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Abstract 

A designed experiment was conducted to evaluate the effect of slope, water application 

rate, and formulation on diazinon movement off-site from sprinkler-irrigated turf plots. 

Each of the three factors was examined at two levels: slope at 2 % and 5 percent, water 

application rate at 3.2 and 4.9 cm hr-', and formulation using a granular and an aqueous 

concentrate formulation. Sufficient water was applied to generate 20 I-L sequential 

runoff samples from each plot after which water was turned off. There was no significant 

difference in total applied water due to any treatment factor. The total amount of water 

applied to the 0.7 m2plots was 6.50 cm k 1.76 cm, and the 20 L of runoff was 

equivalent to 46 + 10% of applied water. While there was no significant effect of slope or 

water application rate on the fraction of applied diazinon moving off-site in runoff, the 

effect of formulation was marked. The fraction of applied granular diazinon recovered in 

runoff water was 1.5 + 0.2% of application, while 21.8 r?. 4.3% of applied aqueous 

concentrate diazinon was recovered in runoff. Peak diazinon concentrations were also 

very different for the two formulations: peak diazinon runoff concentrations ranged from 

274 - 426 ug L1in the 16 granular-treated plots, while peak diazinon concentrations 

ranged from 3770 - 11000 ug L-' in the 16 aqueous concentrate-treated plots. A 

granular dissolution ratelimiting mechanism appears to reduce post-application off-site 

granular diazinon movement in runoff water relative to aqueous concentrate 

applications in turf. 
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Introduction 

Organophosphate (OP) insecticides, and particularly diazinon, have been the focus of 

numerous California surface water monitoring studies over the last decade. Although 

monitoring of urban water courses has been more limited than major rivers and 

tributaries (e.g. Spurlock, 2002), some urban data have demonstrated relatively high 

diazinon concentrations, ranging up to 1 ug L-' or more (Dubrovsky et al., 1998, Scanlin 

and Feng, 1997, Bortelson and Davis, 1997). Mechanisms of diazinon off-site 

movement to surface water from some agricultural use scenarios - such as winter 

orchard dormant spray applications - are reasonably well understood (Foe, 1995, 

Kratzer, 1997, Poletika et al., 2000, Ross et al., 1996), but far less is known about the 

nature of diazinon off-site movement in urban environments. The objective of this study 

was to estimate diazinon concentrations in runoff from turf applications under typical 

slope and water application rate conditions. 

Materials and Methods 

Study o v e ~ i e w  

The effect of formulation, slope, and water application rate on off-site movement of 

diazinon was investigated using a factorial randomized design (Table 1). Each of the 

8 treatment combinations was replicated 4 times for a total of 32 experimental plots. 

The application rates used were comparable to the diazinon product label rates for turf 

of 5 kg active ingredient ha" (4.4 lbs acre-'). Analysis of variance (ANOVA) was used to 

examine treatment effects on (a) volume of water applied to plots, (b) water runoff rate 

from the plots, (c) diazinon recovery, and (d) diazinon moving off-site. 



formulation 	 aqueous concentrate granular 
22.4% active ingredient 5.0% active ingredient 

Sitelplot description 

The study was conducted in a fallow area located on the California State University 

campus in Fresno, California. The soil is a Hanford sandy loam, a coarse-loamy, mixed, 

nonacid, thermic, Typic Xerorthorent (USDA-SCS, 1971). National Resource 

Conservation Service tabulated properties for a Hanford sandy loam are bulk density 

ranging from 1.5 to 1.6 g cm3, and a moderately rapid permeability class of 5.1 to 15.3 

cm h-I (USDA-SCS, 1971). 

Six weeks before the first runoff experiment was initiated, 0.46 m by 1.5 m sections of 

tall fescue turf were placed on soil beds that had been prepared at 2.5 % and 5% slope. 

These plots were sprinkler irrigated daily. The turf on each plot was cut to approximately 

5 cm height the day before it received a diazinon application. 

Diazlnon application 

Prior to each application, a 0.46 m by 1.5 m metal frame fitted with a drain was placed 

around the turf plot and driven into the ground approximately 10 cm, leaving 10 cm 

above the ground (Fig.1). Each plot was divided into quadrants for the granular 

application, and 1.7 g of a 5.2% diazinon granular formulation (California registration 

number 239-2479-20) was scattered over each quadrant to provide an application of 

5.0 kg of active ingredient hectare" (4.5 lbs acre-'). For application of the aqueous 

concentrate, plastic was laid on the ground adjacent to the plot and over the drain of the 

metal frame. An aqueous concentrate 22.4% diazinon formulation (California 

registration number 239-2643-AA) mixed in water was applied at a rate of 4.4 kg active 

ingredient hectare" (4.0 lbs acre-') using a C02 pressurized backpack sprayer and 

spray boom oulfitted with 3 low-pressure flat fan Teejet LP8010 spray nozzles with 



Teejet 11 750 ball check valves at 12" spacing on a 24" boom with a pressure of 24 psi 

at the spray boom. 

The diazinon application rates were based on direct gravimetric or volumetric 

measurements of the formulated granular or aqueous concentrate product. Independent 

deposition measurements were not conducted during application due to technical 

problems. The diazinon application rates of 352 mg diazinon plot-' (granular) and 312 

mg diazinon plor' (aqueous concentrate) correspond to applications of 5.0 kg ha-' and 

4.5 kg ha", approximately equal to the label application rates of 5 kg diazinon ha-'. 

Water application 

Immediately after diazinon application to a plot, sprinkler irrigation was applied through 

4 nozzles arranged in a square pattern with 76 cm spacing located 1 m above the 

surface of the plot. The nozzles were connected to a 13 psi water line, and were 

outfitted with TeeJet D l  (low application rate) or D3 (high application rate) disc type 

cone spray tips and DC 31 brass cores. Measured water application rates to the plots 

using these nozzles were 3.18 cm and 4.92 cm K' for the low and high water 

application rates, respectively. 

Sampling 

Water sam~les Water was collected in I-liter amber bottles at the drain as it ran off 

the plot (Fig. 1). Samples were labeled in the order they were collected and the time 

was recorded for each. Upon collection of 20 liters of runoff water, the irrigation water 

was turned off and no more runoff samples were taken. Samples were stored at 4 O C  

until analysis. 

TurWsoil sam~les 

Backgroundturf samples Turf samples were taken from 4 plots prior to diazinon 

application using a 6-cm diameter stainless steel tube that was driven into the ground 

approximately 2.5 cm. For each sample 3 cores were taken from each plot and 

cornposited in I-liter jars and stored at 4 OC. 



Post runoff turf samples One turf sample was taken from each plot immediately after 

the runoff event using the stainless steel coring device discussed above. 

Chemlcal analysls 

Diazinon analyses were performed by the California Department of Food and 

Agriculture Center for Analytical Chemistry, Environmental Monitoring section using gas 

chrornatographylflame photometric detection (Appendix 1). 

