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ABSTRACT

Alachlor and metolachlor have been found in ground water as the resul. of
leaching after application to crops in cther states. A well sampling survey
was conducted to determine the presence of residues of alachlor, metolachlor,
atrazine and nitrate in well water samples obtained from corn and dry bean
production areas of California. The study was, in part, an extension of a
previous survey, conducted in corn and dry bean cropped areas of the
Sacramento Valley: similarly cropped areas were located in Merced County in
the San Joaquin Valley and wells were sampled for the presence of herbicide
residues. Analyses for atrazine and nitrate were included because atrazine
has also been found in ground water as a result of use on corn and because
nitrate has been proposed as an indicator for areas vulnerable to leaching.
No confirmed residues of alachlor, metolachlor or atrazine were found,
Nitrate was detected in 15 of 30 well samples: all 15 were above 10 ppm and 6
of the samples were above the 45 ppm EPA maximum contaminant level. Although
dairies were located in 14 of the 19 sampled sections, residues were below the
level of detection of 0.5 ppm in 5 of those sections. Nitrate was also
detected in well water samples taken from sections where dairies were not
located. Even though dairies could be a source of nitrogen for residues in
well water, the results from this study were inconelusive and would require a
larger study to determine the exact source of the contamination.

Of considerable interest was the relation of residues to geological and well
construction features. As part of the study design, each section in the study
area was assigned a value indicating potential for contamination by leaching
through soil. The soil wvulnerability rating was based on a previous study
that related the occurrence of DBCP residues in well water to soil
nomenclature at the family level of taxonomic organization. The data for
nitrate indicated that the percentage of detections was not related to
sectional wvulnerability rating, but the mean value of positive samples
appeared to increase as the vulnerability rating increased. Concentration,
however, also appeared to be related to the depth of perforations in well
casings: nitrate concentrations tended to be greater in shallower wells. When
all data were analyzed, a regression model, predicting nitrate concentrations
as a function of soil vulnerability and depth to perforations with the
inclusion of an interaction term, was significant at p=0.05 but it only had an

R2 = 25%. Other explanatory variables, such as the exact input of nitrogen

per acre, may be needed in order to improve the model. Since concentrations
of nitrate appeared to be related to both soil vulnerability and to depth of
the sampled aquifer, collection of data on well characteristics could aid in
the interpretation of studies intended to relate surface land features with
concentrations of agricultural chemicals detected in well water.
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INTRODUCTIOn:

This study was an extensicn of a previous well survey conducted by the
California Department of Food and Agriculture (CDFA) to determine whether
residues of alachlor could be detected in well water in the Sacramento Valley
(Welling and Nicosia, 1986). d4lachlor is primarily used as a pre-emergent and
early post-emergent herbicide for control of annual grasses in corn and dry
beans. The potential for movement of alachlor through soils to ground water
is considered high because it has been found in well water samples taken from

corn production areas in Nebraska (Wehtje, et. al., 1984).

In California, alachlor residues have yet to be detected in ground water as a
result of non-point source leaching through soils from agricultural
applications (Ames, 1988). One well sampled in the Sacramento Valley had a
confirmed positive residue for alachlor (Welling and Nicosia, 1986). However,
the well was in disrepair and there was evidence of leakage of surface water
directly into the wellhead; The detection was determined to be a point source

and nat the result of non-point source leaching.

The previous survey was conducted in 1985 in the Sacramento Valley which
refers to the portion of the Central Valley that is north of the American
River (Department of Water Resources, 1980). In order to provide data in
other portions of California, corn and dry bean production areas were also
identified in the San Joaquin Valley, the portion of the Central Valley south
of the American River. Tor this study, well water samples were taken from
corn and dry bean growing areas located in Merced County and they were
analyzed for the presence of alachlor. In addition to alachlor, samples were

also analyzed for ztrazine, metolachlor and nitrate. Atrazine and metolachlor



were included because they are used on corn and dry beans and they alsoc have a
potential to leach through soils (Cohen, et, al., 1984). Nitrate was included
because concentrations in ground water have been shown to be associated with
agricultural use (Canter, 1987) and with occurrence of pesticide residues

(Libra, et al., 1987; Baker et al.,1989)

One other aspect of this study was the use of soil 'mapping units as a
stratification wvariable in the sampling design. A previocus study using data
from Fresno County, Califernia, 'sought to assess the utility of available
soil and groundwater data bases in predicting groundwater contamination by
pesticides' (Teso et al., 1988). Those results -indicated a spatial
association between wells with DBCP residues and soil nomenclature. For this
study, areas where corn and dry beans were grown were stratified by a soil
vulnerability rating ‘that was based on the Fresno County analysis, Similar
soils occurred in both counties. ‘Regression analysis was used to explore
.possible relationships between conecentrations of detected chemicals, the soil
vulnerability rating, and depth to perforations, a well characteristic that

indicates ‘the depth of the aquifer from which ground :water is obtained.



MATERIALS AND METHODS

Study Design
The identification of sampling sites was based on cropping patterns and on
soil data. First, the corn and dry bean production areas of Merced County
were identified on a sectional basis. A section, as defined by the United
States Geographical Service's Public Survey Coordinate System (Foote and
Davis, 1966), is a one square mile area of land. In each section, the crop
production information was overlain with an index for vulnerability of
assoclated soils to leaching. Vulnerability ratings were statistically
generated from Teso et al. (1988) who determined the relationship between the
occurrence of DBCP residues in well water and the nomeneclature of soils within
sections located in Fresno County. In that study, projected ratings were
tested for sections in Merced County because soils of the same family existed
in Merced County. The same sectional ratings derived in that previous study
were used in this study to initially stratify the well sampling into 3
categories: 0-33%, 34-67% and 68-100% (Appendix I). A group of ten sections
where corn or dry beans were grown were assigned to each probability range.
One well was to be sampled per section. However, problems with well
construction and with consent of well owners limited availability of wells for
sampling. The number of sections and number of wells sampled in each section
differed from original projections: ten wells in six sections were sampled in
the 68-100% category, eleven wells in seven sections were sampled in the 34-
67% category, and nine wells in six sections were sampled in the 0-33%

category (Figure 1.).
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Figure 1. Well sampling area in northwest Merced County.




Samples were analyzed for the presence of alachlor, metolachlor, atrazine, and
nitrate. HRegression analysis was used to test for vrelationships between
detecved chemical residues and the projected ratings for soil vulnerability
and depth to well perforations, a well characteristic that indicates the depth
ol the aguifer from which water was drawn. For completeness, both sequential
(Type 1) and partial (Type I1) sums of squares are presented (SAS Institute

Inc, 1986).

Sample Collection
Well water samples were collected from 30 wells in February, 1987. Owing to
conflicting results for atrazine and alachlor between the two analyzing
laboratories during the first sampling, it was necessary to resample the
original wells. However, only twenty-nine wells were resampled in May, 1987
because one owner refused permission for resampling. Samples from February
were analyzed for pesticide and nitrate residues and samples from May were

analyzed only for pesticide residues.

Prior to sampling, well logs were obtained for the area of interest. 411
wells selected for sampling had cement or bentonite sanitary seals and a
sampling port located before any in-line filter systems. Shallow wells and
wells with sampling ports between the well and tank were selected
preferentially. Owners of selected wells were asked to grant permission to

sample.

When possible, the well pumps were run for the amount of time needed to flush
three <times %the amount of standing water from the casing. All samples were
collected in one-liter amber glass bottles with aluminum foil-lined 1Iids.

Each bottle was rinsed and then filled with water from the sampling port. The



samples were stored on wet ice and kept refrigerated at 4° C wuntil analysis.
Well water pH and other pertinent sampling data were recorded on the

accompanying chain of custody.

Chemical Analyses
For the 30 well water samples collected in February, 1987, the primary
analyses were conducted by Agricultural and Priority Pollutants, Laboratories,
Ine. (APPL) in Fresno, California. Quality control analyses were conducted by

the CDFA Chemistry Laboratory Services Branch in Sacramento, California.

Detection of alachlor, atrazine, and metolachlor residues was accomplished by:
a methylene chloride extraction, extract concentration, solvent exchange (to
hexane at APPL or ethyl acetate at CDFA), and analysis using gas
chromatography. APPL laboratory used a Lachet Autoanalyzer to detect nitrate.
Replicate analyses were used to confirm detected levels. The CDFA laboratory
did not conduct nitrate analyses. A detailed description of analytical

methods is presented in Appendix II,

Quality control procedures for pesticide analyses included the analysis of
split samples and replicate samples (Appendix I1I11). Samples from 6 wells were
split into two portions; one portion was analyzed by APPL laboratory and the
other portion by the CDFA laboratory. At each well, two replicate samples

were collected for each pesticide analysis.

All positive detections found by the CDFA laboratory were subject to
confirmation by a second column and detector on the gas chromatograph. A
detailed description of quality control procedures used within each laboratory

is presented in Appendix II.



For the 29 well water samples collected in May, 1987, the primary analyses
were conducted by the CDFA  laboratory and quality control analyses uere
conducted by APPL laboratory. Water samples were analyzed for alachlor,
atrazine and metolachlor but not for nitrate. Analytical methods were
identical to those used for the February sampling. The same quality control
procedures were used with one exception, a field blank (a sample of pesticide-
free deionized water) was prepared at each well site and submitted with the

samples,



RESULTS AND DISCUSSION

Information collected on sanpled wells is presented in Table 1. Most were
cased with PVC, sealed with bentonite and used for domestic purposes. During
analysis of .the data, it  was discovered that one of the sections was
originally misclassified so the actual number of wells sampled in each soil
probability range was: 9 wells in the 0-33% range, 11 wells in the 34-67%
range, and 10 wells in the 68-100% range. Also, the initial design was based
on one well sample per section, but there were insufficient acceptablé wells
in the study area to fulfill this requirement so multiple samples were taken

in a section.

