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Abstract 

Aerial application of baited malathion has been used in recent Mediterranean Fruit Fly 
Eradication Programs in California in 1981 and 1989/90. In response to public concerns 
about exposure to malathion from this method of application, the California Department of 
Health Services (CDHS) conducted exposure assessment studies and concluded that a 
potential subpopulation of sensitive individuals may exist. Additional information was 
required on the persistence of malathion in the environment and whether this persistence is 
affected by the presence of the protein bait. In order to gather additional information, a 
simulated spray application on five matrices was undertaken. The matices included: soil, 

sand, water, tomato fruit and lettuce leaves. 

Methodology was developed to apply bait/malathion mixtures under controlled conditions. 
These methods required a modification of the normal mixing ratio of bait/malathion to 
achieve proper mass deposition per unit area. The application ratio in the 1989/90 aerial 
spray was 4:l bait/malathion (v/v). The controlled spray application reported here was 
approximately 10,000: 1 bait/malathion (v/v). The influence of the ratio of bait to malathion 
on degradation rates is not known; further research is needed to address this issue. 

All experimental applications were carried out in the evening to mimic conditions of the 
1989/90 aerial application. The sprays were conducted at the University of California, 

Riverside. Eleven applications were required to expose all replicates of the exposure 
matrices. In each spray, a portion of all five matrices were represented to minimize spray 
variability. Sampling periods were as follows: 0 hr (immediate post spray), 12 hr, 24 
hr, 48 hr, 96 hr, 240 hr and 504 hr. At each sampling time, four replicates of each matrix 
were sampled, one from each of the four chambers. Samples were collected, stored on dry 
ice and subsequently shipped to APPL laboratories for analysis of malathion and 
malaoxon. 

Although there was variability between sprays, differences in variance were not significant 
nor were there significant differences in mean values between sprays. Aspects of the 
quality control analyses demonstrated highly variable results. Of the 18 blind spikes 
submitted, 11 samples varied from theoretical spiked concentrations by greater than 20%. 



Degradation of malathion in sand was very rapid, with only 16% of the original 0 hr 
concentration predicted remaining at 12 hi after application. Malaoxon concentrations were 
not detected in the sand matrix until approximately 239 hr. In contrast, degradation on soil 
was much slower than sand. At 12 hr, approximately 39% malathion was predicted to 
remain. The slower rate of decay may be attributed to the soil organic fraction which could 
bind malathion. Appearance of malaoxon was not evident in soil until 96 hr. 

No consistent trends were evident in following the degradation of malathion in the water / 
matrix. Because of these inconsistencies, no statist&models of the data were fit. 
Malaoxon did not’appear in’the water matrix until 504 hr. (,. : 

pegradation of malathion on the surface of tomato fruit was extremely slow compared to 
‘, ‘: ; 

the sand and soil matrices. ’ At 12 hr, approximately 90% of the malathion measured at 0 hr ‘, 
ias predicted to’ remain and 50% predicted’ at ‘4 days. Internal concentrations of 
malathion in tomato fruit decayed more rapidly, predicting 72% remaining at 12 hr. The 
interaction with cellular components may be responsible for the increase in decay rate. 
Malaoxon was not detected until 96 hrs in tomato fruit. ., ,,i’ 

The decay of malathion on lettuce leaves was extremely rapid compared to tomato fruit. ,‘, 
Predicted malathion levels were 27% at 12 hr, This more rapid decline may be due to ion 
exchange processes at the leaf surface which may be minimal on tomato fruit. In tern al 
malathion concentrations on lettuce leaves were only 13% after 12 hr, declining to about 
2% after 21 days. Malaoxon was not detected at any time on lettuce leaves. .’ ).‘,, 
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Introduction 

Background 

Malathion baited with Nu-Lure @  has been used in recent Mediterranean Fruit Fly 

(Medfly) Eradication Programs in California USA, by the California Department of Food 

and Agriculture (CDFA, 1981, 1991). Malathion, a nonsystemic orthophosphate 

insecticide, has a relatively low acute mammalian toxicity and brief to moderate 

environmental persistence (Table 1). In its commercial form it is a clear, slightly amber 

liquid (approximately 90 - 95 % pure depending on formulation), with an aqueous 

solubility of 145 1.18 ml-l and a vapor pressure of 4 x 10-S torr. Malathion is miscible in 

most common organic solvents. The insecticidal bait (Nu-Lure@) used in the 1990 CDFA 

Medfly Eradication Program has been described as a dark brown, slightly viscous, 

proteinaceous liquid derived from plant sources (Miller Chemical and Fertilizer Corp., 

1990, Table 2). The low pH (3.5 - 4.5) is attributed to the presence of residual mineral 

acid used in the acid hydrolysis manufacturing process, and together with the high salt 

concentration, may play an important role in affecting the stability of malathion in the 

formulated bait mixture and in the environment. 

In 1989-90, malathion was aerially applied to approximately 1504 square kilometers 

(581 square miles) of primarily urban area in Los Angeles, Orange, Riverside, and San 

Bernardino Counties of California over an 1 l-month period (August 1989 - July 1990). 

During this time 231,629 kg of malathion active ingredient were applied to 22 spray 

areas, with individual areas receiving between 1 and 12 applications. In the case of 

aerial treatment, the malathion ULV product and the Nu-Lure@ bait were combined and 

the mixture applied by helicopters at a rate of 906 ml ha-l in the 1989-1990 eradication 

program (CDFA, 1991), and 877 ml ha-l in the 1991 eradication program. This equates to 

an application rate for the active ingredient of approximately 21500 pg m-2. The 

malathion/bait mixture was applied at an altitude of 150 m at an airspeed of 70 knots (130 

1 



Table 1 t Characteristicsa of Clean Crop Malathion ULVb. 

Chemical Name: 

Molecular Formula: 

Molecular Weight: 

Melting Point: 

Boiling Point: 

Vapor Pressure: 

Density: 

Water Solubility: 

log10 &VI: 

S- 1,2-bis (ethoxycarbonyl)ethyl 0,0-dimethyl 
phosphorodithioate 

CloH lgW’S2 

330.36 

2.85”C 

156 - 157’C at 0.7 torr 

4 x 10-5 torr at 3o’C (5.3mPa) 

1.23 g cm-3 at 25°C 

145mg 1-lat 25°C 

2.89 

a taken from the Pesticide Manual 5th edition, British Crop Protection Council (1977). 
Chiou et al. (1977) and Hartley (1987) 

bTechnica1 formulation contains 95% active ingredient by weight. 
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Table 2. Characteristicsa of Nu-Lure Protein Bait. 

Total Solids % Dry Weight: 

Protein %: 

Salt % (NaCl): 

Salt % (NH&l): 

Carbohydrate %: 

Reducing Sugars %: 

Fat %: 

pH: 

Density g cm-? 

44.0 - 55.0 

18.0 - 25.0 

6.0 - 16.0 

1.0 - 7.0 

6.0 - 14.0 

1.0 - 3.0 

1.0 - 3.0 

3.5 - 4.5 

1.22- 1.28 

a Miller Chemical and Fertilizer Corp. (1990) 
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km h-1) and discharged through six Tee Jet 8010 flat fan nozzles (Spraying Systems, Inc., 

Wheaton, IL) operating at 22 psi (pounds per square inch) positioned along a 14.63 m 

boom. This resulted in a nominal swath width of 61 m. The spray operations generally 

occurred at night, beginning at 21:00 PST and ending between 1:00 and 4:00 PST the 

following morning, depending on the size of the area treated. 

There is a lack of direct monitoring data for malathion and related compounds on surfaces 

and media which people contact directly, and for the persistence of malathion and related 

compounds in the malathion/bait mixture. A recent malathion risk assessment published 

by CDHS presents a thorough review of current information pertaining to the persistence 

of malathion in the environment (CDHS, 1991). Hydrolysis rates of malathion under 

aqueous conditions range from 20 h in normal river water at pH 7 to as much as 4 years 

in distilled water at pH 4.0 (Wolfe et al., 1977). Malathion shows moderate stability in 

natural fresh and saline waters between pH 5 and 7, but is less stable at pH >7. Since the 

pH of the Nu-Lure@ bait is between 3.5 and 4.5, one might postulate that the hydrolytic 

half-life of the malathion under these conditions would be greater than if no bait were 

present. In addition, Lin, et al. (1983) have reported that increasing salt concentration 

decreases the half-life. 

The persistence of malathion in the environment may also be affected by exposure to 

sunlight and ultraviolet light. Photolysis reduces the toxicity of malathion (Tsipriyan and 

Martsenyuk, 1984), but results in the generation of the more toxic 

trimethylphosphorothioate esters (Chukwudebe et al., 1989). Matrix contributions or 

interferences to this process are generally unknown, although Wolfe et al. (1977) reported 

the photolysis half-life for malathion in distilled water at wavelengths greater than 290 

nm to be approximately 1000 h. 
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In addition co ehe concern surrounding the persistence of malathion in the environment, 

the presence and degradation of the breakdown products may also be important to human 

health considerations. Malaoxon, the product of a chemical oxidation of malathion, was 

monitored by CDFA during the 1990 Medfly Eradication Program. The data suggest that 

the air oxidation reaction is very rapid and that after two days, ambient concentration of 

malaoxon exceeds that of malathion (CDFA 1991). Air monitoring data from that study 

also showed that air concentrations of malathion increased for two days following an 

aerial application which was attributed to the volatilization from the deposited bait 

droplets. 

Proiect Objectives 

The behavior of malathion and its breakdown products in the environment may be 

affected significantly by the presence of the Nu-Lure@ bait, and as a result affect the 

health risk to people exposed during an aerial application. Little data has been collected 

on the persistence of malathion or malaoxon in bait or on matrices commonly associated 

with urban settings. The objectives of this study were to simulate an aerial application of 

baited malathion in order to determine the concentration and persistence of malathion and 

malaoxon under controlled exposure and assay conditions for the following representative 

urban matrices: water (small container, e.g., wading pool), sand, soil and plant (tomato 

and lettuce). 



Materials and Methods 

Snrav Nozzle Calibration 

In order to simulate the 1989-1990 aerial application method, it was necessary to 

approximate mean diameter particle size and total malathion mass deposition per unit 

area. Based on the performance characteristics of the 8010 TeeJet nozzles used in aerial 

sprays (Spraying Systems, Inc.), nozzles with similar particle distributions were chosen 

for performance testing in a controlled application environment. In order to maximize the 

reproducibility of sprays a fixed, rather than moving, nozzle arrangement was chosen. 

The 8010 TeeJet nozzle was a ‘flat fan’ spray pattern which limited the area exposed 

under stationary conditions, and it would have covered an insufficient area to include all 

matrices or replicates. In order to maximize coverage a UniJet TG SS-1 (Spraying 

Systems, Inc.) nozzle was chosen, which yielded a solid cone pattern. Particle size and 

deposition at 75 psi with the TG SS-1 were similar to that obtained with the TeeJet 8010 

nozzle at 22 psi. 

The spray nozzle was connected through stainless steel (SS 316) Swagelockm fittings and 

0.098 cm (0.25 inch) Teflon TFE@ tubing to a stainless steel pressure cylinder which 

contained the spray liquid. The cylinder was pressurized by nitrogen gas to 75 psi and 

sprays were contro!led with an electronically-operated solenoid valve placed between the 

cylinder and the nozzle. Initial testing demonstrated a maximum circular spray pattern 

area coverage of 0.762 m (2.5 feet) diameter at nozzle heights of 1 meter. 

In order to determine spray pattern uniformity, a 6 x 6 grid of 10 cm plastic petri plates 

was arranged over the 0.762 m diameter spray area. Each plate was pre-weighed and 

numbered. Spray uniformity was assessed by weighing the water deposited in each plate 

during replicated 30 second sprays. Results indicated highest deposition in the center of 
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the spray pattern, directly under the nozzle, with decreasing deposition towards the edges 

of the spray area (Figure 1). Although spray uniformity varied within the sampling grid, 

it was determined that reasonably similar deposition rates could be obtained by avoiding 

the center of the sampling grid. Three UniJet TG SS-1 nozzles were tested and the most 

uniform of them was used for all subsequent spray calibrations and simulated aerial 

applications. 

Further spray calibration tests were conducted, first using Nu-Lure@ bait mixture alone, 

then the 4:l (v/v) bait/malathion formulations as used in the aerial spray applications in 

1989-1990. Several problems became evident. Although atomization of bait alone could 

be accomplished with this nozzle, the addition of malathion (4:l v/v ratio Nu- 

Lure@/Malathion ULV) increased the viscosity beyond the ability of the nozzle to 

properly atomize. Repeated testing indicated that atomization could be accomplished 

with dilution of the bait/malathion mixture with 15% water by volume. Mean particle 

size was not tested at this 15% dilution as it was for bait and water alone, and therefore it 

is not known if particle size/spray pressure relationships remained within the 

performance specifications supplied by the nozzle manufacturer. 

Additional problems were encountered in achieving the correct total mass deposition per 

unit area using the 4:l Nu-Lure @:malation mixing ratio. The target mass deposition of 

malathion was approximately 1980 pg/ft2 based on mean values from previous aerial 

eradication spray programs (CDFA, 1991). Based on the fluid delivery and deposition 

rates within the fixed nozzle system, it was calculated that a spray of duration less than 

0.25 seconds would be necessary to achieve total deposition of 1980 pg/ft2. It was 

concluded that, even if physically possible to achieve a spray of such short duration, the 

reproducibility of the sprays would be minimal. As an alternative, the mixing ratio of 

7 
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Nu-Lure@/malathion could be increased such that the total deposition of Malathion ULV 

would be correct for a 5-second spray. Therefore, the final mixing ratio of 

Nu-Lure@:malathion was changed to 10,000: 1. Although this achieved approximately 

the correct deposition of active ingredient of malathion per unit area, the relative 

deposition of bait was extremely high resulting in a film of bait mixture deposited on the 

matrices, rather than discrete droplets of appropriate size. The implications of the changes 

in mixing ratio and the 15% dilution with water to achieve atomization are addressed in 

the Conclusion section. 

Controlled Exuosure Methodoloav 

In order to simulate the environmental conditions of the aerial sprays, all experimental 

applications were carried out in the evening. Applications were made in a 9.1 x 14.6 m 

(30 x 48 foot) polyethylene-covered greenhouse at the DPRKJCR field site (Field 8C, UC 

Riverside Citrus Experiment Station). The spray nozzle was mounted at the top of the 

greenhouse, yielding a spray height of 3.5 m to the floor and an effective circular spray 

diameter of approximately 0.9 m (3 feet). A temporary plastic-film covered floor (1.5 m 

diameter) was placed on the floor beneath the spray zone. This temporary floor was then 

covered with bench-top absorbent material (BenchKote@) to eliminate splashing, and the 

matrices moved on and off as necessary (Figure 2). The absorbent material was changed 

between each spray application. 

Since the spray diameter was small, 11 spray applications were required in order to treat 

all the matrices. A random selection of matrices were placed within the spray area for 

each spray application. Half-pint (-0.24 L, 8.4 cm deep) clean glass canning jars were 

used to monitor inter-spray conformity. In order to minimize the effects of contamination 

arising from spray adhering to the external surfaces of the jars, each jar was wrapped in a 
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piece of plastic film which was removed and discarded after treatment. Spray variability 

was measured by capturing spray deposition in two half pint glass jars per spray for each 

of the eleven sprays. These jars were placed in the same locations for each of the 11 

sprays. The contents of the jars were measured for concentration (pg cme2) and pg 

malathion per gram bait was calculated from measurements of total deposition weight in 

each jar. 

Matrices 

Five matrices were chosen to represent materials typical of an urban setting: sand, soil, 

water, tomato fruit, and lettuce leaves (Table 3). Sand was examined because of the 

concern for residual malathion in children’s play sand. A bulk sample of dry play sand 

was placed in an open container within a Teflon FEP@ film-covered chamber and the 

moisture content monitored daily until an equilibration point of < 1% moisture was 

reached. Samples of fifty grams (5O.OOg) were placed in half-pint (-0.24 L) clean glass 

canning jars (aperture area = 29 cm2). The horizontal surface of the sand within the jars 

was determined to be 25.5 cm2 and the depth 1.5 cm. The jars were positioned under the 

application spray nozzle and exposed to the Nu-Lure@/malathion spray. By placing this 

matrix directly within the collection vessel, no subsequent transfers were necessary, thus 

reducing sampling and analytical errors. 

As a comparison to play sand, a local, naturally occurring soil from the UC Riverside 

Citrus Experiment Station (Hanford sandy loam; Typic Xereorthents, coarse-loamy, 

mixed, nonacid, thermic) was included in this study. Organic components in soil may 

affect the dissipation of malathion and differ from that measured in sand. Grab samples 

from the top 15 cm of the soil profile were collected, bulked, and mixed by hand to 

ensure homogeneity. The fine-earth fraction was used (~2 mm), and particle size analysis, 

carbon content, and pH determined. Prior to exposure, the soil was placed in an open 
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Table 3, Physical/Chemical Characteristics of the Non-Biological Experimental Matrices 

Matrix PH Particle Size Analysis* Organic Carbons Mean Moisture 
Content 

c 
Sand Silt Clay 
_---m-w--- % ----e -we-- ----em---- ---w- % mm--- % 

Soil 6.3 66.0 24.0 10.0 0.6 0.78 It 0.14 

Sand 7.1 100.0 0.0 0.0 0.0 0.23 AI 0.02 

Waters 7.56kO.21 - - - 

* Hydrometer Method 
t Dry Combustion Method 
0 Riverside City Water 
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container within a Teflon@ chamber and the moisture content monitored daily until an 

equilibration point of approximately 1% was reached. Then, fifty grams (50.00 g) of soil 

was placed in half-pint clean glass canning jars (aperture area = 29 cm2) and positioned 

under the application spray nozzle. Samples for residual analysis were taken over time 

according to the predetermined schedule. 

In order to simulate entrapment of baited malathion in backyard wading pools or other 

exposed water surfaces typical of many city backyards, 28 Pyrex@ brand glass dishes 

(20.3 cm x 20.3 cm x 5.1 cm : aperture area = 412 cm2) each filled with 1 liter of city- 

supplied water (surface area = 400 cm2, depth 3.3 cm) were placed beneath the 

application nozzle and received an application of the Nu-Lure@/malathion mix. 

