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Pesticide Action Network North America (PANNA) 

works to replace hazardous pesticide use with ecologically sound and 
socially just alternatives. For 26 years, our international network of 
over 700 citizens groups in more than 90 countries has created a global 
pesticide reform movement with regional coordinating centers in 
Africa, Asia, Europe, Latin America and North America. PANNA links 
the collective strengths and expertise of groups in Canada, Mexico and 
the U.S. with their counterparts in other countries to further sustainable 
agriculture, environmental protection, workers’ rights, improved food 

security, and guaranteed human rights for all. 

www.panna.org 

PANNA also maintains the world’s most comprehensive database available on the web for 
information on pesticide toxicity, registration status, poisoning symptoms and many other 
factors. See www.pesticideinfo.org 

Support for air monitoring in Lindsay was generously provided by the Cedar Tree 
Foundation.  

For more information, contact PANNA at: 

Pesticide Action Network North America 
49 Powell Street, Suite 500 
San Francisco, CA 94102 
415-981-1771   
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Executive Summary 
This report presents the results of air monitoring in populated areas in the town of Lindsay in 
Tulare County, California for chlorpyrifos and its oxon degradation product during the peak use 
period of June, July, and August in both 2004 and 2005. Monitoring was conducted to coincide 
with the summer use of chlorpyrifos as an insecticide on oranges for the control of lepidopterous 
pests and scale.  

Chlorpyrifos is an organophosphorus insecticide that is neurotoxic to both insects and mammals, 
inhibiting acetyl cholinesterase, an enzyme necessary for proper transmission of nerve impulses. 
High levels of exposure to these types of pesticides can cause acute poisonings in highly exposed 
individuals. Low levels of exposure during fetal and infant development have been linked to 
developmental deficits of the nervous system. 

The US Environmental Protection Agency (EPA) recently banned all residential uses of 
chlorpyrifos; however, agricultural use continues. Nationwide in 2001, US EPA estimated that 11-
16 million pounds of chlorpyrifos were used, second only to malathion for US insecticide use.1 

Sample results from air monitoring in Lindsay, CA are reported in Tables 2 and 3. Of the 104 
samples collected (spikes and blanks excluded) between July 13 and August 2 in 2004, 76% 
were found to be above the limit of quantitation (LOQ) of 30 nanograms (ng) of chlorpyrifos per 
sample (equivalent to an air concentration of 6 ng/m3 for a 24-hour sample). Eleven percent of 
the samples were above the 24-hour acute and sub-chronic child Reference Exposure Level 
(REL) of 170 ng/m3, calculated from the US Environmental Protection Agency’s inhalation No 
Observed Adverse Effect Level (NOAEL). The highest concentration observed for a 24-hour 
period was 1,340 ng/m3 (7.9 times the 24-hour acute child REL) at one of the sampling locations 
on July 16. 

Of the 108 samples collected (spikes and blanks excluded) between June 13 and July 22 in 2005, 
80% were found to be above the LOQ of 30 ng chlorpyrifos per sample (equivalent to an air 
concentration of 6 ng/m3 for a 24-hour sample). Twenty-three percent of the samples were above 
the 24-hour acute and sub-chronic child REL. The highest concentration observed for a 24-hour 
period in 2005 was 1,120 ng/m3 (6.6 times the 24-hour acute child REL) at one site on July 14.  

We note that the California Department of Pesticide Regulation (DPR) has not incorporated the 
child protection factor of 10 in their determinations of “acceptable” levels of chlorpyrifos in air, 
a position that is contradictory to US EPA’s determination and one that has been disputed by the 
California Office of Environmental Health Hazard Assessment (OEHHA). The omission of this 
uncertainty factor allows exposures 10 times higher than the dose US EPA has determined to be 
health protective. 



5 

The chlorpyrifos oxon degradation product was not detected in any of the samples from 2004 or 
2005. 

About Chlorpyrifos  

Use in California 
Chlorpyrifos is an organophosphorus insecticide used in agriculture primarily on cotton, oranges, 
corn, and almonds, among many other crops. Also known as Dursban (residential products) or 
Lorsban (agricultural use products), among other trade names, and manufactured predominantly 
by Dow AgroSciences, chlorpyrifos is one of the most widely used insecticides in the U.S.2 
Nationwide in 2001 (prior to the cancellation of residential uses), US EPA estimated that 11–16 
million pounds of the insecticide were used, second only to malathion for insecticide use.3  

Chlorpyrifos was widely used in residential insecticide products until U.S. EPA reached an 
agreement with the registrants in 2000 to change residential uses, including a phase-out of use in 
and around homes by the end of 2005 due to high risks to children, and the cancellation of 
chlorpyrifos use in schools, parks and other places where children might be exposed. U.S. EPA 
estimates that these residential uses accounted for about 50% of the total nationwide in 2001.4 
Major agricultural uses altered by this phase-out agreement include elimination of use on 
tomatoes and changes in use patterns for apples and grapes to reduce residue levels in harvested 
produce. 

In California in 2004, 2.3 million pounds of chlorpyrifos were reported sold, with 1.8 million 
pounds reported used in non-consumer applications.5, 6 Fresno County has the highest reported 
use, followed by Kern, Tulare, and Kings counties (Figure 1). In California, the peak season for 
agricultural chlorpyrifos use in the Central Valley is June through September. 

 

Figure 1: Agricultural chlorpyrifos use in California in 2003. The white star indicates the town of Lindsay in Tulare 
County. Breaks in the shading shown in the legend are based on a percentile ranking of pounds of pesticide active 
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ingredient used per township. The lightest shading represents pesticide use less than or equal to the 50th percentile. 
The medium gray shading represents the range of pounds per township between the 50th and 90th percentile. The 
darkest shading represents all pesticide use above the 90th percentile. (Data Source: CA Department of Pesticide 
Regulation Use Reporting Data). 

Physical Properties  
Technical chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate] is a 
crystalline solid, white to amber in color, with a mild mercaptan-like odor. Physical properties of 
chlorpyrifos are shown in Table 1.7 

Table 1: Properties of Chlorpyrifos 

Property Value 
Molecular Weight 350.59 g/mole 
Water Solubility 1,390 µg/L 
Specific Gravity 1.398 @ 43.5 °C 
Henry's Constant 4.16x10-6 atm-mol/m3 @ 25°C 
Vapor Pressure 1.7x10-5 mm Hg @ 25°C 
Avg. Hydrolysis Half Life 58 days 
Avg. Aerobic Soil Half Life 113 days 
Avg. Anaerobic Soil Half Life 136 days 

 

Chlorpyrifos is a semi-volatile chemical that, under conditions of use in the Central Valley with 
upwards of 100°F temperatures common during summer months, readily volatilizes from leaf 
and soil surfaces to become airborne. It does not degrade quickly in the environment and is 
transported away from the application site by prevailing winds. Because of their volatility, 
chlorpyrifos products are substantial contributors to Volatile Organic Compounds (VOCs) in the 
San Joaquin Valley, accounting for 8.7% of all pesticide VOCs in this air basin.8 VOCs are 
precursors to ground-level ozone, a major contributor to the high asthma incidence in the Central 
Valley. 