Matrix blanks, consisting of American River water samples, were analyzed with each 

extraction set, and no detections were found with the exception of the blanks analyzed 

on 6/18/01 and 6/19/01 (Appendix 2). Selected matrix spikes (0.08 ug L") also 

exceeded upper control limits on these dates. After evaluating the data, the probable 

cause was determined as the extremely high diazinon sample concentrations (100 -
6000 ug r')relative to the spikes and blanks, leading to carryover contamination during 

the analysis. This problem was remedied by (i) raising the reporting limit, (ii) raising the 

spike level, and (iii) further diluting the samples prior to analysis. Blanks yielded 

nondetections ( 4  ug L")on all subsequent days, and all subsequent spiked samples 

fell within the upper and lower control limits (Appendix 2). 

Mass balance calculations 

Total mass of diazinon recovered from each replicate was caiculated as the sum of 

diazinon in runoff (ug) and post-runoff diazinon remaining on the plots (ug). Diazinon 

recovered in runoff water is calculated as the sum of diazinon from each sampling 

interval (= concentration x interval volume). Post-runoff diazinon remaining on the turf 

plot was calculated as 

where C = analytical diazinon concentration in post-application turflsoil core samples 

(masslmass, wet wt. basis), 8 =water content of soil samples (mass waterlmass dry 



- - 

soil), pb = mean tuflsoil core bulk density (= 1.25 g cm3), A = plot area = 6968 cm2, 

and z = core depth = 2.5 cm. 

Data analysis 

The four primary response variables were (a) volume of water applied to the plots, (b) 

water runoff rate from the plots, (c) diazinon recovery (mass diazinon 

recovered/theoreticaI application), and (d) fraction of applied diazinon recovered in 

runoff from the plots. These were analyzed to determine the presence of significant 

treatment effects using ANOVA. Exploratory analysis indicated that diazinon recovery 

and fraction diazinon off-site data were non-normal and heteroscedastic. Consequently 

the recommendations outlined in Zar (1996) were used to evaluate treatment effects for 

those two cases: ANOVA was performed on both the untransformed data and the rank- 

transformed data. If both analyses yielded identical conclusions then that conclusion 

was considered reliable. A probability level of a = 0.05 was used for hypothesis testing. 

ANOVA tables are provided in Appendix 3. 

Results 

Water 

Total water a ~ ~ l i e d .  The total water applied to the plots ranged from 30 to 82 L (4.3 

cm to 11.8 cm), with a mean of 43 L (6.2 cm). Consequently the 20L of runoff water 

collected from each plot comprised 24 to 66 percent of the total water application with a 

mean of 46 percent (Table 2). There was no significant difference in total water applied 

due to the water application, slope, or formulation treatments (Appendix 3,Fig. 2). 

m f f  All water runoff curves (volume runoff vs. time) displayed an initial slow runoff 

phase followed by an essentially constant runoff rate (e.g., Fig 3). The initial slow runoff 

phase corresponded roughly to the first I -L  sampling period, typically about 20 minutes. 

The water applied during collection of the initial samples ranged from 5 to 20 L (0.7 cm -
2.9 cm) with a mean of 9.8 L (1.4 cm). Thus, during the initial sample collection period 

80 - 95 of applied water stayed on-site, either infiltrating or as hold-up in the turf. 



The water runoff rates (L runoff waterhime) approached a steady-state value following 

the intial slow runoff period. The treatment group-mean steady-state runoff rates are 

given by the slopes of the plots (Fig. 3), while those for the individual plots are listed in 

Table 2. The steady-state water runoff rates were independent of plot slope, but runoff 

rates for the high water application rate treatment were significantly higher than the low 

water application rate, 2.7 vs. 1.9 cm h", respectively (Appendix 3). 

In summary, there was no treatment effect on total water applied to the plots, so that the 

20 L of runoff sampled from each plot represented 46% * 10% of applied water 

regardless of slope or water application rate. However, water runoff rates were higher 

for the higher water application rate treatment group than for the lower water application 

rate. 

Diazinon recoveries from the plots were variable - ranging from 43 to 150 percent of 

theoretical application - and displayed especially high variability for the granular 

formulation as compared to the liquid formulation (Fig. 4). Consequently, the high 

variability in the granular formulation treatment recoveries was probably at least partially 

attributable to the non-uniform distribution of granular diazinon across the surface area 

of the granular-treated plots in conjunction with the post-runoff sampling method that 

used small diameter (6.4 cm) cores. 

Diazinon 

Mass balance. Diazinon recoveries from the plots were variable - ranging from 43 to 

150 percent of theoretical application -with especially high variability for the granular 

formulation treatments (Fig. 4). In all plots, the largest portion of recovered diazinon was 

that recovered post-runoff soilhurf cores as opposed to the runoff water samples. 

Consequently, the high variability in the granular formulation treatment recoveries was 

probably at least partially attributable to sampling: the non-uniform distribution of 

granular diazinon across the surface area of the granular-treated plots in conjunction 



with the small diameter cores (6.4 cm) used to sample the turf resulted in highly variable 

granular mass balance recoveries. 

In addition to their variability, diazinon recoveries were also generally low (Table 2), with 

a grand median recovery of 70% of theoretical application (Fig. 5). There was no effect 

of water application rate, plot slope, or formulation on diazinon recovery based on an 

ANOVA of recovery data ranks. A substantial amount of water applied to the plots 

stayed "on-site" (1.4 to 8.9 cm, median = 3.4 cm) as opposed to running off the plots. 

Consequently, some movement of diazinon to the subsurface via leaching was likely. 

The post-runoff soillturf core sampling depth was relatively shallow (2.5 cm), so that 

movement beyond that depth probably occurred. At least some of the unrecovered 

diazinon was probably attributable to diazinon leaching into deeper soil layers (> 2.5 cm 

depth). 

Diazinon runoff. The fraction of diazinon moving off-site in runoff was 

independent of both water application rate and plot slope treatments. However, the 

effect of formulation was marked (Fig. 6, Appendix 3); the mean fraction of theoretical 

applied diazinon recovered in runoff from the liquid formulation treatments (21.9%) was 

15 times greater than in the granular formulation treatments (1.45 %), and the diazinon 

concentration ranges in the liquid formulation runoff samples were similarly much higher 

than the granular formulation runoff samples. Concentrations in the initial liquid 

formulation runoff samples ranged from 2300 to 11,000 ug L-' (mean = 5845 ug L-') 

while those from the granular plots ranged from 41 to 365 ug L' (mean = 126 ug L') -
this in spite of the fact that the granular plots were treated with a higher diazinon 

application rate (352 mg plot-' vs. 312 mg plot-'). 