Malathion/Nu-Lure@ mixture deposition on plants or vegetables was measured on two 

kinds of plants representative of those typically grown in urban gardens. Tomato fruit 

(Lycopersicon esculentum Mill. var. ‘Celebrity’) conveniently allowed for the 

determination of both surface deposition and absorption into the fruit. Leaf lettuce plants 

(Lactuca sativa L. var. ‘Simpson’) were used to determine the deposition and capture of 

malathion bait mixture on a leafy surface. One plant was used for each replication. For 

tomato plants (60 day old from transplant), foliage covering the fruit was removed prior 

to malathion/Nu-Lure@ application, so exposure of the fruit to the spray could be 

attained. Tomato plants had a minimum of two fruit each. For lettuce plants (25 day old 

from seeding), necrotic material was trimmed prior to exposure. Twenty-eight individual 

plants of each vegetable were used in the study. Tomato fruit were of mature size (5.97 

cm W x 5.50 cm H, but not fully ripened) and therefore did not increase appreciably in 

size over the sampling periods, reducing error expected to dilution by growth. However, 

lettuce leaves did expand over the duration of the experiment and the data required 

standardization to account for increased biomass (see Results: Degradation of Malathion 

on Lettuce). Mean initial size was 13.52 cm2 and mean final size was 40.07 cm2. 
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SamDling Methodolorry 

At the conclusion of each spray application, the matrices were transferred to four 

octagonal chambers (2.4 m diameter by 2.3 m high, Teflon@ FEP film (3 mil)) adjacent 

to the greenhouse at the field site, Construction and characteristics of these chambers 

have been previously documented by Musselman et al., (1986) (Figure 3). Ambient 

temperature and relative humidity were maintained by filtered air circulated in each 

chamber, although chamber temperatures were observed to be slightly higher than 

ambient around midday. Air flows through the chambers were approximately 335 

ft3/min, resulting in approximately 0.67 air changes/min. Light intensity within 

chambers averages 11% less than ambient (Musselman et al., 1986). Each chamber was 

constructed with a cement, epoxy-sealed floor connected to a 55 gallon storage drum by a 

center drain, allowing chambers to be thoroughly cleaned at the conclusion of the 

experiment and the waste water containeq and disposed of appropriately. All matrices 

weredivided equally among the four chambers, and one sample from each chamber was 

taken at each sampling interval. 

Potential chemical interactions between atmospheric oxidants and malathion exist. These 

interactions could be important in areas with high ambient oxidant loads, e.g., the 

southern California region. The reduction of ambient oxidants by the chamber charcoal 

filters could potentially slow the degradation rate of malathion, both on the matrix surface 

and in gas phase emissions. However, during the experimental period, monitored 

ambient levels of oxidants at the University of California Riverside, Statewide Air 

Pollution Research Center, were quite low (June, 1992 24-hr mean ozone = 0.042 ppmv) 

an@ thus probably had a negligible effect on degradation rates. 

Samples for malathion and malaoxon residual analysis were taken according to the 

following time schedule. The first sample was collected immediately after the 
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Fieure.3. Detailed drawing of a field fumigation chamber: 

A) Air inlei from filtered blowers. B) Return duct for air circulation. C) Aluminum 
ducting. D) Optional louvers for air exiting chamber. E) Chamber door. F) Teflon@ film 
on chamber wall. G) Chamber Teflon@ top panel. H) Aluminum conduit post for 
attaching wall panels. I) Impeller (optional). J) Impellor motor and mount (optional). K) 
Impeller support frame. L) Pollutant air sample tube. M) Chamber top frame support. N) 
Thermocouple sensors. 0) Aluminum bar to secure Teflon@ film to aluminum angle. P) 
Aluminum angle wall frame. Q) Weather strip. 

(Adapted from Musselman et al., 1986) 
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malathion/Nu-Lure@ application (18:00 h PST June 15, 1992), followed by the second 

(12 hours post application) and third (24 hours (1 day) post application) samples on 

June 16, 1992 at 6:00 and 18:00 h PST, respectively. Four subsequent samplings occurred 

at 18:00 h PST at intervals of 48 hours (2 days), 96 hours (4 days), 239 hours (10 days), 

and 504 hours (21 days) post application. At each sampling time, four replicates of each 

matrix were collected, one from each of the four chambers. 

Jars containing the sand or soil samples were weighed, sealed with aluminum foil-lined 

lids, and stored on dry ice until chemical analysis. Water samples were monitored daily 

until collection and the sample volume maintained at approximately 1 liter by adding 

city-supplied water to compensate for evaporation. At each sampling time, the water from 

one dish in each chamber was hand-stirred for 1 minute using a glass stirring rod, and 

then poured through a large glass funnel into a l-liter amber bottle with a Teflon@-lined 

lid. Each bottle was weighed to determine the size of the sample, and the pH and 

temperature of each sample were also measured. No pH adjustment was made to the 

water samples prior to analysis, as laboratory degradation studies conducted by the 

contracting laboratory indicated that this step was not required (APPL Laboratories, 

personal communication). Samples were stored on ice until analysis. 

Two tomato fruits were collected from each replicate plant per sampling period. In order 

to minimize effects of fruit size, tomato fruits that were nearest to maturity were selected 

at each sampling period. As such, no appreciable increase in fruit size occurred between 

spray application and sampling. The stem-to-flower and perpendicular diameters of each 

fruit were measured using stainless steel electronic calipers while the fruit was attached to 

the plant, and then each fruit was removed using clippers, and placed directly into a pre- 

weighed one-quart clean glass canning jar. This procedure required no direct handling of 

the fruit, minimizing any sampling errors due to loss of dislodgeable material, or through 
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cross-contamination. Each jar was weighed to determine the mass of fruit per sample. 

Samples were refrigerated on ice until analysis. Two lettuce leaves were collected from 

each replicate plant at each sampling time. The leaves were clipped from each plant using 

stainless steel scissors, and each leaf placed between two pieces of colorless transparent 

Teflon@ sheeting (approx. 4” x 4”) and its area determined using a LiCor Li3000 Leaf 

Area Meter. Any dislodgeable inaterial removed from the leaf surface onto the Teflon@ 

sheeting was collected by rinsing with a small amount (< 5 ml) of deionized water from 

the Teflon@ sheets into the sampling jar. Leaf surfaces were still wet from the Nu- 

Lure@/maiathion application directly after exposure, so the leaf area for the first 

saniplihg interval (immediately post-application) was measured prior to spraying, Two 

lea& were detached frbm each of the four replicate plants and their leaf area determined. 

Detached leaves were theh repositioned on the plant and exposed to the malathion/Nu- 

Lure@ spray. Samples were stored on ice until analysis. 

All samples were shipped to the contracting laboratory by ‘overnight’ delivery, 

Dislodgeable residues on tomatoes and lettuce leaves were extracted upon arrival at the 

laboraiory (Appendix A). Water and sand/soil residues were processed within a week of 

sample receipt (Appendix A). Sample residue analyses were carried out by APPL 

Laboratories (Fresno, CA) utilizing established and validated methodology for the 

analysis of malathion and malaoxon. Soil and sand were extracted with ethyl acetate. All 

other mat&es were extracted with methylene chloride. Samples were analyzed using a 

Hewlett/Packard gas chromatograph equipped with dual NP detectors (325”C), 7673A 

auto injectors (2OO”C), and a Resteck RTX-35 column (0.53mm I.D. x 30 m). A J & W 

DB-5 column was used for confirmation (0.53mm I.D. x 30 m), A 3 ml injection sample 

was used, and oven temperatures ramped from 100°C to 280°C during a 0.5 hr run time. 
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Samnle Integritv 

All personnel who came in contact with samples wore disposable gloves which were 

changed between samples. ‘Contaminated equipment was immediately sealed in plastic 

garbage bags, removed from the sampling area, and either cleaned or safely discarded. 

The reusable materials were washed with a soap solution, and then rinsed with water, 

deionized water, and isopropyl alcohol. 

Each sample had a dedicated chain of custody record on which all sampling information 

was recorded, This document accompanied the sample from the time the sample was 

collected until the sample was analyzed. Each time the sample changed hands, the chain 

of custody was signed by the person relinquishing the sample and the person receiving 

the sample. The samples were secured in locked university buildings during storage, and 

sealed ice-chests during courier transport. 

Oualitv Control 

The quality control program was designed to assess the accuracy and precision of the 

analyzing laboratory (APPL Inc., Fresno, CA), and to detect sample contamination which 

occurred at the sample site or during transport. The terms “blank” and “blank matrix 

sample” describe a sample which consisted of uncontaminated sample medium (soil, 

sand, city water, tomato fruits, and lettuce leaves, as well as clean sample jars). The term 

“blind spike” describes an uncontaminated sample medium to which a known amount of 

Nu-Lure@/malathion mixture was added at the time of sample collection at the sample 

site. The term “spike” refers to an uncontaminated sample medium to which a known 

amount of chemical (malathion or malaoxon analytical standard) was added by APPL 

Inc. 

Method validation spikes were prepared by APPL Inc., extracted and analyzed to 

determine the accuracy and precision of the proposed method of analysis. Laboratorv 
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Spikes were used to determine the ongoing accuracy and precision of analysis. Both these 

spike samples were prepared without Nu-Lure @ bait. Blind spikes (spikes disguised as 

actual samples) were prepared at the experimental site, and were periodically submitted 

to the analyzing laboratory. They comprised a known amount of malathion analytical 

standard, Nu-Lure@ bait, and uncontaminated sample matrix, 

Laboratorv blanks were included to determine if sample contamination was occurring in 

the laboratory. Field blanks, prepared in the field, were submitted to determine if sample 

contamiqtion occurred during sampling, transport, or storage. 

Storage stability tests were conducted to determine if any dissipation occurred between 

the time the samples were collected and the time they were analyzed. Dissipation studies 

were carried out in both the presence and absence of the Nu-Lure@ bait, 

SDrav Variability 

Results and Discussion 

Concentrations of malathion determined in each inter-spray conformity jar ranged from 

0.92 to 14.00 bg cm-2 (854 - 13,000 pg ft-2), with a mean value of 4.15 yg cm-2 

(3855 1-113 ft-2). This value is higher than the mean target concentration of 2.13 pg cm-2 

(19$0 lg ft-2), and resulted from a computational error in determining the formulation 

and was discovered after the spray trials were completed. However, this mean deposition 

is within the range reported from field sampling in 1990 (CDFA, 1991). Since each jar 

was weighed before and after the spray application, it was possible to determine the 

amount of malathion/bait mixture collected in each jar, and from this determine the 

cqncentration of malathion in the baited mixture. A range of 77.48 to 159.00 pg 

malathion g-l spray mix per jar was determined, with a tie&n value of 118.49 j-i.g g-1. 
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F-tests for differences in variance between sprays were not significant. These tests were 

done with an experiment-wide p value of 0.05. Differences in means between individual 

sprays were also tested using a one-way analysis of variance (ANOVA). No significant 

differences were found in either variable between sprays (Table 4) with p values of 

0.7493 and 0.0815 for concentration and ~18 malathion/g bait, respectively. Deposition 

variability within an individual spray was large so the power of this test to detect 

differences between sprays was low. Future projects should include more jars per spray 

to address this variability. 

Oualitv Control Analvsis 

Recovered malathion from blind spike quality control samples demonstrated highly 

variable results (Table 5). Of the 18 blind spike samples submitted, 11 samples (61%) 

varied from theoretical spiked concentrations by greater than 20%. Recovery values 

ranged from a low of 51% to a maximum of 270%. Of these submitted samples, the 

malathion recovery in 8 samples (44%) exceeded the spiked concentration by a minimum 

of 25%. It is not possible at this point to determine to what the discrepancies can be 

attributed. However, these blind spikes did contain malathion with the proteinaceous 

bait, while the laboratory matrix duplicate blanks did not. Either the laboratory analyses 

were in error or the initial blind spike procedure was in error in delivery of the correct 

malathion concentration. Because of the analytical variability, the incorporation of 

additional sprays jars in each spray to address spray variability would not necessarily 

increase reliability. 

Matrix duplicate spikes performed by the analysis lab (APPL Laboratories, Fresno, CA) 

demonstrated more consistent recovery than blind spike samples submitted as part of the 

experimental protocol. Malathion recovery for the various media ranged from 71% to 

85% while malaoxon recovery ranged from 71% to 114% (Table 6). Again, the matrix 

duplicate spikes included only malathion without the Nu-Lure@ proteinaceous bait, 

20 



Table 4. One-way Analysis of variance tests for mean differences in Malathion 
Concnetration and pg malathion/g bait between sprays. 

Concentration 

S uce 
Sirafy 
Residual 

df S 
6&43 703 

MS F- 
10 
11 117483.945 

6914.37 0.647 0.7493 
10680.359 

Coeffecient of Variation: 86% 

Barr mal./g. bait 

Source df 
Spray 10 
Residual 11 

ss MS F D 
4875.495 487.549 2.421 0.0815 
2214.919 201.356 

Coeffecient of Variation: 12% 
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Table 5, Blind Spike Recoveries 

Study: 119 
Analyte: Malathion Lab: APPL 

Sample Matrix Reported Concentration Spike Level Recovery MDL 
# @sample pg./sample % pg/sample 

10 
10 
0.5 

100 Jar 96.4 100.0 96.4 
193 

:: 
63.0 50.0 126 

257 51.2 25.0 204.8 

101 Soil 125.0 100.0 125 
192 Soil 49.75 50.0 99.5 
259 Soil 47.5 25.0 190 

g-i 
1:25 

102 Sand 100.0 100.0 100 5.0 
191 Sand 47.35 50.0 94.7 5.0 
258 Sand 67.5 25.0 270 1.25 

70.6 

22 

58.0 
60.0 
60.0 

103 Water 706.0 1000 
190 Water 255.0 500 
260 Water 605.2 250 

104 Tomato- 
dislodgeable 

188 Tomato- 
dislodgeable 

256 Tomato - 
dislodgeable 

425.0 300 141.6 25.0 

144.0 150 96.0 0.5 

175.0 75 233.3 5.0 

105 Lettuce - 
dislodgeable 

189 Lettuce - 
dislodgeable 

255 Lettuce - 
dislodgeable 

108 100 103 5.0 

55.1 50 110.2 0.5 

64.6 25 258.4 5.0 
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Table 6, Malathion and Malaoxon Recovery from Matrix Duplicate Blanks. Analytes 
Do Not Include Nu-Lure@ Proteinaceous Bait. 

Media 

DI Water 12 76.5 10.2 13.3 71.6 22.8 31.9 
Jar 8 83.7 10.3 12.4 85.!5 14.1 16.4 
Sand 8 85.4 11.1 13.0 114,.1 17.9 15.7 
Soil 14 83.8 8.4 10.1 101.8 25.5 25.1 
Lettuce 12 79.2 11.8 14.9 105.5 20.7 19.6 
Lettuce/hit. 8 66.7 14.0 20.9 83.5 11.8 14.2 
Tomato 14 74.3 17.7 23.8 98.1 22.8 23.2 
Tomato/b-it. 10 71.3 24.8 34.8 79.1 23.8 30.1 

N* 

Percent Recovery for 
Malathion Malaoxon 

Mean SD CV Mean SD CV 

* Number of observations 
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and this may account for the higher accuracy of the results than obtained with the blind 

spike samples. 

Statistical Treatment of Residue Data 

There are several a priori assumptions which restrict the types of models which should be 

used to fit the data in order to provide the most realistic predictions from the observed 

data. First, the malathion concentrations are highest at time zero; higher values at any 

other time are due to variability in the data. There was only one spray and the amount 

that was sprayed at that time is the maximum. If the data had shown an increase in 

malathion at hour 12 it would not have made sense to fit a model which would predict 

increases in malathion for the first 12 hours because such a curve would not provide 

realistic exposure assessments. Second, this is a dissipation study and thus the malathion 

concentrations can either stay the same or decrease over time. Increases are not possible 

at any point in the study except for sample variation. Third, the malathion concentrations 

can not drop below zero, We can thus restrict the types of models under consideration to 

those which will give predictions which correspond to these facts. 

First, linear and quadratic regressions were fit to the data. The concentrations were not 

adequately fit for any of the matrixes by these regressions. Second, log transformations of 

the data were attempted to equalize the variances and to linearize the data for analysis. 

The transformed data exhibited smaller, but still unequal, variances over time and were 

still not well fit with linear regressions. A number of other transformations were tried 

without success so the original untransformed data were used for the analysis to simplify 

interpretation. 

24 

-__ 



The concentrations were then fit with simple exponential decay functions. The 

exponential decay functions resulted in a poor fit and underestimation of the 

concentrations because the initial decline in malathion concentration was too rapid. The 

actual decay rates were slower than allowed in exponential decay. The mean malathion 

residue concentrations determined over the 504 hr time period were then fit with double 

exponential decay functions with the exception of the lettuce internal concentrations 

(Table 7). The lettuce internal concentration was fit with a simple exponential decay 

model;,The lettutie,internal concentrations were high at hour zero and then appear to drop 

off rapidly ‘by hour twelve. The exponential decay model does not fit well after 12 hours. 

The‘ 24 hour and 239 hour observations are much larger than allowed for by the 

exponential model but because of their smaller size compared to the initial values the R2 

is still quite good. ,Therefore the exponential decay model was used simply to get an 

estimate of the initial drop off rate in lettuce internal malathion concentration. 

The dodble~exponential decay model takes the form: 

Y=Pl*EXP(P2*X) + P3*EXP(P4*&) 

where Y is the malath,ion variable and X is Hour. The sum of Pl and P3 are the predicted 

malathion level at Hour 0 and P2 and P4 are decay rate constants. The two decay rates 

could correspond to a number of processes such as volatilization and biological 

degradation. The simple exponential decay model is obtained by setting P3 and P4 equal 

to 0. The models fit well for the various matrices (Table 7) with the exception of the 

lettuce internal malathion concentration. 

Four laboratory variables were analyzed as possible covariates to reduce the sample 

variability. The variables were: 

(1) Number of days from sampling to extraction 

(2) Number of days from sampling to analysis 

25 



Table 7, Regression Model Parameters 

Model parameters and asymptotic standard errors for exponential decay. 

Y=Pl*EXP(P2*X) + P3*EXP(P4*X) 

Sample Media Pl P2 P3 P4 R-square 

Soil 862.377 -0.140 273.335 
(173.798) (0.044) (41.349) 

Sand 583.300 -0.008 2685,645 
(51.259) (0.0004) (521.50) 

Tomato 0.020 -0.038 0.150 
(0.038) (0.189) (0.029) 

Tomato Internal 11.475 -0.003 67.088 
(0.150) (0.00003) (0.442) 

Lettuce 0.138 -0.007 0.803 
(0.015) (0.0008) (0.096) 

Lettuce Internal 848.595 -0.050 0 
, (286.405) (0.011) 

-0.001 0.8962 
(0.001) 

-8.252 0.9999 
(75.30) 

-0.006 0.998 1 
(0.0004) 

-0.033 0.9999 
(0.0003) 

-0.150 0.9982 
(0.020) 

0 0.9873 
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(3) Number of days between extraction and analysis 

(4) Laboratory Operator (analyst) 

None of the variables significantly correlated with the malathion variables and, therefore, 

were not used in the subsequent analysis. Two of the 24 hr soil samples were analyzed 

29 days after extraction and were much lower than the other 24 hr samples. These two 

samples were dropped from the analysis and the mean was taken using the remaining two 

replicates. 

Depradation of Malathion on Sand 

Malathion concentrations at each sampling period are reported in Table 8. The 

degradation of malathion in the sand matrix initially was very rapid, with only 16% of the 

original 0 hr concentration predicted at 12 hr using a double exponential decay function 

(Figure 4 Table 9). The fit of the data using this decay function was extremely good 

(R2= 0.9999, Table 7). Malathion residue levels had dissipated to ~1% by 504 hr (21 

days). The sand matrix had no detectable organic matter content and this may explain the 

more rapid disappearance of malathion compared to the soil matrix. 

Malaoxon was not detected in the sand matrix until the 239 hr sampling time (Figure 5, 

Table 10). 

