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Table 12.--Physico-chemical properties of pesticides and their metabolites used or detected in wells in the
Central Columbia Plateau study unit

[Pesticide types: H, herbicide; I, insecticide; F, fungicide; FU, fumigant; M, metabolites. URAC, uracid; MISA,
miscellaneous acid; MISC, miscellaneous; TRI, triazine; CB, carbamate; 10, inorganic; TCB, thiocarbamate; NC,
nitrogen-containing; VOL, volatile; OP, organophosphate; OC, organochlorine; CP, chlorinated phenoxy acid;

mg/L, milligrams per liter; log K,,,,» logarithm of octanol-water partitioning coefficient; log K,,., logarithm of organic
carbon partitioning coefficient; --, not available; Y, yes; N, no]

Pesticide Chemical  Solubility Analyzed

Compound type class (mg/L) log K,y log K,,. for Detected

Predominantly Used Herbicides
EPTC H TCB 375 -- 24 Y N
2,4-D H Cp 620 1.6 13 Y N
2,4-DB H Cp 375 - 24 Y N
Terbutryn H TRI 25 - -- Y N
Triallate H TCB 4 3 24 N --
Bromoxynil H MISC 130 -- -- N -

Predominantly Used Insecticides
Disulfoton I op 25 2.4 33 N --
Azinophosmethyl I op 33 2.7 3 N --
Chlorpyrifos I 10)3 03 5 4.1 Y N
Ethoprop I OP 1.1 5.1 42 Y N
Methamidophos I op -- -- 29 N --
Phorate I OP 50 3.8 3.5 N -

Predominantly Used Fungicides
Sulfur F 10 -- -- -- N --
Thiabendazole F -- -- - -- N --
Benomyl F CB 4 -- - N -
Mancozeb F TCB 0.5 -- 33 N --
Ziram F -- -- - -- N --
Iprodione F NC 13 -- 2.7 N --

Detected Pesticides and Metabolites

DCPA H oC 0.5 6 37 Y Y
Atrazine H TRI 30 2.7 2.2 Y Y
Bromacil H URAC 710 2 1.9 Y Y
Dicamba H MISA 5,600 0.5 0.3 Y Y
Picloram H MISA 430 0.3 1.2 Y Y
Metribuzin H TRI 1,200 -5 2 Y Y
1,2-Dibromoethane (EDB) IFU VOL 4,300 - 1.6 Y Y
1,2-Dichloropropane FU VOL 2,700 -- -- Y Y
trans-1,3-Dichloropropene I,FU VOL 2,800 - - Y Y
Aldicarb sulfone IM CB 8,000 0.1 1.0 Y Y
Aldicarb sulfoxide M CB 330,000 -0.2 - Y Y
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Figure 30. Solubilities in water of selected pesticides. Atrazine and DCPA are labeled because their
solubilities are lower than the solubilities of most detected compounds.
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partitioning coefficient, logK,,,, is a measure of the equi-
librium distribution of a compound between octanol, an
organic solvent, and water, an inorganic solvent. High
values of logK,,,, suggest that the compound is less likely
to be found in water. The logarithm of the soil/sediment
adsorption coefficient, logK,,, is an estimate of the equi-
librium distribution of the compound between organic sol-
ids in soils and water. High values of logK,. suggest that
the compound is less likely to be found in water. LogK,,,,
ranges from -5.0 to 2.0 for the detected compounds, and
1.6 to 5.1 for the compounds not detected. LogK,,. ranges
from 0.3 to0 2.0 and 1.3 to 4.2, respectively.

These observations have been used to develop a con-
ceptual model of the movement of pesticides in the study
unit, but there is insufficient information on some impor-
tant factors. The largest limitation is the limited distribu-
tion of sampling sites and poor knowledge about the areal
distribution of the use of individual compounds. All of the
samples (except those for VOC analysis only) are from the
Quincy-Pasco subunit, whereas information on the usage
of individual compounds is for the entire study unit. For
example, the compounds 2,4-D, 2,4-DB, and terbutryn are
used primarily on wheat (terbutryn exclusively on wheat,
table 6), which is the predominant crop in the Palouse sub-
unit, so detection of it in the Quincy-Pasco subunit is not
as likely as one might expect based on application rates for
the entire study unit. Similarly, ethoprop is used exclu-
sively on potatoes and chlorpyrifos is mainly used on
orchards, so if samples were not taken near these crops, it
is not likely they would be detected.