In addition to the large effect of formulation on diazinon movement off-site, the diazinon 

concentration vs. time runoff profiles were qualitatively much different. The liquid 

formulation runoff profiles generally demonstrated high initial concentrations followed by 

a relatively steady decline in concentration - similar to runoff profiles previously 

observed for liquid formulation herbicides in runoff studies on bare-ground plots 



TABLE 2. Summary of results. 
TREATMENTS~ WATER W N O N  

Plot no. formulation 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 

AC 

AC 

AC 

AC 

AC 

AC 


granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 

granular 


plot 
slope 
low 
low 
low 
low 
low 
low 
low 
low 
high 
high 
high 
high 
high 
high 
high 
high 
low 
low 
low 
low 
low 
low 
low 
low 
high 
high 
high 
high 
high 
high 
high 

irrigation 

water rate 


low 

low 

low 

low 

high 

high 

high 

high 

low 

low 

low 

low 

high 

high 

high 

high 

low 

low 

low 

low 

high 

high 

high 

high 

low 

low 

low 

low 

high 

high 

high 


duration applied water fraction steadystate recovered on recovered in total recovery fraction 
imin) (em) water runoff runoff (Urnin) plot (mg) runoff (mg) fraction application In runoff 

I 143 1 7.567 0.379 0.168 I 133.65 60.82 0.622 0.195 

min 61 4.286 0.216 0.121 92.50 3.84 0.427 0.011 
W ma, 21 1 11.786 0.670 0.437 521.34 96.89 1.496 0.310-. W median 89 6.223 0.441 0.265 178.47 24.95 0.695 0.079 

mean 100.75 6.521 0.455 0265 228.99 36.69 0.794 0.1 17 

;I AC =aqueous concentrate; slope =2.5%, 5%; irrigation rate = 3.18 cm li', 4.92 cm li' 



(Spurlock et al., 1997). However, the granular formulation plots exhibited low initial 

diazinon concentrations that gradually increased (Fig 7). This behavior, coupled with 

visual observation of granules on the turf plots after water application suggests that a 

dissolution ratelimited mechanism was operative in the granular-treated plots. 

Evans et al. (1998) also recently investigated simulated rainfall-induced runoff of liquid 

and granular diazinon formulations from turf and found much lower concentrations and 

proportions of diazinon moving off-site than this study, especially for the liquid 

formulation. However, they also considered different levels of post-application 

incorporation, or "set", irrigations as an experimental factor. These irrigations reduce 

runoff potential by moving diazinon into the root zone. Consequently the lesser 

magnitude of diazinon off-site movement observed by Evans et al. (1998) was partially 

attributable to the use of set irrigations. More importantly, they utilized experimental 

conditions that led to very low amounts of water runoff from their simulated rainfall 

events. For example, mean water runoff from their liquid formulationlno set irrigation 

replicates was 0.09 cm, or 1 % of the applied simulated rainfall. Consequently while the 

study of Evans et al. (1998) demonstrated certain conditions under which diazinon off- 

site movement from turf is minimized, the experimental conditions here are more 

representative of actual significant diazinonlturf runoff events. 

Conclusion 

A Z3 factorial randomized design was used to examine the effect of granular vs. 

aqueous concentrate diazinon formulations on diazinon runoff from turf at two sprinkler 

irrigation water application rates and two plot slopes. The 0.7 m2 experimental turf plots 

were 0.457 m x 1.52 m, and the sprinkler irrigation water application rates (3.2 cm ii' 

and 4.9 cm K') and slopes (2.5% and 5%) were chosen to cover a range of irrigation 

andlor rainfall rates and slopes that are commonly observed under actual urban turf 

conditions. The water runoff profiles (volume runoff vs. elapsed time ) of all plots 

demonstrated an initial water accumulation phase characterized by a low water runoff 



1 rate, followed by a higher steady-state water runoff rate. The fraction of applied water 

recovered as runoff was independent of slope or water application rate. 

Diazinon movement in runoff was similarly independent of the chosen irrigation water 

application rates and plot slopes, however a dramatic effect of formulation on diazinon 

off-site movement was observed. The fraction of applied diazinon recovered in runoff 

water differed by a factor of 15 between the two formulation treatments: 1.45% (f0.23 

% SD) of application was recovered off-site in the granular formulation treatments, 

whereas the diazinon recovery from runoff samples in the liquid formulation plots was 

21.8% (f 4.3%SD). 

The diazinon application rates of the two formulation treatments were similar: 312 mg 

diazinonlplot in the liquid formulation and 352 mg diazinonlplot in the granular 

formulation treatment. These rates correspond to 4.5 -5 kg ha-', close to the suggested 

label rate. The diazinon concentration vs. volume runoff profiles for the formulation 

treatments were fundamentally different in magnitude and shape; the mean initial runoff 

concentration in the granular formulation treatments was relatively low (126 ug L-') and 

concentration gradually increased to a mean of 320 ug L-' in the final (20lh)1-Lsample, 

while in the liquid formulation-treated plots the mean initial concentration was 5845 ug 

L" which gradually declined to 2353 ug L' in the final sample. The presence of 

undissolved diazinon granules was visually evident on the granular-treated plots after 

runoff. These data suggest that a dissolution rate-limiting mechanism may signif~antly 

reduce post-application off-site diazinon movement in runoff water from granular treated 

applications relative to aqueous concentrate applications in turf. 
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Figure 2. Mean water application by treatment 

(error bars - +I-standard error of mean) 
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Figure 4. Homogeniety of variance: diazinon 
recovery (fraction of applied) by formulation 

granular +-I-Levene's Test 
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0.5 	 1.0 1.5 
recovery: percent application 

Figure 5. Distribution of recoveries 
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Figure 6. Fraction of applied diazinon recovered 
off-site by formulation group 
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Variable: frac in runoff 

Group: granular 

Andersar-Darltng Nwmality Test A 
ASquand: 
P.VBIUB: 

0.7W 
0.054 

M w  
StOev 
Varknce 
Skewness 
KUlt06k 
N 

1.45E-02 
2.25E-03 
5.07%-06 

1.04218 
1.37165 

16 

95% Confidence lntetval for Mu 

Mimhum 
1st Quanile 
Median 
3rd Quartle 
Maximm 

l.1OE-02 
1.30E.02 
1.40E-02 
1.ME-02 
2.WE-02 

95% Confidence Interval for Mu 
1.33E.02 1.576-02 

0 
95% Confldeoce Interval for -~Sinma

~ ~ 

1.66&@3 3.48E-03 

95% COnfldence Interval f w  W m n  
1.30E-02 ?.JOE-02 

aq. concentrate formulation 

Minimum 0.137WO 
1st Quartlle 0.184503 
Median 0.221WO 
3rd Quarlle 0,248750 
Maximum 0.3100W 

95% Confdsnce interval f a  MI 

0.195478 0.241522 

95% Confidence Interval fw Sigma 

0.031918 0.066868 

95% Confidence lnlerval for Medbn 
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A 	Ho: data are normally distributed vs. 
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Figure 7a. Mean runoff curves (mean conc. +I-sd vs. volume) rncumulat ive mass vs. volume 
curves for granular, low slope, low water rate treatment group (plots 7,13,23,30) and 
granular, low slope, high water rate groups (plots 6,15,21,31) 
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Figure 7b. Mean runoff profiles (mean conc. +I-sd vs. volume) and cumulative mass vs. volume 
curves for granular, high slope, low water rate treatment group (plots I,10,20,25) and 
granular, high slope, high water rate groups (plots 3,9,18,27) 
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Figure 7c. Mean runoff curves (mean conc. +I- sd vs. volume) AND cumulative mass vs. volume 
curves for aqueous concentrate, low slope, low water rate treatment group (plots 5, 16,22,32) 
and aqueous concentrate, low slope, high water rate groups (plots 8,14,24,29) 
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Figure 7d. Mean runoff curves (mean conc. +I-sd vs. volume) AND cumulative mass vs. volume 
curves for aqueous concentrate, high slope, low water rate treatment group (plots 4,11,17,26) 
and aqueous, high slope, high water rate groups (plots 2,12,19,28) 
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Appendix 1 


Analytical method: Analysis of diazinon by GCWPD 




CALIPORNJA DEPT. OF FOOD & AGRICULTURE Method #: EM 46.0 
Center for Analytical Chemistry Original Date: 12/19/95 
Environmental Monitoring Section Revised: 05/01/97 
3292 Meadowview Road Page 1 of 7 
Sacramento, CA. 95832 
(916) 262-2080 F a (916) 262-1572 

Determinatlon of Organophosphate Pesticides in Surface Water using Gas Chromatography 

Scope: This method is for the determination of organophosphate pesticides in sArface water. The 
reporting limit (RL.) of the method for diazinon and chlorpyrifos is 0.04 pg/L.. Dichlorvos (DDVP), 
dimethoate, methyl parathion, malathion, ethyl parathion, methidation, phosmet, phosalone, 
azinphos-methyl, thimet, ethoprop and fonofos have a RL of 0.05 pgL. 