Degradation of Malathion on Soil I 

The degradation of malathion on a soil matrix was best described using a double 

exponential decay function (Figure 6). The initial loss of malathion was greatest in the 

first 12 hr followed by a slower decay for the rest of the time period. After 12 hr, the 

predicted residues were decreased to only 39% of the time 0 hr values (Table 11). At 504 

hr (21 days), the predicted residue was approximately 15 % of the 0 hr value (Table 11). 
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Table & Concentration of malathion residues in sand samples over a 21-day period. 

Sampling Interval 
--___ hours ----- 

0 

12 

Reported Concentration 
________ pg kg-‘-__----- 

Mean SD* 

3267.5 3572.8 

522.5 528.4 

24 426.5 361.0 

48 388.0 166.3 

96 285.0 31'7.6 

239 272.2 247.2 

504 7.9 10.6 

*SD = Standard Deviation 
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Double exponential decay of malathion residue concentrations on sand over a 21- 
day period.Y=583.3OO*EXP(-0.008*X) + 2685.645*EXP(-8.252*X), R2 = 
0.9999.Data points are mean values of four replicate samples. 
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Table 9, Predicted concentrations of malathion residues in sand samples over a 20-day 
period. 

Days Predicted Concentrationa 

______ pg kg-’ ______ 

Predicted Percentageb 
of 0 h Concentrations 

----“--- 70 - - - - -- - - 

0.5 529.9 16.2 
1 481.4 14.7 
2 397.3 12.2 
3 327.9 10.0 
4 270.6 8.3 
5 223.3 6.8 
6 184.3 5.6 
7 152.1 4.7 
8 125.6 3.8 
9 103.6 3.2 
10 85.5 2.6 
11 70.6 2.2 
12 58.2 1.8 
13 48.1 1.5 
14 39.7 1.2 
15 32.7 1.0 
16 27.0 0.8 
17 22.3 0.7 
18 18.4 0.6 
19 15.2 0.5 
20 12.5 0.4 

a Predicted concentrations based on a weighted double exponential decay regression. 

b Predicted percentage of concentations compared to time 0 hours, i.e. immediate post- 
application samples. 
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Table lQ, Concentration of malaoxon in sand samples over a 2 l-day period. 

Sampling Interval? Reported Conc’entration 
--- hours -____ ________ pg kg-1 _e______ 

239 

504 

Mean SD* 

46.8 12.9 

22.1 19.5 

*SD = Standard Deviation 
~No malaoxon residues were detected in sand samples before the 239 h sampling period. 
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Malaoxon residue concentrations on sand over a 21-day period. Data points are 
mean values of four replicate samples. 
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Figure 6 Double exponential decay of malathion residue concentrations on soil over a 21- 
day period. Y=862.377*EXP(-0.140*X) + 273.335*EXP(-0.001*X), R2 = 0.8962. 
Data points are mean values of four replicate samples. 
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z;ll, Predicted concentrations of malathion residues in soil samples over a 20-day 
. 

Days Predicted Concentrationa 

______ pg kg-’ e-e--- 

Predicted Percentageb 
of 0 h Concentrations 

-m------ q* - - - - - - - - 

0.5 430.8 38.6 
1 296.8 26.6 
2 261.6 23.5 
3 254.4 22.8 
4 248.3 22.3 
5 242.4 21.7 
6 236.7 21.2 
7 231.1 20.7 
8 225.6 20.2 
9 220.2 19.8 
10 215.0 19.3 
11 209.9 18.8 
12 204.9 18.4 
13 200.1 17.9 
14 195.3 17.5 
15 190.7 17.1 
16 186.2 16.7 
17 181.8 16.3 
18 177.5 15.9 
19 173.2 15.5 
20 169.1 15.2 

a Predicted concentrations based on a weighted double exponential decay regression. 

b Predicted percentage of concentations compared to time 0 hours, i.e. immediate post- 
application samples. 
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Actual reported concentrations of malathion at the seven sampling intervals are shown in 

Table 12. The fit of the decay model was excellent, demonstrating an R2 value 

(Coefficient of Determination) of 0.8962 (Table 7). The slow rate of decay after 12 hr 

indicated that the soil organic fraction, among other factors such as pH, temperature, 

moisture or surface absorption, may slow the degradation process compared to other 

matrices. Reports in the literature have indicated that degradation rates of similar 

pesticides have also been influenced by soil organic matter (Salzman et al., 1986). 

Appearance of the malathion break-down product malaoxon was not evident until 96 

hours (Figure 7, Table 13). The lack of appearance of malaoxon residual in the samples 

may not necessarily be indicative of lack of malathion degradation as volatilization 

processes may occur. Malathion or malaoxon concentrations were not measured in air, 

therefore the relative contribution of this process can not be determined. 

Degradation of Malathion in Water 

Degradation of malathion in water was not observed until the 239 hr sampling interval at 

which point it was c 1% of the 0 hour sample (Table 14). Due to the inconsistency of the 

malathion concentrations over time, no assessment was made from these data concerning 

degradation rates or half lives. Because no consistent trend in degradation of malathion 

in water was apparent, no statistical fit of these data was attempted. 

Malaoxon was not detected in water samples until the final sampling interval (Day 20, 

504 hr, Table IS) and these values were extremely small. It was not possible to 

determine if this is due to the low malathion degradation rate in the water or to other 

factors. 
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Table 12, Concentration of malathion residues in soil samples over a 21-day period. 

Sampling Interval Reported Concentration 
______ hours -_-_ ________ pg kg-1 ---_---- 

0 

12 

24 

48 

96 

239 

504 

Mean SD* 

1115.00 759.41 

475.00 91.92 

259.50 269.06 

I556.00 303.23 

303.75 212.91 

165.65 98.71 

226.50 91.53 

*SD = Standard Deviation 

36 



150 

100 

50 

0 

0 

0 

0 
so 1 I I I I I 

0 100 200 300 400 

Sampling Interval (hours) 

500 600 

Fipure 7, Malaoxon residue concentrations on soil over a 21-day period. Data points are 
mean values of four replicate samples. 
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Table 13, Concentration of malaoxon in soil samples over a 21-day period. 

Sampling Intervalt 
-____ hours -__- 

96 

239 

504 

Reported Concentration 
________ pg kg-‘___-____ 

Mean SD* 

6.30 12.60 

93.10 49.37 

119.15 66.38 

*SD = Standard Deviation 
~No malaoxon residues were detected in soil samples before the 96 h sampling period. 
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Table 14, Concentration of malathion residues in water samples over a 2 l-day period. 

Sampling Interval Reported Concentration 
__-- hours ----- ________ pg kg-‘-------- 

Mean 

0 744.4 346.7 

12 1447.8 298.8 

24 563.5 469.4 

48 656.6 404.6 

96 907.5 662.5 

239 0.8 1.7 

504 0.4 0.5 

*SD = Standard Deviation 
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Table 15, Concentration of malaoxon in water samples over a 21-day period. 

Sampling Interval? Reported Concentration 
__-- hours ----- ________ pg kg-‘..-- ---- - 

Mean SD* 

504 0.98 2.00 

*SD = Standard Deviation 
~No malaoxon residues were detected in water samples before the 504 h sampling period. 

40 



-ation of Malathion on TomatQ 

The rate of degradation of malathion on the surface of tomato fruit, as measured by 

analysis of dislodgeable residual, was much slower than either the soil or sand matrices 

(Table 16). At 12 hr, approximately 90% of the malathion was predicted to remain based 

on the 0 hr sampling concentration (Table 17). At 4 days, the predicted residue was 

50.1% of the 0 hr value. At 20 days, the predicted residue was 5%. A plot of the data 

(Figure 8) demonstrated that the double exponential decay function fit the data well 

(R2=0.998 1). 

Internal concentrations of malathion in tomato fruit over time also fit the double 

exponential decay function, demonstrating a data fit of R2=0.9999 (Figure 9, Table 7). 

The data indicated a more rapid decay than the dislodgeable malathion (Table 18), 

perhaps due to chemical interactions with cellular components. The predicted residue of 

malathion in fruit, expressed relative to the 0 hr level, was 72% at 12 hr, 53% at 1 day, 

and dropping to 3.5% at 20 days (Table 19). 

Data at 24 hours were not included in the analyzed data sets. Apparent discrepancies for 

internal concentrations which were extremely large and out of range of surrounding data 

suggested that there may have been insufficient washing of the dislodgeables and 

subsequent contamination of the internal concentrations. Based on these considerations, 

it was deemed prudent to eliminate the 24 hour data points for both the dislodgeable and 

internal tomato malathion concentrations. 

Malaoxon concentrations in tomato fruit were detected at the 96 hr sampling time (Figure 

10). 
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Table 16, Concentration of dislodgeable malathion residues on tomato fruit samples over 
a 21-day period. 

Sampling Interval Reported Concentration Fruit Surface Area 
______ hours ______ ________ pg cm-2 ________ -______ 02 ________ 

0 

12 

24 

48 

96 

239 

504 

Mean SD* Mean SD 
0.169 0.158 247.7 46.0 

0.167 0.070 203.7 22.3 

0.178 0.149 196.1 19.0 

0.120 0.074 215.4 26.6 

0.073 0.016 220.7 50.6 

0.070 0.044 197.1 15.9 

0.008 0.008 199.8 34.4 

*SD = Standard Deviation 
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Table 17, Predicted concentrations of dislodgeable malathion residues on tomato fruit 
samples over a 20-day period. 

Days Predicted Concentrationa 

______ pg cm-2 -____ 

Predicted Percentageb 
of 0 h Concentrations 

_-_----- yo - - _ - - - - - 

0.5 0.152 89.9 
1 0.138 81.4 
2 0.116 68.3 
3 0.099 58.3 
4 0.085 50.1 
5 0.073 43.2 
6 0.063 37.4 
7 0.055 32.3 
8 0.047 28.0 
9 0.04 1 24.2 
10 0.036 21.0 
11 0.03 1 18.2 
12 0.027 15.7 
13 0.023 13.6 
14 0.020 11.8 
15 0.017 10.2 
16 0.015 8.8 
17 0.013 7.7 
18 0.011 6.6 
19 0.010 5.7 
20 0.008 5.0 

a Predicted concentrations based on a weighted double exponential decay regression. 

b Predicted percentage of concentations compared to time 0 hours, i.e. immediate post- 
application samples. 
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Table 18. Concentration of malathion residues in tomato fruit samples over a 21-day 
period. 

Sampling Interval 
______ hours ______ 

0 

12 

Reported Concentration Fruit Weight 
________ pg kg-1 __------ ________ kg ________ 

Mean SD* Mean SD 

78.03 24.42 0.2466 0.0561 

56.65 27.10 0.2203 0.037 1 

48 24.40 23.74 0.2116 0.0300 

96 11.65 17.09 0.2464 0.0920 

239 6.23 7.20 0.1939 0.0392 

504 3.05 2.37 0.2078 0.0649 

*SD = Standard Deviation 

45 



Table 19, Predicted concentrations of malathion residues in tomato fruit samples over a 
20-day period. 

Days Predicted Concentrationa 

______ pg kg-1 ___w__ 

Predicted Percentageb 
of 0 h Concentrations 

em---w-- % ---- ---- 

0.5 56.2 72.1 
1 41.1 52.6 
2 23.7 30.4 
3 15.5 19.8 
4 11.4 14.6 
5 9.3 11.9 
6 8.0 10.3 
7 7.2 9.2 
8 6.6 8.4 
9 6.0 7.8 
10 5.6 7.2 
11 5.2 6.7 
12 4.8 6.2 
13 4.5 5.8 
14 4.2 5.4 
15 3.9 5.0 
16 3.6 4.6 
17 3.4 4.3 
18 3.1 4.0 
19 2.9 3.7 
20 2.7 3.5 

a Predicted concentrations based on a weighted double exponential decay regression. 

b Predicted percentage of concentations compared to time 0 hours, i.e. immediate post- 
application samples. 
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Double exponential decay of malathion residue concentrations in tomato fruit 
over a 2 1 -day period. Y=l 1.475*EXP(-0.003*X) + 67.088*EXP(-0.033*X), 
R2 = 0.9999.Data points are mean values of four replicate samples. 

47 



20 

15 

10 

5 

0 

0 

0 

I T A I I A I I I 
J v 

0 100 200 300 400 500 600 

Sampling Interval (hours) 

&crure 10, Malaoxon residue concentrations in tomato fkt over a 21-day period. Data points 
are mean values of four replicate samples. 
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Derrradation of Malathion on Lettuce 

The amount of dislodgeable malathion on lettuce declined very rapidly as compared to 

tomato fruit (Table 20). This decline may be attributed to ion exchange processes at the 

leaf surface which would be minimal on tomato fruit. The data were best fit by a double 

exponential decay function (Figure 11) which had an excellent data fit of R2=0.9982 

(Table 7). Because of the increase in size of the lettuce leaves over the sampling period, 

a ‘dilution’ of malathion could occur due to increase in leaf area and mass. In order to 

adjust for this increase in size, malathion concentrations were predicted on the basis of 

leaf area normalized to the 0 hr sample mean leaf size. These adjustments changed the 

predictions minimally, and demonstrated a similar decay curve with an R2= 0.9853 

(Figure 11). Predicted residues of malathion on leaves showed approximately 27% of the 

0 hr values remaining after 12 hours, declining to 1% or less after 16 days (384 hr) (Table 

21). It is important to note that due to senescence/death of the lettuce leaves, no samples 

were obtained after the 239 hr (10 day) sampling interval. Predictions based on the decay 

function demonstrated approximately 2.7% of original 0 hr concentration remaining at 10 

days. Extrapolation to 20 days demonstrates a further decrease of only 2.2% and 

therefore the extrapolation of the data to longer periods is within reasonable limits based 

on actual data. 

Unlike all other matrices, internal lettuce malathion concentration was best fit by a single 

exponential decay function (Figure 12, Table 22), rather than a double exponential 

function (Table 7). The fit of the data was still excellent (R2=0.9873) and demonstrated 

a dramatic predicted decrease to 13% of the 0 hr value after 12 hr and 2.1 % after 2 days 

(48 hr) (Table 23). The predicted internal malathion concentrations were not estimated 

beyond 216 hrs because concentrations were lower than the minimum detection limits of 

the analytical laboratory. As was evident with dislodgeable concentrations on lettuce 
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Table 2Q, Concentration of dislodgeable malathion residues on lettuce leaf samples over a 
lo-day period. 

Sampling Interval Reported Concentration Leaf Surface Area 
__-__ hours ---- -__-- pg cm-l-------- ---__ 02 ----- - 

0 

12 

24 

48 

96 

Mean SD* Mean SD 

0.962 0.646 30.2 5.4 

0.247 0.032 36.4 16.3 

0.157 0.097 26.9 4.3 

0.128 0.065 52.1 24.5 

0.060 0.023 50.5 12.2 

239 0.032 0.011 80.2 20.0 

*SD = Standard Deviation 
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Table 21 z Predicted concentrations of dislodgeable malathion residues on letuce leaf 
samples over a 20-day period. 

Days Predicted Concentrationa 

______ pg cm-2 ______ 

Predicted Percentageb 
of 0 h Concentrations 

---_---- 70 - -- _ -- -- 

0.5 0.260 27.0 
1 0.139 14.4 
2 0.099 10.3 
3 0.083 8.7 
4 0.070 7.3 
5 0.060 6.2 
6 0.050 5.2 
7 0.043 4.4 
8 0.036 3.7 
9 0.030 3.2 
10 0.026 2.7 
11 0.022 2.3 
12 0.018 1.9 
13 0.016 1.6 
14 0.013 1.4 
15 0.011 1.2 
16 0.009 1.0 
17 0.008 0.8 
18 0.007 0.7 
19 0.006 0.6 
20 0.005 0.5 

a Predicted concentrations based on a weighted double exponential decay regression. 

b Predicted percentage of concentations compared to time 0 hours, i.e. immediate post- 
application samples. 
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Fire 12, Exponential decay of malathion residue concentrations in lettuce leaves over a lo- 
day period. Y=848.595*EXP(-0.050*X), R2 = 0.9873.Data points are mean 
values of four replicate samples. 
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%.lX&22~ Concentration of malathion residues in lettuce leaf samples over a IO-day 
. 

Sampling Interval Reported Concentration 
--- hours ------ ________ pg kg-‘-------- 

Leaf Weight 
-------- ________ kg 

0 

Mean 

3643.5 ’ 

SD* 

1886.0 

Mean 

o.ooo9 

SD 

0.0003 

12 356.1 273.0 0.0011 0.0005 , 

24 544.0 646.8 0.0005 0.0001 

48 . 75.5 151.0 0.0013 0.0007 

96 0.0 0.0 0.0013 0.000 1 

239 382.7 615.4 0.0021 0.0007 

*SD = Standard Deviation 
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;;:;:3$redicted concentrations of malathion residues in lettuce leaf samples over a 9- 
. 

Days Predicted Concentrationa 

_____s pg kg-’ -m---e 

Predicted Percentageb 
of 0 h Concentrations 

_-----wm y* - - - - - - - - 

0.5 465.7 12.8 

1 255.6 7.0 

2 77.0 2.1 

3 23.2 0.6 

4 7.0 0.2 

5 2.1 0.1 

6 0.6 0.02 
7 0.2 0.005 

8 0.1 0.002 

9 0.02 0.0005 

a Predicted concentrations based on a weighted single exponential decay regression. 

b Predicted percentage of concentations compared to time 0 hours, i.e. immediate post- 
application samples. 
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leaves, internal malathion concentrations dropped rapidly, possibly due to biodegradative 

processes occurring within the leaves. 

Malaoxon was not detected at any time interval for lettuce leaves. Because of the 

extremely rapid degradation of malathion and theoretical interactions with detoxification 

pathways within the lettuce leaf, it is possible that the production of malaoxon was 

minimal or that malaoxon was also subject to biodegradation simultaneously with 

malathion. 

Conclusions 

The degradation rate of malathion on various matrices, from a single spray application, 

under these conditions of testing, was dependent on matrix type. Calculated half-lives 

demonstrate the influence of matrix type on persistence (Table 24). The rate of 

degradation in soil was much slower than sand, possibly due to the presence of a 

significant amount of organic matter which has been shown to affect pesticide fixation in 

soils (Saltzman et al., 1986). Supporting evidence for this binding of malathion is the 

lack of an organic fraction in the sand matrix and the observed more rapid degradation 

over time. For soil, the effective predicted time to 50% of initial concentration is less 

than 12 hours while the sand matrix effectively reduces the malathion concentration to 

20% in less than 12 hours. 

The degradation of malathion in the water matrix was extremely variable and did not 

show any definitive trends. The rate of hydrolysis in water has been shown to vary 

between a few hours to years (Wolfe et al., 1977). Reports documenting the degradation 

rate of malathion do not take into account the presence of the Nu-lure 8 proteinaceous 
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Table 24, Predicted Half-Life of Malathion Concentration on Various Media. 

Time to l/2 of Initial 
Media Observed Concentration* 

Soil 8 hours 

Sand ~1 hour 

Tomato 97 hours 

Tomato Internal 26 hours 

Lettuce 6 hours 

Lettuce Internal <l hour 

*Times are rounded to the nearest whole hour. 
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bait in the water and it is not clear what the influence this bait has on hydrolysis of 

malathion in aqueous solutions. 

The degradation of malathion on tomato fruit surfaces was quite slow, showing 50% of 

initial concentration still remaining after 4 days. Limited ion exchange and adsorption 

on tomato fruit may be responsible for longer residence times of the pesticide. Internal 

concentrations of malathion declined somewhat more rapidly with 50% of initial 

concentration was still present inside the fruit after one day. 