Health Effects 
Chlorpyrifos is an organphosphorus compound that inhibits acetyl cholinesterase, an enzyme 
necessary for proper transmission of nerve impulses in both insects and mammals.9 Symptoms of 
low-dose exposure may include headaches, agitation, inability to concentrate, weakness, 
tiredness, nausea, diarrhea and blurred vision. At higher doses, abdominal cramps, vomiting, 
sweating, tearing, muscular tremors, pinpoint pupils, low blood pressure, slow heartbeat and 
breathing difficulty may be observed.10  

The Association of Occupational and Environmental Clinics (AOEC) lists all organophosphorus 
compounds generally and chlorpyrifos specifically as capable of causing asthma in previously 
unaffected individuals.11 Exposure can also exacerbate asthmatic symptoms in individuals who 
already have the disease. 

In addition to acute symptoms, many recent studies indicate that low-level exposure to 
chlorpyrifos interferes with the development of the nervous system in fetal and neonatal rats. 
Neural cell replication and differentiation are both affected, with a reduction in the number of 
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neural connections observed in exposed rats. 12  Substantial progress is being made in 
understanding the mechanism of these effects.13  

Human epidemiological studies on pregnant mothers exposed to chlorpyrifos through 
involuntary home pesticide use demonstrate a link between in utero exposure to chlorpyrifos and 
low birth weights and reduced head circumference of newborns in the study, most significantly 
for mothers whose genetic makeup is such that they produce low levels of PON1, the enzyme 
that is responsible for detoxifying chlorpyrifos and its oxon in the body.14 Chlorpyrifos is also a 
suspected endocrine disrupting compound; moderate doses have been shown to alter hormone 
levels in animal studies.15  

In addition to heightened vulnerability to chlorpyrifos because of their developing nervous 
systems, children are likely to be exposed to higher levels of chlorpyrifos than adults for several 
reasons. Children eat, breathe, and drink more per pound of body weight than adults, so the 
effects of any chlorpyrifos-contaminated food, water or air is magnified relative to that 
experienced by adults. Children also play on the floor and in the grass where pesticide residues 
collect and exhibit hand-to-mouth behaviors that increase their potential for exposure.  

In a risk assessment finalized in 2002,16  U.S. EPA determined an “acceptable” dose of 
chlorpyrifos via inhalation to be 0.1 milligrams per kilogram of body weight per day (mg/kg-
day), which translates into a Reference Exposure Level (REL) of 3,880 ng/m3 for a 70 kg adult 
and 170 ng/m3 for a one-year-old child (see Calculations section). Sub-chronic and acute RELs 
are identical for this pesticide. These values include an additional uncertainty factor of 10 to 
allow for the particular vulnerability of children to chlorpyrifos.17  Recent research indicates that 
this factor of ten is insufficient to protect children. According to a University of California, 
Berkeley research team, newborns can be 65 to 164 times more vulnerable than adults to the 
common organophosphate pesticides chlorpyrifos and diazinon.18 

Prior Chlorpyrifos Air Monitoring 
As part of the implementation of the California Toxic Air Contaminant act, application site 
monitoring of a chlorpyrifos application to a Tulare County orange grove, as well as longer-term, 
seasonal monitoring in an area of high chloryprifos use was conducted by the California Air 
Resources Board (ARB) in the Lindsay area during June 1996. The results of this study indicated 
the potential for high exposures both immediately adjacent to application sites and even in areas 
of high use that were not directly adjacent to an application site.19  

Application Site Monitoring by ARB 
Figure 2 shows ARB monitoring results from a chlorpyrifos application to an orange grove in 
terms of measured air concentrations of chlorpyrifos over time for sampling sites approximately 
downwind of the grove (see Appendix 1 for the full data set and application parameters). 
Because of high winds, the application was stopped after approximately half the orchard was 
sprayed. The application was completed the next day, with lighter winds coming from a different 
direction. Air concentrations peaked at 30,950 ng/m3 at the east downwind site 30 feet from the 
field boundary during the 2.5 hour sampling period after completion of the first application.20 A 
slightly lower peak concentration of 27,700 ng/m3 at 57 feet from the field boundary was 
observed during the second application on the north (downwind) side of the field. High winds 
quickly cleared much of the chlorpyrifos out of the air near the application site between the two 



8 

applications, but concentrations following the second application remained high much longer due 
to lighter wind conditions. 
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Figure 2: Chlorpyrifos air concentrations peaked approximately 2.5 hours after the end of the first application and 
again during the second application, with maximum concentrations on the downwind side of the orchard exceeding 
the adult acute REL by a factor of eight and the child acute REL by 184. Off-gassing continued for several days 
after application and exceeded RELs for both adults and children for much of the sampling period. (Data source: 
Reference 19.) 

Concentrations exceeded RELs in 95% of samples, with three-day, time-weighted averages 
ranging from 5,312 to 8,112 ng/m3 (depending on the location of the monitoring station), 31 to 
48 times the child REL and 1.4 to 2.1 times the 24-hour adult REL. Concentrations of 
chlorpyrifos were still above both the adult and child RELs at the downwind site at the end of the 
monitoring period, at 4,900 ng/m3 (29 times the child REL and 1.3 times the adult REL). These 
data indicate that those who live, work, or go to school near application sites risk acute nervous 
system toxicity from airborne exposure to this pesticide. The developing fetus, infants and 
children are especially at risk because their nervous systems are still developing. 

ARB only conducted a single application site monitoring study for chlorpyrifos; however, the 
fact that the application occurred in two distinct time periods provides essentially two 
applications in one study. The similar peak concentrations observed for the two applications 
under different wind conditions (30,950 ng/m3 vs. 27,700 ng/m3) suggest that peak air 
concentrations may be quite predictable. The breakdown product chlorpyrifos oxon was 
observed in 100% of the samples, but the toxicity of this substance was not taken into account in 
this analysis because no RELs are available for comparison. However, because the oxon is more 
acutely toxic than the parent compound, neurotoxic effects associated with breathing air 
contaminated with both chlorpyrifos and its oxon at the measured levels will be greater than 
chlorpyrifos concentrations alone would suggest. 

Seasonal Air Monitoring by ARB 
ARB also sampled seasonal concentrations of chlorpyrifos in ambient air by placing monitoring 
stations on several schools somewhat distant from direct applications but in regions of high use. 
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Monitoring occurred over the course of four and a half weeks, which serves as an estimate of 
sub-chronic exposure (Figure 3). For chlorpyrifos, acute and sub-chronic RELs are the same. 
Average concentrations were below both adult and child RELs over the time frame of the 
monitoring study, averaging 38% of the one-year-old child REL over all sites. The maximum 
measured 24-hour concentrations equaled or exceeded the child REL at four of the five 
monitoring sites and ranged from 0.23 to 4.8 times the child REL, exposures that may have acute 
neurotoxic effects in some children. Because chlorpyrifos is also present as residues on foods, 
and because other OP pesticides with a similar mechanism of action are also used on foods and 
are present in the air, aggregate exposures will be higher for some individuals. 

Adult REL =  3,880 ng/m3
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Figure 3: Four-and-a-half-week average chlorpyrifos concentrations in ambient air in Tulare County ranged from 
16 to 55% of acute and sub-chronic RELs for a one-year-old child. Concentrations occasionally exceeded the child 
acute REL during a 24-hour monitoring period, with the maximum 24-hour concentration at each site ranging from 
23 to 485% of the acute REL. Monitoring sites included ARB, the ARB office in downtown Visalia; JEF, Jefferson 
Elementary School in Lindsay; KAW, Kaweah School in Exeter; SUN, Sunnyside Union Elementary School in 
Strathmore; UCL, University of California, Lindcove Field Station. (Data source: Reference 19.) 
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Siting the Lindsay Study  
Pesticide Action Network, in partnership with El Quinto Sol, Californians for Pesticide Reform, 
and Commonweal, undertook an air monitoring study in the town of Lindsay, California to 
determine the levels of chlorpyrifos in the air in populated areas. Lindsay is one of the areas of 
highest chlorpyrifos use in California (Figure 1), and residents of the town have experienced 
adverse health effects in the past at times of high pesticide use. 

