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Ground Water Quality 
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r------- ABSTRACT ------. 

Highly toxig aldicarb pesticide, initially considered incap
able of contaminating ground water, was used on about 
9,700 ha of potato fields in eastern Suffolk County on 

.Long Island, N.Y., during 1975-79.1n 1979, aldicarb was 
found in substantial concentrations in ground water sam
ples. Subsequent extensive analyses of the area's 
ground water showed widespread contamination, with 
concentrations ranging from traces to as much as 515/lg/ 
L. The New York State Department of Health has set a 
lintit for aldicarb in drinking water at 7 "giL, and, in early 
1980, the!).S. Environmental Protection Agency revoked 
its approval for the use of aldicarb on Long ,Island. In 
1980, &total area of about 198 km2-nearly four times Jhe 
area to which aldicarb had been applied-contained 
small to excessive aldicarb concentrations in wound wa
ter; a 54 km2 area, approximately half of the area to which 
aldicarb had been applied, contained excessive concen
tratiOns. By 1984, aldicarb's manufacturer had installed 
more than 2,000 activated-charcoal filters on drinking
water supply-well systems with' excessive aldicarb con
centrations to reduce concentration to less than 7 !'giL, 
arut agre�d to continue the filter installations as needed. 
Despite aldicarb's. reputed toxicity, no case of aldicarb 
poisoning from drinking water on Long Island "has been 
documented. The aldicarb may remain within th� system 
for decades. Its duration in the soil and ground water is 
under investigation. Estimates of its "half-life" range from 
2 years to·as much as 10 years. Current estlmates .. of 
aldicarb's deterioration on Long Island suggest that co.n
centration may decline to less than 7 "giL between 1990 
and2030. 
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INTRODUCTION 

Aldicarb is. a highly toxic oxime-carbamate pesticide de
veloped (or �gricultural use. Aldicarb was used on about 
9,70Q ha of potato fields on the north and south forks of 
.eastern Long Island (Fig. 1) during 1975-79 and seemed 
highly effec;tive in controlling the Colorado potato beetle 
and golden nematode. Although the pesticide was thought 
i,ncapable o{ contaminating ground water, several ground 
water analyses in 1979 revealed contamination of the. up
per glaCial aquifer, which is the ,princip�l source of drinking 
water supply in this rural and su.bui'ban area. Subsequent 
extensive ground water analyses through 1980 by Suffolk 
County's Department of Health Services (SCDHS) 
showed the contamination to be widespread. 

The contamination led the U.S. Environmental Protec
tion Agency to revoke aldicarb's approval for use on Long 

• 
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Figure 1.-Area of aldlcarb contamination In eastern Suffolk 
County and location of study area. 



PERSPECTIVES ON NONPOINT SOURCE POLLUTION 

LONG ISLAND 

Base from u.s. Geological Survey 
State base map, 1 ·soo.ooo. 1974 

u 

ocEAN 

c:J Area 'uncontaminated by aldicarb 

l:V:�·�\�.pj Aldtcam--contamtnated area 

e 76 Aldicarb concentrations to ::.7 J,tg/L were detected. 
1 but data are insufficient to delineate area. Upper 

number is number of wefls sampled: number below 
is number of wells tn which aldicarb concentratlons 
exceeded 7 » giL 

Aldtcarbdata adapted from Baier and Robbins tl'�P2a and 1982b) 

Figure 2.-Areal distribution of aldicarb-contamlnated ground water In 1980. 

Island in February 1980 at the manufacturer's request, 
and the New York State Department of Health set an in
terim maximum of 7 ppb, equivalent to 7 1-'g/L, tor aldicarb 
in drinking water. Much of the ar�a·s ground water was 
found to exceed this limit; concentrations in the 1979-80 
analyses ranged to as much as 515 1-'g/L The manufac
turer, in an agreement with SCDHS, provided for installa
tion of activated-charcoal filters through June 1983 on 
contaminated drinking water supply-well systems to bring 
the supply's concentrations to below 7 1-'g/L (Baier and 
Moran, 1981 ). Through an extension of the period for filter 
installations, more than 2,000 well systems had been 
equipped with filters through 1984 (Moran, 1984). 

In 1980, areas of about 145 km2 and 53 km2 on the 
north and south forks, respectively (Fig. 2), contained 
small to excessive aldicarb concentrations. The combined 
contaminated areas totaled nearly three times the area to 
which aldicarb' had been applied. The total area of both 
forks in which aldicarb concentrations exceeded 7 1-'g/L 
was about 54 km2, approximately half of the area to which 
aldicarb had been applied. 

The acute symptoms of aldicarb overdosage in humans 
include headache, giddiness, nervousness, blurred vi
sion, weakness, nausea, cramps, and chest discomfort; 
signs of overdosage include sweating, myosis, tears, sali
vation, excessive respiratory secretions, vomiting, im
paired breathing, muscle twitching, convulsions, and 
coma (Union Carbide Corp., 1975). Through 1984, how
ever, no signs or symptoms of aldicarb poisoning that 
could be traced to drinking water in Suffolk County have 
been documented. 

In response to public concern about the presence of 
aldicarb in the ground water, the U.S. Geological Survey 
in 1980 entered into a cooperative program with SCDHS 
and the Suffolk County Water Authority to study the 
ground water flow patterns and the concentration· and 

depth of infiltration of aldicarb over time in the aquifer to 
estimate its rate of removal from the aquifer. Results of the 
study will be published in Soren and Stetz {1985). Much 
previous work had been done by SCDHS in locating aldi
carb-coniaminated areas, and the manufacturer had pro
vided SCDHS with results of more than 8,000 analyses of 
ground water from wells in the potato farm locales. The 
Geological Survey selected a small representative area in 
the Jamesport vicinity of Long Island's north fork (Fig. 1) 
to conduct its study. 

This paper summarizes the data and interpretations 
given in the paper by Soren and Stetz (1985). 

Location and Extent of Area 

Most of the aldicarb contamination on the north fork is in 
the towns of Riverhead and Southold; significant contami
nation also occurred on the south fork, mainly in the town 
of Southampton and to lesser extents in southeastern and 
southwestern Brookhaven and East Hampton, respec
tively (Fig. 2). The SCDHS's investigation of aldicarb con
tamination in 1982 showed similar distribution (Baier and 
Robbins, 1982a,b). 

The Jamesport area, the location selected for the Geo
logical Survey's study, is a strip 2.4 km wide across the 
north fork that contains about 364 ha of farmed land (Fig. 
1), approximately 243 ha of which are used for growing 
potatoes. This site was selected because it had not been 
studied in detail by the SCDHS. 
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Hydrogeology 

The hydrogeology of the Jamesport vicinity is typical of 
most of eastern Long lslan�i. Therefore, findings at Ja
mesport are probably applicable to the rest of eastern 
Long Island. 

The upper glacial aquifer consists mainly of glacial sand 
and gravel deposits. It is the principal source of ground 



water supply in eastern Long Island. The aquifer surface 
is mostly near land surface and is therefore readily.con
taminated by surface contaminants. The sand and gravel 
deposits have high lateral and vertical'hydraulic conduc
tivi� which gives high mobility to dissolved substances. 

