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ABSTRACT

A study was conducted in citrus- and grape-growing areas of Fresno and Tulare
Counties to {1) estimate the time batween application of preemergent herbicides
and their subsequent detection in well waters, (2) determine whether herbicide
concentrations in 30 wells had changed between 1994 and 1996, and (3}
evaluate the concentrations of two N-dealkylated simazine degradates [deethyl
simazine or DES, and disminochlorolnazine or DACT] in simazine positive wells.
No change in herbicide concentrations (simazing, DES, diuron, and bromacil) of
30 wells was evident between 1994 and 19896 {signed rank p=0.22). Simazine
herbicide accounted for only 10-20% of the razine residues delermined in the
well water samples; concentrations of the triazing degradates DES and DACT
were greater than simazine in nearly all wells. More than 2/3 of the well water
samples contained detectable levels of diuron and/or bromacil, while 1/3 of the
wells containegd all five residues (simazine, DES, DACT, diuron, and bromacil),
Chloroflucrocarbon (CFC) age-dating combined with one-dimensional vadoese
zone transport modeling yisided an esttimate for the median time between
herbicide application and subseguent detection in 18 wells of 7-8 years. These
resulis indicate that any changes in ground water quality arising from mandatory
adoption of regulatory herbicide controls or wide-spread voluntary adoption of
agricultural management practices to protect ground water will probably not be

discarmible for at least a decade.
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CKGOUND

Detections of the preemergent harbicides simazine, divron, and bromacil have been
found in several hundred Fresno and Tuiare County wells, These herbicides are
primarily associated with grape and citrus production. The Environmantal Hazards
Assessment Program (EHAP)Y of the Depantment of Pesticide Regulation 1s conducting a
voluntary program o mitigate ground water contammnation in citrus- and grape-
producing areas of Fresno and Tulare counties. The objectives of the grape/citius
project are to identify and encourage the adoption of maodified farm management
practices that reduce or eaminate herbicide movement {o ground water. In discussions
with growers, cornmodily groups, and registrants, a number of questions frequently

arse. Twa of these are:

1. Do curfent farming practices coniribute to ground water contamination, or are the

detections a result of historicai applications?

2. Are herbicide concentrations in wells increasing or decreasing”?

The first guestion requires knowladge of the time interval between application and
detection in water wells. Movement of a herbicide from the site of application 1o
detection at the well screen can be visualized as cccurring in two steps (fig. 1) (1)
movement from the point of application to the water table, and (2) movement from the
watar table to the well screen. The travel time for movement from the ground surface to
the water table under leaching conditions can be estimated from one-dimensional
vadose zone transport modeling using seil profile, irrigation, and crop water requirement
data. Such an estimated leaching travel time would be conservative (i.e., an
overestimate) in sreas where movement to ground water occurs by a direct transport
mechanism such as surface water runoff to dry wells. The fransport time for step (2)
above is equal to the "effective recharge age” of a sampled water parcel assuming the
transport velocity of the herbicide and the water are essentially equal. Scientists with the

United States Geological Survey (USGS) have developed a method for estimating the



etfective recharge age of shallow ground waters by using chiorefluorocarbon (GFCs)
tracers. This method is used to estimate the length of time between entry of & water
parcel to the water table and subseguent sampling from the depth of 2 well's perforated
intervatl {fig 1). A briaf description of CFC dating is given in the Malerials and Methods
section; a detailed analysis of the imitations, assumptions, and applications of CFC

age-dating are available in a number of recent studies and reviews (1-10).

The second question of whether there is a temporal ground water coneantration trend
requires repeat sampling data for positive wells. Such data for currently registered
pesticides are sparse; the focus of EHAP's well sampling program has been to identify

new aress of contamination and new ground water contaminants.