Principle: The surface water sample is extracted with methylene chloride. The extract is passed 
through sodium sulfate to remove residual water. The anhydrous extract is evaporated to dryness 
on a r o t q  evaporator and diluted to a final volume of 1.0 mL with acetone. The extract is then 
analyzed using a gas chromatograph equipped with a flame photometric detector (FPD). 

Reagents, Equipment and Instruments: 
Reagents: 

1 .  	 Methylene Chloride (pesticide residue grade) 
2. 	 Acetone (pesticide residue grade) 
3. 	 Sodium sulfate, anhydrous 
4. 	 Organophosphate pesticide stock standard solutions (ImgM): Obtain standards from 

Center for Analytical Chemistry, CDFA 

Equipment: 
1. R o t q  evaporator (E~lchi~~rinkmann) 
2. Nitrogen evaporator ( Organomation Model # 112) 
3. 	 Vortex-vibrating mixer 
4. 	 Conical test tube with glass stopper, 15 mL,graduated 
5. 	 Separatory funnel, 2 L 
6. 	 Boiling flask, 500 mL 
7. 	 Whatman filter paper, #4, 15 cm 
8. 	 Funnel, long stem, 60°, 100 mm 
9. 	 Disposable Pasteur pipettes, 5.75 inches 
10.Balance (Mettler PC 4400) 

Instrument: 
Hewlett Packard 5890 Series I1 GC with FPD and a HP-I, methyl silicone gum megabore 
column(l0 m x 0.53 mm x 2.65 pm). 
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Analysis: 
Sample Extraction: 
1. 	 Remove water samples from refrigerator and allow them to come to room temperature. 
2. 	 Record weight of water by weighing sample bottle before and aAer water has been 


transferred into a separatory funnel. 

3. 	 Extract sample by shaking with 100mL. of methylene chloride for 2 minutes. 


Vent frequently to relievepressure. 

4. 	 After the phases have separated, drain the lower methylene chloride layer through 20 g of 


anhydrous sodium sulfate, into a boiling flask. 

5. 	 Repeat steps 3 & 4 two more times using 80 mL of methylene chloride each time. 
6. 	After draining the final extraction, rinse the sodium sulfate with 25 mL ofmethylene 


chloride. 

7. 	 Evaporate the sample extract to just dryness on a rotary evaporator using a 35 "C 


water bath and approximately 20 inches Hg vacuum. 

8. 	 Add 5 mL of acetone and swirl to dissolve the residue in the flask. Transfer the extract 


to a calibrated 15-mL. graduated test tube. 

9. 	 Rinse flask 2 more times, each time with 2 mL of acetone and transfer each rinse to the 


same test tube. 

10. Under a gentle stream of nitrogen with no heat applied, evaporate the &tact to a volume 


slightly less than 1 mL. Then, bring to a final volume of 1.0 mL with acetone. 

11. Submit extract for GC analysis. . 
Instrument Conditions 

Primay Analysis: 


Instrument: Hewlett Packard 5890 Series11GC with FPD 

Column: HP-1,methyl silicone gum, 10 m x 0.53 mm x 2.65 pm 

Carrier gas: helium, column flow rate 20 d m i n .  

Injector temperature: 220 OC 

Detector temperature: 250 OC 

Injection volume: 3 

Column oven temperature: 


Initial temperature: 150 OC held for 1minute 

Ramp rate 1: 10 "Clmin. 

Final temperature: 200 OC held for 2 minutes 

Ramp rate 2: 20 OCImin. 

Final temperature: 250 OC held for 5 minutes 


Confirmation Analysis: 
Instrument: Hewlett Packard 5890 SeriesI1 GC with FPD 

Column: HP-17, 50% phenyl methyl silicone gum, 10 m x 0.53 mm x 2.0pm 

Injector temperature: 220 OC 

Detector temperature: 250 OC 

Injection volume: 3 pL 

Column oven temperature: 


Same as primary analysis conditions. 
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Analysis: continued 

Retention times: 

Chemicals He-1 HP-17 

DDVP 0.68 1.10 

Dimethoate 3.25 6.22 

Diazinon 4.10 5.36 

Methyl Parathion 4.75 7.50 

Malathion 5.51 8.21 

Chlorpyrifos 5.75 7.93 

Methidathion 6.67 10.36 

Phosmet 10.16 13.71 

Azinphos-Methyl 10.72 15.14 

Ethoprop 2.67 3.96 

Thimet 3.16 4.56 

Fonofos 3,89 5.62 

Ethyl parathion 5.70 8.38 

Phosalone 10.81 13.49 


Calculations: 

(peak ht of sample) (std. -no.) (ad. vol. injected) (finalMI. sample, mL) (1000 )rUmL) 
p@------.--------------------------------------------------------.-----------------2---------

@eak ht. std) (samplevol.injected) (sample wt, g) 

Method Performance: 
Quality Control: 

A three point calibration curve (0.04 ng/pL, 0.08 nglpL and 0.2 nB/pL) was obtained at the 
beginning and the end of each set of samples. Each samples shall be injected two times to insure 
reliability of the analysis. If a sample signal is greater than the highest standard, dilute the sample. 
Reinject the diluted sample and standards twice more. 

Recovev Data: 
Method validation was made by spiking 1000g ofAmerican River water with five different 

levels of spikes (0.08,0.2,0.5, 1.0, and 5.0 p&) and a blank for five different days (see appendix I). 
Recoveries of the analytes are summarized below: 

Recovery of Organophosphate Pesticides in Surface Water 

Organophosphate Spike level # Mean Recovery Standard Deviation 

Pesticides f&m @ &) (Basedon %Recweql 


ODVP 0.08 5 90.5 6.94 
0.2 5 90.3 , 6.19 
0.5 5 85.0 10.4 
1.O 5 82.9 3.83 
5.0 5 87.6 8.64 

mailto:p@------.--------------------------------------------------------.-----------------2---------


. . 
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Method Performance: continued 

Organophosphate 
Pesticides 

Spike level 
b&!U 

#&& 
a 

Mean Recovery 
M 

Standard Deviation 
(Based on % Rccwuv) 

Diethoate' 0.08 
0.2. 
0.5 
1.O 
5.0 

5 
5 
5 
5 
5 

102 
98.0 
103 
96.9 
96.2 

Methyl Parathion 0.08 
0.2 
0.5 
1.0 
5.0 

Malathion 0.08 
0.2 
0.5 
1.0 
5.0 

Ethyl parathion 0.08 
0.2 
0.5 
1.0 
5.0 

Methidathion 0.08 
0.2 
0.5 
1.o 
5.0 



. . , . . : . , ; ' .  - , , , .. . 