Methods of Investigation 

The Geological Survey installed test and observatiorr 
wells during 1980-82 at 13 sites from north to south 
across the Jamesport area to obtain samples for labora
tory anal�s and to aid in preparing a water table map to 
deter{Tline directions of ground water flow. Several other 
wells in the area were also used for sampling. Holes for 
the test and observation wells were 100 mm in diameter, 
drilled to depths of about 49 m, with so-mm inside-diame
ter casings and 0.6-m screens. The holes were backfilled 
with cuttings from them. Screen settings were developed 
and pumped for sampling, After a screen setting was 
pumped, the casing was pulled up about 6 m and pumped 
and sampled again. Two observation wells were installed 
at each of the 13 test sites; after laboratory analyses, 
screen settings at each of the sites ranged from 2 to 4 m 
and. from.11 to 15 m below the water table. Well locations 
are shown in Figure 3. A total of 132 water samples were 
obtained from 1 01 well-screen settings that ranged in 
depth from about 2-45 m below the water table; these 
were analyzed for aldicarb content. 

The complex procedure for aldicarb analyses was de
veloped and described by the manufacturer (Union Car
bide Corp., 1975). Other analysts who measured the pesti
cide in this study claimed they used the manufacturer's 
basic method with slight modifications in a few proce
dures. To check the reliability of analytical data, split-sam
ple analyses were done on more than 20 percent of the 
samples collected. Many of the split-sample analyses 

Figure 3.-Locatlons of selected wells In the Jamesport 
area. 
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s�owed small to large discrepancies that made interpreta
tion of aldicarb coQtamination uncertain at several sites. 

ALDICARB IN THE UPPER GLACI AL 
AQUIFER 

Degradation Products of Aldicarb 

Aldicarb was applied to plant furrows when the potato 
seeds were sown, and to the soil shortly after the plants 
began developing. The precise amount of aldicarb applied 
to the soil is· unknown. Recommended total applications 
per crop on LQ,ng Island ranged from 4.5 to 8 kg/ha. Re
cords of aldicarb sales on Long Island indicate that the 
average appljcation was about 5.5 kg/ha. The pesticide 
readily degrades by oxidation and hydrolysis to a sulfoxide 
and a sulfone. Aldicarb sulfoxide's toxicity is comparable 
to that of aldicarb; the sulfone is considerably less toxic 
(Union Carbide Corp., 1975). Aldicarb and its sulfoxide 
and sulfone are looked for in analyses, and the constitu
ents are reported collectively as aldicarb. Degradation 
products of sulfoxide and sulfone are not considered to be 
toxic. Recent_ studies (Hansen and Spiegel, 1982) state 
that aldicarb itself has not been found in ground water; 
rather, the water contained nearly equal parts of the sul
foxide and sulfone. 

Results of Chemical Analyses 

Aldicarb concentrations in the ground water samples �rom 
the Jamesport area ranged from undetected to 180 14g/L; 
results are given in Table 1. At 14 of the test well screens' 
settings, a11d at 6 of the older wells, samples were. split for 
analyses by several laboratories. Results of the split-sam
ple analyses are given in Table 2. Percentage differences 
among the. laboratories ranged from -49 to +50. The 
standard laboratories used in the determination of the per
centage differences were those of the Union Carbide 
Corp., and tlie SCDHS. The SCDHS procedure was 
adopted by Union Carbide Corp., because it expedited the 
analyses and provided similar results (Romine, 1984). Un
ion Carbide Corp. analyses, however, generally showed 
larger concentrations than the other laboratories' analy
ses of the same samples. 

The preceding discussion of aldicarb analyses by differ
ent laboratories suggests that analyzing for very low con
centrations (several 14g/L) of a complex constituent that 
undergoes multiple degradations in the soil and ground 
water presents difficulties in interpretation of the degree of 
contamination. New York State's maximum allo�abiEl aldi
carb concentration of 7 "g/L allows for a conservative un
certainty factor of 1 00 times the allowance (Baier and 
Moran, 1981). 

DISTRIBU TION AND MOVEMENT OF 
ALDICARB WI THIN l;HE 
GROUND WATER SYSTEM 

Movement of Aldicarb through the Soli and 
Unsaturated Zone 

Before aldicarb's use on Long Island, its manufacturer 
believed that it would not infiltrate much deeper than 
about 1 m into the soil, its half-life was less than.. 7 days, 
and it would degrade to undetectable levels within21 days 
after application (Union Carbide Corp., 1975). Thus, aldi
carb was not expected to leach into the ground water. 
However, its discovery in large concentrations in the upper 
glacial aquifer in 1979 required reexamination of its leach
ing and degradation characteristics. 



PERSPECTIVES pN NONPOINT SOURCE POLLUTION 

"'Olble 1.-Aidlcarb analyses of water from wells In the Jamesport vlclnlty1 town of.Riverhead, 
Suffolk County, N.Y., 1980-82. (Well locations are shown In Fig: 3.) 

Depth of 
well below 

land 
Well surface Use of Date 
number (m) well sampled 
S3705 35 IRR 8-16-82; 

4620 35 do. do. 
8421 33 do. do. 
10256 32 do. 8-24-82 
10364 16 do. 7-29-82 
22855 29 do. 7-7-82 
31281 13 DOM 8-31-82 
40407 43 FP 8-20.82 
47989 26 IRR do. 
48944 5 DOM 8-31-82 
51581 13 OBS 3-17-80 
51581 do. do. 6-29-81 
51581 do. do. 2-1-82 
51581 do. do. 8-3-82 
51582 25 do. 3-17-80 
51582 do. do. 6-29-81 
51582 do. do. 2-17-81 
5.1582 do. do. 8-3-82 
51..587 24 do. 3-17-80 
51587 do. do. 7-7-81 
51587 do. do. 8-3-82 
51589 12 do. 3-17-80 
51589 do. .do. 7-7-81 
51589 do. do. 8-3-82 
71566 8 OBS 1-27-82 
71566 do. do. 8-3-82 
71566a 14 TESI 1-27-82 
71566b 20 do. do. 
71'566c 27 do. do. 
71566d 39 do. do. 

S71567 5 OBS 8-3-82 
71567a 4 TEST 1-26-82 
71567b 6 do. 2-16-82 
71567c 7 do. 1-26-82 
71568 5 .QBS 1-7-8� 
71568 do. do. ''8-4-82 
71568a 11 TEST 1-7-82 
71568b 37 do. do. 
71568c 46" do .. · 1-6-82 
71569 10 OBS '1-27-82 
71569 do. do. 8-4-82 
71569a 13 TEST 1-27-82 
71570 � 16 OBS 8-4-82 
71570a 16 TEST 2-18-82 
7157Qb 19 do. 1-22-82 
71571 13 OBS 1-19-82 
71571 do. do. 8-10-82 
71571a 19 TEST 1-19-82 
71571b 22 do. do. 
71572 17 OBS 2-8-82 
71572 do. do. 8-10.82 
71572a 23 TEST 2-28-82 
71572b 30 dq. do. 
71572c 36 TEST 2-28-82 
71572d 42 do. do. 
715728 48 do. do. 
71573 23 OBS 7-1-82 
71573 do. do. 8-10-82 
71574 33 do. 2-16-82 
71574 do. do. 8-10-82 
715748 39 TEST 2-16-82 
71574b � do. do. 
71575 20 OBS 6-30.82 
71575 do. do. 8-11-82 
715n 18 do. 11-9-82 
715n do. do. 8-12-82 
715na 24 TEST j 1-9-81 
715nb 33 do. do. 
715nc 42 do. do. 
71578 14 OBS • 2-2-8� 
71578 do. do. • 8-5-82 
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. . 
Aldlcarb analysis •. 

Concentr�lon 
(J.&g/L) Analyst 

5.2 A 
9.2 A 
5 A 

12 A 
18 A 
14 A 

B 
<1 A 
<1 f( 
<1 A 

140 C. 
48 D 
33 E 

ND4 c 
<'1 D 
<1 E. 