Implications for Future Sampling

An objective of the retrospective analysis is to use
knowledge gained from analyzing existing data to improve
the data-collection plans for the assessment of ground-
water quality in the study unit. The goals of the
assessment are to:

(1) Describe current water-quality conditions;
(2) Identify trends (if any) in water quality; and
(3) Explain factors that affect water-quality conditions

and trends.

Ground-water data-collection (sampling) plans designed
to help accomplish these general goals will focus on three
specific objectives:
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(1) to assess the quality of the ground-water source or
sources that provide most of the water for public
consumption;

(2) to investigate the effects of widely practiced or
otherwise significant land uses on the quality of
shallow ground water; and

(3) to investigate the processes occurring on a local
scale that move or inhibit the movement of
contaminants through the ground-water system.

The results of this report affect the data-collection designs
for three types of investigations differently.

The retrospective analysis resulted in significant
progress toward addressing objective #1, to assess the
quality of water used for public water supply, because of
the recent acquisition of data from WDOH on water qual-
ity in public-supply wells. The review of the WDOH data,
though not as thorough as the analysis of the USGS data
set, indicates that the concentrations of nitrates in public-
supply wells are similar to those observed in the wells in
the USGS data set; however, the inverse correlation with
depth does not occur. Consequently, there may not be a
need for the NAWQA project to collect more data on
nutrient concentrations with respect to water quality in
public-supply wells. Howeuver, there is a need for data on
pesticide concentrations in these wells--particularly pesti-
cides that have been used extensively and pesticides with
solubilities (in water) greater than about 500 mg/L.

Analyses made for this report have also had a large
influence on sampling design for objective #2, the investi-
gation of the effects of land use on water quality. Because
land use and recharge, specifically the rates of agrichemi-
cal usage and recharge, appear to control the distribution
of nitrogen in the ground-water system, more detailed
information on land use will be collected and used to help
select sampling locations. The relation between nitrate
concentration and depth identified in this report empha-
sizes the importance of well depth to the selection of wells
to be sampled for land-use effects studies. Sampling will
include both shallow domestic wells and water-table wells
drilled by the project staff. Data from the two types of
wells will be compared to further assess the relation
between depth and water quality and to address the effects
of land use on water quality both at the water table where
contaminants should appear first and at the depths more
commonly tapped for domestic use. The comparison will
also allow an evaluation of the relative strengths of the
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two types of wells for future ground-water sampling pro-
grams. The analysis of the WDOH data suggests that the
WDOH wells should not be included in sampling for this
objective because they are geographically biased toward
populated areas.

The complexities of the relations between depth,
ground-water residence time, and nitrate concentrations
that have become apparent during this retrospective analy-
sis also affect the design of the land-use studies. The
study unit is simply too large to attempt to account for the
effects of local scale ground-water flow systems, differ-
ences between regional recharge and discharge areas, and
variations in the thickness and composition of unsaturated
materials above the water table. These factors prevent a
sampling design that would identify 'typical’ small areas
representing large parts of the study unit. If such a design
were attempted, the areas chosen as 'typical’ probably
would not be representative in all ways. However, the
comparisons of concentrations by subunit and land use
show that there are regional correlations in land use and
water quality that can provide a basis for subdividing the
study unit into representative land-use areas. This
approach is referred to as a stratified random sampling,
where stratified refers to the process of subsetting land-use
areas and identifying the characteristics of the wells to be
sampled. The use of random selection of wells within
each land-use area requires a statistical approach to the
analysis of each of the land-use areas.