Surfacewater by GC . . . , .. 

Method Performance: continued 

Organophosphate Spike level Mean Recovery Standard Deviation 
h?M&a h&m Cia (Based on %Recovery) 

Ethoprop 

Fonofos 0.08 
0.2 

0.5 
1.0 
5.0 
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Method Performance: continued 

Method Detection Limit: 

Data used to calculated the method detection limit (MDL)is in appendix II. The MDL is as 
follows: 

Cornwound STDEV (UCVL] MDL (u&J 
DDVP 0.003 0.009 
Ethoprop 0.005 0.016 
Dimethoate 0.003 0.009 
Thimet 0.005 0.016 
Fonofos 0.004 0.013 
Diazinon 0.003 0.009 
M. Parathion 0.003 0.009 
Malathion 0.004 0.013 
E. Parathion 0.003 0.009 
Chlorpyrifos 0.004 0.013 
Methidathion 0.008 0.025 
Phosmet 0.004 0.013 
Azinphos methyl 0.008 0.025 
Phosalone 0.004 0.013 

These are the minimum concentrations of the above compounds that can be reported with 99% 
confidence. The method detection limit (MDL) was computed based on the following procedure: 
a) Prepared 7 replicates of the analytes at 0.05pg/L using American River water. 
b) Compute the MDL as follows: 

where; 
t is the Student 't' value for the 99% confidence level with n-1 degrees of freedom 

(n-1, 1 -a= 0.99). n represents the number of replicates. 
S denotes the standard deviation obtained from replicate analyses. 

ReporlingLimit 
The reporting limits (RJ-,) for diazinon and chlorpyrifos are 0.04p a .  For the remaining 

compounds, the RL is 0.05p@. The MDL is used as a guide to determine the RL for this method. 
The RL is 1 - 5 times the MDL. 

Discussion: 
Methidathion, phosmet, azinphos methyl and phosalone compounds weie enhatlced by the 

matrix used in the validation. To eliminate the matrix problem, spike samples at level of 0.08, 0.2 
and 0.5ppb were calculated using standards prepared in blank matrix extract. The 0.08and 0.2 
p8/mL standards were prepared by pipetting 1 mL of background matrix into different test tubes 
and evaporating them to dryness in a nitrogen evaporator at 40 OC. Then, I ml of the working 
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Discussion: continued 

standard was pipetted into the test tube separately and mixed well. These standards wereused to 
calculate the 0.08 and 0.2 pg& spikes. The 0.5 p@mL standard was prepared by pipetting 0.2 mL 
of background matrix extract into a test tube and evaporating it to dryness in a nitrogen evaporator 
at 40 O C .  Then, 1 mL of 0.5 pg/mL working standard was pipetted into the test tube and mixed 
well. This standard was used to calculate the 0.5 Clgn spikes. The 1.0 and 5.0 pg& spikes were 
calculated &g standards without addition of background matrix extract. 

Several peaks were noted in the chromatograms of the blank and samples that had the same 
retention t&es as those of phosmet, phosalone and azinphos-methyl, ~hese'inteiferences may have 
been caused by impurities in the sodium sulfate used. The interfering peaks disappeared after the 
sodium sulfate used in extraction had been washed with methylene &;ride. TO-;void these 
interferences, it is recommended that the sodium sulfate should be washed with methylene chloride 
prior to use. 

Reference: 
1. 	 SOPQAQCOO1.O, California Department of Pesticide Regulation, Environmental Hazards 

Assessment Program, 1995. 

2. 	Method 8141, Organophosphorus Pesficides, ~ a ~ i l l a r ~  Column. EPA Test Methods for 
' 

Evaluating Solid Waste.,Revised Methods, 1987. 

3. 	D A  Method 507, Pesliddes, Capillaty Column. EPA Test Method for Drinking water and 
raw source water, 1987. 

Written By: Jean Hsu 	 Updated By: Jorge L. Hernandez 

itl la ~gricultural'~hkmistLI 


Approved By: Catherine Cooper 

P a , & , ,
Title: Agricultural ~ h e m g t  111 
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Appendix 2 


QAIQC data 

matrix blanks and spikes 




Study 194 - QC for Diazinon Turf Runoff Study Summer 2001 - Matrix Spikes 
AnaMe: Diazinon QC Matrix: American river water 
~ e ~ o r t i n ~Limit: .04g/L Method: GC 
Lab: CDFA Spike Level: O.08ugR 

Extraction CDFA Spike Result % RPD 
Date Lab No. ~ e v e l  in ppb Recovery rel. % diierence 

611 8/01 137 0.08 0.074 93.0 3.6 

* Matrix blanks on 6/16 and 6/19 had reportable levels of diazinon. 
Matrix spikes on 6118 and 6/20 had recoveries that were out of control limits. 

'This was believed to be due to contamination (carry-over) from the high levels 
of diazinon in the samples. 

The samDles contained levels at the 100 to 6000 oob ranae. 
* ont tam in at ion was at .04 to .3 ppb levels. 

. . " 

" For subsequent samples the spike level and RL were raised and samples diluted 

Mean 124 

spike min 80.0 
Control LCL 61.0 
Limits UCL 125 

spike max 498 

LCL = Lower Control Limn :Meihod Validation Mean minus 3 X SD 
UCL = Upper Control Limit :Method Validation Mean plus 3 X SD 

Page 1 of Qc -194 .~1~  



Study 194 - QC for Diazinon Turf Runoff Study Summer 2001 - Matrix Spikes 
Analyle: Diazinon QC Matrix: American river water 
~eoortinoLimit: l u d L  Method: GC 

227 5.0 4.360 87.2 

6/27/01 229 5.0 4.434 88.7 0.3 


230 5.0 4.419 88.4 

6/27/01 232 5.0 4.610 92.2 2.6 


233 5.0 4.732 94.6 

6/27/01 235 5.0 4.855 97.1 3.8 


236 5.0 4.675 93.5 

6/26/0 1 238 5.0 5.008 100 0.5 


239 5.0 5.032 101 

8/28/01 241 5.0 5.246 105 4.9 


242 5.0 5.507 110 


Mean 97.2 

spike min 79.7 
Control LCL 61.0 
Limits UCL 125 

spike max 111 

LCL = Lower Control Limit :Method Validation Mean minus 3 X SD 
UCL = Upper Control Limit :Method Validation Mean plus 3 X SD 

One matrix blank was run with each extraction set, no detections were found. 

Page 2 of Qc-194.xls 



Study 194 - QC for Diazinon Turf Runoff Study Summer 2001 - Matrix Spikes 
Analvie: Diazinon QC Matrix: American river water 
~ e ~ o r t i n ~Limit: lug/L Method: GC 
Lab: CDFA Spike Level: 5.000ug/L 

Extraction CDFA Spike Result % RPD 
Date Lab No. Level in ppb Recovery ral. % difference 

6/29/01 244 5.0 5.102 102 0.4 

7/12/01 	 600 5.0 4.107 82.1 0.6 
601 5.0 4.083 81.7 

Mean 	 89.9 

spike min 76.0 
Control LCL 61.0 
Limits UCL 125 

spike max 102 

LCL = Lower Control Limit :Method Validation Mean minus 3 X SD 
UCL = Upper Control Limit :Method Validation Mean plus 3 X SD 

One matrix blank was run with each extraction set, no detections were found. 