NO' c 
13 D 

NO c 
63 D 

33, E 
3.6 .A 

B 
<1 E 
<2 E 
<2 E 

180 A 
35 E 
35 E 

B 
B 

27 A 
3 E 

< 1 E 
< 1 E 

B 
150 A 

B 
1 A 

< 1 E 
B 
B 

3.2 A 
3 E 
6 E 

65 E 
29 A 

1 E 
3 E 
1 E 
1 E 

< 1 E 
1.3 A 

< 1 A 
B 

1.7 A 
< 1' E 
< 1 I E 

NO· A 
do. A 

B 
46 A 

B 
< 1 D 

5 D 
a 

1.4 A 

Approximate 
depth9f 

well below 
water table 

(m) 
16 
18 
16 
16 
12 
16 
12 
41 
12 

4 
5 
5 
5 
5 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
5 
5 

11 . 
17 
24 
37 

3 
2 
4 
5 
4 
4 

10 
36 
45 

4 
4 
7 
8 
9 

11 
5 
5. 

11 
13 

5 
5 

11 
18 
24 
30 
37 
11 
11 
16 
16 ' 
22 
31 .• 

2 
2 
5 
5 

11 
20 
29 

7 
7 



GROUND WATER QUALITY 

Table 1.-;-Aidlc,a.{b analyses of water from wells In the Jamesport vicinity; town of Riverhead', 
J , Suff9lls CounfY,,NIX,, 1980-82.-(ContlnUJid) l' 

Depth of ,, ,,, Aldlcarb analysis Approximate 
well below depth of 

land well below 
Well . ' surface ,uaof Date Concentration water table 
numtMtr (m) welh ,. . sampled :(�&giL) , AI)IIIYJt (m) 

S7157;8a 20 TEST. 2-2-82 <: 1 'I:· 13 
71578b 27 dO: .} do. < 1 E•' 20 
71578c ( 36 cto: do. < 2 E 29 

8 oas �-
l��1 B 5 71579' 

71'579 do. do.· < 1 A 5 
715798 .. 14 TEST 12-30-81 < 2 E 11 
7157911 40: do. do. .< 1 E 36 
71579c 44 do .• do. ,<;I E 41 
71,580 8, OBS rS-8-82 28 A 4 
7-15808 t 7 TEST 2-,17-82 B 4 
71580b 10 do. "0. 

.. 
37 E 7 

7.158'1' 11 oes'· 7-�-82 18 A 8 
71581 do. do. 8-5-82 19 A 8 
72840 14 do:� 6-21-82 NO A 11 
72840 do. r do. 8-3-8,2 < 1 A 11 
�28ll1 12' ,. do. 6-22-82 4.7 A 10 
72842 10 do. .8-30-82 13 9 
72843 12 .c do.· 6-23-82 < 1 ' A 6 
72843 dot ,po. 8-4-82 2 A 6 
72b44 18 do. 7:2-82 37 A 10 
'72844 do. do,, 8-10-82 '55 A 10 
72845 23 do. 6-28-82' 25 A 10 
7;2845' do. do. '8-12-82 2 A 10 
72846 20 do. 6-30-82 NO' 'A 13 
72846 .. do: do. 8-5-82 ·' do. I A 13 
-72847 14 do. 6-'23-82 do. � A• 10 

'72847• do. do. .8-4-82 \I' .,.. 1.1 A 10 
72848 .... 23 J do. "'7-7-82 140 A 9 
72846 L do. do. P-:-J.1-82 43 ., A, '9 
73272 25 ' DOM 8-30-82 ·B 7 

'• 

U.. otwell: DOM, domestk:; FP, lire protection; IRR, lrrlpatlon; oes; pbaervat_!on; ,:rEST, wa"r sample obtained and well �rGjln ra!-.cl to other depth m,:sr well Is 
at the site of the numbered yteU). � 

' ' ' 

Analyst: A, U.S. � Survey; B, split-sample analyses mede, see tabje f!; C, U.S. EnVironmental Protection Agency l�aior11 from oral commu'}lcatlon, 
S. V. Carll SCDHS, 1982; 0, H2M Corp., from oral communication, Rk;hard Markel, SCDHS, 1882; E, 1:12M Corp., Mellvllle� N.Y. • •· 

tr 
. � -... . � 

Table 2.-Results of split-sample analyses for aldlcerb by dlfferen' laboratories, November 1981 through August 1982. 
(Well loc!'tlons are stioJNn In fig. 3:)" · • 

' ... · 

CQnc;:.entratlon (l'g/L) 
Depth of 

Approxl�te well below 
land Analyst depth, below 

Date of surface � ' �ater table 
WeiiNo. sample (m) ·USGS ucc H2M SCDHS • (m) 
831281 8-3-82 13 2.1 '2. 3. 12 ' r 

�581 8-3-82 13 30 49. 5 
51582 8-3-82 25 < 1 <1. 8 
51587 8-3-82 24 55 73. 8 I ' 

51589 8-3-82' 12 76 77. 8 
715668 1-27-82' '14 NO 13 <1. 11 
71567c 1-26-82 7 18 35. 34. 5 
71568 1-7-82 5 87 137. 4 
71569 1-27-82 10 � 40 65.� 4 
71569a 1-27-82 13 NO NO <1. 7 
71570 1-22-82 19 do. do. 11 
71571 1-19-82 13 41 61. 5 
71574 2-16-82 33 2.2 NO 1- 16 
715n 11-9-81 18 35 54. 45. 5, 
715na 11�9-81 24 < 1 1. <1. 11 
71578 2-2-82 1,4 NO �- <1: 7, 
71579 12-30-81 8 do. {liD ;< 1. 5 
71580 2-17-82 7 33 54. '4 
72842 8-30-82 10 69 74. 44. 9 
73272 8-30-82 25 < 1 5. 4. a 7 

•A concentration of9 ,.giL was analyzed In July 19821n a sample provided by lhlo well owner. 
Milyst: U�S. U.S: GeologJCas Surve)l OoraviUe, Ga., UCC,lln1on darblde torp., Re;&arch Triangle ,Park, N.C:, H2M, Holzmather, Mclendon & Murrell Corp., 

Melville, N.Y., SCDHS, Suffolk Counly Department of Health Servlcas, Hauppauge, N.Y. 
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PERSPECTIVES ON NONPOINT SOURCE POLLUTION 

Aldicarb is highly mobile in the sandy deposits of Long 
Island's upper glacial aquifer, and its degradation is re
tarded by low ground water temperatures, lack of organic 
matter in the soil, and acidic conditions in the environ
ment. At temperatures typical for eastern Long Island; 
where the mean air temperature for the growing season is 
about 18°C (Mordoff, 1949) and the water temperature in 
the upper glacial aquifer ranges from 6 to 15°C (Soren, 
1977), the solubility of aldicarb and its sulfone are each 
less than 1 percent, and that of the sulfoxide is about 30 
percent (Union Carbide Corp., 1975), nearly the same as 
sugar and common table salt. 

The ground water of Long Island is acidic in most 
places. Water collected in 1973-75 from 137 wells tapping 
the upper glacial aquifer from the town of Brookhaven 
eastward had a pH range of 5.1-7.8; only six of the analy
ses showed pH values of 7 or higher (Soren, 1977). Seven 
of the samples in that report were in the Jamesport vicinity 
and had a pH range of 5.2-5.9. 

