example 95th percentile 
distance value around the perimeter (i.e., MOEs are not of concern for 95% of those exposed).  
The cross hatch area represents the locations where distances exceed the 95th percentile value 
(i.e., MOEs are of concern at these distances for 5% of those exposed).  These exceedances have 
been examined using the PERFUM MOE program which was used in conjunction with the air 
model itself (see SAP site for more details). 
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Figure 6: Thresholds of Concern around the Entire Perimeter of the Field for each Spoke 
 
PERFUM generates the type of output illustrated by Figure 5 for each 4-hour exposure period 
over a 5 year period (i.e., 10,950 4-hour exposure periods) then summarizes the information by 
providing two types of results including the “Maximum Buffer” distance and the “Whole Field 
Buffer” distance.  Each is reported as a distribution.  The “Maximum Buffer” distribution is 
based on the maximum distance needed to reach a threshold level of concern (i.e., HEC adjusted 
by uncertainty factor).  The “Whole Field Buffer” provides a buffer zone distribution for the 
population of people that could potentially be living around an applied field (i.e., it assumes an 
equal spatial distribution of people around a field).  The number of values in these distributions 
varies and it is based on 10,950 exposure periods multiplied by the number of spokes around the 
field which relates to field size (see Table 6.1.1.1b above).  In this assessment, the results for 
both buffer types have been reported for selected percentiles from those distributions 
 
   6.1.1.2 Bystander Exposures and Risks from Treated Fields 
 
Exposures to bystanders from single preplant agricultural field fumigation events and their 
associated risks, calculated using the PERFUM modeling approach, are presented in this section.  
Because of the distributional approach inherent in PERFUM it is believed that PERFUM 
provides the most refined results for this assessment. 
 
Exposures to bystanders from the use of chloropicrin as a warning agent at 2% or less by weight 
(with methyl bromide) in preplant agricultural field fumigation events are also presented in this 
section.  These values are distinguished in the figures and graphs with the use of the 2% notation.   
HED did not have monitoring data for the use of chloropicrin as a warning agent.  Existing 
chloropicrin flux data were extrapolated downward to achieve a theoretical 2% concentration of 
chloropicrin if formulated with methyl bromide for use as a warning agent.  HED believes this 
extrapolation provides conservative estimates of exposure to chloropicrin when it is used as a 
warning agent with methyl bromide in agricultural field fumigation. 
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Summaries of the volatility studies used in this assessment are included in Appendix C: 
Chloropicrin Volatility Study Summaries.  Detailed results from ISCST3 are included as 
Appendix D: Air Concentrations from Chloropicrin Applications Estimated with ISCST3 for 
Preplant Agricultural Uses.  Detailed results from PERFUM are included as Appendix E: Air 
Concentrations from Chloropicrin Applications Estimated with PERFUM for Preplant 
Agricultural Uses.  [Note: The PERFUM appendices themselves only contain a summary of the 
model outputs, they do not contain the detailed input and output files needed to complete 
calculations with ISCST3 or PERFUM.  If so desired, these can be provided for review.] 

 
Appendix E is complex by comparison in that it contains subfiles which provide results for the 
various combinations of flux estimates and meteorological stations considered (see Table 
6.1.1.1b for more details above).  These include: 

 
• Appendix E: Air Concentrations from Chloropicrin Applications Estimated with 
PERFUM for Preplant Agricultural Uses contains a summary of the PERFUM results 
for all flux and meteorological combinations. 
 

– Appendix E/Appendix Tables 1 - 20 (Ventura CA): contains PERFUM 
results for all field sizes, application rates, and flux profiles for Ventura, 
California meteorological data, also contains MOE summaries that range from the 
NOAEL (i.e., MOE = 1) to the full uncertainty factor (i.e., MOE = 30). 
 
– Appendix E/Appendix Tables 21 - 22 (Tallahassee FL): contains 
PERFUM results for all field sizes, application rates, and flux profiles for 
Tallahassee, Florida meteorological data. 
 