Pesticide Analysis

' There were no confirmed residues of alachlor, meétolachlor or atrazine in any
of the water samples taken during the February or May sampling dates. Thus,
no statistical test was possible between the occurrence of'pesticide'residues
and the section soil probability ratings. Results for all analyses of
samples, replicate samples and split samples between laboratory are given in
Table 2. Since most analyses were negative (below the detection limits), data
for quality control indicated good agreement betweén replicate samples aﬁd
split laboratory samples. There were a few detections, but they could not be
confirmed so they were considered false positives. More specifically, one
sample initially tested positive for alachlor at 0.1 ug/L and two samples
tested positive for atrazine at 0.07 and 0.1 ug/L. These results could not be

confirmed,



Table 1. Data obtained from well logs describing the condition of the wells

sampled.
Well Range in Depth of Casing Sealing Use
Identification Perforations the casing Material Material

{feet) (feet)

't 50 - 60 67 PVC Bentonite Domestic
a2 55 - 65 65 PVC Bentonite  Domestic
A3 30 - 110 110 PVC Bentonite Domestic
A5 113 - 152 160 Steel  Cement Irrigation
A6 85 - 105 105 Steel Bentonite Domestic
AY 250 - 290 290 PVC Bentonite Domestic
A8 65 - 85 85 PVC Bentonite  Domestic
A9 bs - 65 65 PVC Bentonite  Domestic
A10 54 ~ b4 64 pPVC Bentonite Domestic
B1 105 - 125 125 PVC Bentonite Domestic
B2 115 -~ 115 115 PVC Bentonite Domestic
B3 105 - 125 125 PVC Cement Domestic
BY 98 - 148 148 PVC Bentonite  Domestic
BS by - 62 62 PVC Bentonite Domestic
B6 110 - 140 140 PVC Cement Domestic
B7 154 - 164 164 PVC Bentonite Domestic
B8 180 - 200 200 PVC Bentonite  Domestic
B9 140 - 180 180 PVC Bentonite  Domestic
B10 63 - 83 83 PVC Bentonite  Domestic
B11b 85 - 100 100 PVC Bentonite  Domestic
C1 7% - 85 85 PVC Bentonite Domestic
c2 85 - 100 100 PVC Bentonite  Domestic
C3 120 - 140 140 PVC Bentonite Domestic
cl 50 - 80 80 PVC Bentonite Domestic
c5 106 -~ 116 116 PVC Bentonite Domestic
cé 87 - 107 107 PVC Cement Domestic
Cc7 137 - 157 157 PVC Cement Domestic
c8 70 - 90 90 Steel Bentonite Domestic
C9 115 - 135 135 PVC Bentonite Domestic
C10 110 - 130 130 pvC Bentonite Domestic
a

A, B and C refers to soil sectional probability ranges of 0-33, 34-67 and
68-100%, respectively.

b This well was originally designated as Al but subsequently assigned to the B
range.



Table 2. Results of the Merced County sampling, February -~ March, 1987.

Samples with no detectable amount are indicated by a < sign and the
cetection 1limit. APPL=Agricultural Priority Pollutants Laboratory,
Fresno, California; CDFA=Laboratory Services, California Department
of' Food and Agriculture.

Well 1D Date sampled Laboratory Alachlor Metolachlor Atrazine
(ppb) (ppb) (ppb)
AO7 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
CDFA 0.1 <0.2 0.1
5/5/87 APPL <0.1 <0.1 <0.1
CDFA <0.3 <0.3 <0.1
402 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6
5/5/87 CDFA <0.3 0.3 <0.1
A03 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/5/87 CDFA <0.3 <0.3 <0.1
AO5 2/3/87 APPL <0.05,%0.05 0,5,<0.5 <0.6,<0.6
5/5/87 APPL 0.1 <0.1 0.1
CDFA <0.3 0.3 <0.1
406 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/5/87 CDFA <0.3 <0.3 <0.1
AQ7 2/U/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
CDFA <0.1 <0.2 <0.0
5/5/87 APPL <0.1 <0.1 <0.1
CDFA <0.3 <0.3 <0.3
A08 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/5/87 CDFA <0.3 <0.3 <0.1
A09 2/4/87 "APPL <0.05,<0.05 <0.5,¢0.5 <0.6,<0.6
5/6/87 CDFA <0.3 ' 0.3 <0.1
A10 2/5/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/5/87 CDFA <0.3 0.3 0.1
BO1 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
CDFA <0,1 0.2 <0.05
BO2 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/6/87 APPL 0.1 0.1 <0.1
BO3 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/6/87 CDFA <0.3 <0.3 0.1
BOY 2/3/81 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/6/87 CDFA <0.3 <0.3 <0.1
BO5 2/3/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/5/87 CDFA <0.3 <0.3 <0.1
BO6 2/3/87 APPL <0.05,<0.05 <0.5,¢0.5 <0.6,<0.6
5/4/87 CDFA <0.3 <0.3 <0.1
BO7 2/U/87 APPL <0.05,<0.05 <0.5,¢0.5 <0.6,<0.6
5/4/87 CDFA <0.3 <0.3 <0.1
BOS8 2/4/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
CDFA <0.1 <0.2 <0.05
5/4/87 APPL 0.1 <0.1 <0.1
CDFA <0.3 <0.3 0.1
BO9 2/4/87 APPL <0.05,<0.05 <0.5,<0.5 <0.6,<0.6
5/6/87 CDFA 0.3 <0.3 <0.1

10



Table 2. Continuea. ...

Well ID Date sampled Laboratory Alachlor Metolachlor Atrazine
(ppb) {ppy) {ppb)
B10 2/3/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/6/87 CDFA <0.3 0.3 <0.1
B11 2/3/87 APPL <0.05,<0.05 <0.5,<0. 0.6
5/5/87 CDFA 0.3 <0.3 0.1
oo} 2/3/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/5/87 CDFA 0.3 <0.3 <0.1
co2 2/4/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/6/87 APPL <0.3 0.3 <0.1
€03 2/4/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/5/87 CDFA <0.3 <0.3 0.1
COoY 2/4/817 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/6/87 CDFA <0.3 <0.3 <0.1
Co5 2/4/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/6/87 CDFA <0.3 <0.3 <0.1
C06 2/4/87 APPL <0.05,¢0.05 <0.5,<0. <0.6,<0.6
5/4/87 CDFA 0.3 <0.3 <0.1
co7 2/5/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/5/87 CDFA <0.3 <0.3 <0.1
co8 2/5/87 APPL <0.05,<0.05 <0.5,<0, <0.6,<0.6
CDFA <0.1 0.2 0.07
5/5/87 APPL <0.1 <0.1 <0.1
CDFA <0.3 <0.3 <0.1
C09 2/5/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
5/4/87 CDFA <0.3 0.3 <0.1
C10 2/5/87 APPL <0.05,<0.05 <0.5,<0. <0.6,<0.6
CDFA <0.1 <0.2 <0.05
5/5/87 APPL <0.1 <0.1 <01
CDFA <0.3 <0.3 <0.1

11



either in the replicate samples that were taken at the same time or in
additional samples taken after the first sampling period.The MDL's for eacﬁ
herbicide were 0.05-0.3, 0.5-0.1, and 0.05-0.6 ug/L for alachlor, metolachlor
and atrazine, respectively. Since the initial levels of detection were within
the MDL ranges, they could have been measures of instrument baseline
variation, Thus, these detections were considered false positives because of

their low initial values and the inability to confirm in subsequent samples.

Nitrate Analysis
Nitrates, at a minimum detection limit of 0.5 ppm, were detected in 15 of the
30 wells sampled in February (Table 3). The concentrations for all 15 samples
were above 10 ppm with six wells above the 45 ppm EPA drinking water standard.
Land use surveys were conducted for all sampled sections (Appendix IV). A
total of 19 sections were surveyed of which 14 (76%) contained dairies (Table
4y, In sections containing dairies, residues were detected in 9 (64%)

sections: conversely, residues were below detection limits in 5 (36%)

sections. A non-significant x2 test indicated that the probability for
detection of nitrate was independent of the presence of dairies in a section.
This observation should be considered preliminary because of the small number
of sampled sections. Based on this sectional analysis, the source of nitrogen

with respect to the presence of dairies was inconclusive,

12



Table 3. Nitrate concentrations measured in water samples and associated data

on depth to perforations and sectional probability rating.
Well Vulneratility Township-Range Average Nitrate
Identification Rating Section Location Perforation Concentration

(%) (feet) { ppm)

A1 29 75-10E-16 65 0.5, <0.52
A2 29 7S~-10E-16 60 <0.5, 0.5
A3 29 78~10E-16 100 <0.5, <0.5
A5 18 6S-10E-35 133 0.5, <0.5
Ab 12 65- 9E-25 95 <0.5, <0.5
A7 20 6S-12E-10 270 12.3, 12.3, 12.3
A8 14 75-10E-15 75 0.5, <0.5
A9 29 75-10E-10 55 by o, L44.0
A10 29 7S-10E-16 59 <0.5, <0.5
B1 65 6S-10E-34 115 13.4, 13.8, 13.6
B2 55 6S-10E-19 115 14.5, 17.2
B3 55 6S-10E-17 115 23.7, 24.6
B4 55 6S-10E- 7 123 66.4, 65.1
B5 45 7S-10E-17 53 <0.5, 0.5
B6 41 6S-12E- 9 125 46.2, 46.6
B7 41 6S-12E- 9 159 15.4, 12.3
B8 1 6S-12E- 9 190 22.0, 16.3
B9 1 6S-12E- 9 160 26.4, 26.0
B10 55 6S-10E- 7 73 55.0,54.6
BN 42 6S-10E-30 92 28.6, 30.4
C1 72 75-10E-14 80 <0.5, <0.5
ce 83 63-10E-27 93 , <0.5, 0.5
C3 72 75-10E-14 130 <0.5, <0.5
cu 83 65-10E-27 65 88.9, 88.9
C5 72 63-10E-~24 111 <0.5, <0.5
Cé T2 7S-11E-12 97 52.3, 52.3
c7 72 7S-10E-14 147 <0.5, <0.5
c8 72 6S-10E-22 80 88.4, 88.4
Co 72 7S-10E-14 125 <0.5, <0.5
C10 72 75-10E-11 120 <0.5, <0.5

2 yalues <0.5 ppm were less than the MDL. Values are from replicate samples.

13



Table 4. Contingency table for the number of sections classified as either
negative or positive for detection of nitrate residues in sections
where dairies were present or not, Values in parenthesis are
expected values for that classification.