The leaching potential of aldicarb's degradation prod-· 
ucts to the ground water on Long Island is enhanced by 
the high permeability of the unsaturated zone and by the 
general lack of organic material. The high hydraulic con
ductivity of the deposits provides considerable vertical 
and lateral mobility of dissolved constituents, and the acid
ity of the ground water environment (commonly lower than 
pH 6) decreases aldicarb's rate of degradation. Heavy rain 
or too much irrigation shortly after application would ac
celerate the downward movement of aldicarb and its deg
radation products, especially the more soluble sulfoxide, 
to the water table. More than one-third of the mean annual 
pre�ipitation on eastern Long Island (460-5'0 mm) falls 
dunng the growing season, mostly in the spring (Mordoff, 
1949); th�refore, the leaching potential of the aldicarb is 
probably greatest at the times of its application in the 
growing season. 

Water moving from the land surface to the water table 
travels most quickly.wh�n soil moisture requirements in 
the unsaturated zone above the water table are satisfied 
and significant precipitation or too heavy irrigation occurs. 
The rates of infiltration to the water tablf3 beneath re
charge basins on Long Island under these-conditions have 
ranged from 1 m/h in winter to as high as 2.1 m/h in sum
mer (�eaourn and Aronson, 1974). Thus, rate of flow to 
the water table below land surface in the farmed areas of 
Long Island can be rapid. Because aldicarb is soluble and 
nq,t strongr)( !idsorbed by soil and rock particles (Jones, 
198;3), it probably moves at the same rate as the water in 
whic.h it is dissolved. In the farmed parts of the Jamesport 
area, depth� to the water table range from less than 3 m to 
about 18 m. At an infiltration rate of 0.9 m/h, aldicarb 
could have reached the water table within a day or several 
da� after application, if soil moisture requirements were 
satisfied and .if heavy precipitation or too heavy irrigation 
followed application. 

Not all aldicarb in the unsaturated zone is transmitted to 
the water table immediately; some of it lags in transit 
through the unsaturated zone, but eventually it is carried 
to the water table with recharge. Sand samples were col
lected from the unsaturated zone to. a depth of about 26 m 
at the Co�nell University Research Farm (9.7 km·west of 
the Jamesport area) in November 1980 (more than a year 
after the last aldicarb application) and analyzed· for aldi
carb (Trautmann and Hughes, 1983). These sam pies were 
reported to contain aldicarb concentrations ranging from 
less than 5 ppb to about 10 ppb. In that study, the detec
tion limit for aldicarb in soil was stated to be 5 ppb, and the 
concen�rations in the soil samples were equivalent to as 
much as 300 "g/L in water. Sand samples collected by 
Hughes and Porter (1984) fr�m. the unsatyrated zo11e in 
1983 in the Wading River area (11.5 km west of the 

Jamesport area) at depths from about 9 m-32 m, showed 
aldicarb concentrations ranging from 2 to 25 ppb and in
creasing with depth. Most concentrations were 10 ppb or 
less, however. 

Depth Distribution and Movement of 
Aldicarb Below the Water Table 
The depth distribution of aldicarb in ground water in the 
Jamesport vicinity is depicted in a hydrogeologic section 
in Figure 4. The maximum depth of penetration below the 
water table in 1982 was generally about 12 m (Fig. 4). The 
analyses in Table 1 show that 67 percent of the sample 
collected from depths of 2-12 m below the water table had 
aldicarb concentrations greater than 7 "giL. From depths 
of 12-45 m below the water table, water from 16 percent 
of the wells at 25 sites had aldicarb concentrations greater 
than 7 #Lg/L, and all samples exceeding 7 #Lg/L were from 
irrigation wells that produce large drawdowns in the water 
table-commonly as much as 6 m. All samples indicating 
aldicarb at depths greater than 12 m below the water table 

,, were from irrigation wells or test wells close b� Concentra
tions and depths of aldicarb penetration below the water 
table are summarized in Table 3. 

The highest·aldicarb concentrations in the Jamesport 
area in 1981�2 were at depths of less than 3-9 m below 
the water table. The weighted average of the reported 
concentrations in Table 1 in the top 12 m of the ground 
water body is 26 "giL. Of the 37 samples that exceeded 
the weighted average, only one was from less than � m 
below the water table, and only three were from· below 
9 m. The traces to small quantities of aldicarb shown in 
'a�d below the clay beds in Figure 4 are attributed to con
:tamination during drilling operations, discrepant lat5ora
fory .,analyses, or both. 

The depth of aldicarb infiltration in the Jamesport vicin
ity, as described, seems typical of all potato farming areas 
in eastern Suffolk Counzy. Baier and Robbins.'(1982a) re:. 
port similar depths of infiltration in most other affected 
areas of the counzy. 

A' 

.t--�-"-�,.,-,-L()O�ET..,..JEA 1 MilE 

EII'LANATION 

CJ �=--=:.'::ubyo�=:�: =�1:::,-;l��=":::.'v!:.� = .,. 
<Hcg/l 

Figure 4;-Distrlbutlon and concentrations of aldlcarb-with 
deRth.along a. north-sputh section In the Jamesport area In 
1982. 
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Table 3 ..... Total aldlcarb concentrations In relation to depth below the water table in the Jamesport area, Suffolk County, 
N.Y., 1980-82. 

(DJita summarized from TJ1ble 1.) 

Depth below Aldlcarb concentration (,Lg/L) 
water table Number of 
(m) analyses Range Mean Median 

<3to6 40 NO to 180 42 35 
>6to9 33 NO to 140 24 3 
>9to 12 28 NO to 55 6 1 
>,.12 to 15 4 N0to6 1.5 NO 
>15to 18 11 NO to 14 5 3 
>18to 21 2 NO 0 0 
>21 to24 3 NO to 1 1 1 
>24to 27 No samples obtained 
>27to30 3 1 to 5 3.5 1 
>30(to45) 8 NO to 1 0 0 

AJdJcarb concentration: NO, not detected, considered to be 0. (Concentrations less than 1 p.g/L are considered as not detected; concentrations less than 2 ,.giL 
are consldered as,1 lor prectlcal purposes In this table.) 

The north-south section in Figure 4 Indicates the great
est depths of penetration to be near irrigation wells near 
the· ground-water divide that are screened deeper than 
12 m below the water table. The depth of penetration is 
generally less near the south shore, probably as a result of 
the diminishing downward _gradients away from the 
ground water divide and the upward flow paths in 
nearshore discharge areas. 

Residence Time of Aldlcarb in the Upper 
Glacial Aquifer 

· 

I 

The duration of aldicarb contamination in the upper glacial 
aquifer of eastern Long Island is imprecisely known. Aldi
carb's rate of degradation (commonly called half-life) var
Ies with environmental conditions (unlike the half-life of 
radioactive decay, which is constant). For example, aldi
carb was determined not to be significantly harmful to 
ground water when used properly in'Fiorida. Although its 
use there was banned in January 1983 when it was dis
covered at some agricultural sites, the ban was lifted in 
January 1984, because environmental conditions were 
determined to be conducive to rapid degradation (Environ. 
Sci. Techno!., 1983). The higher temperature and pH of 
the ground water in Florida, and probably the presence of 
organic matter in the fossiliferous calcareous rbcks, con
tribute to aldicarb's rapid degradation. By contrast, the 
rocks that form the aquifers on Long Island are mainly 
silicate, with little or no organic matter below a thin surface 
soil zone, and the ground water temperature and pH are 
significantly lower. 