– Appendix E/Appendix Tables 23 - 24 (Flint MI): contains PERFUM 
results for all field sizes, application rates, and flux profiles for Flint, Michigan 
meteorological data. 
 
– Appendix E/Appendix Tables 25 - 47 (Bradenton FL): contains PERFUM 
results for all field sizes, application rates, and flux profiles for Bradenton, Florida 
meteorological data, also contains MOE summaries that range from the NOAEL 
(i.e., MOE = 1) to the full uncertainty factor (i.e., MOE = 30). 
 
– Appendix E/Appendix Tables 48 - 49 (Bakersfield CA): contains 
PERFUM results for all field sizes, application rates, and flux profiles for 
Bakersfield, California meteorological data. 
 
– Appendix E/Appendix Tables 50 - 72 (Yakima WA): contains PERFUM 
results for all field sizes, application rates, and flux profiles for Yakima, 
Washington meteorological data, also contains MOE summaries that range from 
the NOAEL (i.e., MOE = 1) to the full uncertainty factor (i.e., MOE = 30). 
 
– Appendix E/Appendix Tables 73 - 76: contains PERFUM analyses that 
show general trends across the meteorological sites. 

 
The analyses which were completed using PERFUM are based on the 42 combinations of flux 
and meteorological data which are available as described in Table 6.1.1.1b above.  In addition, 
the impact of field size and shape, application rates, “whole vs. maximum buffer” statistics, and 
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target concentrations (i.e., HCs coupled with uncertainty factor) were evaluated.  The field sizes 
and shapes that were considered include: 

 
 • 1 acre (square); 
 • 5 acres (square, rectangle oriented on its side, rectangle oriented on its end); 
 • 10 acres (square); 
 • 20 acres (square); and 
 • 40 acres (square). 

 
The application rates considered included 100, 75, 50, and 25 percent of the maximum rate.  The 
maximum rates are 350 lbs ai/acre for shank injection-tarped applications, 175 lbs ai/acre for 
shank injection-untarped applications and 300 lbs ai/acre for drip irrigation applications.  [Note: 
The range of application rates are provided to help characterize the use of chloropicrin in 
combination formulations where it is used at less than maximum application rates and when it is 
combined with methyl bromide, telone, or in its proposed use with iodomethane (currently in the 
registration process) for soil fumigation.]  Model runs for the 2%, warning agent use are also 
provided.  These runs are provided to characterize the use of chloropicrin as a warning agent at 
2% with methyl bromide.  In all cases, results for both maximum and whole buffer statistics (see 
Section 6.1.1.1 above for further information) were evaluated to allow for a broader range of risk 
characterization.  The impact of altering target concentrations (i.e., the combination of the HC 
coupled with uncertainty factor) was also considered to allow for a broader characterization of 
the risks associated with chloropicrin applications.  The combinations that were considered 
include (and in no way reflect any regulatory decision - the intent is to inform risk managers of 
the sensitivity of the results to changes in these factors): 

 
 • BMCL10 (0.073 ppm) and Uncertainty Factor = 10; 
 • BMCL10 (0.073 ppm) and Uncertainty Factor = 7.5; 
 • BMCL10 (0.073 ppm) and Uncertainty Factor = 5; 
 • BMCL10 (0.073 ppm) and Uncertainty Factor = 2.5; and 
 • BMCL10 (0.073 ppm) and Uncertainty Factor = 1. 

 
It should be acknowledged that a number of environmental conditions and factors can impact 
how chloropicrin will volatilize and disperse from any given treated field on a particular day.  
With this premise, it would be logical to evaluate basic factors which could influence flux (e.g., 
soil type, soil temperature, percent water, etc.) and also micro-climates (e.g., topography) and 
thus ultimately impact results.  PERFUM, however, cannot easily address specific changes in 
these factors because it is not a 1st Principles Model where the approach would be to build a 
predictive tool from basic fate characteristics.  Instead, PERFUM is an empirical model which 
utilizes field study and actual meteorological data to predict results and since field study data are 
the basis for the PERFUM predictions it follows that results based on empirical monitoring and 
those calculated with PERFUM would be similar (see guidance pertaining to air model 
validation at http://www.epa.gov/scram001/guidance/guide/appw_03.pdf for additional 
information). 