Page 3 of Qc-194.~1~ 



Study 194 - QC for Diatinon Turf Runoff Study Summer 2001 -Matrix Spikes 
Analyte: Dlazinon OC Matnx: American river water 
Repolting Limit: luglL Method: GC 
Lab: CDFA Spike Level: 5.000upIL 

Extraction CDFA Spike ~ e s u k  70 RPD 
Date Lab No. Level in ppb Recovery rel. % difference 

7/16/01 614 5.0 4.641 92.8 6.5 
615 5.0 4.952 99.0 

Mean 92.4 

spike min 76.6 
Control LCL 61.0 
Limits UCL 125 

spike max 106 

LCL = Lower Control Llmit :Method Validation Mean minus 3 X SD 

UCL = Upper Control Limit :Method Validation Mean plus 3 X SD 


One matrix blank was run with each extraction set, no detections were found. 

Page 4 of Qc-194.~1~ 



Appendix 3 


Analysis of Variance 




3A. Response variable = Total water applied (cm) 
Analysis of Variance (Balanced Designs) 

Factor 
formulat 
slope 
water 

Type Levels Values 
fixed 2 gran 
fixed 2 hs 
fixed 2 hw . 

EC 
1s 
lw 

gran = granular 
EC = emulsifiable concentrate 
hs = high slope = 5% 
1s = low slope = 2.5% 
hw = high water application rate = 4.9 cm h-' 
lw = low water application rate = 3.2 cm h-' 

Analysis of Variance for cm total water applied 


Source DF 

formulat 1 

slope 1 

water 1 

formulat*slope 1 

formulat*water 1 

slope*water 1 

formulat*slope*water 1 

Error 24 

Total 31 


Anderson-Darling Normality Test: residuals 

HO: data follow a normal distribution vs. HI: data do not follow a normal distribution 

A-Squared: 0.367 

P-Value: 0.411 




38. Response variable = Runoff rate (I min") 
Analysis of Variance (Balanced Designs) 

Factor Type Levels Values 

slope fixed 2 hs 1s 

water fixed 2 hw lw 


hs = high slope = 5% 

Is = low slope = 2.5% 

hw = high water application rate = 4.9 crn h-' 

lw = low water application rate = 3.2 cm h-l 


Analysis of Variance for runoff rate 1 min-' 


source DF SS MS F P 
slope 
water 

1 
1 

0.001632 
0.080210 

0.001632 
0.080210 

0.51 
24.96 

0.482
111 

slope*water 1 0.004790 0.004790 1.49 0.232 
Error 28 0.089984 0.003214 
Total 31 0.176615 

Anderson-Darling Normality Test: residuals 

HO: data follow %normal distribution vs. H1: data do not follow a normal distribution 

A-Squared: 0.244 

P-Value: 0.744 




3C. Response variable = Fraction of applied diazinon recovered 
Analysis of Variance (Balanced Deslgns) 

Factor Type Levels Values 

formulat fixed 2 gran EC 

slope fixed 2 hs 1s 

water fixed 2 hw lw 


gran = granular 

EC = emulsifiable concentrate 

hs = high slope = 5% 

1s = low slope = 2.5% 

hw = high water application rate = 4.9 cm h-' 

lw = low water application rate = 3.2 cm h-' 


1. untransformed data 


Analysis of Variance for recovery 


Source 

formulat 

slope 

water 

formulat*slope 

formulat*water 

slope*water 

formulat*slope*water 

Error 

Total 


Anderson-Darling Normality Test: residuals 

HO: data follow a normal distribution vs. HI: data do not follow a normal distribution 

A-Squared: 0.502 

P-Value: 0.191 


2. rank-transformed data 

Analysis of Variance for rank-recovery 


Source 

formulat 

slope 

water 

f ormulat* slope 

formulat*water 

slope*water 

fonnulat*slope*water 

Error 

Total 


Anderson-Darling Normality Test: residuals 

HO: data follow a normal distribution vs. HI: data do not follow a normal distribution 

A-Squared: 0.469 

P-Value: 0.233 




3D. Response variable = Fraction of applied diazinon recovered in runoff 
Analysis of Variance (Balanced Designs) 

Factor Type Levels Values 

formulat fixed 2 gran EC 

slope fixed 2 hs 1s 

water fixed 2 hw lw 


gran = granular 

EC = emulsifiable concentrate 

hs = high slope = 5% 

1s = low slope = 2.5% 

hw = high water application rate = 4.9 cm h-' 

lw = low water application rate = 3.2 cm h-' 


1. untransformed data 


Source 
formulat 

DF 
1 

SS 
0.332928 

MS 
0.332928 

F 
309.45 

P
5 

slope 1 0.000055 0.000055 0.05 0.823 
water 1 0.000925 0.000925 0.86 0.363 
formulat*slope 1 0.000105 0.000105 0.10 0.757 
formulat*water 1 0.001152 0.001152 1.07 0.311 
slope*water 1 0.000003 0.000003 0.00 0.957 
formulat*slope*water 1 0.000015 0.000015 0.01 0.907 
Error 24 0.025821 0.001076 
Total 31 0.361004 

Anderson-Darling Normality Test: residuals 
HO: data follow a normal distribution vs. HI: data do not follow a normal distribution 
A-Squared: 2.400 
P-Value: 

2. rank-transformed data 


Source DF 

formulat 1 

slope 1 

water 1 

formulat*slope 1 

formulat*water 1 

slope*water 1 

formulat*slope*water 1 

Error 24 

Total 3 1 


Anderson-Darling Normality Test: residuals 
HO: data follow a normal distribution vs. HI: data do not follow a normal distribution 
A-Squared: 0.235 
P-Value: 0.772 



Appendix 4 


ConcentrationNolume/Time Data 
by plot 



Study 194 - Results for Surface Water Runoff for Diazinon Turf Runoff Study Summer 2001 
Analyte: Dlazinon Date of Sampling: 6/01 - 7101 
Re~ortina Limit: lualL Matrix: Runoff Water 

Order uglL minutes (inches) ug/L minutes (inches) ualL minutes (inches) ug/L minutes (inches) 

1 136 54 1.13 95.7 34.0 0.71 114 32 0.67 40.9 18.0 0.38 

2 171 9 0.19 72.0 9.0 0.19 72.1 6.0 0.13 86.1 6 0.13 


20 
Totals 

269 
4768 

7 
211 

0.15 
4.40 

329 
4971 

4 
171 

0.08 
3.56 

242 
4500 

6 
135 

0.13 
2.81 

281 
3836 

3 
90 

0.06 
1.88 

Mean of 
Total Diadnon 
Runoff in uq 

Mean 4519 

Mean of 
Total Time 
in minutes 

152 

Mean of 
Total Water 

3.16 

Samples are 1 liter surface water samples taken as they drained from the plot. 
Liquld and granular formulations were applied at 4.0 and 4.5 lbs ai per acre, respectively. 
Low Slope = - 2.5% Low water = 1.25"ihour 
High Slope = -5% High water = 1.9Y"lhour 



study 194 - Results for Surface Water Runoff for Diazinon Turf Runoff Study Summer 2001 
Analyte: Diazinon Date of Sampling: 6/01 - 7/01 
Rewrtina Limit: IuolL Matrix: Runoff Water 