In addition to high chlorpyrifos use and the ARB data indicating the potential for elevated 
exposures to chlorpyrifos, two other factors contributed to the decision to conduct air monitoring 
in Lindsay. Many homes, schools, and public places in Lindsay are located adjacent to orange 
groves with high pesticide use (see pictures below). Additionally, members of the community in 
Lindsay have expressed concerns about pesticides that drift onto their property and were 
interested in conducting an air monitoring study in their town and specifically at their homes.  

 
Health clinic, with orange trees on-site 

 
Playground, with an orange grove in the background 

 
Residences across the street from an orange grove. 

 
Community pool with an orange grove in the background 
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Historic use patterns for chlorpyrifos around Lindsay indicated that the maximum number of 
chlorpyrifos applications typically occurs in June, July and August (Figure 4). Sampling was 
planned to match the high-use season, with monitoring conducted from July 13–August 2, 2004 
and from June 13–July 22, 2005.  

 

Figure 4: Pesticide Use Reporting data for chlorpyrifos by month 2000-2002 for a 10 x 10 mile square around 
Lindsay, CA. (Data Source: CA Department of Pesticide Regulation Use Reporting Data) 

In 2004, five sampling sites were selected in the town of Lindsay near residents’ homes and 
where citrus farming predominates. Four of the same locations were used in 2005. The sampling 
locations were all yards of private residences. In order to respect the anonymity of the instrument 
hosts, the exact addresses shall remain confidential. A map of Lindsay with the general location 
of the sampling sites marked is shown in Figure 5. The sampling sites varied in proximity to 
orange groves, ranging from 50 to 400 feet away. The sites shown in Figure 5 were those used in 
2004. The same sites were used in 2005 except for the Red House, which did not host a sampler 
in 2005.  
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Figure 5: Map of sampling sites in Lindsay, CA. 

Results 
Of the 104 samples collected (spikes and blanks excluded) between July 13 and August 2 in 
2004, 76% were found to be above the limit of quantitation (LOQ) of 30 nanograms (ng) of 
chlorpyrifos per sample (equivalent to an air concentration of 6 ng/m3 for a 24-hour sample at a 
2 L/min flow rate and using a 3 mL solvent extraction volume). Eleven percent of the samples 
were above the 24-hour acute and sub-chronic child REL of 170 ng/m3, calculated from the US 
Environmental Protection Agency’s inhalation No Observed Adverse Effect Level (NOAEL). 
The highest concentration observed for a 24-hour period was 1,340 ng/m3 (7.9 times the 24-hour 
acute child REL) at one of the sampling locations on July 16, 2004. 

Of the 108 samples collected (spikes and blanks excluded) between June 13 and July 22 in 2005, 
80% were found to be above the LOQ of 30 ng chlorpyrifos per sample (equivalent to an air 
concentration of 6 ng/m3 for a 24-hour sample at a 2 L/min flow rate and using a 3 mL solvent 
extraction volume). Twenty-three percent of the samples were above the 24-hour acute and sub-
chronic child REL. The highest concentration observed for a 24-hour period in 2005 was 
1,119 ng/m3 (6.6 times the 24-hour acute child REL) at one site on July 12.  

Complete results for 2004 and 2005 are provided in Tables 2 and 3, and plots of the daily 
chlorpyrifos concentration for each site are presented in Figures 6–14 for most days during the 
sampling periods. No chlorpyrifos oxon was detected in any of the samples in either year. No 
chlorpyrifos was detected in any of the rear beds of the XAD-2 resin tubes, indicating that there 
was no breakthrough of chlorpyrifos from the front resin bed to the rear, i.e. no overloading of 
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the sampling tubes. Samples with concentrations above the method detection limit (MDL) of 6 
ng/m3, but below the Limit of Quantitation (LOQ) of 30 ng/m3 were estimated at half the LOQ 
(15 ng/m3), according to standard procedure.21 

Table 2: Chlorpyrifos Air Concentrations in Lindsay, CA,  
July 13–August 2, 2004 

Sample 
Name 

Start 
Date 

Start 
Time 

Total 
Time 
(min.) 

Total 
Volume 

(m3) 
Conc. 

(ng/m3) Comments 
 
 

  
Blue House 

  

Rueda 7/13/04 11:34 am 1372 3.02 88  
Pino 7/14/04 10:35 am 1429 3.14 79  
Verano 7/15/04 10:32 am 1838 4.04 137  
Camino 7/16/04 4:20 pm 1350 2.94 87  
Ola 7/17/04 3:00 pm 1531 3.37 38  
Techo 7/18/04 4:40 pm 1395 3.03 97  
Ojo 7/19/04 3:58 pm 1427 3.10 89  
Jorge 7/20/04 4:00 pm 1440 3.13 86  
Hat 7/21/04 4:05 pm 1445 3.25 66  
Campo 7/22/04 4:00 pm 1440 3.17 58  
Rey 7/23/04 4:15 pm 1360 2.96 66  
Silla 7/24/04 3:05 pm 1742 3.75 37  
Oreja 7/25/04 8:10 pm 1356 2.98 29  
Frio 7/26/04 6:50 pm 1274 2.80 22  
Arena 7/27/04 4:09 pm 1467 3.23 15 <LOQ 
Bruja 7/28/04 4:41 pm 1426 3.10 44  
Vaca 7/29/04 4:32 pm 1435 3.16 29  
Musica 7/30/04 4:32 pm 1430 3.11 15 <LOQ 
Primo 7/31/04 4:27 pm 1409 3.10 15 <LOQ 
Ama 8/1/04 4:01 pm 1414 3.18 15 <LOQ 
Cadena 8/2/04 3:40 pm 1572 3.46 15 <LOQ 
    

Green House 
  

Abrigo 7/13/04 9:09 am 1469 3.16 76  
Calle 7/14/04 9:19 am 1479 3.22 107  
Azul 7/15/04 10:00 am 1785 3.88 408 Duplicate. Average of 437 and 379 ng/m3. 
Libro 7/16/04 4:00 pm 1390 2.99 718  
Playa 7/17/04 3:15 pm 1549 3.41 131  
Sol 7/18/04 5:10 pm 1382 3.04 198 Duplicate. Average of 197 and 198 ng/m3. 
Casa 7/19/04 4:16 pm 1443 3.17 143  
Madre 7/20/04 4:23 pm 1492 3.25 100  
Llave 7/21/04 5:25 pm 1380 3.04 69  
Viento 7/22/04 4:30 pm 1405 3.09 82  
Auto 7/23/04 4:00 pm 1398 3.08 60  
Tierra 7/24/04 3:24 pm 1744 3.75 43  
Loma 7/25/04 8:31 pm 1352 2.97 32  
Huevo 7/26/04 7:15 pm 1271 2.80 22  
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Sample 
Name 

Start 
Date 

Start 
Time 

Total 
Time 
(min.) 

Total 
Volume 

(m3) 
Conc. 