Aldicarb's half-life on Long Island has been estimated in 
terms of years and decades rather than days and months, 
as in Aorida. The pesticide's manufacturer estimates that 
the half-life is 2-3 years (Jones, 1984), which would cause 
aldicarb concentrations to decrease to below 7 p.g/L by 
about 1990. A study by Cornell University (Trautmann et 
al. 1983a) estimates that aldicarb's half-life (averaging 
best and worse cases with half-lives of 3 years to infinity) is 
1 0 years; that report also states that a 1 0-year half-life 
would decrease aldicarb concentrations to below 7 p.g/L 
by 2010. rNe compute the year to be about 2030 at the 
10-year half-life estimate.) The Cornell University investi-

. gators, however, are reevaluating aldicarb's half-life on 
Long Island (Trautmann et al. 1983b). 

Most of the aldicarb in the upper glacial aquifer of east
ern Long Island will degrade to harmless compounds be
fore it reaches saline ground water near the shorelines, 
because the rate of ground water movement is very slow. 
Several decades to as much as several centuries would 

be require� for water to r:nove from the ground water di
vides of the n,orth and south forks to the shor�s (Fig. 5). 

The retarding effect of ground water pumpage, mainly 
from many irrigation wells, together with the slow rate of 
ground water movement toward the shore, will prevent 
most of the aldicarb from leaving the aquifer before it 
degrades to concentratil;ms below 7 p.g/L. As long as the 
aldicarb remains in the ground water system, it will move 
downward at rates ranging from 1.5 to 1.8 m per year near 
the ground water divide and at lesser rates away from the 
divide; it will also move laterally with the areal ground 
water flow pattern. Until all aldicarb concentrations de
cline to below 7 p.g/L, concentrations at individual wells 
probably will fluctuate widely according to patterns of 
ground water movement from natural conditions and 
ground water pumpage. 
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Figure 5.-Average water table configuration in the 
Jamesport area, 1975-82, and selected paths of ground 
water flow near the water table showing times of travel from 
the ground water divide to discharge points. 
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NONPOINT SOURCE' CONTAMINAT ION OF GROU ND WATER IN 
KARST -CARBONATE AQU IFERS 'IN IOWA 

G.EORGE H. HALLBERG 
ROBERT D. LIBRA 
BERNARD E. HOYER 
Iowa Geological Survey 
Iowa City, Iowa 

r------ ABSTRACT ------. 
There are two components of ground water recharge in 
karst-carbonate aquifer systems: (1) corwentional infUtra
tion, and (2) the direct entry of surface water through 
sinkholes. Thus, in kar�t areas the better known prob
lems of nonpoint source pollution, associated with the 
runoff of sediment and chemicals from agricultural land 
into surface waters, directly merge with the ground water 
system and the poorly-understood problems of the infiltra
tion of agricultural chemicals. Three years of detailed wa
ter-quality monitoring and water, mass-balance studies 
show: (1) during major surface-runoff events high con
centration of suspended sediment, pesticides, and bacte
ria enter the ground water and m� as a "slug" through 
the carbonate aquifer, creating brief, but acute water 
quality problems; but, (2) over a water year the infiltration 
component delivers to ground water the greatest mass 
and highest concentrations of N03, and the greatest 
mass of the pesticides detected. Many of the more widely 
used herbicides are detected commonly in ground water, 
and are now present year-round. The amount of N03-N 
discharged in ground water and surface water per year, 
from a 267 km3 study basin, has equaled about 30-50 
percent of the fertilizer-N applied, an economic as well as 
an environmental concern. 

INTRODUCTION 
Since 1980 the Iowa Geological Survey, in conjunction 
with other State, Federal, and local agencies, and univer
sity researchers, has been conducting·studies of ground 
water quality problems in northeastern Iowa. During the 
past decade, reports of problems associated with nitrate 
and bacterial ground water contamination have increased 
in this area. Although these reports are, jn most cases, 
unquantified, they have been made by experienced well 

,drillers, well owners, and dairy operators, and records 
, from public water supplies throughout northeastern Iowa 
support them. The underlying rocks of northeastern Iowa 
are predominantly composed of limestone and dolomite, 
or carbonate rocks, which serve as aquifers and are the 
primary source of ground water drinking water. 

These carbonate, aqui!ers are mantled by Quaternary 
glacial and fluvial deposits ranging from zero to over 
150 m in thickness. In over half of the region (17,600 km2), 
these deposits are less than 15 m thick. In some areas, 
where the Quatern�ry deposits are less than 8 m thick, a 
karst toRogrl;lphy-with sinkholes, sinking streams, and 
blind valleys-is well expressed (Hallberg and Hoyer, 
1982). Such karst features swallow surface runoff water
and the contaminants contained in the water-and allow it 
to e�ter the carbonate-aquifer g,round water system. This 
run-m water may move rapidly through conduits in the 
fractured carbonate rocks. 

In over 6,000 analyses of ground water from private 
wells in the region, nitrate contamination was associated 
with the areal geologic setting. Both karst areas and non-

karst r�gions, where the aquifers were covered by less 
th�n 1 � m ?f glacial deposits, showed significant nitrate 
conta.;runatiOn (Hallberg and Hoyer', 1982). In areas where 
the �q�ifers wer� more deeply buried ( > 15 m to 1SO m), 
essentially no mtrate ( < 1 mg/L N03-N) occurred in the 
aquifer (Hallberg and Hoyer, 1982; Hallberg et al. 1983a 
� 

I 

BIG SPRING BASIN STUDY 
Detailed studies were undertaken to further define the 
nature of this ground water contamination. Some of the 
most enlightening data come from the Big Spring basin 
study. The Big Spring ground water basin includes 
267 km2 in Clayton County, Iowa, which drains to the Tur
�ey River. It was chosen for study because of prior studies 
m the area, local concern with water quality problems, and 
because State-owned structures built at a trout hatchery 
afforded the rare opportunity to gage ground water dis
charge at Big Spring (a large, carbonate ground water 
spring). 

An extensive data base was developed to define the 
hydrogeology, soils, and land use of the basin. A few items 
of particular interest are described here (see Hallberg et 
al. 1983a, 1984a). The ground water basin has been de
fined by studying the potentiometric surface in the Galena 
aquifer, by dye-trace studies, and through assessment of 
gaining and losing stream reaches. These data combined 
with spring and stream gaging, show that Big' Spring ac
counts for 85_-90 percent of the ground water discharged 
from the basm. Land use mapping and inventories show 
that the basin is wholly agricultural (with no significant 
indu�tries, ag-chemical facilities, etc.); 91 percent of the 
area 1s used for corn, pasture, or hay, planted in rotation 
in part to support the common dairy and livestock opera� 
tions. Except during the PIK program in 1983, approxi
mately 50-60 percent of the area has been planted in corn 
since 1979. With the assistance of the USDA Soil Conser
vation Service and Iowa State University's Cooperative 
Extension Service, ag-chemical use also has been moni
tored. 

Since 1981 the discharge from the Big Spring basin has 
been gaged. Water quality sampling also has been con
ducted from a network of surface water sites, tile lines, 
wells, the Big Spring, and other small springs. Sampling 
intensity at Big Spring has varied for different constitu
ents, in relation to research goals and hydrologic condi
tions, For N03 and pesticides, sampling has been con
ducted weekly, and during some events hourly, or even 
more frequently since the 1982 water year. All water analy- · 

ses have been performed using standard methods by the 
University Hygienic Laboratory, which has an EPA-ap
proved QA/QC plan. 