 
It should also be acknowledged that the nomenclature incorporated into PERFUM uses the term 
“buffer zone” which equates to the distance downwind at which a specific target concentration 
(i.e., combination of HC and UF) is met based on the desired statistical parameters.  The use of 
this term does not imply any regulatory decision.  In the context of this risk assessment, it should 
only be considered as the predicted distance for a specific target concentration.  A number of 
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differing factors were considered to evaluate the sensitivity of the results to changes in various 
inputs. 

 
Based on the range of input parameters that have been considered in this analysis and the various 
outputs that are available, some general conclusions can be drawn with regard to the trends 
observed in the results including: 
 

• Air concentrations appear to exceed the target concentration for the NOAEL at the 
edge of treated fields, especially at the upper percentiles of exposure.  These results are 
consistent with what is generally observed after actual use (i.e., workers and bystanders 
are generally able to recognize chloropicrin off-gassing). 
 
• The available flux data appears to indicate that tarped drip irrigation applications 
result in significantly lower chloropicrin emissions than tarped or untarped shank 
injection applications. 

 
• The sensitivity of predicted air concentrations to changes in the meteorological data 
used appears to be well within an order of magnitude.  Flint Michigan meteorological 
data seems to generally result in the lowest buffer distances, which is logical given its 
routinely cooler temperatures compared to California and Florida.  Possible differences 
may also be due to wind speed and the accompanying effects on stability class (e.g., it 
could be less stable at night in particular if it is more windy), as well as wind direction 
persistence. 

 
• The relationship between predicted distance required to reach a target air 
concentration compared to changes in field size and application rates appears to be 
approximately a 1 to 1 relationship.  For example, if field size doubles, then the distances 
predicted by PERFUM to meet a target concentration would also approximately double. 

 
• Field shape does not appear to significantly impact results although this conclusion 
should be considered in the context that this risk assessment only considered six weather 
station locations.  There could be situations where the shape and orientation to a 
prevailing wind could have a significant impact (e.g., a field in a valley with a strong 
prevailing wind that crosses it longitudinally). 

 
• Distances at which target concentrations are met for the warning agent use (2%) are 
in the hundreds of meters range at the upper percentiles of exposure for 40 acre fields.  
This is observed for the “maximum buffer” statistic and for the “whole field buffer” 
statistic with the modeled whole field buffers being about half the distance of the 
modeled maximum buffers.  It should also be noted that the curve for the warning agent 
use results in the same general shape as the 100% through 25% application rate curves. 

 
• PERFUM has the capability of evaluating how risks (i.e., MOEs) change at a 
specific location if different percentiles of exposure or other statistics are selected.  It 
appears that, in general, risk estimates are not extremely sensitive to changes in the 
selected percentile at the upper percentiles of exposure (e.g., 95th to 99th).  This 
phenomenon appears to be due to the flatness of the Gaussian curve upon which ISCST3 
is based at the upper percentiles of exposure. 
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It is clear that given the number of possible permutations of PERFUM inputs and ways of 
presenting the outputs that there are many possible approaches for interpreting the results.  The 
central goal, however, is to quantify how potential risks change with factors such as application 
method, distance from the treated field, percentile of exposure, selected statistical basis (i.e., 
whole vs. maximum buffer approach), application rate, and field size/shape.  Each of these 
factors has been considered and very detailed results pertaining to each are available in the 
appendices referenced above.  In order to summarize the analyses which have been completed 
and to illustrate the general approach, a selected number of tabular and graphical interpretations 
of the results are presented below. 