A third important topic is the extent to which herbicide degradates confribute to total
herbicide residua load In positive wells. This question is especially important for s-
chloratriazine herbicides such as simazine. The most common simazine degradates
{fig. 2} found in ground water are the stepwise N-dealkylated products deethyl simazine
(DES)Y and diaminochlorotriazing (DACT). DES and DACT are relatively persistent, their
toxicological properties have not been fully characterized, and, similar to simazing, they
both possess the tnazine ring. Their structural similarity to simazine suggests A common
characteristics, it has been recommended that health adwisory levels set for triazine
parents be applied to the {otal concentration of parent plus degradates [Wisconsin
Ground-Water Act 410 (1983), Rule under the Law, Enforcement Standard, Chapler
NR, Wiscensin ADM CODE (1991)]. Simazine and both degradates, DES and DACT,
study 9 wells, or 43% of those sampled, exceeded the Maximum Contaminant Level
(MCL) of 4 parts per billicn (ppb) for simazine as applied to the sum of intact triazine
rng residues: simazine, DES, and DACT. Further data are needed to characterize the

presence of these degradates in Fresno and Tulare County wells,




OBJECTIVES

The objectives of this study were 1o

1. estimate the “sffective recharge age” of triazine-containing well water samples, ihat
i, the travel time between the water table and the well screen,

2. estimate the time between herbicide application and subsequent detection in ground

waier using the effective recharge age and the modeled travel tme from the surface,

£
et

measure simazing, DES, diuron, and bromacil concentrations in positive wells that
had been previcusly been sampled in 1994 to evaluate any possible temporal trends

in concentration, and

4. determine concentration levels and occurrence of N-dealkylated simazine

aegradates in simazine vositive wells.

[#]
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CFC-12: dichlorodiflouromethane ~ CCLF,

USES: smalf unit and mobil refrigerant

CFC-11: trichloroflouromethane -- CCLF

USES. commercial refrigarant, chillers,

foam blowing

CFC-113: trichiorotriflourosthane -- C,CLLF,

U

sofvent, cleaner, foam blowing

STAGILITY: CFC-12 > CFC-11> CFC-113
SORPTION: CFC-113 > CFC-11 > CFC-12

Figure 4. Chloroflusrocarbon tracers and principal uses

11
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that water becomes isolated from the vadose atmosphere, 1 &., when that water enters
the saturated zone {aquifer). The CFC airfwater equilibrium is descnbed by the
respective Henry's law constant for each CFC. These constants have been accurately
temperature is known, aqueous CFC concenirations in a well water sample can be used
o determine vadose atmosphere CFC concentrations at the time a water narcel enters
an aguifer at the capillary fringe of the saturated zone, and the year that the water
entered the aquifer can subsequently be determined from the atmosphenc growth

curves (fig, 5).

Many ground water CFC age-dating studies have used dissclved gas concentrations
{nitrogen and argon) to estimate ground water recharge temperature (8, 18). While the
procedure has been useful for non-agriculivral areas, it 1s alse known that the use of
dissolved gases to estimate recharge temperature i1s problematic in areas where
recharge is dominated by irigation water applications, and where nitrogen fertilizer use
is significant (E. Busenberg, U.S. Geological Survey, personal communication). As &
alternate approach. seasonal soil temperature vanations decrease with depth,
approaching a constant value near the mean annual air temperature at depths below a
few meters. In this study, a mean recharge temperature of 17°C - that is, the mean
temperature at the base of the unsaturated zone (~ 10m below ground surface) - was
assigned based on 10 year mean air temperature data from Fresno, Orange Cove,
Lindsay, and Visalia. The mean annual air temperature is axpected ¢ closely

approximate the mean iecharge temperature at depths greater than & few meters in the



Tahle 3. Summary of herbicide analytical results for the July 1998 (first) sampling of 30

damestic wells.

simazine DES DACT? SUM diuror | bromasil |
ppb Bk ppb triazine nph Pp
______________ - o ppb
Y% positive 97 100 87 100 63 47
madian cone. | 0.18 0.60 019 091 0.13 -
mean 0.17 0.85 0.24 1.9 (.30 0.32
standard dev. 0.08 0.62 0.20 0.79 .40 068
maximum 0.41 3.0 .85 3.8 1.5 3.2
minimum | ND° 0.07 ND® 0.15 ND® ND®