Anatomy of a Runoff Event 
The discharge at Big Spring has varied from 0.9 ems (cu
_bic meters/sec; 30 cfs) to peaks of over 7 ems (250 cfs). 
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During snowmelt or rainfall-runoff events, the ground wa
ter discharge has increased from 1 to 7 ems in 30 to 40 
hours, as the runoff-run-in water moves rapidly through 
conduits In the ground water system. 

Figure 1 shows a discharge hydrograph for a large 
event during the summer of 1983 . Approximately 230 mm 
of rain fell intermittently during a 3-day period, producing 
significant infiltration recharge and generating a sequence 
of three runoff events which, in turn, caused three abrupt 
rises of discharge at Big Spring (Fig. 1). The third event 
produced the highest discharge, which reached 7.1 ems 
(250 cfs) on July 1. Prior to these rains, ground water was 
undergoing slow, base flow recession, and the discharge 
was 1.4 ems (50 cfs). During these events, water chemis
try was intensively monitored at Big Spring and other net
work sites, including surface waters that discharge into 
the sinkholes. 

Figure 1 also shows water quality data superimposed 
on the hydrograph. These data illustrate the effects of the 
surface run-in water on ground water quality. During the 
abrupt discharge rises, the ground water chemistry 
changes in response to the mixing of different sources of 
recharge water: run-In versus infiltration. Run-in provides 
constituents typical of surface runoff, such as sediment 
and chemicals of low mobility; infiltration provides constit
uents more typical of ground water, including various mo
bile, dissolved ions such as N03. A few examples illustrate 
this. 

Suspended sediment increases from negligible values 
to concentrations over 4,000 mgll (a load of over 87,000 
kg/hr) as the run-in component discharges at the spring. 
In marked contrast is the change in specific conductance 
(SpC), which integrates the effects of all dissolved ions. 
During stable base flow (before and after the discharge 
events), when the ground water quality must be controlled 
by infiltration processes: the SpC is between 700 and 730 
14mhos/cm2• During the major discharge peak, as sedi
ment from the run-in increases, the SpC drops sharply 
from 670 to 450 "mhos/em (Fig. 18), reflecting the dilution 
of infiltration-derived ground water by the surface run-in 
water, which has very low concentrations of dissolved con
stituents. 

Similar changes can be seen in the concentrations of 
pesticides and N03, whose maximum concentrations are 
related to the run-in and infiltration components, respec
tive!� Atrazine is the most widely used herbicide in the 
basin, and it is the dominant pesticide found in the ground 
water. During base flow, prior to the discharge events (Fig. 
1C, June 24-26), atrazine concentrations were about 
0.2 14giL During the discharge events, three peak periods 
of atrazine and total pesticide concentrations occurred, 
corresponding to the three discharge events, and the 
three periods of run-in recharge. The first two pesticide 
concentration peaks are out of phase with the discharge 
peaks because of time lags between discharge rises and 
the arrival of water quality changes at these lower dis
charges (Hallberg et al. 1984a); the third and highest pes
ticide peak roug�ly coincides with the peak of suspended 
sediment. During the influx of run-in recharge, several 
other pesticides also occur in the ground water. The vari
ous pesticides and their maximum concentrations (/£giL) 
were: atrazine, 5.1; cyanazine, 1.2; alachlor, 0.6; meto
lachlor, 0.6; and fonofos, 0.1 14gll. In Big Spring basin 
ground water atrazine is the only pesticide that persists 
year-round, though alachlor and cyanazine have ap
peared Intermittently during ground water base-flow peri
ods. 

Concentrations of N03 show a complex record (Fig. 
1 D), which is almost directly out of phase with the pesti
cides, with minima occurring when run-in components 
reach maxima. During peak runoff, the ground surface 
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Figure 1.-Ground water discharge frolJI Big Spring basTn 
(gray line; scale on right) shown with (black lines) A. sus
pended sediment; B. specific cond\lctance; C. atrazlne and 
total pesticide; and D. nitrate concentrations, during sum
mer 1983, discharge event (from Hallberg et al. 19848). 

waters running into sinkholes generally contained less 
than 1 mgiL NOa-N. During discharge recession (Fig. 1, 
from July 3), when infiltration ·recharge dominates, the
N03 concentrations rise dramatically to values of 16.5 mgl 
L NO:rN (75 mgll N03) for a short time and then recess 
back to base flow concentrations of 10-11 mgll NOa-N. 

Other water quality parameters show the same effects 
and vary in relation to their recharge delivery mechanism. 
Parameters generally associated with surface water runoff 
(e.g., K, P04, Fe, organic-N, ammonium-N) are found In 
their highest concentrations, or only occur in conjunction 



with the high sediment and pesticide concentrations and 
run-in water. Also, concentrations of bacteria in wells peak 
during these periods. Other water quality parameters, typi
cally associated with slower infiltration recharge and dif
fuse flow (e.g., Cl, S04) coincide with SpC and N03. 

Detailed monitoring during such rainfall-run-in events 
at Big Spring shows that the high surface water concen
trations of parameters such as suspended sediment and 
pesticides enter the ground water, and move as slugs 
through the system. They discharge from the ground wa
ter in essentially the same concentrations in which they 
entered, at least during large hydrologic events. 

Quantitative Assessment of Chemical 
Recharge 
The detailed analysis of such events not only demon
strates what happens to ground water quality during a 
discharge event in the unique karst setting, but also af
fords a calibration for quantitative estimates of the relative 
delivery of recharge water and 'contaminants by run-in 
versus infiltration. A ready analogy can be made between 
the Big Spring ground water hydrograph and a humid 
climate, surface stream hydrograph: the large peaks in 
the ground water discharge are related to surface water 
run-in and rapid flow through conduits, while in a stream 
this is storm or flood flow. The more gradual, falling, or 
recession limb, and the prolonged, stable portions of the 
hydrograph are related to typical ground water compo
nents, infiltration recharge, and bank storage effects in a 
stream. 

Based on this analogy, various hydrograph separation 
techniques, typically used in surface water hydrology 
(e.g., Singh and Stall, 1971), can be adapted to these 
gro1,1nd water hydrographs. Just as these methods are 
used for quantitative assessment of flood flow and base 
flow in a stream, we can adapt them to provide a quantita
tive estimate of the run-in conduit flow component of re
charge and the infiltration-diffuse flow component (see 
Hallberg et al. 1983a, 1984a). Several analytical and 
chemical methods (e.g., Freeze and Cherry, 1979) have 
been used to check on the consistency and range of de
rived values. The various methods produce different 
results that provide insights into hydrologic behavior. The 
methods have produced quantitative results that are quite 
consistent (± 10 percent) and compare quite well with the 
actual chemical monitoring data. This allows some refined 
conclusions. 

Synthesis of 3 water years' data shows that the infiltra
tion component contributes about 90 percent of the water, 
about 95 percent of the N03-N, and 50-85 percent of the 
pesticides. The run-in component delivers about 10 per
cent of the water, only about 5 percent of the nitrate, and 
from 15-50 percent of the pesticides. While the run-in 
component delivers to the ground water contaminants of 
concern for public health on the local level, the infiltration 
component is responsible for regional aquifer contamina
tion. In summary, these studies show that the infiltration 
component delivers to ground water the largest mass and 
the highest concentrations of nitrates (and other mobile 
ions), and the largest mass of mobile pesticides, but gen
erally in low concentrations. The run-in component deliv
ers to ground�water high concentrations and large loads of 
pesticides and other relatively insoluble or highly ad
sorbed chemicals, peak turbidity and sediment loads, and 
other peak loads of organic and pathogenic organisms, 
but only for short periods of time. 