(ng/m3) Comments 
Valle 7/27/04 4:29 pm 1469 3.23 15 <LOQ 
Carne 7/28/04 5:05 pm 1417 3.12 53  
Boda 7/29/04 4:48 pm 1432 3.08 60  
Linea 7/30/04 4:47 pm 1430 3.11 38  
Arana 7/31/04 4:41 pm 1409 3.10 15 <LOQ 
Bolsa 8/1/04 4:14 pm 1418 3.12 15 <LOQ 
Crema 8/2/04 3:59 pm 1576 3.47 42  
 
 

  
Orange House 

  

Juego 7/13/04 10:20 am 1390 3.02 91  
Mano 7/14/04 9:37 am 1523 3.35 175 Duplicate. Average of 165 and 184 ng/m3.. 
Sal 7/15/04 11:05 am 1840 4.05 537  
Arbol 7/16/04 5:55 pm 1215 2.64 1340  
Piedra 7/17/04 2:15 pm 1533 3.32 276 Duplicate. Average of 273 and 279 ng/m3. 
Camisa 7/18/04 3:52 pm 1404 3.07 142 Duplicate. Average of 164 and 120 ng/m3. 
Gato 7/19/04 3:21 pm 1438 3.16 168 Duplicate. Average of 178 and 158 ng/m3. 
Nieve 7/20/04 3:25 pm 1430 3.15 224 Duplicate. Average of 242 and 224 ng/m3. 
Perro 7/21/04 3:25 pm 1415 3.11 488  
Pesca 7/22/04 3:20 pm 1530 3.33 143  
Uva 7/23/04 5:00 pm 1273 2.77 101  
Carta 7/24/04 2:21 pm 1824 3.97 56  
Oso 7/25/04 8:49 pm 1254 2.73 75  
Cola 7/26/04 5:46 pm 1300 2.86 26  
Vidrio 7/27/04 3:31 pm 1471 3.20 15 <LOQ 
Blanco 7/28/04 4:07 pm 1426 3.14 45  
Cerdo 7/29/04 3:58 pm 1422 2.63 38  
Flor 7/30/04 3:52 pm 1438 3.10 70  
Pastel 7/31/04 3:55 pm 1411 3.14 15 <LOQ 
Feliz 8/1/04 3:31 pm 1413 3.11 15 <LOQ 
Dolor 8/2/04 3:09 pm 1566 3.45 15 <LOQ 
 
 

  
Purple House 

  

Tarde 7/13/04 12:14pm 1354 2.98 44  
Lluvia 7/14/04 10:58 am 1357 2.99 40  
Cabra 7/15/04 11:00 am 1695 3.73 130  
Chico 7/16/04 3:20 pm 1450 3.17 177 Duplicate. Average of 169 and 185 ng/m3. 
Rubio 7/17/04 3:35 pm 1548 3.39 53  
Verde 7/18/04 5:26 pm 1383 2.97 78  
Rojo 7/19/04 4:33 pm 1443 3.17 60  
Pelota 7/20/04 4:40 pm 1460 3.21 40  
Dedo 7/21/04 5:05 pm 1415 3.11 52  
Baile 7/22/04 4:45 pm 1375 3.03 58  
Pierna 7/23/04 3:45 pm 1430 3.18 37  
Raton 7/24/04 3:41 pm 1661 3.57 34  
Arete 7/26/04 6:35 pm 1326 2.92 15 <LOQ 
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Sample 
Name 

Start 
Date 

Start 
Time 

Total 
Time 
(min.) 

Total 
Volume 

(m3) 
Conc. 

(ng/m3) Comments 
Clavo 7/27/04 4:48 pm 1484 3.41 15 <LOQ 
Pollo 7/28/04 5:18 pm 1419 3.05 29  
Mujer 7/29/04 5:00 pm 1437 3.23 15 <LOQ 
Rosa 7/30/04 5:03 pm 1429 3.16 15 <LOQ 
Fin 7/31/04 4:56 pm 1405 3.09 43  
Hombre 8/1/04 4:25 pm 1425 3.17 15 <LOQ 
Azucar 8/2/04 4:12 pm 1658 3.65 15 <LOQ 
 
 

  
Red House 

  

Cuadro 7/13/04 10:53 am 1379 2.76 71  
Maria 7/14/04 10:00 am 1487 2.45 90  
Lapiz 7/15/04 10:54 am 1831 4.03 90  
Bueno 7/16/04 5:35 pm 1260 2.30 66  
Ellos 7/17/04 2:40 pm 1528 2.48 33  
Padre 7/18/04 4:17 pm 1398 1.61 84  
Nariz 7/19/04 3:34pm 1447 2.28 76  
Razura 7/20/04 3:48 pm 1432 3.08 52  
Cielo 7/21/04 3:50 pm 1430 2.47 42  
Luz 7/22/04 4:10 pm 1460 3.29 56  
Zorro 7/23/04 4:35 pm 1321 3.10 37  
Café 7/24/04 2:44 pm 1744 3.84 23  
Ala 7/25/04 7:51 pm 1335 2.47 15 <LOQ 
Ciudad 7/26/04 6:11 pm  577 0.87 21  
Suelo 7/27/04 3:51 pm 1470 2.21 15 <LOQ 
Negro 7/28/04 4:25 pm 1427 3.28 51  
Agua 7/29/04 4:18 pm 1430 2.93 15 <LOQ 
Rio 7/30/04 4:13 pm 1434 2.87 15 <LOQ 
Otono 7/31/04 4:12 pm 1411 2.89 15 <LOQ 
Papel 8/1/04 3:49 pm 1412 2.82 15 <LOQ 
Fresca 8/2/04 3:30 pm 1565 3.05 15 <LOQ 
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Table 3: Chlorpyrifos Air Concentrations in Lindsay, CA,  
June 13–July 22, 2005 

Sample 
Name 

Start 
Date 

Start 
Time 

Total 
Time 

(min.) 

Total 
Volume 

(m3) 
Conc. 

(ng/m3) Comments 
   Blue House   
Codo 6/14/05 6:50 pm 1384 3.46 139 Duplicate. Average of 128 and 150 ng/m3. 
Nudo 6/14/05 9:33 am 551 1.35 47  
Caro 6/15/05 5:59 pm 1486 3.64 15 <LOQ 
Capo 6/16/05 6:48 pm 2713 6.71 0 <MDL 
Dia 6/17/05 4:12 pm 1644 4.11 0 <MDL 
Rapido 6/18/05 7:42 pm 1269 3.17 15 <LOQ 
Todo 6/19/05 4:58 pm 1454 3.56 0 <MDL 
Manga 6/20/05 5:17 pm 1471 3.68 59  
Peor 6/21/05 5:32 pm 1464 3.59 180  
Malo 6/22/05 6:02 pm 1464 3.59 95  
Norte 6/23/05 6:30 pm 1404 3.44 32  
Lejos 6/24/05 5:59 pm 982 2.46 38  
Mejor 6/25/05 10:27 am 1927 4.82 19  
Ley 6/26/05 6:39 pm 1481 3.70 30  
Una 6/27/05 7:27 pm 1428 3.50 93  
Paso 6/28/05 7:20 pm 1228 3.07 68  
Santo 6/29/05 3:52 pm 1493 3.66 90  
Agente 6/30/05 4:55 pm 1575 3.86 31  
Firma 7/1/05 7:15 pm 1436 3.59 15 <LOQ 
Bruja 7/2/05 7:16 pm 1326 3.18 15 <LOQ 
Ruido 7/11/05 8:15 pm 1404 3.44 0 <MDL 
Carta 7/12/05 7:42 pm 1440 3.53 68  
Fresca 7/13/05 7:46 pm 1419 3.33 154  
Arriba 7/15/05 7:46 pm 1478 3.62 158 Duplicate. Average of 168 and 147 ng/m3. 
Campo 7/16/05 8:30 pm 1422 3.54 62 Duplicate. Average of 94 and 31 ng/m3. 
Empleo1 7/17/05 8:15 pm 1396 3.35 421  
Pollo 7/18/05 7:35 pm 1419 3.48 268  
Dolor 7/19/05 7:18 pm 1414 3.54 229  
Rey 7/22/05 8:50 pm 1169 2.92 323  
    