Local-scale, or "flow path", studies (objective #3)
will focus on the movement of contaminants in local
ground-water flow systems, including discharge to
streams. This retrospective analysis was not detailed
enough to affect the design of these studies; however, it
does show that local systems probably play an important
role in the transport of contaminants. Local systems
should be studied in greater detail in order to understand
the occurrence and movement of solutes in the ground-
water system and the large variations in nutrient and
pesticide concentrations that resuit.

SUMMARY

This report is a retrospective analysis of ground-
water quality data from 1942-92 from the Central
Columbia Plateau--one of the major hydrologic basins in
the Nation currently being studied as part of the National
Water-Quality Assesment (NAWQA) Program. The goals
of the NAWQA program are to describe the status and
trends in the quality of a representative part of the Nation’s
water resources.
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Irrigated and nonirrigated agriculture are the domi-
nant land uses in the study unit, which is in an arid to
semiarid region underlain by the Columbia River Basalt
Group. To aid in the development of a conceptual model
and to facilitate comparisons of water quality on a national
scale, the study unit was divided into three subunits on the
basis of factors that could influence ground-water quality,
including recharge, geology, geohydrology, hydrology/
topography, and land use. The Quincy-Pasco subunit in
the south-western part of the study unit has the most
recharge, a thick unconsolidated surficial deposit with
variable composition, shallow ground-water table, gener-
ally flat topography with few perennial streams, and inten-
sive irrigated agriculture with a great variety of crops. The
North-Central subunit has the least recharge, a thin or
missing unconsolidated unit of highly variable composi-
tion, a wide range of depth to ground water, rough topo-
graphy, few perennial streams, and dryland agriculture
(mostly wheat) that requires leaving land fallow for 1 or
2 years between crops. The Palouse subunit in the eastern
part of the study unit has moderate recharge, a 10 to 200 ft
thickness of fine-grained unconsolidated surficial deposits,
shallow water table, hilly topography with many perennial
streams, and dryland agriculture, mostly wheat.

The primary source of data is from the U.S. Geologi-
cal Survey's National Water Information System. Nitrate
and pesticide data from the State of Washington Depart-
ment of Health and pesticide data from the State of
Washington Department of Ecology are also analyzed.

Nineteen percent of the mean nitrate concentrations
for individual wells in the study unit exceed the U.S. Envi-
ronmental Protection Agency’s Maximum Contaminant
Level (MCL) for nitrates (10 mg/L as nitrogen), and 21
percent of drinking water wells exceed the MCL. The
median nitrate concentration for all wells is 3.1 mg/L, and
the maximum is 89 mg/L. Ten of 90 samples analyzed for
the pesticide dibromoethane (EDB) exceeded the MCL.

Nitrate concentration is inversely correlated with
depth. Most nitrate concentrations exceeding 10 mg/L (92
percent) are from depths less than 300 ft, and most sam-
ples collected from more than 300 ft (91 percent) have
nitrate concentrations lower than 5 mg/L. The inverse cor-
relation of nitrate concentration with depth suggests that
land use, specifically the use of nitrogen fertilizers, is the
source of nitrate in ground water. This relation is sup-
ported by wells with trends of increasing nitrate concentra-
tions; these wells generally show the increases beginning
in the early 1950’s, after the use of nitrogen compounds as
fertilizers became widespread. Relations between nitrate
concentration and depth are complicated by variations in
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vertical ground-water flow direction and by the effects of
local-scale ground-water flow systems. Additional factors
that may influence the movement and concentration of
nitrate are thickness and composition of the unsaturated
zone, storm runoff (that carries nitrate to the surface-water
system), and denitrification.