Presence of Diaries

No Yes Totals
| | l l
Presence of | No I 3 | 5 l 8
Nitrate | [ (2.1) | (5.9) |
Residues | | l l
| Yes | 2 | 9 l 11
| | (2.9) | (8.1) |
| l f I
Totals l | 5 \ 14 [ 19
| | l I
x2 = 1.097 at 1 degree of freedom; non-significant at p<0.05

14



Data were analyzed ¢to relate the occurrence of residues to geographical
location (soil vulnerability rating) and to a well characteristic (depth to
perforations). The number of positive results in each category of soil
vulnerability was 2 of 9 samples in the 0-33% soil probability range, 10 of 11
samples in the 34-67% soll probability range, and 3 of 10 samples in the 68-
100% soil probability range. Although the occurrence in the intermediate
group was high, the frequency of positives did not appear to follow a trend
with respect to sectional probability rating. The mean concentration of
positive results appeared to increase in relation to the vulnerability rating,
especially at the highest range; means were 28.2 ppm in the 0-33% range, 31.0

ppm in the 34-67% range and 76.5 ppm in the 68-100% range.

A graphical inspection of the data indicated that nitrate values appeared to
be higher at higher soil vulnerability ratings (Figure 2). However, nitrate
values also appeared related to the depth of perforations in well casings:
Nitrate values were higher in wells with shallower perforations (Figure 3). In
regression analysis using both negative (values below the minimum detection
limit of 0.5 ppm were treated as 0) and positive data, a model that included

both factors and a term for their interaction was significant at p=0.05 (Table

5). The R2 for that model was low at 25%.

15
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Figure 3. Scatter plot of average nitrate concentration in well water
and average depth to perforations in well casings
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Table 5. Regression analysis of wvariance
concentration against vulnerability

for the
rating

regression of nitrate

and mean depth to

perforations in wells. V = Vulnerablility rating and D a mean uepth

to perforations.

Scurce of Degrees of Sums of F-Value Probability
Variation Freedom Squares of > F-value
Model 3 5381.10 2.90 0.0537
Error 26 16055.95
Type I Sums of Squares (Sequential)
v 1 1707.32 2.76 0.1084
D 1 240.15 0.39 0.5383
V¥D 1 3433.63 5.56 0.0262
Type I1 Sums of Squares {Regression)
) 1 4698.78 7.61 0.0105
D 1 2000.25 3.24 0.0835
V¥D 1 3433.63 5.56 0.0262
Parameter Estimate T for HO=0 Pr > T Std Error
Intercept ~37.4453 1.4y 0.1614 25.9796
v 1.7633 2.76 0.0105 0.6392
D 0.3921 1.80 0.0835 0.2179
V*D -0.0137 -2.36 0.0262 0.0058
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The significant interaction between so0il vulnerablility rating and depth to
perforations indicated a dependence between these factors when predicting
nitrate concentrations, A plot of depth to well perforations in relation to
soil vulnerability rating indicated an uneven distribution in well depth
across soil vulnerability index (Figure 4). Some wells sampled in soils with
lower soil vulnerability ratings had perforations deeper than an average of
150 feet whereas no wells deeper than 150 feet were sampled in the higher soil
vulnerability range. Thus, both factors may be important explanatory
variables for the concentration of agricultural solutes in well water, but,
because of the small sample size 1in this study, conclusions need to be
validated over a greater area. Other geologic and agronomic factors, such as
the input of nitrogen per acre, may be important in determining presence or
absence of agricultural chemical residues in ground water and could be

important in explaining more of the variability in results.

Although the vulnerability rating had been previously derived for a pesticide,
DBCP, the goal of that study was to derive a geographic basis for
distinguishing between areas sensitive to leaching (Teso et al., 1988). The
application of these ratings to other pesticides or inorganic chemicals needs
further investigation. However, under agricultural conditions solutes,
whether organic or inorganic, leach to ground water as soluble constituents of

deep percolating water (Green and Khan, 1987).
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Figure 4. Scatter plot of average depth to perforations in well casings
and sectional soil vulnerabilty rating
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The extent of leaching will be a function of the reactions between soil
components and the chemical, and of the rates at which chemicals are
transformed (Rao and Davidson, 1980). These concepts are employed in complex
models of solute transport (Otoma and Kuboi, 1985; Wagenet and Hutson, 1986).
Thus, an index of geographical leaching vulnerability should be applicable to
either pesticide or nutrient leaching. The relationship observed in this
study between nitrate concentration and well depth has also been found in Iowa
(Hallberg, 1987) and 1in Ohio (Baker et al., 1989): concentration of nitrate
tended to be lower when deeper aquifers were sampled. Factors such as well
depth may be important explanatory variables that could aid in interpretation
of data from studies designed to relate surface land features with levels of

detected ground water contaminants.
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CONCLUSIONS

. No residues of alachlor, atrazine or metolachlor were found in well water

sampled in corn and dry bean growing areas of Merced county, in the San
Joaquin Valley. These results were similar to a previous study conducted

in corn and dry bean growing areas in the Sacramento Valley.

. Nitrate was detected in 15 of 30 well water samples. Concentrations of ali

15 samples were above 10 ppm and 6 saMples'contained levels above the U
ppm EPA Advisory level, Although dairies were located in 14 of the 1@
sampled sections, residues were below the level of detection of 0.5 ppm in
5 of those sections. Nitrate was also detected in well water samples takei:
from sections where dairies were not located. Even though dairies could b«
a source of nitrogen for residues in well water, the results from thig
study wWere inconclusive and would require a larger study to determine the

exact source of the contamination.

. Nitrate concentration in wells wuére correlated with an index of soil

vulnerability to leaching and to the depth of sampled wells. Collecting
data on well characteristics could aid in the interpretation of studies
intended to relate surface land features with the presence of agricultural

chemicals in well water.
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APPENDIX I

PROJECTED PROBABILITY OF CONTAMINATION FOR EACH SECTION

IN THE MERCED STUDY AREA
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APPENDIX 11

LABORATORY METHODS FOR DETECTION OF ALACHLOR,

ATRAZINE, METOLACHLOR AND NITRATE
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Page 1 of 1 |

AQricuyltura arc Priority Peliutants Laperatcries, ing
. Sample Analysis iy Quahty Control
|

A Four 1,000 miscol Sampie into 3 2-"iter A. For every extraction 370 7 oically 10
zeparatory funnel. &mmes; a solvent oiar< wiil he run,

B. Add &60mis of pesticide-grade methviene 2. The imtial methocolcny ”ur‘v onnsisted of 33813
chloride and shake separatory funnei of matrix spikes( S eacn, 2t 0.056/0.4;
vigorously for one minute. 05/4.0, and 5/4Ccpo afacmor/metaiocmor.

C. Let methylene chloride layer satiie ¢ the
pottom of the opoaratory funnel for at least
cre minute, anad then drain the metnylene . ,
chloride layer{ the tottcm laver) 1nia a 11, Cnromatograpny
SO0mI Kucerna-Danisn{ KD, apparatus with
a 10ml receiver. A. Thie following chromatcgraonic conditions will

e , be in effect:
D. Repeat steps "B" & "C" two more times
. o 1. Chromatograch: HPS380A

E. Place a few boiling chips in the KD, then place
the KD on a 100°C boiling water bath and Loi! 2 Column: ! S SP2250/
until there is 1ess than Smis of methylene 1558 SP2401 on
chioride left. Remove the XD from the water 100/ 120 Supelcopert
bath and let it cooi for at feast S minutes. 2mm D * 2meters

o ‘ . 2 acked column

F. Once the KD has ccoled for five minutes, add Tiow rater 27mls/min
approximately 100mis of pesticide~grade
hexane. Place the KD on the water bath and 3 Detector: £'ectron capture(Ni 63)
wrap securely with an insulating blanket.

Boil the hexane down until only about Smls 4. Oven temperature: 1sothermal@ 200°C

are left, then remove KD from the waterbath

end aliow to cool for 5 minutes, S, Chertspeed: !.Ccm/min @ 0.1 min
. 0.5cm/min @ S min

G. Repeat "F" one more time. O tem/min @ 1S min

H. Once the final extraction has cooled, bring the 6. Runtime stop: 20 minutes
extract up to a final volume of 10 0 mis using
hexans. 7. Altenuation. 272

|. The extract is now ready for gas- 8. Threshcid: <

chromategrapny.

Uncer the above ccrditions 0.0% ug/m!
1

alachlor and 0.4ug mi metolzcnior wit)

ar U T e imit o
L'--na"_ SR

alytaat 3.3
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Eleiskal
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ppm— T, Urtteg States giigent Suicerias Tovis.2n s

hi Ajency

S twd Eavironmantar Proteclicn ‘wasningion, D.C. L04£C

‘watar ange MHastl® Wwanagement

DETIRMINATICN CF SIMETzIN A TZ2STTRY
1N WASTEWALZZ

”~
[}
~

ol Tis cesti-
cides s methull
Zirz .
el o
Cliniia 2
Teomefinn 3eCES 167C-13-9
SromaTyn REIOEY 72¢7-18-%
Proualing chsTat 126-3C-2
Cazniimetln -- 282638-22-0
SimelryT 10034 1014-732-3
Sima_ine 1cCss 122-32-2
Tarsytyiazine — §313-27-3
Terz.iTyn - 25-3C-C

1.2 T=is s & gas mmrzmzIIgriIfNC {20, mezhce smmlizabie o the gdatars
minaticn of tne camoouncs 1istac 2cove in incustrial and m nicinal
diycharges 2s proviced uncer 40 CFR 138.1. Any mediticaticn 7
+hig mezncd tevond shesa 2xTrassiy nermittad, shall te considered 2
maic. medificztion subiact 2 azplication and azproval of atsernate
tagT grocscuras Lrcer &0 CFR 1328.% and 126.5.

1.2 The astimatac »ovtag detecticn Timis (MDL, defined in Sec=ien 1%)
fer gazh garamater i lig=ad in Table 1. Tne MOL fer a spesifi
wastawatzr mav diTrer feem thosa listed, denending uccn the pature
of inyzrierenzes ia sha szmu e mAtriv.