Green House 
  

Jefe 6/14/05 8:58 am 601 1.51 66 Duplicate. Average of 74 and 58 ng/m3. 
Perno 6/14/05 7:04 pm 1389 3.33 129  
Cuerpo 6/15/05 6:17 pm 1440 3.53 51  
Gordo 6/16/05 6:20 pm 1324 3.31 22  
Leche 6/17/05 4:33 pm 1505 1.88 43  
Lento 6/18/05 6:10 pm 1385 3.46 0 <MDL 
Sabado 6/19/05 4:18 pm 1475 3.69 39  
Cerca 6/20/05 4:59 pm 1519 3.80 59  
Mancha 6/21/05 6:22 pm 1398 3.43 61  
Voto 6/22/05 5:45 pm 1496 3.59 62  
Sarten 6/23/05 6:43 pm 1339 3.35 57  
Bajo 6/24/05 5:11 pm 1009 2.52 39  
Cuenta 6/25/05 10:00 am 1919 4.80 15 <LOQ 
Alto 6/26/05 6:02 pm 1472 3.61 39  
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Sample 
Name 

Start 
Date 

Start 
Time 

Total 
Time 

(min.) 

Total 
Volume 

(m3) 
Conc. 

(ng/m3) Comments 
Oreja 6/27/05 6:39 pm 1415 3.50 103  
Fuerte 6/28/05 6:18 pm 1255 3.14 67  
Mapa 6/30/05 4:20 pm 1579 3.95 15 <LOQ 
Voz 7/1/05 6:43 pm 1427 3.57 17  
Agua 7/2/05 6:42 pm 1329 3.26 0 <MDL 
Tipo 7/6/05 6:31 pm 1447 3.55 68  
Soga 7/7/05 6:45 pm 1345 3.23 0 <MDL 
Brisa 7/8/05 5:00 pm 1585 4.52 120  
Pony 7/9/05 7:31 pm 1412 3.46 43  
Recibo 7/10/05 7:15 pm 1471 3.60 17  
Menor 7/12/05 7:12 pm 1456 3.64 713  
Auto 7/13/05 7:32 pm 1419 3.48 678  
Claro 7/14/05 7:30 pm 1437 3.59 >1,119 Minimum value. 
Flaco 7/15/05 7:31 pm 1479 3.70 314  
Tinta 7/16/05 8:14 pm 1365 3.34 264  
Regalo 7/17/05 7:02 pm 1454 3.64 404  
Pueblo 7/18/05 7:19 pm 1421 3.55 287  
Avion 7/19/05 7:04 pm 1465 3.66 344  
Mono 7/22/05 7:45 pm 1217 2.92 51  
    

Orange House 
  

Noche 6/13/05 5:39 pm 1544 3.90 186 Duplicate. Average of 152 and 219 ng/m3. 
Correo 6/14/05 7:26 pm 1524 3.81 157 Duplicate. Average of 134 and 179 ng/m3. 
Lisa 6/15/05 8:57 pm 1301 3.20 54 Duplicate. Average of 64 and 44 ng/m3. 
Frio 6/16/05 6:44 pm 1363 3.34 47  
Junta 6/17/05 5:33 pm 1437 3.59 42  
Este 6/18/05 5:38 pm 1401 3.36 27  
Sierra 7/6/05 6:19 pm 1436 3.59 67  
Humo 7/7/05 6:30 pm 1334 3.34 135  
Mitad 7/8/05 4:49 pm 1578 3.87 36 Duplicate. Average of 39 and 33 ng/m3. 
Ciudad 7/11/05 7:37 pm 1393 3.48 60  
Grande 7/12/05 6:58 pm 1454 3.64 107  
Falda1 7/13/05 7:17 pm 1418 3.55 220  
Raro 7/14/05 7:01 pm 1452 3.63 331  
Carne 7/15/05 7:16 pm 1476 3.62 307  
Arana 7/16/05 7:56 pm 1369 3.22 75  
Valle 7/17/05 6:49 pm 1452 3.63 83  
Mucho 7/18/05 7:08 pm 1419 3.55 254  
Falda2 7/19/05 6:51 pm 1491 3.73 531  
Dama 7/21/05 5:03 pm 1561 3.90 561  
Zorro 7/22/05 7:11 pm 1237 3.09 475  
    

Purple House 
  

Oro 6/13/05 7:20 pm 1308 3.17 78  
Lena 6/14/05 5:17 pm 1415 3.54 86 Duplicate. Average of 85 and 87 ng/m3. 
Sur 6/15/05 4:56 pm 1470 3.68 30  
Otono 6/16/05 5:46 pm 1306 3.20 15 <LOQ 
Parte 6/17/05 3:40 pm 1609 3.94 0 <MDL 
Tapa 6/18/05 6:40 pm 1308 3.27 15 <LOQ 
Hongo 6/19/05 4:40 pm 1496 3.67 0 <MDL 
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Sample 
Name 

Start 
Date 

Start 
Time 

Total 
Time 

(min.) 

Total 
Volume 

(m3) 
Conc. 

(ng/m3) Comments 
Corte 6/20/05 5:39 pm 1494 3.74 55  
Brazo 6/21/05 6:38 pm 1431 2.86 167  
Calor 6/22/05 6:34 pm 1461 3.58 40  
Copa 6/23/05 7:00 pm 1344 3.36 0 <MDL 
Ruta 6/24/05 5:28 pm 1031 2.58 0 <MDL 
Bola 6/25/05 10:42am 1895 4.64 15 <LOQ 
Juicio 6/26/05 6:22 pm 1473 3.61 15 Duplicate. <LOQ 
Cabeza 6/27/05 7:00 pm 1416 3.47 79  
Yunta 6/28/05 6:56 pm 1237 3.03 198  
Tierra2 7/10/05 7:22 pm 1480 3.70 16  
Paloma 7/11/05 8:05 pm 1397 3.42 149  
Debil 7/12/05 7:26 pm 1471 3.60 0 <MDL 
Libre 7/13/05 7:59 pm 1423 3.56 413  
Piel 7/14/05 7:45 pm 1455 3.49 515  
Flujo 7/15/05 8:05 pm 1473 3.68 106  
Suelo 7/16/05 8:42 pm 1350 3.31 54  
Silla 7/18/05 7:53 pm 1421 3.41 106  
Uva 7/19/05 7:30 pm 1380 3.31 190  
Luz 7/22/05 9:08 pm 1215 2.92 237  
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Figure 6: Chlorpyrifos concentrations in 2004 at the blue house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures. 
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Figure 7:  Chlorpyrifos concentrations in 2004 at the green house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures. 
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Figure 8:  Chlorpyrifos concentrations in 2004 at the orange house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures. 
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Figure 9:  Chlorpyrifos concentrations in 2004 at the purple house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures; ND = no data. 
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Figure 10:  Chlorpyrifos concentrations in 2004 at the red house. REL = Reference 
Exposure Level calculated from US EPA’s “acceptable” daily dose for 
acute and sub-chronic exposures. 
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Figure 11:  Chlorpyrifos concentrations in 2005 at the blue house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures; ND = no data. 
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Figure 12:  Chlorpyrifos concentrations in 2005 at the green house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures. ND = no data; 
<MDL = less than method detection limit; MV = minimum value. 
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Figure 13:  Chlorpyrifos concentrations in 2005 at the orange house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures; ND = no data. 
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Figure 14:  Chlorpyrifos concentrations in 2005 at the purple house. REL = 
Reference Exposure Level calculated from US EPA’s “acceptable” 
daily dose for acute and sub-chronic exposures; ND = no data; 
<MDL = less than method detection limit. 
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Methods 