Order ug/L minutes (Inches) ug/L minutes (inches) ug/L minutes (Inches) uqlL minutes (inchesl 
1 200 27 0.86 181 25 0.80 56.4 14.0 0.45 100 20 0.64 
2 281 6 0.19 213 4 0.13 82.0 3.0 0.10 140 

20 
Totals 

367 
8269 

4 
113 

0.13 
3.62 

281 
5042 

2 
63 

0.08 
2.86 

294 
4660 

3 
66 

0.10 
2.11 

350 
5319 

3 
83 

0.10 
2.66 

Mean of 
Total Diazinon 
Runoff in ug 

Mean 5323 
SD 686 
CV 13 

Meanof 
Total Time 
in minutes 

86 
20 
23 

Mean of 
Total Water 

(Inches) 
2.76 
0.83 
23 

Samples are 1 liter surface water samples taken as they drained from the plot. 
Liauld and oranular formulations were applied at 4.0 and 4.5 lbs ai per acre, respectivelv. . . 
LOW Slope h -2.5% Low wate; = 1.25"ihour 
High Slope = -5% High water = 1.92"Ihour 



Study 194- Results for Surface Water Runoff for Diazinon Turf Runoff Study Summer 2001 
Analvte: Diazinon Date of Sam~lina: 6/01 - 7/01 
~eport in iLimit: lug/L Matrix: ~und f f  Water 
Method: -GC/FPD Lab: CDFA 

, 

Order 
1 
2 

ug/L 
365 
382 

mlnutes 
32 
7 

(inches) 
0.67 
0.15 

udL 
82.6 
88.8 

minutes 
23.0 
5.0 

(Inches) 
0.48 
0.10 

udL 
59.2 
111 

minutes 
19.0 

5 

(inches) 
0.40 
0.10 

udL 
49.9 
68.9 

minutes 
14 
4 

(inches) 
0.29 
0.08 

19 
20 

Totals 

382 
409 
7149 

4 
4 

120 

0.06 
0.08 
2.50 

257 
267 
3430 

6 
6 

114 

0.13 
0.13 
2.38 4357 91 

0.00 
0.00 
1.90 

304 
283 
4505 

4 
3 
81 

.. 
0.08 
0.06 
1.69 

Mean of 
Total Diazlnon 
R-

Mean 4860 
SD 1598 

Mean of 
Total Time 
in minutes 

102 
19 

Mean of 
Total Water 

(inches) 
2.1 1 
0.39 

Samples are 1 liter surface water samples taken as they drained from the plot. 
Liquid and granular formulations were applied at 4.0 and 4.5 lbs ai per acre, respectively. 
Low Slope = -2.5% Low water = 1.25"/hour 
High Slope = -5% High water = 1.92"/hour 



Study 194 - Results for Surface Water Runoff for Diazinon Turf Runoff Study Summer 2001 
Analyte: Diazinon Date of Sampling: 6/01 - 7/01 
Reoortina Limit: IualL Matrix: Runoff Water 

Order UQ/L minutes (inches) ug/L minutes (inches) uq/L minutes (inches) uglL minutes (inches) 

1 123 20 0.64 100 14 0.45 170 16 0.51 138 17 0.54 

2 201 3 0.10 183 3 0.10 176 3 0.10 192 4 0.13 


20 
Totals 

347 
5214 

3 
75 

0.10 
2.40 

335 
4989 

3 
64 

0.10 
2.05 

414 
5679 

3 
73 

0.10 
2.34 

318 
5151 

4 
86 

0.13 
2.75 

Mean of 
Total Diazinon 
R m 

Mean 5258 

Mean of 
Total Time 
in minutes 

75 

Mean of 
Total Water 

(inches) 
2.38 

Samples are 1 liter surface water samples taken as they drained from the plot. 
Liquid and granular formulations were applled at 4.0 and 4.5 lbs ai per acre, respectively. 
Low Slope = - 2.5% Low water = 1.25"/hour 
High Slope = -5% High water = 1.92"/hour 



Study 194 - Results for Surface Water Runoff for Diazinon Turf Runoff Study Summer 2001 
Analyte: Diazinon Date of Sampling: 6/01 - 7/01 
Re~ottingLimit: I u a L  Matrix: Runoff Water 

Order ugIL minutes (inches) uglL minutes (inches) uglL minutes (inches) ualL minutes (inches) 
1 6790 26 0.56 6160 19 0.40 5720 13 0.27 4360 22 0.46 
2 4690 7 0.15 4500 6 0.13 5610 4 0.06 5090 6 0.13 
3 4260 7 0.15 4990 5 0.10 5670 4 0.06 4840 5 0.10 
4 3650 7 0.15 4650 5 0.10 5700 4 0.06 4740 4 0.06 
5 3720 6 0.13 4600 4 0.06 5550 4 0.06 4220 5 0.10 
6 3320 6 0.13 4360 4 0.06 4960 4 0.08 4320 5 0.10 
7 3160 6 0.13 4340 4 0.06 4660 5 0.10 4070 4 0.06 
6 3100 6 0.13 4030 4 0.06 4740 5 0.10 3450 3 0.06 
9 2630 6 0.13 3940 4 0.06 4420 4 0.06 3460 5 0.10 
10 2610 5 0.10 3640 4 0.06 3730 5 0.10 3620 4 0.08 
11 2610 6 0.13 3600 4 0.06 4340 5 0.10 3130 3 0.06 
12 2560 7 0.15 3440 4 0.06 3660 5 0.10 2960 4 0.08 
13 2520 5 0.10 3260 4 0.06 3740 6 0.13 2660 4 0.08 
14 2390 6 0.13 3140 4 0.06 4010 5 0.10 2740 4 0.06 
15 2150 6 0.13 3130 5 0.10 3060 5 0.10 2960 4 0.06 
16 2230 6 0.13 3050 4 0.06 3120 5 0.10 2690 3 0.06 
17 2060 5 0.10 2930 5 0.10 2760 5 0.10 2630 4 0.06 
16 2060 6 0.13 2940 5 0.10 3150 6 0.13 2830 4 0.08 
19 1940 6 0.13 2630 5 0.10 2970 6 0.13 2760 4 0.06 
20 1910 6 0.13 2040 4 0.08 3020 6 0.13 2440 4 0.06 

Totals 60620 143 2.96 75590 103 2.15 65430 106 2.21 70470 101 2.10 

Mean of Mean of Mean of 
Total Diazinon Total Time Total Water 
Runoff in ug in mlnutes (inches) 

Mean 73076 113 2.36 
SD 10262 20 0.42 
CV 14 16 16 

Samples are 1 liter surface water samples taken as they drained from the plot. 
Liquid and granular formulations were a ~ d i e d  at 4.0 and 4.5 lbs ai oer acre. resoectivelv. . ~. ~~~ .~ 

LOW Slope = - 2.5% LOW watei = 1.25"lhour 
High Slope = -5% High water = 1.92"/hour 