L4 Trne _iuTle extrItioon sme zzneztralicn $U=DS in this methed are
avgoamially Lue s2mE 23 cavarzl cihers in Ihe 500-methed saries,
Trus, 1 singie ;e le may te pxtractaed to measure the parameters
{reluded {n the sicpee of each of these methods. When cleanup is
paciired, the concantrision luvels must be hign anough to permii
szi»c7.ing aligqueis, &S recessary, . Orcer to acply appropriatea
(Toes 3 prosenores, Unge™ 2% Caremitagranny, he analyst is
2! L4 sRo VonTiuze NS calsom TnAreriiag «pnid ~anditiecns
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IR CRRTORT L s

5.3

5.4

5.5

5.6

619-04

v iy - .
Stiicohe rucler TUliT | may te usac. Za27core usa, ncowever,
> 4wy - < ] ~ ~ K
he compressicle TuZing must te thercughiy rinsad with
- s 3 V- « -~y - : it .
ethanel, folicwed Ly racsazac rinsings w1t r2igant watar
et s e i IS @INNRII2 Tne Polsnlii, Tor <ontaminziicn I o2 saimoia.,
. e 0T ?p’"f**i‘{ﬁré';abtr4~:)éw AETAR TS Feruirad Ta sl lass fYa .
- i c2gvadving v melxer Jsregquiragd TS CThiecy Tily
g p— -
pregorticnal compesitas.
. b 4 0-'_ "
5.2 Glassware (A1l scecificaticns ars suggestad. Cazaicg numcers are
1 & Ty v - M
inciuczs For filustraticon cniy.)
= < - Y . S - ° inialalal e - ——— o~ - -
5.2.1 Separatory funcel - ZC00C-ml, witn TFILflucrscarsen stizezck,
v - T s - )
. grsund glass or Tro stcpper.,
AT ' -~ e P lewnT b R TR P IS
- s . . N A . . n
£.2.2 ZCrying cociumn - Carcmatsgragnic csiumn <C0 am icng x 15 m
T . g - - ¢ - . ‘. 5 -
I2 witn czarse 7rifzed disc,
-~ P - -y b il bl a i D
£.2.2 Chrcmatagrazhic column ~ 420 ™ Jeng ¢ 18 mm [J with coarse
oy P e - . TTT o - s -
frittag disc at beoltlizm and iFIZ-7iucrocarsen stazczek (Kontes
! Acpa .t lalrdeN ] <, T am
K-42024Q-022¢ cr aquivalent).
o 2 - - e @ mm - DI N - TR’ e e et . P ommdm
SeZ.s LGINCENITZUIT LLIR, alizETs CIN - L-Tio, IoLIuzTEs o lZoaEs
LN I STy, e . - e
K=2/0C3C=-3022 o 2zuivziant o C2alitraticn must ta checiksld
a%t the veigmzs wmoicves i the tzgi., Grounc oTigs salcosr
. - - .- -~ - - - . - - ~ -
is used s prevent svaocraticn of sxeracts.
- . - . crrmi (Y mnta
5.2.2 ,vb,o ative {lask, Kucder na-Danish - E00-ml (Xzntas
1 - A . P’y Y
-570CC1-05C0 or eﬂu1v>xen;). Attach to concenirator tube
w}.h sprincs.
¢
o = . 3 ‘ . - N - K - - - -
2.8 Snvder ccliumn, Kucsrne-lanish - threz-t2’l macrs (K2nizs
A Talal ol e Ry PP -
K-5Q3CCC-3127 or equiviieni:,
ol s B d 1S oAt e~ Y. AR R P I N
S.c./ 11215 = ~RCEr G322, v LD T mL Izt Wil
— - . :
rz-fiucrccarben 1ined screw cao,

Boiling chips - approximataly 10/40 mesh. Heat at AC0CC fer 20

min cr Soxhlet extract with methylene chloride.

Watar bath - Heated, with
T

tr ¢ ring cgver, cagaki
ature control (2 29C). ot nah

uld be usad i
Balanca - Analytical, capeble of accurately weighing to the nearest
0.00071 g.

Gas chromatograph - Analytical systam complete with gas chromato-
graph suitable for cn-column injection and all required acc sscriqs
including syringes, anmalytical columns, gasas, detector and sirig-
chart,.recorder. A data system is reccrmended for measuring peak

areas.

5.6.1 Column 1 - 180 cm long x 2 mm [D glass, packed with 5%
Carbowax 20M-TPA on Supelcoport (80/100 mesh) or

41
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7.

7.1

6.5.2

Calibraticn

~ O (vm

. 2y n
D -1y of

m

7.2.2

7.2.3

619-06

analyst. If compeund curity {s certifiad 2t S5% cr greater,
tha walcat may fe used withoul zorrzzzion 2 c2tzulata the
concentrasticn ¢f the Stocxk stancarc.  Cormerciaily presarsd
stock” sYandards may-be used-at any ccaceniraticn if they are
- certified by %the manutaciurer cr Sy an indecendent scurca.
Transier the sisck standard scluticns inty TFI-fluercearten
seajed screw czo viais. Stzre ar 4°C and sorotact from
1ight. Freguently check stCgi stanmcerd scisticns for signs
of degradaticn cr evapcraticn, asgacially just gricr 2
preoaring calitraticn standards from them.
Stock stancdard solutions must Se reclacad afiar six mcnshs
gr sccner 17 ¢czmparisen Wil check stancdards indicatas a
prcolen.
e grmerat
Trne gas
exzarnal
2 tzzhnt

For each parzmetar of intarest, prepare calibraticn
stancdards at 2 minimum of three concentraticn levels by
adcing azzurataly measyrzd vilumes o7 one Cr mCre stick
stancdards t2 2 volumetric flask and diltuting t2 volume wilh
haxzrne or cther suitania scivent. Cne of the axtarnal
s~andards sheuld be recsresentative ¢f a coneentration near,
tut accve, the metnod catacticn limit., The other cencan-
tr2ticns shculd correspernd 2 the rance ¢f ccorcsniraticns
expec*t2d in the sample cencentrates ¢r sheuld cefine the
werking range cf the detector,

Using injecticns of 1 to 5 ul of each calibration standard,
tabulate peak height cr area respcnsas against the mass
injectad, The results can be used to prepare a calibration
curve for each parametar. Altarnatively, the ratio of the
respcnse to the mass injected, defined as the calibration
fac*zr {(CF), may be calculated fcr ezch parameter at each
standard ccncentraticn. [f the relative standard deviation
of the calibration factor is less than 10% over the working
ranje, the average calibration factor can be used in place
of a calibration curve.

The working calibration curve or calibration factor must be
verified on each working shift by the measurement of one or
more calibration standards. If the response for any para-
meter varies from the predicted respcnse by more than +10%,
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7.4
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The cleanup procedure in Secticn 11 utilizes Flerisil chrcmato-
graphy. Florisil ‘from different tatches or squrces _may vary in
adsorptive capacity. To stancarcize the amount of Floris? 11 which
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8.

Is useZ, the usa ¢7 Jauric a2t
orocadurs® detarmines tne acsc
- - lauric acid, in mg, parrgrot
be used for each column {s cal

110 and multiplying by 20 g.
7.8 EBefzra using any claanup procz2
series of calibraticn stancars
elyticn patizrns and the ascan

Quality Centrsl - - =« oo o -

3 vaiue is sugges:tad. Tals

~-ticn from hexars sciutica oF
jertsil. - -The ameount of Florisi] t2
cuiatad by d1v1d1ng this facter inta
Zure, the anaiyst must pracess a

< throuch the procadure t3 validata
ce ¢7 intarfarence from thne raagenis,

8.1 Each ’a*cr=“r/ vsing this meihed s required to cperalz a fommal
quality cantrol program. Tne minimun requirements of this program
censist of an initial demcnstration c¢f laboratory capasility and
the analysis ¢f spiked sampiss as a c"wzinuxng check c¢n ;e"T:r-
manca. Tne laberztory is required to maintain pericrmance records
+2 define the gquaiity cT Zata that is generated.
€.1.1 Befzrz serfcorming any anziysss, the analyst must Zemensirata
tme 25771ty to ¢anerat2 accectalie accuracy and grecisien
with tRis mzshecd.  Tods oaziiicy s estalblisnzd as deszcribed
in Seszticn %.2.

8.1.2 1In recccniticn cf the rapid advancas occurring fn chremats-

¢ = r3p

graghy, the analyst is rermittad certain opticns tz improve
the gzozrzticns or Jowsr the cost of measurzmants.  fach
tim % mezificaticns tc the methcd ares macs, the analyst
is Z %z rezsat the grocscurs In Secticn 3.2,

Q1.3 Tha lima-ztoev muzt <oire and amalyze 2 minimum oF 105 of
all szm=las S2 monitcr continuing labgratory ferformance
This orozacure §s describzd in Secticn 8.4,

8.2 To establish the ability to generate acceptable accuracy and
precisicn, the anzlyst must pervorm the following cperations.

8§.2.1 Selesz* a racresentative
cempound to be measured
quality centrol check s
times mcire concantrated

8.2.2 Using a pipet, acd 1.C
to each of a minimun of
watsr, A renresentative
the reagent water, but
be anai yzed %o deuerm1n

lTevel must exceed twice
be valid.  Analyze the

sgike cconeentration feor each
. Using stock standards, prepare a
ample cencentrate in acetcne IOGO
than the selected concentraticns.

mL of the check sample concentrate
four 10C0-mL aliquots of reagent
wastewater may be used in place of
cne or more additional aliquots must
e background levels, and the spike
the background level for the test to
aliquots according to the method

beginning in Section 10.

8.2.3 Caiculate.the average p

c1a_ra

ercent recovery (R), and the standard
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Y fep the resulls.

deviaticn cf the fercent recdvery (¢),
Wastewazer >2c<5round capraciicons must fe mace refsre R and
g calcuiazizns ars serfsrmec.

g.2.4 Using the cata feem Tanle 2, estimate the reccvery and
singie ~nerallr sracisicn exmeczad for the methcd, and
comparz these racults ta the values caleulatad in Section
§.2.2, I tne cala ars ~ot comparasie, raview petantial
proglem areas and reoneat the tasi.