GROUND WATER QUALITY 

area. Infiltration is the recharge mechanism common to all 
aquifers, and it gives these data much broader implica
tions. These implications clearly affect the type of agricul
tural management decisions needed to mitigate these 
problems. 

Annual pesticide losses exhibit more variability because 
the pesticide concentrations often vary by one or two or
ders of magnitude between infiltration, base flow (0.01-
1.0 p.g/L), ·and the run-in-conduit flow water (1.0-10.0 
p.g/L). On a water year basis, the differences in percent
ages of pesticide contributions varied from wet to dry 
years in relation to the number of significant runoff events. 

DELIVERY OF CHEMICALS THROUGH 
INFILTRATION 
Other studies support the conclusion that infiltration is the 
primary delivery mechanism of ag-related contaminants
including pesticides-to ground water. In Floyd and Mitch
ell counties (Libra et al. 1984), another area of regional 
carbonate aquifers, the geologic region that shows the 
highest concentrations of N03 and pesticides in the 
ground water has no open sinkholes. It is an intensive row
cropped area (corn and soybeans) where the aquifer oc
curs at 1-4m in depth; the land is relatively flat and 
marked by high rates of infiltration. The ground water
drinking water quality in this area-even in wells open to 
significant depths below the surface-is very similar to 
that found in tile lines from other row-cropped areas. 

Statistical review of water quality data from all across 
Iowa shows that shallow wells (less than 15 m deep in 
particular) across the State are exhibiting elevated con
centrations of nitrate. In some alluvial aquifer settings, 
denitrification is removing the nitrates, but pesticides are 
still infiltrating to (and persisting in) the ground water. 

In the spring of 1984 over 40 public water supplies in 
Iowa exceeded the drinking water standard for N03. 
These supplies tapped a variety of sources, including sur
face waters, but even here the high N03 levels in these 
streams is related to ground water base flow contribution 
and infiltration recharge. Residues of surface-applied 
chemicals may be stored in the soil until infiltrating water 
carries them downward into the ground water. Because 
infiltration is the principal component of recha(ge, th� tim
ing of nitrate fluctuations in water supplies is related to 
seasonal recharge periods, and not to the timing of sea
sonal agricultural practices. This is why nitrate concentra
tions in wells and streams increase during spring re
charge, often many weeks before N-fertilizers are applied. 
For example, in the Big Spring basin, the concentration 
and the monthly load of nitrate is highly correlated with the 
total ground water discharge (Fig. 2). 

Pesticides in Ground Water 
Among the unexpected findings of our recent studies in 
Iowa is the fact that many of the herbicides most com
monly used in Iowa occur commonly in ground water, and 
persist there year round. Table 1 shows the pesticides 
found in ground water and the maximum concentrations 
detected to date. (These values are derived from areas of 
routine use. In isolated instances, from spills or siphoning 
accidents other pesticides or higher concentrations have 
been noted.) All the herbicides shown have been detected 
in winter samples. Only one insecticide has been detected 
in ground water. Fonofos was detected in low concentra� 
tions in a few samples in a karst area, and these samples 
were related to the run-in water component. To date, how
ever, the analyses have tested only for parent compounds, 
and it is not known if metabolites, or breakdown products, 

In the past, most water quality problems in the karst 
areas have been attributed to sinkholes and run-in. These 
analyses, however, show that simple infiltration is the ma
jor mechanism of contaminant delivery, even in a karst . of these or other pesticides are occurring. 
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Figure 2. -Total monthly ground water discharge versus to
tal monthly NOrN discharge at Big Spring (from Hallberg et 
al. 1984a). 

In our studies in· northeastern Iowa, 70--80 percent of 
the wells and springs sampled in karst, shallow bedrock, 
and alluvial settjngs (in the latter two categories only infil
tration recharge occurs) have,shown detectable concen
trations of some pesticides over the course of a water 
year. The maximum concentrations noted on Table 1 are 
associated witp run-in recharge in karst areas (Big 
Spring), or shallow bearock, high infiltration conditions 
(Floyd and Mitchell Counties). The more typical concentra
tions of these pesticides tend to be much lower, generally 
between 0.1 and 1.0 1-'g/L 

Our findings show thar, in Iowa, if N03-N concentrations 
greater 'than 2-3 mg/t occur irr ground water samples, 
probably the ground water will contain detectable pesti
cides. However, the concentration of nitrate is not a very 
good predictor of the abscilute concentration of the pesti
cides: Also, in some alluvial settings, denitrification is ap
parently ··removing the N03, but pesticides ·still per-Sist 
(Hallberg et1al..1984a). · 

MAGNITUDE OF CHEMICAL LOSSES 
The monitoring of water discharge, water chemistry, land 
management, "and chemical'use in. the Big Spring basin 
allows sortie mass-balance calculations to be made. Table 
2 summarizes 3 complete water years of monitoring. The 
amount of N03"N Qischarged with grOund water and sur
face water from the basin totaled about 820,000 kg-N to 
1,300,000 kg-N, for near normal (1982 and 1984) and wet 
years (1983) respectively.' This equals approximately 56 
and 80 kg-N/tlQ. for the long-term corn acreage in the ba
sin. These losses ,are equivalent to about 33-55 percent of 
the average amou�t of fertilizer-N appli�d (Table 3). Tllis is 
not to iml)ly that all of. this ,N03-N is derived directly from 
the fertilizer-N. However, the large losses occur in re
sponse to the large amounts applied. 

These are minimum ,.figures foJ: the amount of N, lost, 
because only the t-403-N Josses have been computed-. 
Other forms .. of N are alsp discharged with the water, and. 
losses by denitrification cannot be estimated. Comparison 
with other regional.and local studi�s suggest that ll:lese 
losses are probably_typical for IQwa and mucl) of the_Mfd
west under current m�nagem.en,t practices (e.g.,. B'a,ker 
and Johnson, 1977, 19,81; .GBj:lt et al. .1978;_ Kanwar .e� .a1 •. 

1983; Hallberg·et al. 1984a). Beyond the �nvironmental 
impact, the magnitude of the N-lor�es is of economic con-
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Table 1. -Maxlmum �easured concentrations of pesticideS 
detected In groundwater In Big Spring basin and Floyd

Mitchell county area; and annual (WY) flow-weighted 
mean atrazlne concentration a� Big Spring. (WY.82-83 

from Hallberg et al. 198�,b; ,19848; Libra 
et al. 1984). 

Floyd/ 
Mitchell 

Big Spring Basin co'untles 
WY-82 WY-83 WY-84 WY-83 

Herbicides • • • • • • • • • • . • • .  �.eg/L· . • • • • • •  : • • . • • •  

atrazine 
alachlor 
cyanazine 
metolachlor 
metribuzin 

2.5 -5.1 10.0 1.6 
0.2 0 .6 ·4.0 16.6 
�7 12 13 �5 

0.6 4.5 0.1 

Insecticides 
fonofos 
Flow-wtd mean 
atrazine, "'giL, 

at Big Spring 

4.4 

0.1 0.3 

0.28 0.45 

1 Not present during all of WY-82; 0.3f",.gll. tor time present. 
(Pesticide ldentlllcdllons based on el&ctron-capture gas chromatogfliPhy with dual 
columns of different polarities, with periodic canflrinatlon from 'additional GCIMS 
analyses. Internal stahderds and calibrations used farthe pesticides commonly used 
In Iowa, Including atrazlne, alachlor, carbofuren, cyanazlne, fonofos, metolachlor, 
rnetrlbuzln, pendlmethalln, phorate, terbufos, ,ir)lluralln, and chlorinated hydrocar
bons. Those In Italics are used In the Big Spring basin.) 