Sample Collection 
Samples were collected by passing a measured volume of air through XAD-2 resin tubes 
obtained from SKC Inc. (75/150 mg, Cat. #226-30-05 or 200/400 mg, Cat. #226-30-06). Sample 
tubes were changed once a day during the sampling period in approximately twenty-four hour 
intervals. This sampling method was based on NIOSH method 5600 for organophosphorus 
insecticides.22 

The air sampling device consists of a vacuum pump (Barnant, Cat. #400-1901) connected with 
3/8” Teflon tubing and compression fittings to a manifold equipped with two Cajon-type, 
vacuum-tight Teflon fittings (Beco Mfg.) as tube holders. Flow controller valves for each sample 
allowed for adjustment of air flow to each tube independently (Figure 15).  

(a)   (b)  

Figure 15: (a) The air monitoring device used in this experiment, the Drift Catcher™, was designed based on 
sampling equipment used by the California Air Resources Board. This design has been evaluated by a Scientific 
Advisory Committee comprised of scientists from the California Department of Pesticide Regulation, the California 
Air Resources Board, US EPA Region 9, the US Geological Survey, and the California Department of Health 
Services. (b) Drift Catcher manifold with flow regulation control valves.  

 
Pre-labeled sample tubes were attached to the manifold, which stood approximately 1.5 meters 
off the ground. Flow rates were measured with a 0–5 L capacity rotameter (SKC Inc., Cat. #320-
4A5) pre-calibrated with a mass flow meter (Aalborg, cat. #GFM17A-VADL2-A0A). The initial 
flow rate through each of the tubes was set to 2.20 liters per minute. The flow rate was set at the 
beginning of the sampling run and then measured at the end to check for any changes. If the 
difference between the start and stop flow rates was less than 10%, these two values were 
averaged together to calculate an average flow rate. If the ending flow rate differed by >10% 
from the starting flow rate, the sample was discarded. 
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Sample tubes were covered with mylar light shields during the sampling period to prevent any 
photolytically catalyzed degradation of the sample. Sample identification, start and stop times, 
and flow rates were recorded on the Sample Log Sheet (SLS, Appendix 2). In addition, wind 
speed and direction, as well as temperature, weather conditions and any additional observations 
were noted at the beginning and end of each sampling period. At the end of each sampling 
period, labeled tubes were capped and placed in a zip-lock plastic bag with the completed SLS.  

Within 10 minutes of removal from the sampling manifold, samples were placed into either a –
10°C freezer or into a cooler at 0°C for transport to freezer storage. After storage for no more 
than two weeks, samples were shipped to the laboratory at –10 to 0°C by overnight express mail 
for analysis. A chain of custody form (Appendix 3) accompanied each batch of samples during 
handling and transport. In the laboratory, samples were stored in a –20°C freezer prior to 
processing and analysis. Prior sample storage stability assessments conducted by the California 
Air Resources Board indicate that no degradation of chlorpyrifos on XAD-2 resin occurred 
during storage at –20°C for up to 37 days.23 

Sample Analysis 
Detailed Standard Operating Procedures (SOPs) for processing of sorbent tubes containing 
organophosphorus pesticides such as chlorpyrifos were developed from NIOSH method 560024 
and the methods used by CA ARB25 and are attached as Appendix 4. Briefly, the front and rear 
XAD-2 resin beds were each extracted with 3.00 mL of pesticide-grade ethyl acetate (Fisher 
Scientific) using sonication, and the extracts were analyzed using a Varian 3800 gas 
chromatograph equipped with an 8400 autosampler using splitless injection. Samples were 
quantified using either an electron capture detector (ECD) or an ion trap mass spectrometric 
detector (MSD) using selective ion storage over mass range 195-300. The details of experimental 
conditions can be found in Appendix 5. 

Concentrated stock standards of chlorpyrifos and chlorpyifos oxon for use in analysis were 
obtained directly from Accustandard (Catalog numbers P-094S and P-700S respectively), at a 
concentration of 100 µg/mL in MeOH. Dilute analytical standards at concentrations of 0.05, 0.1, 
0.2, 0.5, and 0.7 ng/µL were prepared from the stock solution using pesticide-grade ethyl acetate 
as diluent. One chlorpyrifos oxon standard was prepared at 0.1 ng/µL and was analyzed with all 
sample sets to identify its presence or absence in the samples. None of the oxon was detected in 
any of the samples, so quantitation was unnecessary. 

Calculations 

Air Concentrations 
Chlorpyrifos concentrations in air were calculated from the GC results as shown below: 

! 

Air concentration, ng/m3 =
Extract concentration, ng/µL " 3,000  µL

volume of air sampled, m3
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Reference Exposure Levels (RELs) 
In order to compare observed concentrations of chlorpyrifos in air with concentrations likely to 
be associated with adverse effects, the US EPA inhalation NOAELs for acute and sub-chronic 
exposures to chlorpyrifos of 0.1 mg/kg-day (based on plasma and red blood cell cholinesterase 
inhibition)26 were used to calculate Reference Exposure Levels (RELs) for a sensitive receptor, a 
one-year-old infant weighing 7.6 kg, breathing on average 4.5 m3 of air per day.27 This 
calculation takes into account the 10-fold intraspecies, 10-fold interspecies and 10-fold FQPA 
uncertainty factors used by US EPA for chlorpyrifos. 

! 

REL (1- year - old) =
0.1 mg /kg• day

10intra"UF #10inter"UF #10FQPA

#
106  ng /mg# 7.6  kg

4.5  m3 /day
=170  ng /m3 

The calculated concentration is the equivalent of a concentration in air below which no adverse 
effects on cholinesterase inhibition are anticipated by US EPA. Note, however, that the 
developmental neurotoxicity observed for chlorpyrifos28 is not mediated by cholinesterase 
inhibition and may occur at lower doses. 

We note that the California Department of Pesticide Regulation (DPR) has not incorporated the 
FQPA factor of 10 in their determinations of “acceptable” levels of chlorpyrifos in air, a position 
that is contradictory to US EPA’s determination and one that has been disputed by the California 
Office of Environmental Health Hazard Assessment (OEHHA).29 The omission of this 
uncertainty factor allows exposures 10 times higher than the dose US EPA has determined to be 
health protective. 