8.3 The cnalyst m et cal=ulatz methed performancs ¢ritaria and cetine

.~ - -the performarcs ¥ tna laberatlry for each spike conceniral inn and

‘parametar being measures.

g.3.1 Calculace upper and loyer
per? rm“nce 2g foilows

Upzmew Conirci Limit
Lowsr ConTret Limit
whera ~» /Anc 5 oare zz2lc
. Thas LT snIoooo TIMCE B
4ags zre uIETUL A0 adols

2.5.2 Tne jzIcrativy must cE agzIrs: zouracy
grats, 1ms of laberilany actawatar samples.
An accrracy staTEmEnt for the method is defined as X = S.
The acguracy c+atzment should be develesed By +he analysi
of faur aliguess of wastawatiar as des:r1ced in Sezticn
8.2.7, fallowsd oY ste ~algulzticn of R nd s, Altzrna-
tiveiy, uhe znalyst may usé saur wagzawatar Géta soiats
gathernd trrcugh tne resuirement for continuing quality
contrs: in SecTicn 8.4, Tne accuracy statements should be
todatas ragulariy.® )

£.4 The laberatory ie pazuimed toocoileEct in duslicziz & cgrzicn o
thoir samples to menitor spixe recoveries. Tne freguency cf spiked
sawple analys’'s must be at Jeast 10% of all samples cr cne spikad

mple per manth, whichevar is grealer. Ore aliguct of the sample

r”.. be spikad ,n4 analyzed as cesc ribed in Section 2.2. If the

rezovery for 2 pa*tt::1ar parameter cces not fall within the

control limits fer methcd pariormancs, the results reccriad for

“hut parametar 1n a1l samples processed as gart of the same setl

must be qualifiad as deseribed in Sectien 13.3. The lakboratory

sknuld monitos the frequency of cata so qualified to ensure that it
remains at o below cx.

1.5 Before processing any samplag, the enalyst mugt demcnstralta taviugh
via analysis of @ 7-1iter alisunt of rezgent water tmat 211 glass-
waro and- reagents interferencss are under control. Fach time a set

a

57 -amples i35 2xiract ed o. shera i35 a change in reagents,

y
o

1zboratory reagent’ blank must be processed as & sa.=guard against
1aboratory contamination.

-
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10.2

10.3

the sample
the entire s

-
-

.
|

AR
ceLie
DE‘.n

“loride %o the sample bottle, seazl, and shake
.er walis. Transfer the solvent to the separ-
~act the sample by shaking the funnel for 2 min
1o +5 release excess pressure. Allcw the
crzanic layer &5 secarata from the water phase for 2 minimum of 10
min. If the emulsicn intarface betwesn layars 1s mcre than one
third the volume of

80 mi methv?
2C s t2 rinse th
atory funnel and e
with sericdic ven

+ )( —t

rata
tSe solvent layer, the analyst must employ
mechanical technicues to ccmplete2 the phase separation. The

cptimum %tachnigue decends upcn the sample, but may include stir-

ring, fiT:raticn cf the emyision through glass wool, centrifuga-
ticn, other cnysical metheds. Collect the methylene chloride
<:rac‘ In a 25Q-mi Erlenmeyer flask.

Add a seccnd 60-mb volume of methylene chloride to thg sample o
bottle and repeat the extraction procedure a second time, combining
the extracts in the £rlenmeyer flask. Perform a third extraction

in the same manner,
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wmn

Q0.8

10.7

10.8

10.9

Aszemhiz 3 Kuderaza-0z33ish [X-D) conzeniviicr oty assacning 2 1C-mL
concentrator tuba t3 a SCC-mL evapcrative flask. Cther concantra-
ticn devices or tecaniques may be usad in place of the K-0 i¥ the
requirements of Seciicn 8.2 are met.

Pour t=e combimad ex*ract through a crying cslumn containing about
10 &1 of anhydrous saciom suifaty, anc collest the axstract in tig
K-D concentrazzr. Rinsa the Erlanmever flask and cciumn with 29 ta
20 mL of mexthylene chiorida to comoleta the quantitative transier.
Add 1 or 2 clezm boiling chizs ts the evagerative flask and atizc
a three-bail Snycer coiumn. Prewyet the Snvcer columm by adding
ahout 1 mL methvlerne chloride ta the top. Place the K-D apparatus
on a hot water bath, €3 ts €3°C, sc tnat the concentratsr tule is
partialiy immersad in the hot water, and the entire lcwer rounded
surfaca ¢f the fiagk is bathed with hot vapar. Adjust the vartical
pesiticn oFf the 1TTITIIiD ang T0S ~3RET SImTeTITUTE S requirss
commiets the csacenzraticn in 1% 12 20 min. Az the proper ritg cf
discillation, toe talls of the csiumn will 2ctively chatzer But toe
chamters will nct ficed with corndensad scivent. when the asgarent
volume of liquic rzaches 1 mi, remcve the X-D apparatus and allcow
it to drain and czol for 2% least 10 ain.

Increasa the tamperatyre of the hoi water bath to abcut 80%¢.
Mcmentarily remove the Spydsr columm, add 50 mlL cf hexzng and 2 new
beiling chip and rzatiach toe Spvcer column. Pour 2bcpt 1wl of
haxare into the t2p ¢f tha Sayder coiumn and csncantrata the
solven: extract as befers. Efilapsed time cf copcentraticn shculd be
5 t3 10 min. Yhen the apparent voiume oFf Yiquid reaches 1 mi
remove the K-D asparztus anc alleow {T to crein and ccol Tor a2t

leas* 10 min.

Remove the Snyder column and rinse the flask and its Jower Joint
into the concentrateor tube with 1 tc 2 mb of hexane and adjust the
volume to 10 mb. A S-mL syringe is recommended for this operatijen.
(Note: Precipitation of triazinas in the hexana may cccur if the
concentration in the criginal sample exceeced 500 pg/L. If this
occurs, redissolve the triazines in methylene chlorice and analyze
the extract using flame icnization gas chromatography. ) tooper
the concentrator tube and stcre refrigerated if fyrther -procassing
will not be performed immediately. [f the extracts will be stored
longer than two days, they should te transferred to TFE-fiuoro-
carbon sealed screw-cap vials. If the sampie extract reguires no
further cleanup, proceed with gas chromatographic- analysis. If the

sample requires cleanup, proceed to Section 11.

Determine the origipal sample volume by refilling the sample hottle

_to the mark and transferring the water to 2 1000-mL graduated

=il

cylinder. Record the sample volume to the nearest &'mt.
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e’ tionts. ¥ vt eglap elrecaetso-as domand the usa of an

eerative cis roce 5 ‘azzrminag tow

iE 2n ‘ each ceopanund
N Ya ot 4
\ I - v

11.2.71 Add a wotshs oFf Florisil {mewinaliy 29 g) prﬂdet-rm1ned 0y
calit=ation (Zecticn 7.0 and T7.8), to & chremategraphic
calum,  Satile the Figris by tarpiny the calumn, Add
anpydrous 307 um suifate to tha ton of the Florisil ta fora
a laser 1 iz 7 o dess g 30 mL of hexane o wet and
FinTe onse I 3 ~oTheritit. gusT pricr
gxsecrurs GF tne se t3 Lir, 320D the elu
the nhuxece by sles cocik cn the carcmalsg
cslumn. DOiscard T

samcle exiract volume 2 10 mL with hexane and
From the X0 concentezior tube ta the Florisi)
ns2 the tube twice with 1 to 2 nL h exane, adding
2 the cziimrn,

ti. .2 Drair satme ounaiT the sodiium sulfats layer is nearly
exs: .ooZiuta %ha rowith 200 mL of 6% ethyl ethur in
hetone (L)Y (Feal 33 a ¢ris rate c¢f a:c:t
5 Thiz fr . discardad. Flace a =CU-ml

ol tube under the chrumato-

inta the flask, using 2C0
(\/V) !Fraction 2). Perform
0% etryl ether in hexa:e
ﬁ'u:ion with 200 mL o 100%

enaratz k-0 flasks. ia¢

pesticides are shown ig

—
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4 Janu vy 1883



12.2
12.3

12.4

12.5

12.8

12.7

method. An example cf the separation achieved by Column 1 is shown
in Figure 1. OQther packsd columns, chromatagranhic canditions, cor
cetecicrs may bSe usad {f the requirsmenis of Sec=icn 8.2 ars met.
Capillary (open-tubular) calumns may 21so be used if the relative
standard cdeviations of responsas for replicats injecticns ars
cdemenstrated to dbe less than 6% and the reg ufirements of Saction 8.2

are met.
Calibrate the system daily as described in Sacion 7.

If the internal stancard approach is being used, add the internaj

standard to sample extiracts immediately before {njeczicn inia the
instrument, Mix therouchiv.,

CYAR i =af )

Inject 1 t3 9 b oF the samoie extrac: us‘"c the salvenz-fiush
technique. Record the volume injectad to the neares:t 0.05 pb,
ard the resulting gezk size in arsa or :ea< heicht units., An

autcmatad system thaif consistantly injecis a constant voelume of
extract may also be usac.

The width of the retanticn time wincdow used 5 maxke icenti<icatiaons
should be based upon measurements of actual retenticn time varia-
tions of stancards over the course ¢f a day. Tnres times *he
standard deviaticn of a retention time can be used 43 cziculazs a
suggestad window size for a ccmpound. Howsver, the expsrianca ¢F
the analyst should weigh heavily in the interpretation of chromaio-
grams. :
T the responsa for the peak exczzeds the werking ringe ¢f the
systen, dijute the exiract and reanalyze.
I the measurement cf the peak responss is prevensad by the
presence of interferenczs, further cleanun s recuirers,

13. Calculations

13.1

619-13

Determine the concentration of individual compounds in the sample.

13.71.1 If the extarnal standard calibration procedure is used
calculate the amount of material injected frcem the Vea<

response using the calibration curve or calibration factar

in Section 7.2.2. The concentration in the sampie can be

calculated as follows:
oncentration, ug T
(Vv

A = Amount of material injected, in nanograms.
V; = Volume of extract injected in plL.

V+ = Volume of total extract in ul.

Volume of water extracted in ml.