Studv 194 - Results for Surface Water Runoff for Diazlnon Turf Runoff Studv Summer 2001 
Analvte: Dlazinon Date of Sampling: 6/01 - 7/01 
~eportlngLimit: luglL Matrix: Runoff &ter 

Order ug/L minutes (inches) udL minutes (inches) ua/L minutes (inches) ualL minutes (inches) 
1 3970 24 0.77 2300 19 0.61 8070 17 0.54 4910 17 0.50 

19 
20 

Totals 

1760 
1910 
55270 

3 
3 
85 

0.10 
0.10 
2.72 

1820 
1670 

56680 

. 3 
4 
87 

0.10 
0.13 
2.78 

2660 
2630 
80470 

3 
3 . 
82 

0.10 
0.10 
2.62 

2230 
1820 
69060 

2 
2 
61 

0.06 
0.08 
1.95 

Mean of 
Total Diazinon 
Runoff in ug 

Mean 65370 
SD 11820 
CV 18 

Mean of 
Total Time 
in minutes 

79 
12 
15 

Mean of 
Total Water 

(inches) 
2.52 
0.38 
15 

Samples are 1 liter surface water samples taken as they drained from the plot. 
Liquid and granular formulations were applied at 4.0 and 4.5 lbs ai per acre, respectively. 
Low Slope = -2.5% Low water = 1.2Whour 
High Slope = -5% High water = 1.92"/hour 



Study 194- Results for Surface Water Runoff for Diazinon Turf Runoff Study Summer 2001 
Anslvta: Diazinon Date of Sampling: 6/01 - 7/01 
~aoortinoLimit: lua/L Matrix: Runoff Water 

order 
1 

uglL 
7940 

minutes 
24 

(inches) 
0.50 

uglL 
4020 

minutes 
33 

(inches) 
0.69 

ug/L 
9190 

minutes 
13 

(inches) 
0.27 

ug/L 
I1000 

minutes 
14 

(inches) 
0.29 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Totals 

2650 
2870 
2750 
2660 
3080 
2660 
2000 
3540 
3150 
2710 
3220 
2890 
2920 
3000 
1630 
2610 
2660 
69180 

7 
5 
6 
6 
5 
6 
6 
6 
5 
6 
6 
5 
5 
5 
5 
4 
5 

129 

0.15 
0.10 
0.13 
0.13 
0.10 
0.13 
0.13 
0.13 
0.10 
0.13 
0.13 
0.10 
0.10 
0.10 
0.10 
0.08 
0.10 
2.69 

1570 
1600 
1270 
991 
1560 
2270 
2230 
1690 
2150 
2520 
1973 
2300 
1690 
2060 
1960 
2060 
2070 
42744 

5 
5 
6 
5 
5 
5 
5 
4 
5 
4 
4 
4 
4 
6 
5 
4 
5 

128 

0.10 
0.10 
0.13 
0.10 
0.10 
0.10 
0.10 
0.08 
0.10 
0.08 
0.06 
0.06 
0.06 
0.13 
0.10 
0.06 
0.10 
2.67 

6470 
5750 
4450 
5680 
5060 
4500 
4160 
4490 
4030 
4000 
4030 
3760 
3720 
3530 
3360 
3400 
3290 
96890 

3 
4 
3 
4 
3 
3 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
83 

0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.08 
0.06 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
1.73 

4960 
4600 
4040 
3250 
3190 
3490 
3310 
3500 
3090 
2940 
3060 
2460 
2590 
2640 
2220 

2672 
71032 

4 
5 
4 
5 
5 
5 
5 
4 
3 
3 
4 
4 
3 
3 
4 
3 
4 
90 

0.06 
0.10 
0.08 
0.10 
0.10 
0.10 
0.10 
0.08 
0.06 
0.06 
0.08 
0.08 
0.06 
0.06 
0.08 
0.06 
0.08 
1.88 

Mean of 
Total Diazinon 
R m 

Mean 69962 
SD 22119 

Mean of 
Total Time 
in minutes 

106 
24 

Mean of 
Total Water 

(inches) 
2.24 
0.51 

Samples are 1 liter surface water samples taken as they drained from the plot. 
~ i ~ ~ l band granular formulations were appiled at 4.0 and 4.5 ibs ai per acre, respectively. 
Low S lo~e = - 2.5% LOWwater = 1.25'ihour 
High slope = -5% High water = 1.92"lhour 



Study 194- Results for Surface Water Runoff for Diazinon Turf Runoff Study Summer 2001 
Analyta: Diazinon Date of Sampling: 6/01 - 7/01 
Reoortina Limit: l u d L  Matrix: Runoff Water 

Order uglL minutes (inches) udL minutes (inches) ug/L minutes (inches) ua/L minutes (inches1 
1 4210 18 0.58 3730 35 1.12 6830 15 0.48 4280 10 0.32 
2- 3950 3 0.10 3570 7 0.22 6220 5 0.16 5040 4 0.13 
3 3650 3 0.10 3310 6 0.19 5100 4 0.13 4460 3 0.10 
4 3460 3 0.10 3550 7 0.22 4750 4 0.13 4100 3 0.10 
5 3240 3 0.10 3640 8 0.26 4570 4 0.13 3540 3 0.10 
6 3090 3 0.10 3770 8 0.26 4640 4 0.13 3650 3 0.10 
7 1840 3 0.10 3650 7 0.22 4020 4 0.13 3320 3 0.10 
8 1700 3 0.10 3320 8 0.26 3960 3 0.10 3360 3 0.10 
9 1950 3 0.10 3220 6 0.19 3910 4 0.13 2850 3 0.10 
10 3080 3 0.10 2840 6 0.19 3660 4 0.13 2410 2 0.06 
11 2720 2 0.06 2890 5 0.16 3410 3 0.10 2990 3 0.10 
12 2770 3 0.10 2900 5 0.16 3620 4 0.13 2800 3 0.10 
13 2580 3 0.10 2830 5 0.16 3300 3 0.10 2970 3 0.10 
14 2530 3 0.10 2670 5 0.16 3410 4 0.13 2560 3 0.10 
15 2460 3 0.10 2880 6 0.19 2571 4 0.13 2450 3 0.10 
16 2320 3 0.10 2660 5 0.16 3220 4 0.13 2650 2 0.06 
17 2260 2 0.06 2400 4 0.13 2960 4 0.13 2400 3 0.10 
18 2200 3 0.10 2380 4 0.13 2850 4 0.13 2020 3 0.10 
19 2210 3 0.10 2280 4 0.13 2640 4 0.13 2100 3 0.10 
20 2110 2 0.06 2330 4 0.13 2860 3 0.10 2220 2 0.06 

Totals 54530 72 2.30 61020 145 4.64 78521 88 2.82 62190 65 2.08 

Mean of Mean of Mean of 
Total Diazinon Total Time Total Water 
Runoff in ug in minutes (inches) 

Mean 64065 93 2.96 
SD 10209 36 1.16 

Samples are 1 liter surface water samples taken as they dra:ned from the plot. 

Liarrid and granular formulations were applied at 4.0 and 4.5 ibs ai per acre, respectiveiv. 

L ~ WSlope = -2.5% Low water = 1.25"lhour 

High Slope = -5% High water = 1.92"/hour 