Nitrate concentrations are influenced most by land
use and recharge rates. Comparison of nitrate concentra-
tions among the subunits shows that nitrate concentrations
in ground water are higher where nitrogen fertilizers are
applied at the highest rates; the Quincy-Pasco subunit has
the highest median nitrate concentration (5.4 mg/L) and
the highest rate of nitrogen application (132 lbs/acre).
Recharge rates also affect nitrate concentrations; in
irrigated areas, recharge transports nitrate into the
ground-water system, as in the Quincy-Pasco subunit and
the ground-water irrigated areas in the North-Central
subunit. Because the North-Central subunit has higher
fertilizer application rates and recharge quantities in the
irrigated areas, more wells in that subunit have elevated
nitrate concentrations than in the Palouse subunit, which
has overall higher fertilizer usage and recharge. In the
Quincy-Pasco subunit, recharge of fresh irrigation water
from canals lowers nitrate concentrations in ground water
near the canals.

There are insufficient phosphate and pesticide data to
establish relations between concentrations and land use or
depth. Phosphate concentrations in ground water are
low--the median in the study unit is 0.02 mg/L as
phosphorous.

Eleven pesticide compounds were detected: the
herbicides DCPA, dicamba, atrazine, picloram, bromacil,
and metribuzin; the fumigants 1,2-dichloro-propane,
1,2-dibromoethane (EDB), trans-1,3-dichloropropene;
the insecticide aldicarb sulfone (also a degradation product
of the insecticide aldicarb); and aldicarb sulfoxide (a de-
gradation product of aldicarb). Detection of pesticides in
ground water appears to be strongly correlated with the
solubility of the compounds in water and with other
related physico-chemical properties. Compounds that
were detected, with the exceptions of DCPA and atrazine,
have solubilities that range from 430 to 330,000 mg/L and
compounds that were not detected have solubilities that
range from 0.3 to 620 mg/L. Equilibrium partitioning
coefficients of the compounds also show that the com-
pounds that were not detected are more strongly attracted
to organic solvents and organic substances in soil than
compounds that were detected in water.
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The relations between nitrate concentrations and
depth, age of ground water, land use, and recharge will be
considered in the design of subsequent studies of ground-
water quality in the Central Columbia Plateau NAWQA
study unit. One such study will be an investigation of the
effects of selected land uses on shallow ground-water
quality. Another will be a study of the change in quality of
ground water and the processes that cause the changes as
the water flows from the recharge area to the discharge
area of a local-scale flow system. Additionally, the results
presented in this report are part of an initial assessment of
regional and national ground-water quality to be
conducted by NAWQA project staff in Reston, Va.,
and Menlo Park, Calif.
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Table 14.--Pesticides sampled in ground water in the Central Columbia Plateau study unit

[USGS, U.S. Geological Survey; WDOE, Washington Department of Ecology; WDOH, Washington Department of
Health; MISA, miscellaneous acid; CLPH, chlorophenoxy acid herbicides; AMID, amide; TRI, triazine; MISC,
miscellaneous; NC, nitrogen-containing; URAC, uracid; TCB, thiocarbamate insecticide; CB, carbamate; OC,
organochlorine; OP, organophosphate; UREA, urea; MISN, miscellaneous; TP, thiophosphate; ACE, acetanilids;
VOL, volatile; --, not analyzed}