 
The results presented in Figures 7, 8, and 9 below provide an example of how risks change in 
relation to uncertainty factors (i.e., target MOE), field size, percentile of exposure, distances 
from a treated field, and statistical basis (i.e., whole field vs. maximum buffer).  Figures 7, 8, and 
9 are based one of the 42 combinations of flux and meteorological data considered in this 
analysis (i.e., Ventura California CIMIS meteorological data and Phoenix Broadcast Shank 
Injection-Tarped Flux - see Table 6.1.1.1b).  Each figure presents results for various target 
MOEs which include: 1 (at the BMCL10), 2.5, 5, 7.5, and 10 (the full target MOE).  Figure 7 
presents results based on the “whole field buffer” approach for a 40 acre field.  Figures 8 and 9 
present results based on the “maximum buffer” approach for 1 and 40 acre fields, respectively.  
The distance at which the target concentration (i.e., HC coupled with uncertainty factor) is 
reached is variable and clearly depends upon the desired statistical interpretation of the results.  
At very low percentiles of exposure and lower MOEs, target concentrations are met within 100 
meters or so of the field’s edge for the whole field buffer statistic.  In all of the examples under 
some conditions the predicted distances exceed 1000 meters and in many circumstances attain ≥ 
1440 meters (particularly for the 40 acre maximum distance buffer statistic) which is the farthest 
distance considered in PERFUM.  The type of analysis illustrated in Figures 6 through 8 has also 
been completed for all flux types using the Bradenton Florida and Yakima Washington 
meteorological data and the trends in the results are similar.  All of these analyses can be found 
in Appendix E. 
 

Figure 7: Ventura Whole Field - Phoenix Broadcast/Tarped Application 
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Figure 8: Ventura Max Field - Phoenix Broadcast/Tarped Application 
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Figure 9: Ventura Max Field - Phoenix Broadcast/Tarped Application 

(40 Acres)

0

10

20

30

40

50

60

70

80

90

100

110

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Distance (m)

P
e

rc
e

n
ti

le

MOE = 10

MOE = 7.5

MOE = 5

MOE = 2.5

MOE = 1

 
 
Figures 10, 11, and 12 are included to illustrate how for the 40 acre “whole field buffer” statistic 
results presented in Figure 6 compare with the results for the same flux type at different locations 
(Figure 11 - Yakima NWS and Yakima Broadcast Shank Injection-Tarped Flux) and (Figure 12 
Bradenton FAWN and Bradenton Broadcast Shank Injection-Tarped).  The Ventura California, 
Yakima Washington, and Bradenton Florida sites were selected for this analysis because they 
represent major use areas in the United States for chloropicrin.  The information contained in 
Figures 10, 11, and 12 reflect very similar results to those presented in Figure 7.  In all cases, 
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however, the MOE = 10 line predicts distances of several hundred meters (i.e., about 1,000 to 
1,440 m) at upper percentile exposure levels. 
 

Figure 10: Ventura Whole Field - Phoenix Broadcast/Tarped 
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Figure 11: Yakima Whole Field - Yakima Broadcast/Tarped Application 
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Figure 12: Bradenton Whole Field - Bradenton Broadcast/Tarped 
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An example of the basic analysis that was completed for each of the 42 combinations of flux and 
meteorological conditions evaluated in this assessment is presented below in Table 6.1.1.2a and 
Figure 13 using results based on Ventura California meteorological data and the Phoenix 
broadcast shank injection-tarped flux profile to illustrate the approach.  [Note: The results in 
Table 6.1.1.2a and Figure 12 reflect a target concentration of the BMCL10 and an uncertainty 
factor (or target MOE) of 10.]  This table can also be used to illustrate how differences in 
application rate (i.e., results for the maximum rate as well as 75, 50, and 25% percent of that 
rate), statistical basis (i.e., whole field and maximum “buffer” results), percentile of exposure, 
and field size can impact results. [Note:  The appendices referenced above contain similar 
information for all combinations of flux and meteorological inputs (see Table 6.1.1.1b) as well as 
results for additional field sizes (e.g., 5, 10 and 20 A).  The information presented in Table 
6.1.1.2a and Figure 13 was selected to illustrate the range of values considered.]  The results 
presented in Table 6.1.1.2a and Figure 13 are markedly similar to those presented in Figures 6 
through 11 in that a final “result” depends upon several factors including percentile of exposure, 
PERFUM statistical basis, application rate, and field size.  Results also reflect the general trend 
that lower exposure percentiles, application rates, and field sizes result in lower predicted 
distances to a selected target concentration (i.e., based on HC and UF). 
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Table 6.1.1.2a:  Distances to Target Concentration Based on BCML10 HC & MOE = 10 for Ventura CA 