Method Detection Limit (MDL) 
The method detection limit (MDL) is the “minimum concentration of a substance that can be 
measured and reported with 99% confidence that the analyte concentration is greater than zero 
and is determined from replicate analyses of a sample in a given matrix containing the analyte.”30 
For air samples, the MDL takes into account the total amount of sampling time, the air flow rate 
through the sorbent tube, the volume of extraction solvent used to desorb the analyte, and the 
sensitivity of the instrument used to quantify the amount of analyte in a sample. For this 
experiment, the MDL was determined for a 24-hour sample taken with a flow rate of 2.00 L/min, 
and extracted with 3.00 mL of solvent. The sensitivity of the gas chromatograph equipped with 
an electron capture detector, the Instrument Detection Limit (IDL), was calculated by 
determining the standard deviation (σ) of the results of seven sequential injections of the extract 
from a low-level matrix spike and multiplying this value times 3.14, the student T value at the 
99% confidence interval for seven replicates: 

IDL (ng/µL) = 3.14 * σ 

These parameters were then used to calculate the MDL for the entire method in units of 
concentration of pesticide in air, e.g. ng/m3. The calculation is shown below for a low 
concentration matrix spike with a calculated IDL of 0.006 ng/µL: 

! 

MDL (ng/m3) =
0.006  ng/µL( ) " 3,000  µL( )

(2.0  L/min)" (60  min/h) " (24  h) " (1 m3 /1000  L)
= 6  ng/m3  
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The Limit of Quantitation (LOQ) was estimated at five times the MDL or 30 ng/m3. 

Quality Assurance–Quality Control 

Operator Training 
All Drift Catcher Operators participated in a hands-on training workshop on the operation of the 
Drift Catcher at which they were provided with a Drift Catcher Users’ Manual. They were then 
tested on their knowledge of the procedures and practices by a PANNA scientist. Partipicants 
were certified if they could successfully demonstrate: 

(1) Mastery of the technical set-up and operation of the Drift Catcher 

(2) Correct use of Sample Log Sheets and Chain of Custody Forms 

(3) Ability to troubleshoot and solve common operational problems 

(4) Knowledge of the scientific method 

Sample Labels 
Sample labels were affixed directly to the sorbent tubes and to the corresponding sample log 
sheets prior to the start of sampling. The following information was contained on the labels: 
Sample ID, project name, and project date. 

Sample Check-In 
On arrival in the laboratory, samples were checked into a Sample Log Database organized by 
project and sampling dates. Sampling dates and times, extraction dates, analysis dates, analytical 
methods and sample results were all logged in the database. Appendix 5 shows a screen shot of 
the main data page. 

Leak Check 
All monitoring equipment was fully leak-checked prior to use by attaching the tubing-manifold 
combination to a pump generating a positive airflow and testing for leaks at each connection 
point with a soap solution. 

Flow Calibration 
Rotameters used in the field to determine flow rates were calibrated using an Aalborg mass flow 
meter, Model No. GFM17A-VADL2-A0A with totalizer attachment TOT-10-0C. All rotameters 
used in this experiment deviated less than 5% (the rated accuracy for these rotameters) from the 
mass flow meter readings. 

Trip Spikes 
Four trip spike samples were prepared prior to the start of sampling at 150, 300, 600, and 1,500 
ng of chlorpyrifos, spiked onto the front resin bed. These spikes were stored and transported with 
the samples and extracted and analyzed according to the same procedures used for samples. 
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Spike recoveries are shown in Table 4. The average recovery was 115% and ranged from 83% to 
167%. 

Table 4: Chlorpyrifos Trip Spike Recoveries 

Sample ID Fortification  
(ng) 

Recovery  
(ng) 

Recovery 
(%) 

t-spike-1 300 320 105 
t-spike-2 1,500 1,600 106 
t-spike-3 600 500 83 
t-spike-4 150 250 167 
  Average 115 

  Standard  
deviation 36 

Field Spikes 
Field spike data from prior California Air Resources Board chlorpyrifos sampling indicated that 
there was no significant loss of sample under similar field sampling conditions.31 

Lab Spikes 
Ten lab spikes were prepared at 300 ng of chlorpyrifos, spiked onto the front resin bed. These 
samples were extracted and analyzed according to the same procedures used for samples. Lab 
spike recoveries are shown in Table 5. The average recovery was 106% and ranged from 82% to 
117%. 

Table 5: Chlorpyrifos Lab Spike Recoveries 

Sample ID Fortification  
(ng) 

Recovery  
(ng) 

Recovery 
(%) 

l-spike-1 300 340 112 
l-spike-2 300 330 110 
l-spike-3 300 290 95 
l-spike-4 300 320 107 
l-spike-5 300 350 116 
l-spike-6 300 300 100 
l-spike-7 300 350 116 
cp-spike-8 300 250 82 
cp-spike-9 300 310 104 
cp-spike-10 300 350 117 
  Average 106 

  Standard  
deviation 11 

Trip Blanks 
Two trip blank tubes per sampling week were prepared at each location at the end of the first 24-
hour sampling period. These tubes were stored and transported with the batch of samples from 
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that location, then processed and analyzed as part of the batch on arrival in the lab. No pesticide 
residues were detected in any of the trip blanks. 

Lab Blanks 
For each batch of samples processed, two blank tubes of the same lot number as that of the tubes 
used in the experiment were processed and analyzed according to the same procedures used for 
the samples. No pesticide residues were detected in any of the lab blanks. 

Solvent Blanks 
A sample of the solvent used for extraction was analyzed with each batch of samples to check for 
possible impurities in the solvent. No pesticide residues were detected in any of the solvent 
blanks. 

Replicate Samples 
Duplicate samples were taken for all sampling periods, and selected duplicates were extracted 
and analyzed to check agreement between samples. The results of duplicate sampling are 
provided in Tables 2 and 3. 

Instrumental QA/QC 
Quantification of chlorpyrifos was conducted either using an electron capture detector (ECD) or 
an ion trap mass selective detector (MSD) using selective ion storage over mass range m/e 195-
316, calibrated with a set of five standards. Positive identification of chlorpyrifos was established 
with the MSD, as well as by comparison of retention times between two different columns. 
Reproducibility was determined by comparison of five replicate injections of two standards. 
Linearity of the standard curve was confirmed by inspection and evaluation of the regression 
coefficient, which was required to be at least 0.99. A new set of standards was analyzed for each 
30–40 samples, with a mid-level calibration verification standard analyzed every 10th sample. 
See Appendix 6 for detailed instrument parameters.  
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Appendices 

Appendix 1: Application Conditions and Monitoring Data for Chlorpyrifos Application 
Conducted by the California Air Resources Board, June 1996 

Table A-1: Application Site Monitoring Conditions for Chlorpyrifos*  
Location of application Tulare County 
Date of application June 4 and 5, 1996 
Time of application 06:30–10:30 (June 4) and 04:30–10:30 (June 5) 
Type of application Ground-rig blower  
Distance of monitoring stations from 
field boundaries 

North, 57 feet; East, 42 feet (two co-located samplers); and South, 30 feet. West 
sampler was stolen and not replaced during the study 

Size of treated area 60 acres, orange grove 
Product applied Lorsban 4E 
Product application rate 1.5 gallons per acre in 750 gal of water 
Active ingredient (AI) Chlorpyrifos, 50% 
Vapor pressure of AI 1.7 x 10-5 mm Hg at 25°C 
AI application rate 6 lbs. chlorpyrifos per acre (3–4.5 lbs/acre is typical for oranges) 
Total amount of AI applied 360 lbs 
Temperature range during first 24 
hours 

Not reported in summary data, but 60–105°F is common at this time of year in Tulare 
County 

Winds Light from the southeast at application start, shifting to high winds from the south 
and west 4–5 hours after start of first application. Winds light and from the east-
southeast during second application. 