-
%]
[}
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hic cslumns and condis
optimum separation and geryormance. TN
be compatible with stzrndard GC/MS operati
graphic tailing factors of Tass than §

crip

[

Gas chromate
1:1ons sexected must

ractices. Chremate-
be achieved.l?

t the beginning of each cay that corTirmatory analyses are to be
performec, the GC/MS systam must te checkad to sese that all
decarTuor? henyl csphine (OFTPO) rfarmance criteria are

achieved.
To confirm an identificaticn of a cempound, the background

corrected mass spectrum of the compound must be obtained frcm the

sample extract and compared with a mass spectrum from a stock or
calibration standard analyzed under .the same chrcmatographic

nRA pe

s g
IS

[SaREs
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14.5

14.6

cznditions. It is

recarmended that at 1e.s: 25 nanograms cf
ua.e*1a1 be f'*e:ted ints the GC/MS., The ¢
ont i

={+taria bajcw must be

14.4.1 A1l fons that are present above 1C% relative abundance in
the mass spectrum of the standard must be present {n the
mass spectrum cof the sample with agreement to plus or minus
10%. For exzmpie, if the relative abundance of an ien is
3C% {in the mass spectruz cf %Se standard, the 2allcwable
1imits for the reiative abuncance cof .that fon ia the mass

o tal 4

spectrum for the sample would be 2C% to 40%.

14.4.2 The retanti cn time of the compound in the sampie must be
within 6 secsnds cf the same compcound in the standard

solutioen.

e very similar mass spectra can ta
explicit?y fied bv GC/MS enly cn the basis of
2

retanticn

14.4.3 Comounds th
i
Whers availabls, chemi

3 may be emplcyed
ts aid in the quaiita f

l|’-l

Shouid these MS procecures fail to provide satisfactory resylls,
acditional steps may be taken before reznalysis. Theses may include
the use of altarnate pac ked cr czpillary GZ ¢olumns or add1.1anal
cleanup (Secticn 11),

15, Methed Pe"-.':r"zanca

153

18.2

it (MDL) {s defined as the minimum

tanc2 that can be nea?gred and repertzd with
€c% confidanca that vajua {s abcve zaro g MOL czncen-
trations listed in Tacie 1 were estimatad frem tha resgense of the
thermionic bead nitrogen detector to each compound. The estimate
is based upecn the amount of material required to yield a signal
five times the GC background noise, assuming a §-pl injecticn from
a 10-mL final extract of a 1-liter sanple.

The method detaz*ion 1ii
concentraticn of 2 sub
bh

In a single laboratery (either West Ccst Technical Services, Inc.
cr Midwest Research Institute), using effluents from pesticide
manufacturers and publiicly owned treatment works (POTW), the
average recover1e? Srnsnnted in Table 2 were obtained after
Florisil c1e=nup The standard deviations of the percent
recoveries of thesa measurements are also included in Table 2.

)
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TABLE 1

CHRCMATCGRAPHIC CCINOITICONS ANC METRCC CETICTION LIMITS
Retention Time Methed
Paramezer (min.) Detaction Limit
- i Column 1 Column 2 174
Prome=zn 6.9 4,9 . 0.03
Atrate - 6.3 ND
Propazine 9.2 8.7 0.03
Tersuthylazine 10.2 7.3 0.03
Secsumetan .= 8.3 ND.
Atrazine 12.4 9.4 0.08
Premetryn 13.8 10.3 0.06
Tersutryn 15.4 - 0.08
Simazine 16.3 12.7 0.C86
Amaryn 17.7 14.0 C.06
Simetryn 3.0 -— 0.07

ND = Not detarmined

Column 1 conditions: Supelcoport (80/100 mesh) coated with 5% Carbowax

2CM-TPA packed in a 1.8 m leng x 2 mm 1D glags column with helium garrier
gas at a flow rate of 30 mL/min., Column temperature, fgothermal at 2009¢.
A thermicnic bead detector was used with this colums to gstermine the MOL.

Column 2 conditicns: Gas Chrem Q (100/1é9'm§sh} coated with 1.C% Carbdowax
20 # packed in a 1.8 m leng x 4 mm 1D glass column with halium carrier gas
at 20 mL/min flew rate. Column temperature, 1gothermal 4t 183SC
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SINGLE LABCRATCRY ACCURACY AND PRECISICN

TABLZ 2

Mean Standard
Sampla Spika Number of Recovery Deviaticn
Parameter Tvoer {ua/L) Renlicatas %) (%)
Ametryn 3 4.0CQ 2 104 -
3 2,000 2 118 -
Atrazine 3 200 2 108 -
1. 1,60Q0 7 177 15.2
Prometon 1 120 7 67 3.9
2 250 7 51 3.0
Frcmetryn 3 2,Cc0 2 76 -
3 &0 2 110 -
Propazine 1 516 7 £4 €.5
3 15 2 116 --
Simatrym 3 30 2 183 -
3 13 2 182 --
Simazine 1 113 7 182 24.3
3 10 2 gS -
Terbuthylazine 3 1C0 2 114 -
3 15 2 100 -
Terbutrym 1 g63 7 82 10.0
2 162 7 - §¢ 24.0
*Sarple Type

1 - Industrial procass water
2 - Industrial effiuent

3 - 80% Industrial process water/20% industrial effluent

January 1983
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CALIFORNIA DEPT. OF FOOD & ~GRIC. Original Date:??

CHEMISTRY LABORATORY SERVICZIS Supercedes: NEW
ENVIRONMENTAL MONITORING SzITION Current Date:1/28/88
3292 Meadowview Road Method #:

Sacramento, CA 95832
(916)+427-4998/4999

Alachlor, Atrazine and Metolachlor in Water

SCOPE:
This method is for the eutraction and analysis of Alachlor, Atrazine and

Metolachlor in water.

PRINCIPLE:
Alachlor, Atrazine and Metolachlor are extracted from water with methylene

chloride and the extracts are analyzed by gas chromatography.

REAGENTS AND EQUIPMENT:

Ethyl acetate, ACS cercifisc or equivalent
Methvlene chloride, ACS certified or equivalent
Sodium sulfate, anhydrous

Separatory funnels, 1000 =l

Gless wool

Boiling flasks, 500 ml

Rotary evaporator (Buchi-3rinkman, R110)
Pasteur pipettes, disposable

Test tubes, 15 ml graduated

Water bath (temperature = 37°C)

Funnels, glass-stemmed

Graduated cylinders, 1000 ml

ANALYSIS:
1. Measure 800 ml of well-zixed water into & separatory funnel.

2. Add 100 ml of methylere chloride, shake for 5 minutes and allow 15 minutes
for phase separation.

3. Filter the lower methylene chloride layer through glass wool and sodium
sulfate into a 500 ml round bottom flask.

4. Repeat the extraction twice more.

5. Combine the three extracts into the 500 ml evaporating flask and rinse the
sodium sulfate with 25 ml methylene chloride.

6. Rotary evaporate the methylene chloride just to dryness.
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2lachlcr, Atrazine and Metolachlor page 2

~J4

atively to a graduaczed test tube.

(et}
"y

.2duce che volume 2o 5 ml on a water bath under a stresam of nitrogen,

)

snalyze by gas chroratography.

)UIPWMNT CONDITIONS:
.. Varian 3700 gas chvomatograph with Hewlett-Packard 7572 Autosampler and
Hewlett-Packard 3348A Data System; TSD Detsctor; Column: Methyl silicone
megabore, 0.53 mm x 10 m; Column conditions: Temperature(initial)=140°C
hold for one minut:, Temperature(final)=163°C, hold for three minutes;

Rate: 5°C/minute; Carrier gas : Helium; Carrier gas flow: 10 ml/minute;
Injectoy temperature~210°C; Grob injection; Detector temperature:
275°C

Varian Visca 6000 gzs chromatograph with autosampler and Varian 604 Data
System; T5D Detectow: Column: 50% Phenyl methyl Silicone Megabore, 0.53 mm
x 10 m; Column condizions: Temperature (initial)=15G°C; Temperature
{(final)=1"53°C; Rate: 6°C/minuce; Carrier gas: Helium; Carrier gas
flow: 12 wl/minute. Injector temperature=220°C, Grob injection;
Detector =emperature: 275°C.

ALCULATIONS :
ppb (Atrazine, Alachlor or Metolachlor) =

tample peak height ng standard injected sample final volume (ml)
-------------------- b e R D G R
" Standard peak height  volume sample injected (ml) g sample (in aliquot)
REFERENCES:

Lauer, R., Horner, L. M. and Klein, A. J., Determiration of Alachlor and

Zight Other Pesticices in Raw Surface water Using Capillary Gas Chromacography

United States Environmental Protection Agency, Water and Waste Management,
D:atermination of Alachl~r, Butachlor, and Propachlor in Waste Water, Method
102, January 1983.

WRITTEN BY Karen Hefne.v

’

TR '\\““’é"")’t_/\(
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AVPROVED BY: David Conrad
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WATER NITRATES: _AUTOANALYZER _METHOD

EQUIPMENT: Lachat Autoanalyzer System with nitrate module
Tubings Blue, Size 0.065 mm id for Ammonium Chloride

Tubing, Red, Size 0.043 mm id for Color Reagent

Cadium reduction tube
Ctandard Laboratory Clzassware

REABENTS::
1. Deiocnized water, DI.

2. Ammonium Chloride Sclution: Dissolve 40 g of
ammonium chloride and 400 mg of disodium EDTA in
distilled water and dilute to 4 liters in a brown
bottle. Adjust the pH to 8.5 with concentrated
ammonium hydroxide. Store in the refrigerator.

3. Color Reagent: Place 2800 ml of DI water in a
beaker and carefully add 400 ml concentrated
phosphoric acids, H=PO.. Add 4.0 g of
N—-1-napthylethylenediamine dihydchloride. Mix well
and dilute to 4 liters. Store in a brown bottle in

the refrigerator.

4. Nitrate—-N Stock Standard, 1000 ppm: Weigh 7.216 g
potassium nitrate, KNOs, (dried at 100°C overnight),
inte a 1 liter volumetric flask. Dilute to the mark
with DI water. (Stable 1 year).

Prepare a 100 ppm intermediate stock sclution from
the 1000 ppm stock using the DI water as the
diluent.

Prepare working standard of 1.2,2, and 10 ppm
Nitrate-N from the 100 ppm intermediate standard
using the DI water as the diluent.