A DES = deethyl simazine, DACT = diaminochlorotriazing
?f ND = nondetect, median and mean concentrations calculated assuming ND = 0.
" More than 50% of bromacil analyses were nendetects

5
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R sum triazine

Figure 7. Mean and standard deviation of triazine concentrations in 30 domestic wells
sampled in July 1986



1996 Bicicle concentrations
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2 /
/
0 1 2 3 4
1994 concentrations - ppb

Figurs 8. Companson of all analyses conducted in both 1984 and July
1986. Line shows where all data would fall if 1696 concentrations were
axactly equal to 1994 concentrations. Includes analysis for simazineg, DES.
bromacil and diuron. A signed rank test indicates that the difference
between 1994 and 1896 concentrations is not different than zero (p= 0.22).
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Domestic welfs.  Five of the 23 domestic welis sampled vielded calcuiated CFC
concentrations that exceeded the continental mixing ratic (appendix 3). The estimated
recharge ages of the remaining 17 domestic wells ranged trom 110 31 vears, with &
median age of 6 years (g, 10). Elevated levels of CFCs in the b wells may have been a
result of contamination. Sewage is known to often contain very high levels of CFCs
(e.g., 2); local atmospheric CFC excesses of the magnitude required to explamn most of
the elevaled CFC levels in the wealls are unlikely. It is evident that CFC-113
contamination s present in many of the wells, limiting it's usefulness as a ground water
dating tracer. This resuli is consistent with it's widespread use as a solvent, and it's high
miscibility in oils and greases (15). As noted previcusly, few if any ground water studies
have reporied using CFC-113; it's application in this study was experdmental. CFC-12

and CFC-11 appear to be superior age-dating tracers.

The effective recharge ages in figure 10 represent the time between arrival at the water
table of the water sampled and the actual sampling event (August, 1998). To estimate
the time between application and detection of the herbicides, the travel time from the
ground surface 1o the water table must also be accounted for. One-dimensional vadose
zone modeling of pesticide leaching to ground water yielded an estimate for the surface
to water table travel time of 1— 3 years. These data indicate that the detections in the
17 domestic wells are associated with herbicide applications ranging from 3-33 years
ago, with more than half of the detections associated with applications made in the last

3 years.
Finally, there was no apparent relationship between estimated rechargs ages and

herbicide concentrations, soil type (pan vs coarse), or fraction of triazine degradates (=
[DES + DACTHDES + DACT + simazing]).

21



CONCLUSIONS

s

In Fresno and Tulare County wells that are positive for simazine, simazine residues
constitute only a fraction of the total triazine residues present, in this study around
10-20%. While no well water samples in this study containad “total” tniezine residue
concentrations (simazine + DES + DACT) that exceeded the simazine MCL of 4 ppb,
several wells approached this leval, the maximuim total tnazine residues observed in

this study was 3.8 ppb, or 95% of the simazine MCL.

More than 2/3 of the wells alsc contained detectable levels of dwron andfor
bromacil, while 1/3 of the wells contained detectable levels of all five residues

bromacil, diuron, simazine, DES, and DACT (reporting limit of 0.08 ppb).

There was no detectable change in herbicids concentrations in the 30 domestic

walls over the 2 year time period between 1894 and 19986,

Estimated times between harbicide application and subsequent detection in well
water ranged from 2 ~ 33 years, with more than half of the detections associated
with applications made within the last 7-9 years. The data indicate that any changes
in ground water quality arising from mandatory adoption of requiatory controls or
wide-spread voluntary adoption of agricultural management practices will probably

not be discernible for at least a decace.

23
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Appendix T. GECHI1 CFG+12, and CEC-113 North American Centinental mixing
ratios {parts per trillionv/v):1930 = present.” Data courtesy USGS.