Degradation of malathion on lettuce, both dislodgeable and internal, was extremely rapid. 

Only 27% of the initial dislodgeable concentration was present at 12 hours. Reduction of 

internal concentration of malathion was much more rapid, demonstrating approximately 

only 7% of initial concentration present at one day. The more rapid decline in malathion 

concentration is most likely due very active biodegradation by the lettuce leaf, possibly 

linked to ion exchange at the leaf surface and adsorption into the internal leaf surfaces. 

Production of malaoxon was not evident on most matrices, with first occurrence 

demonstrated at 96 hours (4 days) after initial exposure on soil and tomato fruit (internal), 

and 239 hours (10 days) on sand. The lack of appearance of malaoxon may be due to the 

particular matrix itself or to other factors such as volatilization which was not addressed 

in this study. 

An important aspect to be considered in reviewing the results reported here is that the 

spray mixture applied to the five matrices was different than that in the 1989-1990 CDFA 

Aerial Spray Eradication Program. The spray mixture used in these studies was modified 

to include 15% distilled water, by volume, and a final mixing ratio of = 10,000: 1 

bait/malathion (v/v) in contrast to the aerial spray mixing ratio of 4:l bait/malathion 
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(v/v). These changes were required to achieve atomization of the mixture and the target 

deposition rate of approximately 198O’@ft2 attained in the aerial sprays. The change in 

the ratio caused much more bait to be applied per volume of malathion, resulting in a 

slurry rather than discrete droplets at the target matrix. Hydrolysis and volatilization of 

malathion may be dependent on the ratio of bait to pesticide so these results should! be 

viewed cautiously when extrapolatmg these results to ambient conditiorrs. It is 

recommended that a companion study be initiated to determine the relative effect of 

bait/malathion mixing ratio on, degradation rates. If this information is obtained, it would 

be possible to accurately assess the utility of the results of malathion persistence and 

malaoxon production for risk assessment of future aerial spray eradication programs. 

For future malathion degradation studies, ti,me series models (Box and Jenkins, 1976) 

should be considered if they are appropriate for the goals of the study. When data are 

collected over time serial correlation of the errors is possible and could cause incorrect 

conclusions to be drawn in least squares analysis (Draper and Smith, 1981; Box, Hunter 

and Hunter, 1978) By taking observations at 40 or SO equally spaced intervals over time 

and using the time series models to build the serial correlation into the model it would be 

possible to examine different aspects of malathion degradation than allowed by least 

squares methods. Time series models would be particularly useful for examination of the 

effeet of temperature and humidity on malathion degradation or for modeling 

concentiations during multiple spray events. 
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Analytical Methods 
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1) Ia a 2 liter eeperatory funnel, extract a altar eampae by 
shaking with 3 x 60 dm PorLbrw of methylen chlarida. 

2) ROtOVap the CO&he8 eXtraCta to dtyrlesa. 

3) Exchange with 10 ml heacaaa for CK!/NBD determination. 

4) Bxtraction ratio lOti/&,bbOml s-b. 
5) Quantitakcrd w4 Ch the equat ionr 

1) Extract 54 grams of smplc and SO grama of eodba sulfate by 
bonicaeion with 3 x 100 ml portion8 of ethyl acetate for 7 
minuteo each. 

2) Ratoevaporatr the combined extracts to dryneee, 

3) T&k4 up the aolvsnt extract vith 9 ml ethyl acatcte, 

4) Extraction ratio S ml extract/50 g sampler. 

of 
Ueight of 

X et8 Cone X w X w m 
)cSi/ml 50 9 kY 

Axmwer in fig/kg 



1) ~slaauro a,000 ml of dsioniraed water. RIWQ the witire 
contantr of the asmph jar by aerially rineing with 100 ml 
parefona of D.1. water untL1 thm cntirrir urrslrvuratd 1 lice,r of 
rf~crato $8 u4p~lotcu. Them arcada rinwtw mm cemb4ned into 
a 2 ffter amj?rifrrtmry tunnrrl. e 

a, 



3X2) Vegatable Mat& (Total or id&or residue): 

1) 

2) 

3) 

4) 

51 

Extract entire lettuce leaf or 1 tomato. The cornsto ir cut 
into sevctal pieces far ease of extraction. Record ramp10 
weight for quantitation. 

the tomato is extracted wiLh 200 ml acetoaitrile amI b.bnded 
with Umni mixor for 3 minutea, The lettuce leaf ir extracted 
with 100 n\l acatonftrile, 

'rhe blended extract ia Lharr filtered through a Whatman #4X 
filter disk and collected into a boiling flask, 

The extrwt ia then rotovaped ta d 
r” 

88 and exchanged into 5 
ml ethyl acetate for GC/Nl?D deterzn MciOfi, 

Calculate with the ecpnt.icm: 

Height of utd peak wt of munpl@ 

Arrswer in )rg/kg internal residue 

as l 

1) Place 1 ml aample aliquot into 1 liter D.1, wamr and shska 
thoroughly l 

2) Extract &WC mlution 3 x with 60 ml ethylene chloride. 
3) mtovcrp the combined extractr to drplssv. 
4) Exchange with 10 ml hexand for QC/NPr) decerminarion. 

S) Quantitnte with the eQwtion: 
x tstd cone x 

pg/ml. 

Answer in pg/L 
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Field Samples - Raw Data 
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Spray Data 

blathion Mm itori #119.1992 I 

i 

cot & Sample/Spike 1 Sample Samplk MassofJar 1 MassofJar MassofSpray 
SamDle I Interval Date 1 Post-Spray 
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Sand Data 

cot 8i 
Sample 

Sample/Spike 

# I HOI 
I 102 1 

141 
143 sample 0 1 6/15/92 1 198.30 ) 198.61 1 0.31 
4AA cnmnla n I G/lr;/97 I lQ3FI7fI I 7nnnn I 7 1% . I-r-7 Yb.... I” -r S”C”W .1-*-- m-v...- -. *- 

146 sample 0 6/15/92 197.95 198.69 0.74 
149 sample 12 6116192 195.88 196.75 0.87 
151 samole 12 6116192 196.97 197.16 0.19 

t 153 samale I 12 1 6/16/92 1 197.19 1 197.32 1 0.13 I 1 - _ . - , 
! sample 12 1 s 

r---El I samDIe I 24 6116192 197.19 
I 

I 197.22 I 0.03 I 
173 

t 175 . . - 
I 

, 
samole I 
sample r-- I 1 

24 -I 6/16/92 197.11 1 197.84 1 0.73 1 
24 6116192 196.51 1 196.82 ) 0.31 

I 191 1 50 pg spike 1 48 ) 6/17/92 1 198.00 ) 198.88 ) 0.88 I 
99 T samDie I 48 6117192 I 199.52 I 199.71 I 0.19 I 

samole I 48 I 61171 

221 I sample 1 96 ( 6119192 1 195.46 ) 195.74 1 0.28 736 samole I 239 1 6/25/92 t 199.53 t 199.68 i 0.15 I 
sample 239 6125192 
sample 239 6/25/92 
samrAe 239 6125192 

25 spike pg 1 504 1 716192 
samDIe I 504 1 716192 
samDIe I 504 1 716192 195.96 1 196.03 1 0.07 1 

266 sample 504 716192 [ 199.71 [ 200.00 [ 0.29 
268 I sample 504 7/6/92 1 196.04 1 196.06 1 0.02 
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Soil Data 

i 150 sample / 6116192 
I 152 I samde I 12 I 6116192 

6116192 
6/16/92 
6116192 

172 sample 24 1 6116192 
174 sample 24 1 6116192 
192 50 pg spike 48 1 6117192 
198 samde 48 1 6117192 

-L 

195.57 195.73 0.16 
199.76 200.07 0.31 
196.26 196.68 0.42 
199.70 199.87 0.17 
195.77 195.87 0.10 

05 196. 196.2 '7 I 0 ---z 22 
1 199.65 1 199.75 1 0.10 I 

t 196.95 197.82 0.87 
199.52 199.71 0.19 

t 200 1 sample 48 [ 6/17/92 1 1 199.77 200.22 0.45 
samde I 48 i 6/17/92 1 195.94 196.05 1 0.11 I 

I 217 t samde I 96 j 6119192 

7-- 239 6/25/92 1 199.69 1 199.79 1 0.10 I I 240 1 sample , 
25192 1 195.64 1 195.82 1 0.18 

197.84 1 0.86 
242 ' sample ' 239 I 61: 
259 25 pg spike 504 1 716192 196.98 ! 
262 sample 504 1 716192 185.97 
264 sample 504 [ 7/6/92 195.96 
266 sample 504 j 716192 199.71 
268 sample 504 1 716192 196.04 

185.98 
196.03 
200.00 
196.06 

0.01 
0.07 B 0.29 
0.02 

B-3 



Water Data 

176 I samole I 24 I 6/16/92 3s 

t 179 190 ) 500 sample pg spike 1 I 48 24 1 ( 6117192 6116192 

1 222 sample 1 96 1 6119192 

I 225 I samde I 96 I 6119192 3! 

dass of Water pH Temp. 

P ‘C 

I 272 sample I 504 I 716192 
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Y  

Tomato  Data 

1 9 6  1  

samp le  
samp le  

1 5 0  p g  sp ike 

- samp le  
samp le  
samp le  

6 1 1 6 1 9 2  
6 i16 t92  
6 /17 /92  
6 1 1 7 1 9 2  
6 1 1 7 1 9 2  
6 1 1 7 1 9 2  

2  6 7 0 . 2 7  2 1 9 . 2 5  6 .021  5 .052  9 6 . 2 9 9  5 .838  5 .120  
4 5 3 . 2 3  6 8 8 . 6 8  2 3 5 . 4 5  6 .558  5 .189  _  1 0 8 . 3 7 9  5 .785  --_- ___ . .__  6 .215  
4 5 4 . 7 7  6 5 1 . 2 7  1 9 6 . 5 0  6 .055  5 .418  1 0 3 . 3 8 2  5 .642  5 .227  
4 5 6 . 4 0  6 4 7 . 1 7  1 9 0 . 7 7  5 .768  4 .792  8 7 . 5 8 3  6 .167  5 .713  
4 5 7 . 7 8  6 3 5 . 2 8  1 7 7 . 5 0  5 .688  5 .425  9 6 . 9 9 6  5 .652  5 .437  
4 5 6 . 2 4  6 7 9 . 4 6  2 2 3 . 2 2  6 .133  5 .757  1 1 1 . 0 3 3  5 .723  5 .902  

1  4 5 7 . 7 9  1  7 2 8 . 6 3  1  2 7 0 . 8 4  1  6 .502  1  5 .817  1  1 1 9 . 1 9 0  1  6 .872  1  6 .133  1  
1 0 6 . 1 3 9  _--  

--.-4 1 3 2 . 8 3 4  “p  1 9 7  I samp le  S a m p l e  I 4 8  1  1  6 1 1 7 1 9 2  6 /19 /92  1  1  4 1 9 . 6 4  442 .8  1  6 5 3 . 7 2  1  2 3 4 . 0 8  1  6 .473  1  5 .772  ( 1 1 7 . 7 6 3  ( 6 . 1 6 5 ~  1  5 .359  [ 1 0 4 . 3 0 3  2 2 6  9 6  

,- 
“I SEUTlp l f3  

samp le  

6  7 6 8 . 1 9  3 2 5 . 3 3  7 .445  5 .054  1 2 2 . 6 9 9  6 .849  5 .836  
9 6  1  6 1 1 9 1 9 2  1  4 4 9 . 0 7  5 6 3 . 4 5  1 1 4 . 3 8  4 .257  4 .531  6 0 . 6 5 5  5 .190  5 .157  
9 6  1  

_ _  _--  
6 f lQ l92  1  4 4 7 . 0 0  7 3 2 . 4 2  2 8 5 . 4 2  5 .770  5 .679  1 0 2 . 9 5 0  7 .409  6 .018  - -. 

1 2 6 . 3 7 8  _ _ _ -  
8 4 . 0 8 5  _----  _ _  

1 4 1 . 5 9 5  _ _ _ _  .- 
2 2 9  1  samp le  I 9 6  ) 6 l lQ I92  I 4 4 5 . 4 5  I 7 0 6 . 2 2  j 2 6 0 . 7 7  1  6 .131  1  6 .000  1  1 1 5 . 5 8 0  ( 6 .941  1  5 .853  1  128 .559_ j  
2 4 7  1  samp le  I 2 3 9  1  6 1 2 5 4 9 2  1  4 5 0 . 7 7  1  6 9 2 . 6 6  1  2 4 1 . 8 9  1  6 .019  - -___  _  1  5 .162  1  9 8 . 2 3 9  j 6 .342  1  ! 5 .600  1 1 2 . 0 0 7  

2 3 9 ~  
.~ -~  ------. . .__ .._-. ^ _ _ _  

2 4 8  samp le  6 1 2 5 1 9 2  4 4 4 . 3 3  6 0 7 . 3 1  1 6 2 . 9 8  5 .215  - ._. . - - . -EL287 5 .566  5 .944  1 0 4 . 3 9 3  . -____--- - -  ,- 5 .5!5 _  
2 4 9  semp le  2 3 9  6 /25 /92  4 5 1 . 9 0  6 6 1 . 7 9  2 0 9 . 8 9  6 .642  5 .324  1 1 2 . 4 5 7  5 .739  5 .239  9 4 . 6 5 3  - -_ - .__ 
2 5 0  samp le  2 3 9  6 /25 /92  4 4 3 . 2 3  6 0 4 . 0 2  1 6 0 . 7 9  5 .679  5 .514  9 8 . 3 9 7  5 .119  4 .770  7 6 . 8 0 6  
2 5 6  7 5  f ig sp ike 5 0 4  7 l6f  9 2  4 5 1 . 0 0  5 5 9 . 2 6  1 0 8 . 2 6  4 .403  4 .652  6 4 . 3 9 7  4 .049  4 .757  7 2 . 4 7 3  
2 7 3  W l l p b  5 0 4  7 1 6 1 9 2  4 4 8 . 2 9  6 8 2 . 2 3  2 3 3 . 9 4  5 .822  5 .955  1 0 8 . 9 3 3  1  6 .188  1  5 .690  
2 7 4  S e m P l ~  5 0 4  7 /6 /92 4 5 6 . 3 6  6 0 8 . 7 5  1 5 2 . 3 9  5 .111  5 .209  8 3 . 6 4 7  1  5 .025  [ ( 
2 7 5  semp le  5 0 4  7 1 6 1 9 2  4 4 3 . 1 8  6 0 0 . 6 7  1 5 7 . 4 9  5 .857  4 .922  91.25,  
2 7 6  S a m p l e  5 0 4  7 /6 /92 4 5 8 . 2 3  7 4 5 . 7 7  2 8 7 . 5 4  6 .333  5 .718  1 1 4 . 0 6  
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California Depertment of Pesticide Regulation / Environmental Hazards Assessment Program 

I 
Sample Tracking 

I I I 

CSUFresno 

I I I I I I I I I I I I I I I 

stud EHAP senp Leb Date 1 Date ~Log[Serrp 1 Date 1 1 Date 1 Date 1 Hala- ( Mala- 1 Report I I ’ -ment / Method / 1 Parent 1 Oxon 1 QC Cc 
No. No. code No. Collected Delivered in Type Due Lab Extracted Analyzed thion oxon 1 Units ( l6tind Spike Recovery1 HOL 1 ClDL IReport yf 

119 77 76987 5/21/92 5/22/92 ta soi 6/a/92 awk not analyzed I I I --~-~-~ , I 

119 78 , 76989 5/21/92 5/22/92 ta sari 6/a/92 appl not analyzed I extracted only I I I 
I I . . I I 

IllPI 79 I 1~769aa 1 S/21/92 1 S/22/92 ) tal soi 1 6/a/92 Iawl] [not analyredl I 1 extracted only 1 
1 76990 1 S/21/92 1 S/22/92 1 tal san I 6/a/92 law11 lnot analyzed1 I l---- ext 

, -1 
119 80 ratted only ___--------- 1 

119TJ 0 76586 S/15/92 Dissipation study ( I I 
119 Day O 76587 5/15/92 wat appl 5/15/92 5/15/92 650.2 I , w/L --. I i Dissi~8tio1-1 stub/ 1 I I I I , 
119 Day 0 76588 5/15/92 wat appl S/15/92 5/15/92 514.8 W/l Dissipation study 
119 Day 0 BLANK 5/15/92 brat appl 5/15/92 5/15/92 4.2 W/l Dissipation study 
119 Day 4 76589 S/15/92 wat awl 5/19/92 5/19/92 7so.o W/l Dissipation study 
119 Day 4 76590 5/15/92 uat awl 5/19/92 5/19/92 715.9 W/l Dissipation study 
119 Day 4 76591 5/ 15192 _ _ _ , - Nat J 
119 Day 4 BLANK 5/15/92 t Mat 

I 119 110 Day nav 7 7 765!- 76593 
uat 

t wat 22/02 I 652 
5/15/92 
S/15/92 
5/15/92 B I= 

awl 
awl 

El 

awl 
awl 
awl . - - -, I uat ii 

119 Day 7 BLANK 5/15/92 Yat a& 5/19/92 5/22 
119 Day 11 765% 5/15/92 wat awl S/19/92 1 5126 
119 Day 11 765% 5/15/92 biat awl 5/19/9 
119 Dav 11 76597 MS/92 uat awl 5/1919 

S/15/92 I I I wat law11 
552.2 WI/L 1 1 Dissipation atut& 1 I 

5/19/92 15/26/92 1 3.2 I ugil 1 Dissfpetionstudy 1 I ..- --, .. 
119 Day 14 76598 5/15/92 wat a$ 5/19/92 5/29/92 847.2 w/l Dissipation study 
119 Day 14 76599 S/15/92 wat appl S/19/92 S/29/92 817.4 w/L Dissipation study 
119 Day 14 76600 S/15/92 uat awl S/19/92 S/29/92 768.1 us/l Oissipation study 
119 Day 14 BLANK S/15/92 uat awl 5/19/92 5/29/92 2.7 W/L Dissipation study 
.,n a. -n* 7~6/01/92 I6/03/92 lcal iar I 6/5/92 Iawll 6/4/92 1 6/S/92 I 31.9 I I w/jar I I 2nd nozzle calib I 0.1 I I II7 91 IIdvu ~_ _  ~_ _  - _  . . -- 

119 82 77509 6/01/92 6/03/92 cg jar 6/5/92 awl 6/4/92 6/5/92 38.2 --. * -- L 1 -~ ~~~ 
119 83 TTJlO 6/01/92 ~6/03/92 cg jar 6/5/92 awl 6/4/92 6/5/92 43.8 ug/jar I 1 2nd nozzle caltb I 0.1 I 
119 84 TT,ll 6/01/92 6/03/92 cg jar 6/5/92 appl 6/4/92 6/5/92 20.4 w/jar 1 [ 2nd nozzte calib 1 0.1 
1 