PROCEDURE :

1. Set up the Lachat Autocanalyzer with the nitrate
module including cadmium column according to the
instrument instructions with the proper reagents,
cycle time and sampling time.
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he autosampier +ials with the filtered sampl:
soand wiih: thie working standards Q,1:2,5 as

 the carriags on the autosampler and run the
sampies through the avtoanalyzer.

. IF samples peaks co off scale er the recovdes, dil.s
the sampre with 1M KC! solution and rerun &iwn-ough
Foboanhelvzer. (Yesp tyask of &1l dilutions o the

workaheat).
e CLalowlations:

£, Measure the height of the peaks on the chart
paper.  Using the calculator linear regress
program,. =wnter the standards as 0,5,10,25,
50 ppm te account for the dilution factor.

L., {heck the liness regression coefficient and
write it on the workshest. Enter thes height
values for the samples and write the resulés
on the weorksheonts. Multiply by the
appropriate dilations it any were made.

10. Submit the resulis for approveal ASAP.
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APPENDIX III

QUALITIY CONTROL DATA FOR BLANK AND SPLIT SAMPLES
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Table III-1. Recovery results for blank and spiked sample analyses conducted
by Chemistry Services, California Department of Food and
Agriculture (CDFA), Sagramento, California and Agricultural
Priority Pollutants Laboratory (APPL), Fresno, California.

CDFA APPL

Pesticide Amount Added Recovery Amount Added Recovery
---~ppb---~-  ~—- fm -=--ppb-====-  --- f--~-
Atrazine 1.5 g2 1.2 76.3
5.0 104 1.2 T71.4

6.6 107 1.2 80.3

6.6 104 1.2 92.1

6.6 100 12.0 119.0

9.0 113 12.0 108.0
12.0 115.0

12.0 83.5

Alachlor 2.6 109 0.06 66.7
5.0 81 0.06 71.5

5.9 99 0.06 70.0

5.9 109 0.06 100.7

5.9 109 0.06 60.8

8.0 88 0.6 82.0

0.6 73.1

0.6 91.6

0.6 93.0

0.6 95.4

6.0 87.1

6.0 68.3

6.0 89.5

6.0 85.7

6.0 83.9

Metolachlor 3.0 88 0.4 70.7
5.0 75 0.4 82.8

6.6 87 0.4 89.9

6.6 86 0.4 113.5

6.6 83 0.4 117.9

g.0 80 .0 77.6

4.0 77.0

4.0 77.5

4.0 76.4

4.0 79.4

40.0 74.5

40.0 67.5

40.0 72.0

40.0 72.8

40.0 72.9
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APPENDIX IV

LAND USE SURVEY CONDUCTED FOR EACH SECTION
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LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY
INFORMATION ON EACH SAMPLED SECTION INCLUDE:
TOWNSHIP,RANGE, AND SECTION.
CODES OF THE WELL(S) SAMPLED IN THE SECTION.

CROPS AND OTHER LAND USES ARE APPROXIMATIONS LISTED BY PERCENT OF SECTION
COVERED.

SUMMER 1987 USES ARE ESTIMATES BASED ON DWR LAND USE MAPS.
WINTER 1987 USES ARE ESTIMATES BASED ON EHAP LAND USE SURVEYS.

IRRIGATION TYPES WERE RECORDED DURING THE EHAP SURVEY, IF NO TYPE IS LISTED IT
IS PROBABLY FLOOD IRRIGATION,

LENGTH OF RIVERS,CANALS & DITCHES, AND ROADS ARE APPROXIMATIONS BASED ON USGS
QUADRANGLE MAPS, AND EHAP SURVEYS.

NUMBER OF WELLS ARE A ROUGH NUMBER OF WELLS WHICH WERE EASILY SEEN DURING THE
EHAP SURVEY.

FOR EACH SAMPLED WELL THE NEAREST CROP(S) OR USES ARE LISTED.

DIFFERENCES BETWEEN 1987 .LAND USE AND 1989 LAND USE MAY BE DUE.TO MANY
FACTORS, INCLUDING:
CHANGES IN CROPPING PATTERNS,
SEASONAL CROPPING PATTERNS (GRAIN IN THE WINTER/CORN IN THE SUMMER),
DIFFERENCES IN SURVEYING TECHNIQUES,
ETC.
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LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

SECTION: 6S/9E-25
WELLS IN SECTION: A6
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 17 ALFALFA 24
CORN 75 DAIRY 7
DAIRY 6 GRAIN 64
MIXED PASTURE 2 IDLE 3
MIXED PASTURE 2
ADDITIONAL INFORMATION:
. RIVERS: 0 MILE
CANALS & DITCHES: 1 MILE
ROADS: 4 MILES
DOMESTIC WELLS: 6
IRRIGATION WELLS: 1

OTHER FEATURES:
A06 IN GRAIN/ CORN AREA.
ND,ND
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LAND USE IN SAMPLED SECTIONS®FfhERCED COUNTY

SECTION: 6S/10E-07
WELLS IN SECTION: B04,B10
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 22 ALFALFA 10
ALMONDS 6 DAIRY i3
CORN 5 DECIDUQUS 7 flood
DAIRY 6 GRAIN 57
IDLE 4 IDLE th|
MIXED PASTURE 9 MIXED PASTURE 2
NATIVE VEGETATION 1
ADDITIONAL INFORMATION: 1987 PERCENTAGES INCLUDE ONLY THE 53% IN MERCED COUNTY
RIVERS: 0 MILE
CANALS & DITCHES: 3 MILES
ROADS: 6 MILES
DOMESTIC WELLS: 21
IRRIGATION WELLS: 0
OTHER FEATURES:

B04 IN ALFALFA NEAR GRAIN/CORN AND IDLE LAND.
66.4, 65.1 ppm

B10 IN GRAIN AREA FORMERLY ALFALFA.

55.0, 54.6 ppm

DAIRY HOLDING POND
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LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

24 flood

SECTION: 6S/10E-17

WELLS IN SECTION: B3
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 14 ALFALFA 1
ALMONDS 21 DAIRY 11

CORN 49 DECIDUQUS

DAIRY 9 GRAIN 50
MIXED PASTURE 1 IDLE 4
NATIVE VEGETATION 1 MIXED PASTURE 7
NURSERY 4 NURSERY 3

PEACHES 1

ADDITIONAL INFORMATION:

RIVERS:

CANALS & DITCHES:
ROADS:

DOMESTIC WELLS:
IRRIGATION WELLS:
OTHER FEATURES:

0 MILE
1.5 MILES
5 MILES
13
1

B03 IN DAIRY.
23.7, 24.6 ppm

DAIRY HOLDING POND
CHRISTMAS TREE FARM
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LAND USE IN SAMPLED SECTIONSHFMERCED COUNTY

SECTION: 65/10E-19

WELLS IN SECTION: B2
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 2 DAIRY 15
CORN 62 GRAIN 64
DAIRY 14 IDLE 8
MIXED PASTURE 21 MIXED PASTURE 13

NATIVE VEGETATION 1

ADDITIONAL INFORMATION:

RIVERS:

CANALS & DITCHES:
ROADS:

DOMESTIC WELLS:
IRRIGATION WELLS:
OTHER FEATURES:

0 MILE
2.5 MILES
5 MILES
12
0

B02 IN GRAIN/CORN AREA.
14.5,17.2 ppm

DAIRY HOLDING POND
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LAND USE IN SAMPLED SECTIONS & MERCED COUNTY

SECTION: 6S/10E-22
WELLS IN SECTION: Ccs
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 4 ALFALFA 15
ALMONDS 18 DAIRY 11
CORN 43 DECIDUOUS 20 flood & sprinkler
DAIRY 9 GRAIN 33
GRAPES 10 IDLE 2
IDLE 1 MIXED PASTURE 5
MIXED PASTURE 1 PARK-LAWN AREA 3
PARK-LAWN AREA 4 RESIDENTIAL 1
RESIDENTIAL 9
WALNUTS 1
ADDITIONAL INFORMATION:
RIVERS: 0 MILE
CANALS & DITCHES: 1.5 MILES
ROADS: 6 MILES
DOMESTIC WELLS: 10 + TOWN WELLS
IRRIGATION WELLS: 0
OTHER FEATURES:

CO8 NEAR ALMONDS AND GRAIN/CORN AREA - AREA WAS GRAPES.

88.4, 88.4 ppm
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LAND USE IN SAMPLED SECTIONS&FXMSRCED COUNTY

SECTION: 6S/10E-24
WELLS IN SECTION: Cs5
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 3 ALFALFA 4
ALMONDS 59 DECIDUOUS 63 sprinkler & flood
GRAIN 7 GRAIN 21
IDLE 13 IDLE 6
MIXED PASTURE 5 MIXED PASTURE 6
NATIVE VEGETATION 5
POTATOES 8

ADDITIONAL INFORMATION:

RIVERS:

CANALS & DITCHES:
ROADS:

DOMESTIC WELLS:
IRRIGATION WELLS:
OTHER FEATURES:

0 MILES
0.8 MILE
4.5MILES
16
2

C05 NEAR ALMONDS , GRAIN, AND IDLE LAND.