PR

Dusanberyg and Piummer, 1986
CFC's — 1/13/97 ~ Continental U.S. mixing ratio
CFC-113 date complstaly revissd.
CFC-11 and CFC-12 ravised after 18993,
YEAR CFC-31 CFC-12 CFC-113

1930.0 0 0 0
19305 0 0 0
1931.0 0 0.0027 0
1931.5 0 0.0085 0
1932.0 0 {10082 0
19325 0 3.0109 0l
1933.0 0 0.0136 0l
1033.5 0 3.0163 Ol
1934.0) 0 0.0247 0

19345 o 00271 0
1935.0 0 0.0352 !
19355 ¢ 0.0433 0!
1936.0 ) 0.0568
19736.5 0 0.0703 0
1937.0 {0 0.0918 0
1937 5 0 0.1135 0
1938.0 00024 0.1459 0
1938.5 00048 0.1783 0
1939.0 0.0072 0.2241 0
1939.5 (.0085 0.2699 4]
19400 0.0118 .332 0
1940.5 0.0144 .394 0
16410 0.0164 0.474 0
16415 0.0186 0.554 0
1042 0 0.0208 0.653 D
1942 .4 (.0231 0752 0
1943.0 G.0276 0872 0
1943 .5 3.0322 0.992 0.007
1944.0 0.0367 1.185 0.013
1044 .5 60442 1318 0.028
1945.0 0.0479 1.631 0.043
1945.5 0.0547 1.745 0.059
1946.0 0.0686 2,418 0.075
1946.5 0.0824 2.491 0.083
1647 .0 0.1128 3.063 0.110
1947 5 0.1432 3.636 0131
19460 0.1970 4.299 0.152
18948.5 0.2507 4,963 0174
1944.0 0.3394 5.8670 0.196
1949 5 0.4281 68,377 0,222
1950.0 0.5559 7.157 (3.249
1950.5 0.6036 7.937 0.279
1851.0 5.685692 3.790 0.308
18951.5 1.035 §.643 £.343
1652.0 1.288 10.52 0.377¢
1952.5 1.542 11.41 0.415
1953.0 1.607 12.39 0.454
1953.5 2.231 13.38 0.497
1254 .0 2 655 14.50 3.540
19584 § 3.079 15.62 0.599




CECI

CEC 17,

CFCo4

1680.0  169.67 306.19 23.00]
1980.5  173.92 312.30 24.59
1981.0 47713 317.53 26.19
1981.6  180.89 325 41 27 84
1982.0  185.03 338.06 29.49
196525 189.56 347.03 31.32
1983.0  194.54 155,765 43,14
19835  199.29 366.23 35.43
1984.0  203.24 372.45 37.71
1984.5  207.35 38000 40.42
19B5.0  212.59 389.00 4312
1985.5  218.66 39675 46.00
086.0  224.42 407.93 48.69
1986.5  229.30 416.63 52.06
1987.0  234.97 426.58 55.27
196756 242.60 442.06 56.76
1988.0 25025 452 06 62.34
1968.5 25560 451.52 66.05
1889.0  259.10 465.98 69.77
1959.5  283.67 476.22 7282
1990.0  267.04 464.97 75.87
19805  268.04 491,52 78.03
1991.0  270.59 495.59 80.19
19915  272.78 501.13 81.75
1992.0 27350 510.52 83.10
1682.5  274.60 512.50 94.50
19930  275.10 517.00 85.00
19935  275.15 52130 85.30
19940 27510 526.30 a5.40
1994.5  274.10 531.10 85.30
1995.0  274.08 533.50 85.20
19955  273.80 53530 84.80
1986.0  273.00 537.30 84.50
1996.5  272.00 541.00 84.20
1967.0  271.00 543.00 83.70|




Appéndix 2. Herbicide data for 30 domastic wells,
1994 sampling and 1996 sampling,
simazing DES DACT:diuren, bromact
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Appendix 3. agueous CFC analytical data, calculated CFC vadose zone
atmosphere concentrations at time of water eniry info water fable,
and estimated recharge age
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