I udisr I r 2nd nozzle calib 1 0.1 1 I I 

T 119 a5 77512 6/01/92 6/03/92 cg jar 6/5/92 awl 6/4/92 6/5/92 22.9 1 w/jar 2nd nozzle calib 0.1 
119 86 77513 6/01/92 6/03/92 cg jar 6/5/92 awl 6/4/92 6/5/92 32.1 I w/jar 2nd nozzle calib 0.1 
119 a7 77514 6/01/92 6/03/92 cg jar 6/5/92 awl 6/4/92 6/S/92 61.3 , w/jar 2nd nozzle calib 0.1 
119 88 77515 6/01/92 6103i92 cg jar 6/S/92 awpl 6/4/92 6/S/92 42.5 1 km/jar 2nd nozzle calib 0.1 

lo.8 I km/ ier I a I 2nd nozzle calib I 0.1 I 119 a9 
119 901 

7 

- _ . 
I?516 I6/01/92 I6/03/92 I cgl jar 16/S/92 Iawl\ 6/4/92 I 6/S/9? 1 F 
ml7 1 6/01/92 16/03/92 1 cgl jar I 6/5/92 law11 6/4/92 1 6/5i9c , -- _ 1 21 -59.8 ~~ 1~ --1 udiar I I 2nd nozzle calfb 1 0.1 I I I 

I19 I 91 I 16/03/92 1 ca I jar I 6/5/92 Iawll 6/4/92 I 6/5/92 1 40.1 I I w/jar I 2nd nozzle calfb 1 0.1 I I 

SAMP-119.XLS 3 
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Callfornir Depwtmmt of Pesticide Regulat(m / Enviromntsl Hazeds Assessment Program 

I I I I I I I I 
Sample Tracking 

I , 

CWFrcsno 

x27/92 1 1617 I nd I I Intl 

6/17/92- 1 6/20/92 1 52.9 I nd I ugi32.6uG rbisl Amlication I s.ou!I I lO.Ollg I 1 

‘17192 6119192 
2 6126192 

2 6119192 
? b/26/92 

19.4 
46.8 

7.6 
90.4 

nd ug/’ ._..- , - 
nd ug/kp I Ir 

nd ug/2, _--- , - .- , -l-r-.--- 
nd udkf I lntl Amlicatic - _. -_. .- 

? 1 6/20/92 1 115 I nd I lml 

, _ 2 1 6119192~ 590 1 nd 1 wit I I &plier 

1 6119192 1 1250 W/l Am 

! lam11 6/22/92 1 6/26/92 I 61.5 I Id I smrav I 

SAMP-1 19.XLS 
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:elifornia Department of Pesticide Regulation / Enviromuntal Hazards Assessment Progracn 

I I I I 1 I 

I Sample Tracking 
I I I, I I I I 

let 1 7/B/92 IswL~ 6/17/92 I6/27/92 1 

m/16/92 Itt 1 7/8/92 hwll 6/17/' 

12 6/18/92 cg sen ?/9/92 appl 6/24/92 6/26/92 1 150 I nd I w/kg I I 24 Hour I 
6/27/! . . , -. .-..I2 6/W/92 cg soi 7/9/92 awl 6/24/92 

'72 1 6116192 6/U/92 cg san 7/9/92 awL 6/24/92 6/27/! 

635 I nd I ---I I w/L 24 Hour I 5outvt I ~ooua/~ t I 

1547~6/16/92 6/19/92 Icgl tom l7/10/92 6/18/92 16/20/92l 72.0 , , I  (0, 

- 
,  .  .  ,  J  

119 185 78262 6/16/92 6/19/92 cg tan 7/10/92 sppl 6/18/92 6/26/92 270 12.4 w/kg Int 24 Hour 2.4g/kg 4.9ug/kg 12 
119 186 78255 6/16/92 6/19/92 cg tom ?/lo/92 awl 6/18/92 6/20/92 3.7 nd ugi221.5cm2 Dis 24 Hour osug lug 12 
119 166 78263 6/16/92 6/19/92 cg tan 7/10/92 appl 6/18/92 6126i92 61 7.7 w/kg Int 24 Hour 2.Wkg 4.9ug/kg 12 
119 187 78256 6/16/92 6/19/92 cg tan f/10/92 owl 6/18/92 6/20/92 31.3 nd ug/196.5cm2 Ofs 24 Hour O.!iug lug 12 
119 187 78264 6/16/92 6/19/92 cg tan 7/10/92 eppl 6/W/92 6/26/92 528 14.3 w/kg Int 24 Hour 3.Wkg 6.Oug/kg 12 
119 100 s 78317 6/17/92 6/19/92 jb tom 7/10/92 awl 6/19/92 6/24/92 144 ful ug/19&4cm2 Dfs spiked QSOug o.sug l.ouO 2 
119 188 78327 6/17/92 6/19/92 jbl tan 7/10/92 swI 6/19/92 6/28/92 11.6 nd w/kg Int O.Sw/kg 1 dug/kg 2 

. 
” , 

1  

CSUFresno 

24 Hour 

SAMP-119.XLS 
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ICal i farnin Dewrtnw?nt  of Pest ic ide Regula t ion  / Env i ronnmta l  Hazards  Assessment  Progr i vn  ~csufresno]  I ----.--- . 
I 

S n n p l e  Treck ing 

I 
S tud E H A P  S a n p  L a b  Dote Date .Log S e e p  Date Dote Date no lo -  Ma ls -  Repor t  Cannent  / Me thod  / Pnren t  O X U l  P C  

No. No. code  No. Col lected De l i vered1 In Type  D u e  L o b  Extrscted Ana lyzed  th ion oxon  Units B l ind  Sp i ke  Recovery  w)L  U O L  Repor t  i 
1 1 9  1 8 9  1  s 7 8 3 2 2  6/17/92 6/19/92 1  jb  let 7/10/92 spp l  6/19/92 6/24/92 55.1 n d  ug /4O. lcm2 Dis sp iked a S D u g  o.sug l.O u g  2  
1 1 9  1 8 9  7  1  7 8 3 3 2  1  6 /V /92  1  6 /19 /92  1  Ibl let I7/10/92 /sfwlI 6/l 9 /92 6/28/92 8 8 0  n d  w/kg Int 16Oug /kg  3 2 O W k g  2  I - - ---  ~ . _  1 1 9  1 9 0  s 7 8 3 3 7  6/17/92 6/19/92 jb  mat  7/10/92 ni l  6 /22/92 6/26/92 2 5 5  t-d w/l sp iked i K O O u g  6 O W l  12Ougf l  S  
1 1 9  1 9 1  s 7 8 3 4 1  6/V/92 6/19/92 jb  son  7/10/92 app l  6/24/92 I A /37/07 -,-., - -  I 9 1 7  _  . 1  n d  1  w/kg I I sp iked b O u g  1  lOOug /kg  1  ZWug/kg  1  1 1  
1 1 9  1 9 2  S  7 8 3 4 2  6 1 1 7 1 9 2  6/19/92 jb  so i  ?/ lo/92 epp l  6 1 2 4 1 9 2  6/27/92 1  9 9  5  I n d  I wlke so iked g S O w  1  10Ow ikg  1  2 O O W k g  1  1 1  
1 1 9  1 9 3  s 7 8 3 4 3  6/17/92 6/19/92 jb  jnr  ?/ lo/92 spp l  6 1 2 4 1 9 2  7/24/92 1  6: 

1 1 9  1 Q L  7 8 3 1 8  6 /17 /92  6 /19 /92  ib  tan 7/10/92 awl  6/19/92 6 1 2 4 1 9 2  
I 1 1 9  I 1 9 4  

-J I -K-  wi jsr sp iked a 5 O u g  lOwI  2 o w  1 1  
1  3.0 n d  ug f193.6cm2 Dis 4 8  Hour  0 .5ug l.O u g  2  .._ ._. u-----t-- ----I _  . *- I , , 

t 1 1 9 1  ..- ’ 
J 

1 %  ._ 1  I 
7 8 3 2 8  

I 7 8 3 1 9  1  I 6 1 1 7 1 9 2  6/17/92 I 1  
6 1 1 9 1 9 2  

1  1  jb l  jb l  ]7/10/92 17/10/92 leppl l  lnppl ]  
6 /19/92 

_ ^  .^_  
tom 05 /YL  

16/24/92 161;  

6.4 n d  w/kg Int 4 8  Hour  O .Sug/kg  l.Oug /kg  2  
6/19/92 tam 6 1 1 9 1 9 2  1  34.3 n d  ug f217.2cm2 Dis 4 8  Hour  o.sug l .oUa 2  _.. _.- I 

1 1 9  1  1 %  1  1  7 8 3 2 9  1  6/17;92 1  6;19/92 1  jb j  - tan 17/10/92 (&A]  6/19/92 1 6 1 2 8 1 9 2  1  51.3 rd  w/kg Int 4 8  Hour  O S u g fkg l.Oug /kg  2  

1  1 1 9  I 1 %  I 1  7 8 3 2 0  1  6/17/92 1  6 1 1 9 1 9 2  1  jb l  tom l7/10/92 Ispptl 6 1 1 9 1 9 2  ~ 6 1 2 4 1 9 2 )  46.4 I n d  ~ ~ ~ 1 2 5 2 - 0 2 c ~  Dfsl 4 8  Hour  0 .5ug l.O u g  2  
I / 7 8 3 3 0  1  6 /17 /92  1  6 /19 /92  I ib l  torn 17/10/92 I nm l~Saumlc  b roken  I I I I I Intl 4 8  Hour  I I 1  2  I 1 1 9  196,  , .---_ , _.~..._ (  _  _  ,_ , . ,.., . 

1 1 9  1 9 7  ~lnUf i  1  6/17/92 I 6/19/92 I ib l  tom 1 7 1 1 0 1 9 2  Inp~t l  6 1 1 9 1 9 2  161;  2 4 1 9 2  1  24.0 1  n d  1  ug1198 .4c1n2  IDis) 4 8  Hour  ~o.su!ap(  l.O u g  I 2  
1 1 9  1 9 7  7 8 3 3 1  1  6/17/92 1  6 1 1 9 1 9 2  1  ;bl tam 17/10/92 la;l l 6 1 1 9 1 9 2  1 6 1 2 8 1 9 2  1  15.5 I n d  I w/kg Ilntl 4 8  Hour  1  O .Sug/kgI  l.Oug /kg  1  2  

1 1 9  1 9 8  7 8 3 4 4  1  6/17/92 1  6/19/92 1  jb] so i  1  7/10/92,-,., _,_.,._ -,- _ .__ 
1 9 2  16/27/R 

l m n d  6 /X /92  I6 /27/92 5 7 7  1  n d  1  w/kg 4 8  Hour  1  1ooUg ikg  1  2 O O u g f k g  I 1 1  
2 1  5 2 8  I n d  I ua/ka 4 8  Hour  1  1 O O W k g  I 2 O O u g f k g  i 1 1  1 1 9  1 9 9 ~  7 8 3 4 5  6 1 1 7 1 9 2  6 1 1 9 1 9 2  jb  san  7/10/92 app l  6124,  

1 1 9  2 0 0  7 8 3 4 6  6 0 7 1 9 2  6/19/92 jb  so i  7/10/92 rpp l  (  
9 ” 1 1 9  2 0 1  7 8 3 4 7  6/V/92 6 1 1 9 1 9 2  jb  son  7 /W/92 sp~ l  6 1 2 6 1 9  
z 1 1 9  2 0 2  7 8 3 4 8  6/17/92 6 1 1 9 1 9 2  jb  soi  ?/ lo/92 spp l  (  

1 1 9  2 0 3  7 8 3 4 9  6/17/92 6 1 1 9 1 9 2  ib  san  ?/ lo/92 owl  6126,  

4 8  Hour  1  lOOw/kg  I 2 O O w i k g  I 9  1  
4 8  Hour  1  lOOug/kg l  2 O O w fkg 1  9  I 
4 8  Hour  1  lOOw/kgI  2 O O w a f k g  I 9  1  
4 8  Hour  1  lOOua /ka  1  2 O O w a f k a  I 9  1  

, 4 7 2  -1  Ti  1  w/ka I I 
-79  ~ ~  1  I w/kg I I 
r l151 - 1 rnd  I wfka I I 

FT 2 .77  1  n d  1  w173 .Ocm2  IDis 4 8  Hour  lo.swl l.O w  I 2  I 
l137uafkg l  2 7 4 w V k g  I 2  I 

. . -.- , 
1 1 9  2 0 4  7 8 3 5 0  6/17/92 6/19/92 jb  so i  7 /10 /92hml~  6 /261(1  .'2 ] 6 1 3 0 1 9 q  2 1 8  1  n d  1  w/kg 4 8  Hour  .,-rr-, -, - -~  IlO O u g fkg 1  2 O O u g f k g  1  9  
1 1 9  20s  7 8 3 5 1  6/17/92 6 1 1 9 1 9 2  jb  ran  7/10/92 -TT-  ' I rmll 6 /X /92  _,-_.._ I6 /30/92 1  _._.... 4 0 1  I n d  I wfka I I 4 8  Hour  1  1 O O tmikg  I 2 O O w fkg 1  9  
1 1 9  2 0 6  7 8 3 2 3  6/17/92 6/19/92 jb  let ?/ lo/92 spp l  6/19/92 6/24/9i  
1 1 9  2 0 6  7 8 3 3 3  6 1 1 7 1 9 2  6 1 1 9 1 9 2  jb  Iet 7/10/92 app l  6/19/92 612819;  rl- Id IK n d  I w/kg --  -  I Intl 4 8  Hour  
1 1 9  2 0 7  7 8 ? 2 4  6/17/92 6/19/92 jb  Let  7/10/92 spp l  6 1 1 9 1 9 2  6/24/92 5.56 n d  ug/33.4cmt Dis  4 8  Hour  1  o.sug 1  1 .0&-  I 2  
1 1 9  2 0 7  7 8 3 3 4  6 1 1 7 1 9 2  6 1 1 9 1 9 2  jb  let 7/10/92 app le  6 1 1 9 1 9 2  6 1 2 8 1 9 2  n d  n d  w/kg Int 4 8  Hour  I36&(s/ko 1  TJ6ugfkg 1  2  1  

1 1 9  2 0 8  78 :~ -  m-6 /17 /92  I 6/19 /92  I ib l  let I7/10/92 lamI! 6 1 1 9 1 9 2  I6124192  I 3 .63 4 8  Hour  _  _  _  _  ,_ , , . . , 1  r id 1  ug f28 .5cm2 lOisI  
1 1 9  2 0 8  7 8 3 3 5  6 1 1 7 1 9 2  6/19/92 1  jb l  Iet 17/10/92 loppI] 6 1 1 9 1 9 2  (  6 1 2 8 1 9 2  I n d  1  d  I ..- , w/kg _". ._ I I& l  1. -1  4 8  Hour  -. - -- - I 
1 1 9  2 0 9  7 8 3 2 6  6 1 1 7 1 9 2  6 1 1 9 1 9 2  1  jbl  let 17/10/92 Iappl l  6 1 1 9 1 9 2  I6/24/92)  13 .4  1  n d  (  ug fT3.5cm2 IDis 4 8  Hour  1  osug  1  l .oug 2  
1 1 9  2 0 9  78x  # M  1  6/1?/92 I 6 /19/92 1  ib l  Itt I7/10/92 l a m 1 1  6 1 1 9 1 9 2  I 6/28/92 1  3 0 2  4 8  Hour  2  (  _  , 
1 1 9  2 1 0  7 8 3 3 8  [ 6/17/92 [ 6 ;19/92 [ ;bj uat  17/10/92 (ni l l  

I t-d I w/kg Ifntl I 1 3 7 u O i k g  I i !74ug/ kg  
6 1 2 2 1 9 2  [ 6 1 2 6 1 9 2  [ 2 9 4  1  n d  1  W /L I I 4 8  Hour  1  6oug i l  1  1 2 o u Q 1 ~  5  

1 1 9  2 1 1  783x0  1  6 1 1 7 1 0 2  I 6 1 1 0 1 9 2  I ib l  uat  I 7 1 1 0 1 9 2  lamtl  6 1 2 2 1 9 2  I6/26/9; 
1 1 0  P l 7  br  

I 0 .5w I l.O w  I 2  I 
1403w/ko l  S O & m / k g  1  2  1  

--- -. ..,v- _, ._, .- ,- - -_  _, __.  _ _  - r r_ _.__.  -- _ .__~  ..! 5 8 3  [ n d  1  W /l I I 4 8  Hour  1  6hJIl l l  1  12owvL  1  5  
oken  6 1 1 7 1 9 2  6 1 1 8 1 9 2  jb  net  7/9/92 app l  
3 4 0  1  6 /17 /92  I 6 /19/92 I ib l  uat  17/10/92 Isrntl 6/22/92 16/26/92 I 1 0 9 3  I n d  I w/l I I 4 8  Hour  1  6%9/ l  1  lJOup/ l  t 5  i 
3 8 7  1  6 /16 /92  I 6 /20/92 I ib l  san  I7/11/92 Ism lI 6/24/92 I6/27/92 I 106.4  I n d  I w/kg I I 9 5  Hour  1  lOOw/kg  I 2 O O w fkg I 1 1  I 

1 1 9  2is 7 8 3 8 0  6 /19 /92  6 1 2 0 1 9 2  jb  so i  7/11/92 Iappl  6/24/92 6 1 2 7 1 9 2  I 240.9  n d  w/kg 9 5  Hour  lOOug /kg  200ugfkg  1 1  
-  1 1 9  2 1 6  7 8 3 8 9  6 0 9 1 9 2  6 1 2 0 1 9 2  jb  san  I/11/92 (app l  6/24/92 6 1 2 7 1 9 2  1  128.5  n d  w/kg 9 5  Hour  100ug ikg  tO O u g /kg 1 1  

1 1 9  2 1 7  7 8 3 9 0  6 1 1 9 1 9 2  6 1 2 0 1 9 2  jb  soi  7 1 1 1 1 9 2  Iappl  6 1 2 4 1 9 2  6 1 2 8 1 9 2  [ 36.9 25.2 w/kg 9 5  Hour  1 0 0 W k g  2 O O u g f k g  1 1  , 

S A M P - 1 1 9 . X L S  7  
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Cal i forn ia Depar tment  of Pest ic ide Regula t ion  / Env i romwnta l  Hazards  Assessment  P r o g r a m  

I I 
S a n p l e  Track ing 

I I 

CSUFresno  

6/26/9~1/  6/27/92 t 760.8  I n d  I w/kg I I 9 5  Hour  1  lOOw/kg  1  Z O O w fkg ! 1 1  

S /24/92 i6/27/92 t 411.7  I n d  I w/kg I I I 1 0 0 W k g  I : 
_  , 6 /19/92 1  6/20/92-T jb l  uat  17/11/92 lappl l  6 /26/92 ]6 /30/92 l  1 1 7 5  I n d  I 
6  1  6119/92  1  6/20/92 1  ib l  uat  17/11/92 lard/ 6/26/92 

f l6/19/92 i 6 /20/92 I ib l  wat 17/11/92 IaPPl l  6 1 2 6 1 ’ 

_  ,,A / torn 7/11/92 lappl [  6 /20/92 16/25/92 
t ib l  tan  i7 /11/92 tawlt 6 /20/92 /6/30/92 