Chemical Number of sites with detections/number of sites
Compound abstract (detection limit. pg/M) =~
Chemical name class number USGS WDOE WDOH
HERBICIDES
2,4,5-T CLPH 93-76-5 0/17(0.01) 0/56(0.2) --
2,4,5-Tp (Silvex) CLPH 93.-72-1 0/17 (0.01) 0/56(0.2) --
2,4-D CLPH 1702-17-6 0/17(0.01) 0/56(0.5) --
2,4-DB CLPH 94-82-6 -- 0/56(2) --
Acifluorfen MISA 62476-59-9 -- 0/56(0.2) --
Alachlor AMID 15972-60-8 0/17(0.1) 0/56(1) --
Ametryn TRI 834-12-8 0/17(0.1) 0/56(0.3) --
Atratone MISC 1610-17-9 -- 0/29(0.3) --
Atrazine TRI 1912-24-9 0/17(0.1) 4/56(0.2) --
Bentazon NC 25057-89-0 -- 0/56(0.5) --
Bromacil URAC 314-40-9 -- 1/56(2.2) --
Butachlor AMID 23184-66-9 -- 0/29(1.5) --
Butylate TCB 2008-41-5 -- 0/29(5.0) -
Chloramben MISA 1954-81-4 -- 0/27.5) --
Chlorpropham CB 101-21-3 -- 0/29(0.7) --
Cyanazine TRI 21725-46-2 0/17(0.1) 0/56(0.8) --
Cycloate TCB 1134-23-2 -- 0/27(0.4) --
DCPA oC 1861-32-1 - 23/56(0.2) --
Dalapon MISA 75-99-0 -- 0/56(5) --
Dicamba MISA 1918-00-9 5/17(0.01) 0/56(0.2) --
Dichlorprop (2,4-DP) CLPH 120-36-5 0/17(0.01) 0/56(0.5) --
Dinoseb NC 2794-72-9 - 0/56(2.5) --
Diphenamide AMID 957-51-7 -- 0/56(0.4) --
Diuron UREA 94.75-7 -- 0/26(0.5) --
EPTC TCB 759-94-4 -- 0/29(0.3) --
Fluridone MISN 59756-60-4 -- 0/29(0.8) --
Hexazinone TRI 51235-04-2 -- 0/56(0.3) --
IPC (Propham) CB 122-42-9 -- -- --
Merphos TP 150-50-5 - 0/29(0.4) --
Metolachlor ACE 51218-45-2 0/17(0.1) 0/56(1.5) --
Metribuzin TRI 21087-64-9 1/17(0.1) 0/56(0.4) --
Molinate TCB 2212-67-1 - 0/29(0.4) --
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Table 14.--Pesticides sampled in ground water in the Central Columbia Plateau study unit--Continued

Chemical Number of sites with detections/number of sites
Compound abstract (detection limit, Ug/L)
Chemical name class number USGS WDOE WDOH

HERBICIDES--Continued

Napropamide
Norflurazon
Pebulate
Picloram
Prometon
Prometryn
Propazine
Simazine
Simetryn
Tebuthiuron
Terbacil
Terbutryn
Tribufos
Trifluralin
Vernolate

1,2-Dibromoethane (EDB)
Aldicarb
Carbaryl
Carbofuran
Carbophenothion
Chlorpyrifos
Diazinon

DDVP
Disulfoton
Ethion

Ethoprop
Fenamiphos
Fonofos

MGK- 264
Malathion
Methiocarb
Methomyl
Methyl paraoxon

TCB

VOL
CB
CB
CB
op
op
0)3
oP
0]
op
op
orp
OP
MISN
or
CB
CB
NA

15299-99-7
27314-13-2
1114-71-2
1918-02-1
1610-18-0
7287-19-6
139-40-2
122-34-9
1014-70-6
34014-18-1
5902-51-2
886-50-0
78-48-8
1582-09-8
1929-77-7

INSECTICIDES

106-93-4
116-06-3
63-25-2
1563-66-2
786-19-6
2921-88-2
7600-50-2
58727-55-8
298-04-4
563-12-2
13194-48-4
22224-92-6
944-22-9
113-48-4
121-75-5
2032-65-7
16752-77-5
950-35-6
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0/17 (0.01)
0/17(0.1)
0/17 (0.1)
0/17(0.1)

0/17 (0.01)
0/17 (0.1)

0/ 18 (0.05)
0/19 (0.05)
0/17 (0.05)
0/18(0.01)
0/18(0.01)
0/18(0.01)

0/18 (0.01)

0/18(0.01)

0/18(0.01)

0719 (0.05)

0/29(0.4)
0/29(0.4)
0/29(0.4)
1/56(1.0)
0/56(0.3)
0/56(0.2)
0/56(0.2)
0/56(0.8)
0/56(0.4)
0/56(3.5)
0/29(0.3)

0/29(0.4)

18/56 ()
0/56(1.5)
0/29 (5)

0/56(0.5)

0/29(0.1)
0/29(0.2)
0/29(0.3)
0/29(0.1)
0/56(0.3)

0/29(2)
0/29 (5)

0/55(0.5)
0/29 (0.3)
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