ND.ND

PACKING SHED
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LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

SECTION: 6S/10E-27

WELLS IN SECTION: C2,C4
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 32 ALFALFA 11
ALMONDS 16 DAIRY 6

CORN 39 DECIDUOUS 22 sprinkler & flood

DAIRY 5 GRAIN 43
IDLE 4 IDLE 13
MIXED PASTURE 3 MIXED PASTURE 5

WALNUTS 1

ADDITIONAL INFORMATION:

RIVERS: 0 MILE
CANALS & DITCHES: 2 MILES
ROADS: 4.5 MILES
DOMESTIC WELLS: 21
IRRIGATION WELLS: 0
OTHER FEATURES:

C02 IN GRAIN/CORN AREA
ND, ND

CO4 NEAR ORCHARD AND GRAIN/CORN AREA
88.9,88.9 ppm
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LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

SECTION: 6S/10E-30
WELLS IN SECTION: B11
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 1 ALFALFA 23
CORN 88 GRAIN 71
MIXED PASTURE 7 IDLE 6
NATIVE VEGETATION 4
ADDITIONAL INFORMATION:
RIVERS: 0 MILE
CANALS & DITCHES: 2.5 MILES
ROADS: 45 MILE
DOMESTIC WELLS: 1
IRRIGATION WELLS: 0
OTHER FEATURES:

B11 IN GRAIN/CORN AREA.
28.6, 30.4 ppm



~3
ASV]

LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

SECTION: 6S/10E-34
WELLS IN SECTION: B1
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 5 DAIRY 9
ALMONDS 13 DECIDUOUS 34 flood
CORN 25 GRAIN 21
DAIRY 8 GRAPES 9 sprinkler & flood
GRAPES 11 IDLE 11
IDLE 1 MIXED PASTURE 13
MIXED PASTURE 4 NATIVE VEGETATION 3
NATIVE VEGETATION 6
PEPPERS 2
WALNUTS 25

ADDITIONAL INFORMATION:

RIVERS:

CANALS & DITCHES:
ROADS:

DOMESTIC WELLS:
IRRIGATION WELLS:
OTHER FEATURES:

0.5 MILE
2 MILES
3.5 MILES
13
2

BO1 IN WALNUTS
13.4,13.8,13.6 ppm
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LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

SECTION: 6S/10E-35
WELLS IN SECTION: A5
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALMONDS 11 DECIDUOUS 18 sprinkler & flood
GRAPES 58 GRAIN 7
MANUFACTURING 1 GRAPES 56 sprinkler & flood
MIXED PASTURE 2 MIXED PASTURE 3
NATIVE VEGETATION 21 NATIVE VEGETATION 13
PARK-LAWN AREA 2 PARK-LAWN AREA 3 sprinkler
WALNUTS 5
ADDITIONAL INFORMATION:
RIVERS: 1.5 miles
CANALS & DITCHES: 0.5 mile
ROADS: 4 miles
DOMESTIC WELLS: 5
JRRIGATION WELLS: 2
OTHER FEATURES:
AO05 IN PARK

ND, ND
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LAND USE IN SAMPLED SECTIONS & $#ERCED COUNTY

SECTION: 6S/12E-09
WELLS IN SECTION: B6,B7,B8,B9
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 8 ALFALFA 11
ALMONDS 26 DAIRY 2
CORN 12 DECIDUOUS 43 flood & sprinkler
DAIRY 2 GRAIN 17
MIXED PASTURE 6 MIXED PASTURE 9
NATIVE VEGETATION 16 NATIVE VEGETATION 11
PEACHES 3 POULTRY FEEDLOT 1
RESIDENTIAL 6 RESIDENTIAL 6
SUDAN 4
WALNUTS 17
ADDITIONAL INFORMATION:
RIVERS: 1 MILE
CANALS & DITCHES: 2MILE
ROADS: 3 MILE
DOMESTIC WELLS: 3 + TOWN WELLS
IRRIGATION WELLS: 0
OTHER FEATURES:
B06 IN RESIDENTIAL AREA.
46.2,46.6 ppm
B07 IN RESIDENTIAL AREA
15.4,12.3 ppm
B08 IN ALMONDS.
22.0,16.3 ppm

B09 IN RESIDENTIAL AREA.
26.4,26.0 ppm
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LAND USE IN SAMPLED SECTIONSXIP-MERCED COUNTY

SECTION: 6S/12E-10
WELLS IN SECTION: A7
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALMONDS 12 ALFALFA 6
DAIRY 15 DAIRY 20
MISC. DECIDUOUS 3 DECIDUOUS 25 sprinkler
MIXED PASTURE 49 MIXED PASTURE 46
NATIVE VEGETATION 14 NATIVE VEGETATION 3
PEACHES 4
SUDAN 6
WALNUTS 3
ADDITIONAL INFORMATION:
RIVERS: 0 MILE
CANALS & DITCHES: 3 MILES
ROADS: 2.5 MILES
DOMESTIC WELLS: 4
IRRIGATION WELLS: 0
OTHER FEATURES:

A07 IN ALMONDS NEAR DAIRY.
12.3,12.3,12.3ppm

TRUCKING COMPANY
POWER STATION
RADIO TOWERS
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LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

SECTION: 7S/10E-10
WELLS IN SECTION: A9
SUMMER 1987 WINTER 1990
USE ' % of section USE % of section
DAIRY 4 DAIRY 5
MIXED PASTURE 80 GRAIN 10
NATIVE VEGETATION 5 IDLE 15
POTATOES 9 MIXED PASTURE 70
SUDAN 2
ADDITIONAL INFORMATION:
RIVERS: 0 MILE
CANALS & DITCHES: 3.5MILE
ROADS: 2 MILES
DOMESTIC WELLS: 6
IRRIGATION WELLS: 0
OTHER FEATURES:

A09 NEAR MIXED PASTURE & FORMER SUDAN FIELD.
440, 44.0 ppm
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LAND USE IN SAMPLED SECTIONSOFX#ERCED COUNTY

SECTION: 7SM10E-11

WELLS IN SECTION: Cc10
SUMMER 1987 WINTER 1990
USE % of section USE % of section
FEEDLOTS 3 POULTRY FEEDLOTS 3
IDLE 3 GRAIN 8

MIXED PASTURE 66 GRAPES 8 sprinkler

NATIVE VEGETATION 7 IDLE 14
RESIDENTIAL 2 MIXED PASTURE 64

SWEET POTATOES 19

ADDITIONAL INFORMATION:

RIVERS:

CANALS & DITCHES:
ROADS:

DOMESTIC WELLS:
IRRIGATION WELLS:
OTHER FEATURES:

0 MILE
2.5 MILES
5 MILES
27
2

C10 IN MIXED PASTURE NEAR IDLE LAND.

ND,ND
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LAND USE IN SAMPLED SECTIONSOFMERCED COUNTY

SECTION: 7S/10E-14

WELLS IN SECTION: C1,C3,C7,C9
SUMMER 1987 WINTER 1390
USE % of section USE % of section
CORN 3 GRAIN 8
MIXED PASTURE 71 IDLE 19
NATIVE VEGETATION 19 MIXED PASTURE 68
RESIDENTIAL 7 RESIDENTIAL 5

ADDITIONAL INFORMATION:

RIVERS: 0 MILE

CANALS & DITCHES: 3 MILES

ROADS: 5 MILES

DOMESTIC WELLS: 12 + TOWN WELLS

IRRIGATION WELLS: 1

OTHER FEATURES:
CO01 IN RESIDENTIAL AREA NEAR MIXED PASTURE.
ND, ND
C03 IN MIXED PASTURE/NATIVE VEGETATION.
ND,ND
C07 NEAR MIXED PASTURE AND GRAIN AREA.
ND,ND

C09 IN MIXED PASTURE AREA.
ND,ND
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LAND USE IN SAMPLED SECTIONSOFMERCED COUNTY

SECTION: 7SM10E-15
WELLS IN SECTION: A8
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALFALFA 7 AIRSTRIP 1
DAIRY 2 ALFALFA 7
FEEDLOTS 4 DAIRY 2
IDLE 5 GRAIN 6
MIXED PASTURE 74 IDLE 4
RESIDENTIAL 3 MIXED PASTURE 69
SUDAN 5 POULTRY FEEDLOTS 6
RESIDENTIAL 5
ADDITIONAL INFORMATION:
RIVERS: 0 MILE
CANALS & DITCHES: 1.5 MILES
ROADS: 5 MILES
DOMESTIC WELLS: 7
IRRIGATION WELLS: 2
OTHER FEATURES:

A08 IN RESIDENTIAL AREA NEAR MIXED PASTURE AND GRAIN.
ND, ND

AIRSTRIP
DAIRY SETTLING PONDS



18

LAND USE IN SAMPLED SECTIONSUFMERCED COUNTY

SECTION: 7S/10E-16
WELLS IN SECTION: A1,A2,A3,A10
SUMMER 1987 WINTER 1990
USE % of section USE % of section
CORN 5 ALFALFA 5
DAIRY 1 CATTLE FEEDLOTS 2
MIXED PASTURE 93 IDLE 7
RESIDENTIAL 1 MIXED PASTURE 86
ADDITIONAL INFORMATION:
RIVERS: 0 MILE
CANALS & DITCHES: 4 MILES
ROADS: 3.5 MILES
DOMESTIC WELLS: 20

IRRIGATION WELLS:
OTHER FEATURES:

1

A1 IN MIXED PASTURE NEAR IDLE LAND.

ND,ND

A2 IN MIXED PASTURE.

ND,ND

A3 IN MIXED PASTURE.

ND,ND

A10 NEAR MIXED PASTURE, CATTLE FEEDLOT, AND IDLE/CORN AREA.
ND,ND



LAND USE IN SAMPLED SECTIONS&FXERCED COUNTY

SECTION: 7SNM0E-17
WELLS IN SECTION: B5
SUMMER 1987 WINTER 1990

USE % of section USE % of section
CORN 2 ALFALFA 4
DAIRY 2 DAIRY 2
IDLE 2 IDLE 9
MIXED PASTURE 87 MIXED PASTURE 83
NATIVE VEGETATION 7 STABLE 2
ADDITIONAL INFORMATION:
RIVERS: 0 MILES
CANALS & DITCHES: 3.5 MILES
ROADS: 4.5 MILES
DOMESTIC WELLS: 11
IRRIGATION WELLS: 0

OTHER FEATURES:

BOS IN MIXED PASTURE.

ND,ND



£8

S12.XLS

LAND USE IN SAMPLED SECTIONS OF MERCED COUNTY

SECTION: 7SM1E-12
WELLS IN SECTION: C6
SUMMER 1987 WINTER 1990
USE % of section USE % of section
ALMONDS 69 DECIDUOUS 67 sprinkler & flood
GRAIN 1 GRAIN 15
GRAPES 3 GRAPES 3 flood
iDLE 3 IDLE 10
MIXED PASTURE 10 MIXED PASTURE 5
NATIVE VEGETATION 28
SUDAN 6
SWEET POTATOES 4

ADDITIONAL INFORMATION:

RIVERS:

CANALS & DITCHES:
ROADS:

DOMESTIC WELLS:
IRRIGATION WELLS:
OTHER FEATURES:

0 MILE
1 MILE
5 MILES
17
0

C06 NEAR GRAIN AND ALMONDS. WAS IN MIXED PASTURE .

523 52 3 ppm
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