7 3  1  6/19/92 1  6/20/92 Eb]  tan 17/11/92 l app l l  6/20/92 16/25/92 1  
,81 1  6/19/92 I 6/20/92 I ib l  tom 17/11/92 IawtI 6/20/92 \6/30/5 

ug /144.8cm2 Dis 9 5  Hour  0 .5ug l.O u g  1 5  
w/kg Int 9 5  Hour  5wfkg lOw/kg 1 5  

ug/244.6an2 Dfr, 9 5  Hour  0.5l .m l.O u g  1 5  1 1 9  2 2 8  7 8 3  I 
1 1 9  2 2 8  7 8 3 L  ? 2  36.2 8.82 w/kg Int 9 5  Hour  2.5w/kg 5wfkg 1 5  -. ..~  ~ _  _  . 
1 1 9  2 2 9  7 a 3 7 4  6/19/92 6/20/92 jb  tan I7/11/92 lappI  6/20/92 1  6/25/92 15.6 rd  ug/244. lcm2 O is  9 5  Hour  0 .5ug 1 .0&l  1 5  
1 1 9  2 2 9  7 8 3 8 2  6/19/92 6/20/92 jb  tom I7/11/92 lappl I  6 /20/92 /6/30/92 n d  rd  w/kg Int 9 5  Hour  t.Sw/kg  5wfkg 1 5  

I 1 1 0  1  7 ? 0 7  I 7 8 3 7 5  I 6/19/92 1  6/20/92 I ib l  Let  17/11/92 lamI] 6/20/92 I6/25/92 1  5.5 1  rd  I ug /63Jcm2 IDis 9 5  Hour  I o.sug I l.O u g  I 1 5  I -” - - :A I .--.- -,... ~ _  . _  , . , 1  
1 1 9  23"  n l  T I let T/11/92 6/20/92 n d  n d  w/kg 1  Intl 9 5  Hour  1 2  .-.-a, -w  --I -1  .- .-I -, ..r -  
1 1 9  2 3 1  7 8 3 7 6  b/19/9, 5-  t I Iet t 7/11/92 2.5 n d  ug /44Acm2  9 5  Hour  0 .5ug l.O w  1  1 5  , _.-._ ,.~ , , _  _  6/20/92 IDis] 1  [ 
1 1 9  2 3 1  7 8 3 8 4  6/19/92 1  6/20/92 1  jb] Iet 17/11/92 6/20/92 t n d  ? =  n d  , ., , w/kg Int 9 5  Hour  I2 .5Wkg 5wfkg 1 5  

ug /56Aan2  D i S  %  Hour  1  0 .5ug l.O U g  1 5  

w/b Int 9 5  Hour  I2 .5Wkg hi /kg _  1 5  
1  

m T 7  i 6 1 1 9 1 9 2  j6/20/92 I ib  II let 17/11/92 awl  
t-t awl  

6/20/92 
6/20/92 

6/25/92 
t- 6/30/92 -t-z- t 

1 1 9  2 3 2  783..  _....._ ~ _ ~  _  _  , . 
1 1 9  2 3 2  7 8 3 8 5  6/19/92 6/20/92 jb  let 7/11/92 
1 1 9  2 3 3  7 8 3 7 8  6/19/92 6/20/92 jb  let 7/11/92 laktl 6 /20/92 I6/25/92 1  1.2 1  n d  1  ug /M.ScnL2  D i S  9 5  Hour  0 .5ug l.O u g  I 1 5  

1 1 9  2 3 3  7 8 3 8 6  6/19/92 6/20/92 jb  let 7/11/92 -La-  6/20/92 t---=i- n d  w/kg Int 9 5  Hour  2.5w/k9 Sun/kg  1  1 5  f 1 1 9  2 3 4  7835:9  6/19/92 6/20/92 jb  tan 7/11/92 a &  7/2/92 7/6/92 = I=  12228(  )  n d  f w/l Tank  S a m l e  sooo l4g  II D o o o u g  1 3  
1 1 9  2 3 5  7865- l  6 /25/92 6/26/92 1  jb  san  7/17/92 app l  7/ l /92 7/13/92 46.7 1  33.9 1  w/kg 2 3 9  Hour  / S .Oug /kg  1  lO.Oug/kg  1 8  
1 1 9  2 3 6  7 a 6 5 2  6/25/92 1  6/26/92 1  jb  soI 7/17/92 appt  7/ l /92 7/13/92 238.9  1  126.81  w/kg 2 3 9  Hour  1  S .Oug /kg  1  lO.Oug/kg  1 8  

ls .owko I lO .Oua/ka  I 1 8  I 5 /92126/92 1  ib l  san  17/17/92 Iawl\ 7/ l /92 I 7/13/92 I 90.9 I 41.5 I w/kg I I 2 3 9  Hour  
a 4  1  6/25/92 1  6/26/92 1  jb l  so i  (7/17/92 Iapp l l  7/l /92 17/13/92 24.3 20.0 w/kg 2 3 9  Hour  S .Oug /kg  lO.Oug/kg  1 8  

6/25/92 I 6 /26/92 I ib l  san  I7/17/92 laooI l  7/ l /92 I 7/13/92 383.7  64.2 w/kg 2 3 9  Hour  S .Oug /kg  lO.Oug/kg  1 8  
'92 171.7  107.5  w/kg 2 3 9  Hour  S .O t& t/kg lO.Oug/kg  1 8  

67.4 47.4 w/kg 2 3 9  Hour  S .Oua /ka  lO.Oug/kg  1 8  

unt n d  L-. _ . -__ ._.-_. -.-_-. I -  - -  I -  I i /92 1  6/26/92 rjb[ 17/17/92 7/2/92 7/22/92 1  1  
1 1 9  2 4 4  7 8 6 4 7  6/25/92 6/26/92 jb  uat  7/17/92 app i  7/2/92 7/22/92 n d  n d  w/L 2 3 9  Hour  l.Oug/ l  2.0&J/ l  

-119  1  2 4 5  7 8 6 4 8  6/25/92 6/26/92 jb  wat a/17/92 app l  7/2/92 7/22/92 n d  n d  w/L 2 3 9  Hour  0.6ug/ l  1 .2&L  
1 1 9  1  2 4 6  7 8 6 4 9  6/25/92 6/26/92 jb  wat 7/17/92 app l  7/2/92 7/22/92 3.3 n d  w/l 2 3 9  Hour  O .Sug/ l  l .oug/~ 
1 1 9  1  2 4 7  7 8 6 2 0  6/25/92 6/26/92 jb  tom 7/17/92 app l  6/26/92 6/29/92 12.1 n d  , ug/210.3cnJ Dis  2 3 9  Hour  5 .oug lO.OufJ  

S A M P - l l S . X L S  8  
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California Department of Pesticide Regulation / Environmental Hazards Assessment Program C!XlFresno 

I 1 .--- 
Saaple Tracking 

, 

stud EHAP Sump Lab Date Date Log Samp Date Date Date Hala- Mala- Report Camutnt / Plethod / Parent oxon OC 

No. No. code No. Collected Delivered In Type Due Lab Extracted Analyzed thion oxon Units Blind Spike Recovery PlDL HOL Report# 

119 247 ' 78630 6/25/92 6/26/92 jb tarn 7/17/92 appl 6/26/92 ?/7/92 13.0 nd w/h Int 239 Hwr 2.6ug/kg 5.3Wkg 10 
119 248 78621 6/25/92 6/26/92 jb tom ?/17/92 appl 6/26/92 6i30192 18.6 nd ug/1%.7cn3 Dis 239 Hwr 5.oug 10.&l 10 

119 248 70631 6125192 6126192 jb tan 7117192 appl 6126192 ?/7/92 nd nd w/kg Int 239 Hour 2.7ugikg 5.4wgikg 10 
119 249 78622 6/25/92 6126192 jb tom 7/17/92 appl 6126192 6130192 3.0 nd ugf207.lcm3 Ois 239 Hour 5.olJg lO.Oug 10 
119 249 78632 6/25/92 6126192 jb tan 7117192 appl 6126192 7/7/92 nd rui w/b Int 239 Hour 2.9ugfkg 5.7ogikg 10 
119 250 70623 6125i92 6126192 jb tonr 7117192 appl 6126192 6130192 19.8 nd ugf175.2cm3 Ois 239 Hour 5.oug lO.Oug 10 
119 250 70633 6125192 6126192 jb tam 7117192 appl 6/26/92 717192 11.9 nd w/kg Int 239 Hour 3.&rg/kg 7.6uglkg 10 
119 251 78625 6125192 6/26/92 jb let 7117192 appl 6126192 6/30/92 1.3 nd ugf55.7cm3 Dis 239 Hour 5.OW lO.Oug 10 
119 251 78635 6125192 6126192 jb Let 7117192 appl 6126192 717192 nd nd w/kg Int 239 Hour 2OOugfkg 4OOugfkg 10 
119 252 78626 6/25/92 6/26/92 jb Let 7117192 a@ 6126192 6130192 4.7 nd ug/102.Ocn3 Dis 239 Hour 5.oug lO.Oug 10 
119 252 78636 6/25/92 6/26/92 jb let 7117192 appL 6126192 717192 1290 nd w/kg Int 239 Hour 5’hikg 18OWkg 10 
119 253 18627 6/25/92 6/26/92 jb let ?/1?/92 appl 6126192 613Oi92 3.0 nd ug/a9.4un3 ob 239 Hwt 5.oug lO.Oug 10 

119 253 78637 6/25/92 6/26/92 jb, let 7/17/92 appl 6/26/92 717192 nd rid w/kg Int 239 Hour 10Ougikg 2OOugfkg 10 
119 254 78628 6125192 6/26f92 jb let ?/17192 appl 6126192 6130/92 1.8 nd ugin.saa3 Dis 239 Hour s.oug lO.Oug 10 

119 254 78638 6/25/92 6/26/92 jb let 7117192 appl 6126i92 717192 240.8 nd w/kg Int 239 Hour lSOug/kg 300ugikg 10 
119 255 S 78629 6125192 6/26/92 jb let 7117192 appl 6126192 6130192 64.6 rid ugf73.9cd Dis spike& 25ug 5.orrg lO.Oug 10 
119 255 78639 6125192 6126192 jb let 7/17/92 appl 6126192 717192 452 nd w/kg Int 239 Hwr aswi kg 17Ougfkg 10 
119 256 S 78624 6125192 6126192 jb tom 7117192 appl 6126192 6130192 175.0 nd ugil36.9an3 Dis spikcda 25ug 5.oug lO.Ouo 10 
119 2% 78634 6/25/92 6126192 jb tan 7/17/92 appl 6126192 f/7/92 38.5 nd w/kg Int 239 Hwr 4.4ugikg 8.0ugfkg 10 
119 257 S 78661 6/25/92 6126192 jb jar 7117192 appl 712192 716192 51.2 nd wijsr spikcdil 25ug .SOugija l.Oug/jar 20 
119 258 s 78659 6/25/92 6126192 jb sen 7/1?/92 appl 711192 7113192 1350.0 nd w/kg spike&l 2Sug 25.Ougfkg 50.0ugikg 18 
119 259 S 78660 6125192 6126192 jb soi T/17/92 appl 711192 7/13/92 952.0 nd w/kg spikedR 25ug 25.DWkg 50.0ugikg 18 
119 260 s 78650 6125192 6126192 jb uat 7117192 appl 712192 717192 605.2 rwi w/L spike& 250~ 6o.oug/l 120.gug/l 19 
119 261 79053 716192 717192 jb san 7128192 appl 7/10/92 7129192 9.2 la.5 w/kg 504Hwr 5.0ugikg lO.Oug/kg 17 
119 262 ?9D57 ?/6/92 7/7/92 jb soi 7120192 appl 7110192 7/14/92 279.4 85.4 w/kg 504Hwr S.Cug/kg lO.Oug/kg 17 
119 263 79054 716192 717192 jb aan 7128192 awl 7110192 7/29/92 22.4 47.7 w/kg 504Uwr S.Ougikg lO.OWkg 17 
119 264 79358 716192 717192 jb soi 7128192 appl 7110192 7114192 147.9 92.9 w/kg 504Hwr S.Ougikg lO.Oug/kg 17 
119 265 79055 716192 717192 jb aan 7120192 appl 7110192 7129192 nd nd w/h 504Hwr S.Ougikg lO.Oug/kg 17 
119 266 79059 716192 717192 jb soi 7/28/92 appl T/10/92 7/14/92 150.4 218.4 w/kg 504Hwr S.Ougikg lO.Oug/kg 17 
119 267 79056 716192 717192 jb sari 7128192 appl 7110192 ?/30/92 rid 22.5 w/kg 504Hwr S-W/kg lO.Oug/kg 17 
119 268 79060 716192 717192 jb soi 7i28192 appl ‘7110192 7130192 328.3 79.9 us/kg 504Hour 5.0ugikg lO.Oug/kg 17 
119 269 79049 716192 717192 jb uat 7/28/92 appl 7/10/92 7114192 nd nd W/L SO4 Hour 0.7ug11 1.4ugil. 21 
119 270 79050 716192 717192 jb nat 7/28/92 appl 7110192 ?/l4/92 nd nd W/L 504 Hour 1.3ugit 2.6ugiL 21 
119 271 79051 716192 717192 jb uat 7128192 appl 7110192 7114192 0.80 nil w/L 504 Hour 0.7&l/l 1.4ugfL 21 
119 272 79052 f/6/92 I/7/92 jb wet 7/20/92 appl 7/10/92 7114192 0.80 3.9 W/L SO4 Hour O.Bugil l.Zug/L 21 
119 273 79045 716192 717192 jb tan 7/28/92 appL 7/S/92 7/14/92 nd nd ug/219.7cm2 Dis 504 Hour 0.5ug l.Ou!J 16 

119 273 79062 716192 717192 jb tan 7128/92 appl 718192 7114192 2.4 7.9 w/kg Int SO4 Hwr 2.Owikg 4.Ougfkg 16 
'119 274 79046 716192 7/7/92 jb tan 7128192 appl 718192 7114192 3.4 nd ug/174.2cm2 Oio 504 Hour 0.5ug l.Oug 16 

SAMP-llS.XLS 



California Department of Pesticide Regulation / Envirorssental Hazards Assessment Program 

I I 
Sample Tracking 

stud EHAP Samp Lab Date Date Log Sanp Date Date Date Mela- 
lo. Wo. code No. Collected Del ivcred In Type Due L.eb Extracted Anslyzed thfcm 
119 274 ‘79063 ?/ii/92 ?/?I92 jb tas ?/20/92 appl ?/B/92 ?/W/92 4.5 
119 275 79047 T/6/92 ?/7/92 jb torn ?/2LI/92 appl 7/B/92 704192 0.92 
119 215 79064 716192 ?/?/92 jb tots ?/20/92 appI 718192 T/14/92 nd 
119 276 79048 ?/6/92 ?/?/92 jb tom ?/28~92 eppl 718192 ?/U/92 1.7 
119 276 79065 ?/6/92 ?/?I92 jb tom ?/28/92 appl 718192 ?l U/92 5.3 

CsW rtsno 

I 
Mats- Report Camnent / Method / Parent OXOIl OC 
oxon Units Blind Spike Recovery llDL no1 Report 1 
11.9 w/kg Int 504 Hour 3.2ug/kg 6.4Wkg 16 

nd ug/16?.4ci~2 Dis 504 How 0.5ug l.oug 16 
24.2 us/kg Int 504 Hour 4.2ug/kg &LSug/kg 16 

nd ug/23&0us2 DIS 504 Hour 0.5ug l.Oug 16 
16.2 w/kg Int 504 Hour 1.9ug/kg 3.9ug/kg 16 , 

SAMP-1 19.XLS 10 



Appendix C 

Quality Control - Raw Data 



Stub/ 119 Uain Study PC Results - Tometo 8 Lettuce Oislodgeblc Orpticate Matrix Spikes #l 

study: 119 Senple Ode: 6/15,16/92 

Analyte: Halethion and Malaoxor~ Extraction Set Date: 6/1?,18/92 

I(DL: Malathion - Sug/L L Malaoxon - lOug/L Report Ode: ?/23/92 

Reporting Units: ug/L Ssnple Type: Tomato & Lettuce 

Sample Extraction set Reference: Lab: APPL 

78112-78129 Oislodgable 

rmato Helathian nalaoxm 

Lab Sample Spike level Result x Result x 

No. (WL) tug/L) Recovery o&a/L) Recovery . 

78040 M 01s 62.2 37.1 59.6 50.3 80.9 

78040 ns 01s 65.5 48.7 74.4 67.6 103.2 

Mean 67.0 92.0 

RPO 21.9 24.3 

Lettuce Malathion Malaoxm 

Lab Sangle Spike Level Result x Result x 

No. CWL) (uB/L) Recovery W/L) Recovery 
920618 M OtS 7196 6786 93.2 
920618 M 01s 6249 3993 63.9 
920618 M 01s 6227 7036 113.0 
920618 MA 01s 6250 4319 69.1 

Mean 66.5 103.1 
RPD 7.8 19.2 

Blanks - oislcdgable 

nalathion ne1aoxon 

Lab Sa@c Spike Level Result X Result X 

No. W/L) Matrix (w/L) Recovery (W/L) Recovery 

BLANK M 0 Solvent nd nd 

BLANK W 0 

BLANK W 0 

Tom&o 

Lettuce 

nd nd 

nd nd 

J 

119QC-M.XLS Cl 



Study 119 Main Study QC Results - Tomsto 91 Lettuce lnternal Ouplfcate Matrix Spikes 11 

study: 119 Senple Date: 6/15,16/92 

Analyte: Malathion ad Malaoxo~~ Extraction Set Date: 6/1?,18/92 

WI.: Ha1urthic-n - 5uglkg 8 #alaaxon - 9OWkg Report Date: T/23/92 

Reporting Units: ug/kg Saf@e Type: Pomato 0 Lettuce 

Sample Extraction Set Reference: 

78130-78147 Internet 

Tomato Malathion Neleoxon 

Lab seli-qde Spike Level Result x Result x 

No. W/kg) 

78040 UA INT 83.2 

W/W Recovery W/kg) 
64.5 

Recovery 

77.5 
78040 M INT 47.3 48.6 102.7 
78040 MA INT 44.3 47 106.1 
78040 MB IN1 40.6 45.1 111.1 

Mean 106.9 91.8 

RPO 7.8 31.1 

Lettuce 

Lab Sample Spike Level 

Malathion Neleoxon 

Result X Result X 

No. (w/kg) W/kg) Recovery (w/kg) Recovery 
920618 WA INT 3546 2939 82.9 3401 95.9 
920618 M IN1 4629 3856 03.3 4506 97.3 

Ueen 83.1 96.6 

RPO 0.5 1.5 

Blanks - Internd 

Malathion Heleoxon 

Lab senple X X 

No. Spike Level Matrix Result Recovery Result Recovery 

BLANK II OWL Solvent nd nd 

BLANK M Oug/kg Tomato nd nd 

BLANK 11 Ow9kg Lettuce nd nd 

11 SW-M.XLS c- 2 



Study 119 Main Study QC Results - Tomto L Lettuce Oislodgable Duplicate Matrix Spikes #2 

study: 119 Serqle Date: 6917992 

Anelyte: Malathion and Melaoxon Extraction Set Date: 6919992 

MDL: Malathion - 5ug/L L Halaoxon - lOug/L Report Date: 7923992 

Reporting Units: ug9L Sample Type: Tanato 8 Lettuce 

Sample Extraction Set Reference: Lab: APPL 

78317-78326 Dislodgable 

Tomato Malathion Helaoxon 

Lab Sample Spike Level Result X Result X 

No. W/L) (MI/L) Recovery ma/L) Recovery 
78040 HA 01s 50.6 47.2 93.3 64 126.5 
78040 MB D1S 50.7 43.3 85.4 57.8 114.0 

Mean 09.3 120.2 

RPD 8.8 10.4 

Lettuce Melethion Maleoxon 

Lab Sample Spike Level Result X Result X 

No. WI/L) (l&l/L) Recovery wg/L) Recovery 

920619 W OIS 5.2 5.0 96.2 6.64 127.7 

920619 CIA 01s 5.5 4.96 89.8 6.65 120.9 

Mean 93.0 124.3 

RPO 6.8 5.5 

Blanks - Dislodgable 

Mrlethim I4eleoxon 

Lab Sample Spike Level Result X Result X 

No. W/L) 

BLANK H 0 

BLANK N 0 

Matrix 

Solvent 

1asato 

bJS9Ll Recovery (W/L) Recovery 

nd nd 

nd nd 

BLANK II 0 Lettue nd nd 

119QC-M.XLS c-3 



78040 HA KNY 5’1.16 26.6 52.0 24”) 47.5 

78040 b4.B KWI 49”O ‘la.5 37.8 21 42.9 
-__ ^_- _.... -__...- _l---_.l_ -- 

- - Wean 44.9 45”2 

NW 31.7 10-J 

Lettuce 

Lab sanyple Spike Level 

MO. ~w/~g) _1_1__ 
920619 WA [NT 5155 

920619 MA lti’r 5495 _I__- _ -.-~-- 

Watathion Ma(aoxon 

R@SUlP x Mesul t f 

(w/kg) Recovery (U9/kV) Recovery -_-~__ 
3156 61.2 4067 70.9 

4905 71.1 4066 88.6 

Mean 66.1 as.7 

tm 14.9 11.5 

Blanks - Knterml 

Wtathion Malaoxopl 

Lab sample 

MO. wike Level Matrix WeSUl t 

x I 

Recoverv Result Recoverv 

BLANK Pa 

BLANK I4 

BLANK b4 

Solvent d nd 

yoinato nd rd 

Lettuce Id nd 

c- 4 
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study 119 Main Study QC Results - water Duplicate Matrix spikes #3 

stutty: 119 Saaple Date: 6/15,16/92 

halyte: Malathion and Malaoxon Extraction Set Date: 6/19/92 

MDL: Malathion - O.Sug/L & Malaoxon - l.Oug/L Report Date: 7/23/92 

Sample Extraction Set Reference: Sf@e Type: 01 Water 

78148-70156 Lab: APPL 

Malathion Malaoxm 

Lab Sanple Spike Level Result x Result x 

No. 