*Source: Reference 19. 
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Table A-2: Application Site Monitoring Data for Chlorpyrifos* 

    Concentration (ng/m3)       

Sampling 
Period 

Direction Wind 
Coming Froma 

Time after 
Start of 

Application (h) North, 57 feet East, 42 feetb South, 30 feet 
Sum, all 

directions 

% Drift per 
Period (by 

mass) 
Background SE NA 690 1,570 2,070 4,330 --- 
1 SE 5.5 8,580 10,500 25,400 44,480 17.85 
2 S 7.25 10,300 30,950 160 41,410 4.98 
3 W/NW 11.5 250 2,680 510 3,440 1.04 
4 SE/NW 20 1,100 3,200 5,320 9,620 7.06 
5 SE 28.5 27,700 4,410 4,620 36,730 22.02 
6 W/E/SE 45.75 8,550 8,850 4,390 21,790 26.58 
7 W/E/SE 69.75 4,470 4,905 2,840 12,215 20.48 
  Time-weighted 

average 8,112 6,572 5,312 19,996 100.00 
*Source: Reference 19. 

a. Underlined wind direction is the predominant one, if any. 
b. Average of two co-located samples. 
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Appendix 2: Sample Log Sheet 
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Appendix 3: Freezer Log and Chain of Custody Form 
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Appendix 4: Standard Operating Procedures for Organophosphate Pesticides (NIOSH 
Method 5600) 
QuickView 

1. Label a set of 6 mL vials (Teflon-lined caps)—two 
for each sample tube, one for the front resin bed and 
one for the back resin bed. The labeling convention is 
as follows: the sample name, tube letter (A or B), and 
the front or back bed specification. For example, if 
the tube has a label that says TREE-A, the name on 
the first sample vial containing the front bed would 
be labeled TREE-A-F and the back bed vial would be 
labeled TREE-A-R. 

2. Enter the extraction date, solvent and solvent volume 
into the Drift Catcher Data (DCD) database. Also, 
record the extraction in the lab notebook. 

3. Prepare two lab blanks using sorbent tubes (or filters) 
with the same lot number(s) as your samples, labeling 
them with the lot number in  the name, e.g. 
Blank3658-1, Blank3658-2, for two blanks of lot 
number 3658. Crack the tube open by using a glass 
file to score the tube near the front glass wool plug, 
then snapping the tube in two. Using a dental pick, 
remove the glass wool plug and then pour the front 
resin bed (the glass wool can be discarded) into an 
extraction vial and extract according to the directions 
used for samples below. 

4. Prepare the lab spikes using sorbent tubes (or filters) 
with the same lot number as the samples. Crack a 
tube open as above, pour the front resin bed (the glass 

wool is not necessary) into an extraction vial and spike with a known amount of the 
pesticide or group of pesticides you are likely to find. For OPs, spike with an amount that 
will give a final concentration in the extract of about 0.2–0.5 ng/µL. Allow to sit for at 
least 30 minutes. If there is no knowledge of what pesticide is present, wait to do the 
spikes until after the pesticide present has been identified.  

5. Crack open the sample tubes. Transfer both the first glass wool plug and the front bed of 
resin (the larger of the two resin beds) into a labeled 6 mL sample vial with a Teflon-
lined cap. As you do this step, double-check that the label on the vial matches the label 
on the tube. Remove the second glass wool plug and back resin bed into another labeled 
sample vial. Before processing any samples, don’t forget to make lab blanks, and spikes 
if the pesticide has been identified. 

6. After the tubes are cracked and the contents placed in vials for samples, blanks and 
spikes, use a micropipette to pipette 3.00 mL of ethyl acetate into each sample vial. Invert 
the samples several times and allow them to sit for 30 minutes, shaking the vials 
occasionally during this time period. 

 Label extraction vials 
 Enter extraction date, 

solvent and volume into 
DCD database 

 Print sample processing 
form and put in project 
notebook 

 Record extraction in lab 
notebook 

 Prepare lab blanks & lab 
spikes 

 Crack tubes into vials, add 
solvent, allow to sit 

 Optional: Sonicate, make 
sure labels won’t fall off 

 Label GC vials, 2 for each 
resin bed (front/back) 

 Transfer samples to GC 
vials. Check caps for 
tightness (dent in cap). 

 Run or store in freezer 

 



37 

7. OPTIONAL: Place the tubes in the sonicator for 30 minutes (six cycles of five minutes 
each). Care needs to be taken when placing the samples in the sonicator so the labels 
don’t get wet and fall off. Putting the labels on the caps is best—they should be moved to 
the vial after extraction. 
NOTE: Some pesticide extractions do not require sonication—the extraction seems to 
work just as well by letting the vials sit for 30 minutes with occasional shaking. The 
NIOSH method explicitly says NO sonication, but the EPA method says to USE 
sonication. So far, we haven’t found it to make a difference for OP pesticides. 

8. After removal from the sonicator, the samples are pipetted as soon as possible (within the 
next 30 minutes), into GC autosampler vials for analysis (Restek, #21141 with caps, 
Restek #24670). Check the caps to be sure they are sealed tight—they should be 
obviously indented in the middle.  
 
NOTE: For every 6 mL vial of sample extract, two autosampler vials can be filled. It is 
recommended that two autosampler vials be filled from each extraction vial so that a 
backup sample is available if the first GC run fails for any reason or if the first sample 
needs to be used to ID the pesticide(s) present. At this point, there are FOUR autosampler 
vials for every resin tube (two from the front bed and two from the back).  

9. Store the autosampler vials in the freezer unless the samples are to be run immediately. 
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 Appendix 5: Sample Log Database Screen Shot 
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Appendix 6: Instrument Parameters for Sample Analysis 
All samples were analyzed using a Varian 3800 gas chromatograph equipped with two injector 
ports, a CP-8400 autosampler, electron capture detector (ECD) and Saturn 2200 ion trap mass 
selective detector (MSD). Most samples were quantified using the ECD, with the MSD primarily 
used to verify the identity of sample components. When both ECD and MSD were in use (2005), 
2.5 µL of sample was injected sequentially into the two columns, allowing 0.5 minutes to elapse 
between injections. The columns used were a Varian CP SIL 8 CB-MS capillary GC column, 30 
m x 0.25 mm, 0.25 µm film thickness or a VarianVF-5-MS capillary GC column, 30 m x 0.25 
mm, 0.25 film thickness. 

Prior to analytical runs using the MSD, the MSD was autotuned to set the electron multiplier 
gain, calibrate mass setpoints on PFTBA ions, and calibrate the ion trap for selected ion storage 
(SIS) analysis. SIS was turned on during a 1.5 minute window around the chlorpyrifos peak, 
using a storage mass range of m/e 195–316 to store chlorpyrifos ions at m/e 314, 258 and 197 
and eject ions arising from the silicone polymers that are part of the XAD-2 resin extracts 
appearing at m/e 255.   

Table A-3: Gas Chromatograph Parameters 

 Injector Temp. Detector Temp. GC Column Oven Temperature Program Flow Rates (mL/min) 

 
  Temp 

(°C) 

Heating 
Rate 
(°C/min) 

Hold 
Time 
(min) 

Total 
Time 
(min) 

Carrier 
Gas 

Makeup 
Gas (N2) 

180 0 1 1 
220 10 1 6 2004 250 °C (splitless) 300 °C (ECD) 

250 20 20 27.5 

1 30 

120 0 0.5 0.5 
200 10 0 8.5 
260 20 15 26.5 

2005 250 °C (splitless) 300 °C (ECD) 

300 20 5 33.5 

1 30 
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