Weather and Phoenix Broadcast Shank injection-Tarped Flux Data 
Max (350 lb/Acre) 75% (262.5 lb/Acre) 50% (175 lb/Acre) 25% (87.5 lb/Acre) 2% Percentiles  

  1 Acre 40 Acres 1 Acre 40 Acres 1 Acre 40 Acres 1 Acre 40 Acres 1 Acre 40 Acres 
Maximum Buffer Distances (meters) 

75 890 ≥1440 735 ≥1440 555 ≥1440 320 ≥1440 0 100 
90 1225 ≥1440 995 ≥1440 745 ≥1440 450 ≥1440 0 230 
95 1425 ≥1440 1230 ≥1440 915 ≥1440 565 ≥1440 5 310 
99 ≥1440 ≥1440 ≥1440 ≥1440 1175 ≥1440 705 ≥1440 5 530 

99.9 ≥1440 ≥1440 ≥1440 ≥1440 1365 ≥1440 835 ≥1440 25 830 
Whole Field Buffer Distances (meters) 

75 25 205 20 195 15 175 5 130 0 0 
90 145 1405 125 1225 100 980 60 640 0 15 
95 290 1435 240 1435 185 1435 115 1225 0 70 
99 695 ≥1440 580 ≥1440 450 ≥1440 275 ≥1440 0 225 

99.9 1425 ≥1440 1175 ≥1440 880 ≥1440 525 ≥1440 5 465 
 

Figure 13: PERFUM Whole Field Buffer Results, Ventura California 

CIMIS Weather, Phoenix Shank Injection Broadcast-Tarped, 
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The analyses which have been completed using PERFUM are based on 6 weather station 
locations and nine flux profiles.  In order to broadly understand how differing combinations of 
application methods and emission control technologies (e.g., surface vs. incorporation), which 
are reflected in the flux profiles used for the analyses, and different weather conditions can 
impact results, it is necessary to group the outputs from PERFUM for comparative purposes.  
The first aspect to be examined was how differing flux profiles may impact results.  This is 
considered in Table 6.1.1.2b and Figure 14 which present results for varying percentiles of 
exposure, field sizes, and application rates for all chloropicrin flux profiles for a target 
concentration based on the LOAEL HC and UF = 30.  [Note: 95th percentile results only are 
represented in Figure 13 but the basic trend would be expected to be similar for all percentiles of 
exposure.]  The results demonstrate that distances to target concentrations decrease if application 
rates decrease or whole field buffers are considered instead of maximum buffer results as would 
be expected.ggggg 
 

Figure 14:  95th Percentile Chloropicrin Buffer Results For 40 

Acre Fields For Ventura CA & All Flux Profiles

0

200

400

600

800

1000

1200

1400

1600

Max Dist/Max

Rate

Max Dist/75%

Rate

Max Dist/50%

Rate

Max Dist/25%

Rate

Max Dist/2% Whole

Field/Max

Rate

Whole

Field/75%

Rate

Whole

Field/50%

Rate

Whole

Field/25%

Rate

Whole

Field/2%

Application Rate & PERFUM Field Approach

B
u

ff
e

r 
D

is
ta

n
c

e
 (

m
)

Phoenix -

Bedded/Tarped

Phoenix -

Bedded/Untarped

Phoenix -

Broadcast/Tarped

Phoenix -

Broadcast/Untarped

Salinas - Poly Tarped

Salinas - VIF Tarped