920619U-A 
(us/L) 

5 
w!3/1) 

3.88 

Recovery 

77.6 
(W/L) 

' 4.84 

Recovery 

96.8 
920619U-B 5 3.78 75.6 4.61 92.2 

Mean 76.6 94.5 

RPD 2.6 4.9 

Study 119 QC Results - Blanks 

Lab Sample Spike Level 

No. (ug/L) 
BLANK 0 

BLANK 0 

Analyte 
Solvent 

DI Uater 

Results in ug/L 

Malathion Nalaoxon 

ND ND 

ND ND 

11 SW-M.Xl.S c- 5 



study 119 Main study QC Results - Deposition Jar Dlcplicate #atriX Spikes #4 

study: 119 Smple Date: 6/15/92 

Anelyte: Malathion and l4aIeoxon Extraction Set Date: 6/22/92 

wL: Malathion - O.Sug/jar 8 Waleoxon - l.Oug/jer Report Date: 7/25/92 

Sample Extraction Set Reference: Serqle Type: half pint msson jar 

78175-78181 Lab: APPL 

Malathion Welaoxon 

Lab Sample Spike Level Resdt x Result x 

No. tug/jar) W/jar) Recovery (Wlar) Recovery 

9206X&-A 5 4.69 93.8 4.3 86 
920622W8 5 4.13 82.6 4.48 89.6 

Mean 88.2 87.8 

RPD 12.7 4.1 

study 119 QC Results - Blanks 

Lab Serrple Spike Level 

No. W/jar) 
BLANK 0 

Anatyte 

Sotvent 

Results in ug/jar 

Malathion Malaoxon 
ND ND 

11 SQC-M.XLS c- 6 
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S twly 1 1 9  M a i n  S tudy D C  Resul ts  -  W a ter Dupl icate Matr ix  Sp ikes  # S  

study: 1 1 9  S a m p l e  Date: 6/16/92 

Anelyte:  Ma la th ion  a n d  MaIaoxon  Extract ion Set  Date: 6/22/92 

WDL:  Ma la th ion  -  O .Sug /L  8  Ma laoxon  -  l.Oug /L  Repor t  Date: f /23/92 

S a m p l e  Extract ion Set  Reference:  

78265 -78268  

78337 -78340  

L a b  S a m p l e  Sp i ke  Leve l  

Sesp le  Type:  Dl  Uater  

Lab:  A P P L  

Mala th ion  We laoxon  

Resul t  x  Resul t  x  

No.  ( l&/L)  

9 2 0 6 2 2 W A  5  

(W/L)  
2 .96 

Recovery  

59.2 
(w/l) 

3 .74 

Recovery  

74.8 
9 2 0 6 2 2 W 8  5  3.1 6 2  3.79 75.8 

C lean  60.6 75.3 

R P D  4.6 1.3 

S tudy 1 1 9  P C  Resul ts  -  B lanks  

L a b  S a m p l e  Sp i ke  Leve l  

No. (ug/L)  
B L A N K  0  

Ana ly te  

So lvent  

Resul ts  in  ug/L 

Mala th ion  Ha laoxon  

N D  N D  

1 1  S Q C - M .X L S  c- 7  
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study 119 Wain Study QC Results - soil Dupticete Uatrix Spikes #6 

study: 119 Sample Date: 6/15/92 

Analyte: Malathion and Malaoxon Extraction Set Date: 6/23/92 

MOL: Malathion - 0.5ug/kg & Malaoxon - l.Oug/kg Report Date: r/24/92 

Senple Extraction Set Reference: Sample Type: UCR soil 

78157-78165 Lab: APPL 

Halethion Malaoxon 

Lab Senple Spike Level Result x Result x 

No. W/kg) (w/kg) Recovery (w/kg) Recovery 

78042S-A 100 85.5 85.5 95.2 95.2 

780428-S 100 86.1 86.1 94.6 94.6 

Mean 85.8 94.9 

RPD 0.7 0.6 

920623s.A 100 83.3 83.3 85.1 85.1 
920623S-8 100 87.3 87.3 93.6 93.6 

Uean 85.3 89.4 
RPD 4.7 9.5 

Study 119 QC Results - Blanks 

Lab Sample Spike Level 

No. (w/W 
BLANK 0 

BLANK 0 

Analyte 

Soil 

Solvent 

Results in ug/kg 

Malathion Walaoxon 

No ND 

ND ND 

11 SW-M.XLS c- 9 



Study 119 14aln Study PC ffesults - Sand Dupticata Matrix Sp4kes drg 

seudy: 119 Sample Date: 6/15/92 

Andyte; Malathion and Welaoxon Extraction Set Date: 6/23/92 

mL: Balillathiem - f.l.Sug/kg 8 Halaoxon - l.Oug/kg Weport Date: 7/24,25/92 

Sample Extraction Set Reference: Sample Type: UCR soil 

78166-78174 Leb: APPL 

Ualsthion Mataoxon 

Lab Se&e Spike Level Result % Result x 

No. &g/kg) (us/kg) Recovery W/W Recovery 

780438-A 100 89.2 89.2 98.4 98.6 

780435;.8 100 88.7 88.7 97.7 97.7 

Mean 89.0 98.1 

RPD 0.6 0.7 

study 119 QC Res;ults - Blanks 

Lab biple’ Spike Level 

No;, W/kg) 

BLANK 0 

BLANK 0 

Analyte 

soi 1 

Solvent 

Rewlts in ug!kg 

Malathion Malaoxon 

ND ,ND 
ND ND ' 

11 QQC-M.XLS c- 10 
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Study 119 Main Study PC Results - Soil & Sand Duplicate Matrix Spikes 17 

study: 119 Sample Date: 6/15/92 

Anelyte: Malathion and Malaoxon Extraction Set Date: 6/23/92 

HDL: Malathion - O.Sug/kg 8 Walaoxon - l.Oug/kg Report Date: 7124192 

Sample Extraction Set Reference: Serrple Type: UCR soil 

78269.78276 Lab: APPL 

Walathion Halaoxon 

Lab sample Spike Level Result x Result x 

No. W/kg) (w/kg) Recovery tug/kg) Recovery 

7804%.A 100 81.8 81.8 89.0 89 

78043s.8 100 82.8 82.8 86.1 86.1 

Mean 82.3 87.6 

RPD 1.2 3.3 

Studv 119 PC Results - Blanks 

Lab Sarrple Spike Level 

No. (w/kg) 

BLANK 0 

BLANK 0 

Analyte 

Soil 

Solvent 

Results in ug/kg 

Malathion Walaoxon 

ND ND 

ND ND 

11 SQC-M.XLS c- 11 



study 119 Mein Study PC Results - Deposition Jar Duplicate Matrix Spikes #8 

study: 119 Sample Date: 6/15/92 

Anelyte: Malathion and Malaoxon Extraction Set Date: 6/24/92 

WL: Malathion - O.Sug/jar II Malaoxon - l.Oug/jar Report Bate: 7/25/92 

smple Extraction set Reference: Senple Type: half pint msson jer 

78192.78197 Lab: APPL 

Malathion #alaoxon 

Lsb Ssnplc Spike Level Result 91 Result % 

NO. (w/jar) 

9?06?4J-A 5 

%?062$J:8 5 

(Wlar) Recovery (Wlar) Recovery 

5.1 102 5.26 105.2 
4.34 86.8 4.43 88.6 

Mean 94.4 96.9 
RPD 16.1 17.1 

study 119,QC Results - Blanks 

Lab Semple Spike 'Level 

No. W/Jar) 

BLANK 0 

Analyte 
S,olvent 

Results in ug/jar 

Malathion Ma1 aoxon 
ND ND 

11 SQC-M.XlS c- 12 



Study 119 Main Study OC Results - Soil 8 Sand Duplicate Matrix Spikes ;rO 

study: 119 Senple Date: 6/17/92 

Analyte: Malathion and Malaoxon Extraction Set Date: 6/26/92 

MDL: Malathion - 0.5ug/kg 6 Malaoxon - l.Oug/kg Report Date: 7/23/92 

Sample Extraction Set Reference: Senple Type: UCR soil 

78346.78351 Lab: APPL 

Sand Malathion Malaoxon 

Lab Senple Spike Level Result X Result X 

No. (w/kg) (w/kg) Recovery (w/kg) Recovery 

78043s.A 100 78.8 78.8 100.6 100.6 
780435-B 100 78.9 78.9 93.7 93.7 

Mean 78.9 97.2 

RPD 0.1 3.6 

Soil Malathion Malaoxon 

Lab Sample Spike Level Result X Result X 

No. W/kg) (us/kg) Recovery (ug/kg) Recovery 

78042s.A 100 76.9 76.9 72.9 72.9 
780425-B 100 75.4 75.4 91.5 91.5 

Mean 76.2 82.2 
RPD 0.1 7.1 

study 119 QC Results - Blanks 

Lab Sample Spike Level 

No. Wg/kst) 

BLANK 0 

Analyte 

Soil 

Results in ug/kg 

Malathion Malaoxon 

ND ND 

BLANK 0 

BLANK 0 

Sand 

Solvent 

ND ND 

ND ND 

I 

11 SQC-M.XLS c-13 



Studv 119 Main Studv PC Results - Tometo L Lettuce Dislo&able Duplicate Matrix Spikes 110 

Study: 119 

hlyte: Malathim and #alaoxon 
MDL: Malathion . 5ugfL & Halaoxon - lOug/L 

Reporting Units: UgfL 

sample Extraction Set Reference: 

78620.78629 Dislodgable 

Tometo 

Lab Senple Spike Level 

.No. o.i!I/l) 
78040 MA DIS 0.05 

78040 M DIS 0.05 
78040 MA 01s 0.13 

Sample Bate: 6/25/92 

Extraction Set Date: 6/26/92 

Report Date: 7/25/92 

Semple Type: Tomato'& Lettuce 

Lab: APPL 

Nalathion Malaoxon 

Result X Result X 

w/L1 Recovery W/L) Recovery 

0.06 120.0 

0.05 100.0 

0.13 100.0 

78040 MB DIS 0.19 0.11 84.6 
Mean 92.3 110.0 _ 

RPD 16.7 18.2 

Lettuce 

Lab Sanple 
NO. 

Spike Level 

tua/L) 

Mailathion Walaoxon 

Result X Result X 

(w/L) Recovery (w/L) Recoverv 

920628 MA DIS 10.8 10 92.6 
920626 MA DIS 10.8 8.7 80.6 
9i062k MA DIS 8.6 7.6 88.4 
920626 MA DIS 8.6 6.5 75.6 

Mean 78.1 90.5 
RPD 6.4 4.7 

Blanks - Dislodgable 

Haiathfm Malaoxon 

Lab Senplc Spike Level Result X Result x 

No. (U(I/L) Matrix W/L) Recovery cd/i) Recovery 

8LAtiK il 0 Soivent nd nd 

BLANK N 0 Tomato nd nd 

BLANk II 0 Lettuce nd nd 

11 SQCMXLS c- 14 
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Study 119 Mein Study PC Results - Tuneto 8 Lettuce lnternel Duplicate Matrix Spikes #IO 

study:*119 Sample Date: 6/25/92 

Anatyte: Malathion and Malaoxon Extraction Set Date: 6/26/92 

MDL: Malathion - 5ug/L & Malaoxon - lOug/L Report Date: 7/25/92 

Reporting Units: ug/L Sample Type: Tuneto & Lettuce 

Sample Extraction Set Reference: Lab: APPL 

78630.78639 Internal 

Tomato Malathion Maleoxon 

Lab Sample + Spike Level Result x Result X 

No. oJ9fL) OWL) Recovery (WI/L) Recovery 
78040 MA INT 51.9 28.7 55.3 
78040 MA IN1 51.9 24.8 47.8 
78040 MA IN1 132.7 73.7 55.5 
78040 MB INT 132.7 64.8 48.8 

Mean 48.3 55.4 

RPD 2.2 0.4 

Lettuce 

Lab Senple Spike Level 

Malathion Walaoxon 

Result x Result X 

No. (W/L) 
920626 HA IN1 5208 

WI/L) Recovery (w/L) 
5297 

Recovery 

101.7 
920626 HA INT 5208 4129 79.3 
920626 HA INT 8621 8792 102.0 
920626 MA DIS 8621 6741 78.2 

Mean 78.7 101.8 

RPD 1.4 0.3 

Blanks - Internal 

Malathion Walaoxon 

Lab sample x X 

No. Spike Level Matrix Result Recovery Result Recovery 

BLANK M OWL Solvent nd nd 

BLANK H 

BLANK W 

Tumto 

Lettuce 

nd nd 

nd nd 

11 SQC-M.XLS c- 15 



study 119 Main Study DC Results - soil L Sand Duplicate Matrix Spikes #ll 

study: 119 Se&e Date: 6/17/92 

Analyte: Malathfon and Halaoxon 

WDL: Malathion - 8.5ug/kg L l4alaoxon - f.Dw/kg 

Sample Extraction See Reference: 

78341-78345 

78387-78394 

Lab Sample Spike Level 

No. W/kg) 
78042f-A rod 

Extraction Set Date: 6/24/92 

Report Date: 7/25/92 

Swple Type: UCR soil 

Lab: APPL 

Malathion HaIaoxon 

Result x Result x 

O.Wkg) Recovery (w/kg) Recovery 

82.1 82.1 87.4 87.4 
78042S~U 100 72.1 72.1 73.5 73.5 

Mean 77.1 80.5 
RPD 13.0 17.3 

stud/ 119 QC Results - Blanks 

Lab Sample ' Spike Level 

No. Wg/kg) 

BLANK 0 

Analyte 

soi 1 

Results in ug/kg 

Malathion Nalaoxon 
ND ND 

BLANK 0 Sqlvent ND ND 

11 SQC-M.XLS c- 16 



Study 119 Uain Stub/ QC Results - Tunato & Lettuce Oislodgable Duplicate Hetrix Spikes Y12 

study: 119 Smle Date: 6/16/92 

Analyte: Malathion and Halaoxon Extraction Set Date: 6/W/92 

MDL: Malathion - Sug/L 11 Malaoxon - lOug/L Report Date: 7/23/92 

Reporting Units: w/L Sanplc Type: Tomsto L Lettuce 
I  Sample Extraction Set Reference: Lab: APPL 

78249-78256 Dislodgabte 

Tomato Malathion Halaoxon 
‘ Lab Saqzde Spike Level Result x Result x 

No. (w/L) 

78040 MA DIE 44.1 
W/L) Recovery W/L) Recovery 

38.9 88.2 
78040 UA DlS 44.1 26.4 60.3 
78040 MA DiS 45.3 39.2 86.5 
78040 MB DIS 45.3 25.9 57.2 

Mean 58.7 87.4 

RPD 5.4 1.9 

Lettuce Malathion Ralaoxon 

Lab Sample Spike Level Result x Result X 

No. (ug/L) WI/L) Recovery o&l/L) Recovery 
920618 HA DIS 5 5.4 108.0 
920618 MA DIS 5 3.2 64.0 
920618 NA DIS 5 5.6 112.0 
920618 MA 01s 5 3.5 70.0 

Wean 67.0 110.0 

RPD 9.0 3.6 

Blanks - Dislodgablt 

Halathim Hataoxon 

Lab S-la Spike Level Result x Result x 

No. (w/L) Matrix (W/L) Recovery Ml/L) Recovery 

BLANK M 0 Solvent nd nd 
BLANK M 0 Tometo nd nd 

BLANK M 0 Lettuce nd nd 

119QC-M.XLS c- 17 



study 119 Main study PC Results - Tometo C Lettuce lnternel Duplicate Hstrix Spikes #12 

Study: 119 Sanplt Date: 6/16/92 

Analyee: Malathion and Malaoxon Extraction Set Date: 6/18/92 

MDL: Malathion - 5ugjkg & Malaoxon - lOug/kg Report Date: 7/23/92 

Reporting Units: ug/kg Saqde Typt: Tomato & Lettuce 

Sample Extraction Set Reference: Lab: APPL 

78257-78264 Internal 

Tomtto Malathion Walaoxon 

Lab Sample Spike Level Result x Result x 

No. W/kg) W/kg) Recovery W/kg) Recovery 
78040 MA INT 62.3 49.5 79.5 
78040 MA INi 62.3 36.9 59.2 
7804O'MA IST 51.9 47.9 92.3 

' 78040 MB'.INt 51.9 31.7 61.1 

Mean 60.2 85.9 

RPD 3.1 15.0 

Lettuce Nalrthion Nalaoxon 

Lab'Saqjlt Spike Level Rtsult X Result X 

,No. " (ug/kg) (w/kg) RtcQVtry W/kg) Recovery 
92061.8 MA INT 3546 2800 79.0 
920618 lk ~ INT 3s4k, 1974 55.7 
920618'MA ;NT 4630' 3639 78.6 
920618'd 'INT 4630 2358 50.9 

Mean 53.3 78.8 

RPD 8.9 0.5 

Blanks{- Interna' 

Lab Sampl‘t 

,No. Sdike Level Matrix 

Malathion 

X 

Malabxw 

x 
Result R&ovtrv R&ult Recovery 

BLANK N: O&i&L Solvent rid rk' 
SiANit N 

BLANK'M 

OuJkg' 

Oug/kg‘ 

Tomato 

Lettuce 

nd ru' 

.nd nd 

11 SQC-M.XLS c- 18 



Study 119 Main Study PC Results - Tank Mix Duplicate Matrix Spikes 1113 

stub)? 119 SerrpIt Date: 6/19/92 

Analyte: Malathion and Malaoxon Extraction Set Date: 7/2/92 

HDL: Halathion - D.fug/L 6 Halaoxon - l.OWL Report Date: 7/27/92 

Sample Extraction Set Reference: Sample Type: 01 Water 

78399 Lab: APPL 

Ualathian ~alaoxm 

Lab Sample Spike Level Result ¶I Result % 

HO. (WL) (uB/L) Recovery C&!/L) Recovery 

92070W-A 5 3.6 72 3.2 64 

92070211-B 5 3.6 72 3.3 66 

Mean R.0 65.0 

RPD 0.0 3.1 

Studv 119 PC Results - Blanks 

Lab Senple 

NO. 

BLANK 

BLANK 

Spike Level Resdts in ug/L 

(uB/L) Analyte Malathion Walaoxon 

0 Uater ND ND 

0 Solvent ND no 

119QC-M.XLS c- 19 



study 119 Main Study PC Results - Water Hix Duplicate Matrix Spikes #lb 

study: 119 Sample Date: 6/19/92 

Anelyte: Mslethion and Malaoxon 

)9oL: RaIathion - D.%g/L & Halaoxon - l.Oug/L 

Senrple Extraction Set Reference: 

78395-78398 

Lab Sample Spike Level 

Extraction Set Date: Q/30/92 

Report Date: 7/27/92 

Swgle Type: DI Water 

Lab: APPL 

Malathion Halaoxon 

Result % Result x 

WO. (w/L) 
920626U-A 5 

(l&I/L) 
4.6 

Recovery (w/L) Recovery 

92 2.2 bb 
920626U-B 5 6.5 90 2.3 46 

Mean 91.0 b5.0 
RPD 2.2 5.4 

study 119 QC Results - Btenks 

Lab Senple Spike Level 

No. (w/L) 

BLANK 0 

Analyte 

Water 

Results in ug/L 

Malathion Malaoxon 

no ND 

BLANK 0 Sotvent no ND 

11 QQC-M.XLS c- 20 



Study 119 Uain Study OC Results - funato & Lettuce Dislodgable Duplicate Matrix Spikes Xl5 

study: 119 Sample Date: 6/19/92 

Anslyte: Malathion and Halaoxon 

NIL: Malathion - Sug/L L Malaoxon - lOug/L 

Reporting Units: ug/L 

Sample Extraction Set Reference: 

78371-78378 Dislodgable 

1umto 

Lab Senple Spike Level 

No. <ml/L1 

Extraction Sat Date: 6/20/92 

Report Date: t/28/92 

Sample Type: Tomato & Lettuce 

Lab: APPL 

Malathion l4alaoxon 

Result x Result X 

<w/L) Recovery (w/L) Recovery 
78040 MA DIS 67 76 113.6 
78040 WA DIS 67 60 89.6 
78040 WA DIS 67 86 125.4 
78040 UB DIS 67 65 97.0 

Mean 93.3 119.4 

RPD 8.0 10.0 

Lettuce Malathion ~alaoxon 

Lab Sample Spike Level Result X Result x 

No. (W/L) (us/L) Recovery W/L) Recovery 
920618 MA DIS 3.6 3.9 108.3 
920618 UA DIS 3.6 3.0 83.3 
920618 MA DIS 3.73 5.03 136.9 
920618 IIA 01s 3.73 3.74 100.3 

Wean 91.8 121.6 

RPD 18.4 21.8 

Blanks - Dislodgable 

Malathion Halaoxon 

Lab Sample Spike Level Result X Result X 

No. Ml/L) Matrix W/L) Recovery (W/L) Recovery 

BLANK M 0 Solvent nd rid 
BLANK II 0 Tomto nd nd 

BLANK M 0 Lettuce nd nd 

11 SQC-M.XLS c- 21 



Study 919 Hain Study QC Results - 'lameto & Lettuce InterneL Olplicate Matrix Spikes $15 

stlddy: 119 Sample Date: 6/19/92 

AnaLyte: Malathion and tdalaoxon Extraction Set Date: 6/20/92 

WL: Malathion - 5ug/kg & Halaoxon - 1Dug/kg Report Date: 7/28/92 

Reporting Unite: ug/kR Bamplo Typa: Tcmato L Lettuce 

Seqde Extraction Set Reference: Lab: APPL 

78379.78386 internal 

Tom&o Malathion Halaoxon 

Lab Senple Spike Level Result X Result X 

No. W/ko) (w/kg) Recovery (w/kg) Recovery 

781360 WA INT 66.9 bb.5 66.5 

78040 MA IIT 66.9 38.1 57.0 

78040 M f)rT 71.6 67.9 96.8 
7BWQ MB INT 71.6 58.6 81.8 

Mew 69.1 80.7 

RPO 35.9 35.1 

Lettuce 

Lt+ Sample 

No. 
92062d NA IN1 
920620 yUr !NT 

920620 HA IN1 
920620 )u IN1 

Spike Level 

W/kg) 
1196 
1196 

13$2 
1142 

Malathion Malaoxm 

Result X Result X 

W/kg) pecovery W/kg) Recovery 
726 60.7 

600 50.2 

1191 88.7 
1049 78.2 

Wean 64.2 7b.7 
RPD 43.6 37.5 

BLanks - Internal 
Wathim Malaoxm 

Lab Sample X x 
WO. Spike Level Matrix Rqult Recovery Result Recovery 

tiCiNK M Oui(/L Solvent nd nd 

BLANK M Oug/kg Tonut nd nd 
RJ.MK M Oug/kg Lettwe nd nd 

llQQC-M.XLS c-22 
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Study 119 Main Study OC Results - Tomsto Dislodgable Duplicate Matrix Spikes #16 

study: 119 Saqle Date: 7/6/92 

Analyte: Malathion and Walaoxon Extraction Set Data: 7/8/92 

WDL: Malathion - 5ug/L 6 Malaoxon - 1DWL Report Date: 7/28/92 

Reporting Units: ug/L SampleType:Tomto 

Sample Extraction Set Reference: Lab: APPL 

79045-79048 Dislodgable 

Tomato Malathion Malaoxon 

Lab Sample Spike Level Result X  Result X  

No. (ug/L) WQA.) Recovery (W/L) Recovery 
78040 HA DtS 5 5.1 102.0 
78040 HA DtS 5 3.5 70.0 
78040 UA DIS 5 5.1 102.0 
78040 M B  DIS 5 3.6 72.0 

Mean 71.0 102.0 

RPD 2.8 0.0 

Blanks - Dislodgabla 

Malathion Ualaoxon 

Lab Sampla Spike Level Result X  Result X  

NO. W/L) Matrix W/L) Recovery W/L) Recovery 

BLANK II 0 Solvent nd nd 

BLANK I4 0 1almto nd nd 

11 SQC-M.XLS C- 23 



Study 119 Main Study OC Results - Tcmsto Internal Duplicate Matrix Spikes 116 

study: 119 Sample Date: 7/6/92 

Analyte: Malathion ad Mataoxon Extraction Set Date: 7/8/92 

MDL: Malathion - 5ug/kg & MaIaoxon - lOuB/kg Report Date: 7/28/92 

Reporting Units: w/kg Sample Yypa: Tomsto 

S-18 Extraction Set Raference: Lab: APPL 

79062-79065 Interns1 

lamto Malathion Malaoxon 

Lab Sample Spike Level Result x Result x 

Na. W/kg) W/kg) Recovery (ue/ko) ~ocovury 

7qObO +!A IN1 100 116 116.0 

78040 IIA IWT 100 96 96.0 

78obo M INT 100 68 68.0 

78444 W IN1 100 

Yew 

Sb 56.0 

75.0 92.0 

RPD 56.0 52.2 

Blenkc- Internal 

Malathion Ma!aoxcm 

LSla Sempl~ X X 

NO. Spike Level Matrix Result Recovery Result Recovery 

BLANK I4 OWL Solvent nd nd 

BLANKW W/kg fcmwo nd nd 

BQlNK M W/kg Lettuw nd 4 

11 SW-M.XLS C-24 



Study 119 Main Study PC Results - Soil 8 Sand Duplicate Matrix Spikes #I7 

study: 119 Sasple Date: 6/17/92 

Analyte: Malathion and Malaoxon Extraction Set Date: 6/24/92 
MDL: Malathion - O.Sug/kg & Walaoxon - l.Ot@kg Repart Date: 7/25/92 

Sample Extraction Set Reference: Saaple Type: UCR soil 

79053-79060 Lab: APPL 

Soi 1 Malathion Halaoxon 

Lab Saqde Spike Level Result X Result X 

No. W/kg) (w/kg) Recovery (ug/kg) Recovery 
78042s"A 100 144.0 lbb 
78042S-A 100 79.b 79.b 
78042s”B 100 143.0 lb3 
780429-B 100 79.2 79.2 

Mean 79.3 14.5 

RPD 0.3 0.7 

Sad Malathion Wataoxon 

Lab Senple Spike Level Result % Result X 

No. W/kg) W/kg) Recovery (w/kg) Recovery 

78043s”A 100 132.2 132.2 
78043s"A 100 73.2 73.2 
780435-B 100 130.4 130.4 
780438-B 100 73.5 73.5 

Uean 73.4 131.3 
RPD 0.b 1.4 

Study 119 OC Results - Blanks 

Lab Sample Spike Level 

No. (us/kg) 

BLANK 0 

BLANK 0 

BLANK 0 

Analyte 

Solvent 

Soil 

Sand 

Results in ugfkg 

Malathion Malaoxwl 
ND ND 

ND ND 

ND ND 

11 SQC-M.XLS c- 25 



Study 119 Main Study OC Results - Soil & Sand Duplicate Matrix Spikes #I8 

study: 119 Sample Date: 6/25/92 

Analyte: Malathion and Halaoxon Extraction Set Date: 7/l/92 

MDL: Malethion - O.ljug/kg & Malaoxon - f.Oug/kg Report Date: 7/29/92 

Ssnple Extraction Set Reference: Saqde Type: UCR soil 

78651-78660 Lab: APPL 

soi 1 I4alathion Walaoxon 

Lab Senple Spike Level Result X Result X 

Ho. (w/kg) W/kg) Recovery (w/kg) Recovery 

78042s"A 100 129.8 129.8 

78042S-A 100 95.5 95.5 

780428-B 100 139.4 139.4 
780429-B 100 105.2 105.2 

Mean 100.4 134.6 
RPD 9.7 7.1 

Sand Malathion Malaoxon 

Lab Baqde Spike Level Result X Result X 

No. W/kg) (w/kg) Recovery W/kg) Recovery 

78043S-A 100 133.0 133 

78063s~A 100 99.8 09.8 

780435-E 100 127.1 127.1 

780438-B 100 101.2 101.2 

Mean 100.5 130.1 

RPD 1.4 4.5 

study 119 QC Results - Blenks 

Lab Sample Spiko Level 

MO. W/W 
BLANK 0 

BLANK 0 

BLANK 0 

Analyte 

Solvent 

Soil 

Sand 

Results in ug/kg 

Malathion Malaoxon 

ND ND 

ND ND 
ND ND 
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Study 119 Main Study OC Results - Water Mix Duplicate Matrix Spikes #I9 

study: 119 Se&e Date: 6/25/92 

Analyte: Malathion and Waleoxon Extraction Set Data: 7/Z/92 

MDL: Malathion - 0.5&L L Malaoxon - l.Dug/L Report Date: 7/29/92 

Senple Extraction Set Reference: Sample Type: 01 Water 

78646-78650 Lab: APPL 

Malathion Malaoxm 

Lab Sample Spike Level Result X Result x 

No. w/L) w!3/L) Recovery m/L) Recovery 
920702W-A 5 3.1 62 
920702WA 5 4.2 84 
920702WB 5 1.8 36 
920702WB 5 4 80 

Mean 82.0 49.0 
RPD 1.9 53.1 

study 119 QC Results - Blanks 

Lab Sample Spike Level 

No. (w/L) 
BLANK 0 

Analyte 

Water 

Results in ug/L 

Malathion l4alaoxon 
ND ND 

4 
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Study 119 Hein Study PC Results - Deposition Jar Duplicate Matrix Spikes #20 

study: 119 Saaple Date: 6/25/92 

halyte: Malethion and Malaoxon Extraction Set Date: 7/Z/92 

HDL: Malathion - O.Sug/jar B Malaoxon - l.Oug/jar Report Date: r/29/92 

Sample Extraction Set Reference: Sample Type: half pint mason jar 

78661 Lab: APPL 

Malathion Halaoxon 

Lab Sersple Spike Level Result x Result X 

No. (w/jar) W/jar) Recovery 0w/jar) Recovery 

920702J-A 5 3.6 72 3.2 64 

92070254 5 3.6 72 3.3 66 

Wean 72.0 65.0 

RPD 0.0 3.1 

study 119 OC ReSUltS - Bbanks 

Lab Sample Spike Level 

No. WVlar) 
BLANK 0 

Analyte 

Solvent 

Results in w/jar 

Malathion Malaoxon 

ND ND 

11 QQC-M.XLS C- 28 



? 

Study 119 Main Study QC Results - Uater Mix Duplicate Matrix Spikes #21 

study: 119 Sample Date: 7/6/92 

Analyte: Malathion and Malaoxon Extraction Set Date: 7/10/92 

MDL: Malathion - 0.5ugfL & Malaoxon - l.Oug/L Report Date: 7/29/92 

Sample Extraction Set Reference: Sample Type: 01 Uater 

79049-79052 Lab: APPL 

Malathion Malaoxon 

Lab Sample Spike Level Result X Result x 

No. (w/L) wl3fL) Recovary 04lfL) Recovery 
920702U-A 5 5.3 106 
920702U-A 5 4.2 8b 
920702U-B 5 4.8 96 

920702U-B 5 3.5 70 

Mean 77.0 101.0 

RPD 18.2 9.9 

St&y 119 OC Results - Blanks 

Lab Sample Spike Level 

No. (w/L) 
BLANK 0 

Analyte 

Water 

Results in ug/L 

Malathion Malaoxon 

ND ND 
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Storage Stability Test - Water 

BwdYc 119 
Anoo&at Wal~thion smle Type8 Of Uator 
LC)L: 0.1 ug/kg Leb; APPL 

Leb riiuple Reeul ta 
0 Day Dete M/L Mean Bo MI Sy 

@lank n 05fW92 0 %/15/92 nd 
7658&i 
76587U 
76!58an 

Blarik W 05/19/92 
16!mn 
765W 
74591n 

Blenk Y 0.5/22/92 
76592M 
7659% 
76594M 

Blank n 05/26/92 
76595M 
76196H 
7659714 

Stank I( 05/29/92 
7659BM 
7659911 
76&m 

0 J/W92 
0 S/15/92 
0 g/15/92 

11 
19 
11 
11 

14 S/29/92 
14 J/299/92 
16 S/29/92 
14 5129192 

5119192 rd 
5/19/92 730 
S/19/92 716 
VI9192 673 

5/22/92 rd 
S/22/92 652 
J/22/92 653 
S/22/92 !wI 

S/26/92 nd 
S/26/92 695 
S/26/92 Ii78 
S/26/92 552 

663 
650 
515 

nd 
8bf 
a17 
168 

609 

714 

624 4fi.8 7.15 

600 76.2 12.5 

82.0 13.4 

37.6 5.3 

811 39.9 4.9 

A mixture of Nulure beit plw 95% al Wathion was epiked into Dt natw In a ML contefner. 
The mtxture wa8 otlrred end three ILitor replicate esmplea were dram off imedtately end analyzed. 
the etlrrlna end rer@lftw prcmdure we0 followed on eech of day-e 4, 7, 11, and 14. A blank was 
analyxad ulth each sampttng Interval, 

119.DEG.XLS 
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Appendix D 

Statistical Methods 

Nonlinear Regression - BMDP Statistical Software Manual, Volume 1. 1990. p. 403 

Dixon, W.J., M.B. Brown, L.Engelman, and R.I. Jennrich (Eds), 

University of California Press, Berkeley, CA. 
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Example AR.3 
Using weights and 

requesting functiolls 
of parameters 

J 
DaiaSetAR.3 

kdioactiwily in the blood of a 
t &boon named Brunhilda 

&zwal communication fnm, 
$Mes, as reported by Jennkh 

and Bright, 1976) 

NonMnear Ftegresdon AR 

Data get AR.3 shows radioactivity counts in the blood of a baboon sampIed at 
specific times after a single injection containing radioactive sulphate. We want 
to fit the data to a two-compartment model (the sum of two exponential& 

f = p@’ + p@’ 

counts 
X104 

15.1117 
11.3601 

9.7652 
9.0935 
8.4820 
7.6891 
7.3342 
7.0593 
6.7041. 
6.4313 
6.1554 
5.9940 
5.7698 
5.6440 
5.3195 
5.0938 
4.8717 
4.5996 
4.4968 
4.3602 
4.2668 

Tie 
2 
4 

: 
10 

:i 

ii 
40 

z; 

ii 

1:: 
130 
150 
160 
170 
180 

Jennrich and Bright list the weights (not shown) used to adjust for Poisson vari- 
ation in the counts. The quantity mink&cd is the weighted sum of squared 
residuals 

r: w+yj - $2 
where the sum is over all cases read. 
We decide not to enter Jennrich and Bright’s computed weights as data, 
because we want AR to corn ute weights by the same formula Jennrich and 
Bright used, i.e., weight = 1 COUiW? To accomplish this in Input AR.3, we P 
specify the WT formula in the TRANSFORM pamgraph and include a WEIGHT 
statement in the REGRESS paragraph. Osote that we use the observed response 
to compute the weights. Example AR.5 shows how to use weights based on the 
expected response.) 
To obtain a sum of two exponential terms, we specify NMBERandPARAIUE- 
TER!? in the REGRESS paragraph. We arrive at INlTIAL values for the pammeters 
by the process described in Examples AR.1 and AR.2 
We also want to obtain estimates (and their standard errors) for two functions 
oftheparameters:thesumofthestartingcountsP1+P3attimezero,andthe 
ratio of the two rate parameters, P2/P4. We in&de an FPARM statement in the 
REcREssparagraphtogivethenumberoffunctions,~wespecifythe~ 
tions in an FPARM paragraph: 

/ FPARM Gl - Pl + P3. 
62 * P2lP4. 

(In pre-1988 versions of AR, Cl and G2 are the only allowable names of the func- 
tions; the 1988 and later versions allow you to choose names.) AR evaluates these 
functions at each iteration, estimates their standard deviations, and includes 
them in the correlation matrix of the parameters (see Landaw et aL, 1982). 
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