Table 2. -Summary of 3 water.years' discharge, 
precipitation, and NOrN'discharge data from the Big 

Spring basin. � 

Water yittld 
Total ground water discharge 
Stream flow' discharge 
Total discharge 

Precipitation and discharge 
Precipitation 
Water yield 

A. Less change in gw storage 

B. As % precipitation 
NOrN discharged' 

In ground water 
In surfeyce water 

Total 

Flow-wtd mean NOrN concentration 
In ground wa�er 

1(Frorn Hallberg et al. 1984a). 'I 

Water-Year 
19821 19831 1,984 

• • ••• X 1 06.m3 '• • • 
58.5 63.4 52:5. 
42.9 85.9, 45-1 ., 

191.3 149.2 "97. 6· 
······mm . .... ;. 
864 1,130 833 

> 

332 559 353 
•• • . • •• Ofo ·:·· • • . • 

33 49 42 
"� • X 103kg . . . .  
478 613 466 
� 687''" 351 
821 1,300 817 

' . .. . . .  mglr·;·-· . . . 

1.7 f0.2 9':6 

Table 3. -Sutnmary of N03-N loss from the Eijg Spring baslo 
Jn relation t9 la�d use for 3 water yea"!; shown as kg-Niha 

equivalent. 

kg-N/ha 'Of total basin 
kg-N/ha of long-term {OW-crop (land in 

corn rotation) 
% of applied chemic�I-N 

1 Data from Hallberg et at. '19838; 1984a. 
2PIK year;% based on 1982 applied chemlcai-N. 

31 49 31 

52 83 52 
33% 53%2 33% 



........ ------------------�-

_ce�n as well. Whel} such substantial ainqunts pf N' jtre n_ot 
being used for crop production obviously there is' room to 
Improve efficiency and-economic gain. 

In contrast to the nitrogen losses, the total pesticide 
losses are quite small. For example, the total ·amount of 
atrazlne discharged in 'ground water at Big Spring, during 
the 3 water years, ranged from 7 kg (1982) to 18 kg 
(1984). "(he loss of atrazine (and total pesticidesHn ground 
water equaled less than 0.1 percent ot the amount ap
plied. Pesticide concentrations in surface water were not 
monitored in sufficient detail (because of costs) to warrant 
calculating mass losses with syrface Wfiter. However, pes
ticide concentrations in surface waterS commonly were 1 o 
to 100 times greater than in ground.water, and totai pesti
cide loSses are estjmated at betY{een 1 and 5 percent of 
the amount applied. 

TEMPORAL.CHANGES IN GROUND 
WATER QUALI TY IN NORTHEASTERN 
IOWA 

. 

As noted, a variety of detailed information has been earn
piled for the northeastern Iowa area. Various data indicate 
that the natural; or background, c:Pncentrations of nitrate 
In the aquifers in northeastern Iowa were very low, gener
ally Jess than 1 mQIL NO;.N. At' Big Spring the "nitrate 
concentration Jn the ground water averaged about 3 mgl)... 
NO:rN during the 1950's up through about 1968. In 1981-
82, when the Iowa. Geological Survey began detailed mon
Itoring, the NC>a concentration averaged .9 mg/L NO:rN, 
and 10 mg/L NO:rN in 1983. Data from over �0 wells sam
pled in surrounding counties during 1975 and 1983 show 
the same rate of jncrease (Fig. 3A). 

Data compiled 'by the Crop and Livestock Reporting 
Servic.e were used to evaluate changes in land use and 
chemical use that took place In the basin during this time. 
From the late 1960's to around 1980 the livestock popula
tion increased about 30 percent, the corn acreage about 
40 percent, and the N-fertilizer application rate about 80 
percent. These data can be converted to the amount of N 
applied in the basin from the various sources. 

-- ·using standard as8iimptlons�he amounf of manure-N 
is a direct function of the livestock population. Thus, ma
nure-N increased about 30 percent. The corn acreage in
crease and the N-fertilizer rate increase are additive fac
tors; and thus, the amount of fertilizer-N applied in the 
basin increased about 250 percent over the same period 
that the NC>a concentration in the ground water increased 
by about 230 percent. The maximum amount of N har
vested with the corn can also be estimated from standard 
formulas; this estimate is a maximum because the data 
cannot be corrected for zero-N treatments. The increase 
in ground water NOs occurs after the amount of fertilizer-N 
applied begins to greatly exceed the N removed in the 
corn. All these data are graphically shown in Figure 3B. 

The increase in NOs concentration in ground water di
rectly parallels the increase In the amount of fertilizer-N 
applied in the basin. This same direct, linear response is 
shown by numerous experiment farm studies (e.g., Gast 
et at. 1978; Baker and Laflen, 1983; Hallberg et at. 1984a), 
and this Is !he response that should be predicted in areas 
with shallow aquifers, such as in the Big Spring basin. As 
noted, there are no other significant nonagronomic activi
ties in this basin to complicate the interpretation. 

Curren� NO:rN delivery into ground water appears to 
be in relative balance with land treatment and the water 
flux through the system (Fig. 2). Annual flow-weighted, 
mean NO:rN concentrations reflect this, rising and falling 
with the ground water discharge, particularly the infiltra
tion component (Table 2). 

GROUND WATER QUALITY 
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Figure 3.-A. Change In NO, concentration versus time at 
Big Spring, mean N03 for a suite of 50 wells (solid square 
and triangles), and two Individual wells In northeastern Iowa 
(dashed lines) (from Hallberg et al. 1984b). B. Estimated 
tons of fertilizer- and manure-nitrogen applied In the Big 
Spring basin, and average nitrate concentration In ground 
water at Big Spring (from Hallberg et al. 1983a). Estimated 
maximum amount of N harvested with corn shown In gray 
(from Hallberg et al. 19848). 

Pesticides in the ground water environment may pose a 
�r�?le_l!l _in the future. Will pestic�de con�t!!ltior-s. in 
ground water rise over time, as nitrate has? Some evi
dence suggests they are rising, although from the short 
period of data collection we cannot draw conclusions. 
Atrazine is the most widely used herbicide in the Big 
Spring basin, accounting for over 40 percent of the herbi
cides currently applied. It comprised a greater proportion 
in the past. Since May 1982, it has been present year
round in the ground water in the basin; it was not detected 
in samples earlier in water year 1982. Unlike NC>a, which 
has varied with the ground water flux during the past 3 
water years (Fig. 2), mean (and maximum) atrazine con
centrations and loads In ground water have steadily in
creased since 1981 (Table 1). These, and other data cur
rently under review, suggest that pesticides in ground 
water are increasing, perhaps more in terms of perSist
ence than concentration. Future monitoring must address 
this question. 
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PERSPECmves ON NONPOINT SOURCE POLLUTION 

IMPL19ATIONS 
Thbre are 'many broad-scale implications for nonpoint 
source concerns from the studies in northeastern IoWa. 
Fir8t; 'evpn if only the unique aspects of karst aquifers am 
·consi�eied(e.g., the surface water run-in of contaminants 
to ground water), there are' .broad regional implications: 
Extensive agricultural areas overlie karst terrains from 
Iowa to·Mi�ufi and Texas, to Florida and Puerto �ico, to 
New York and- P�nnsylvania, to Indiana, Kentucky. and 
Ohio. Second, even with the unique problems of these 
areas, infiltration is the dominant mode of rechargQ. Jor 
water and chemicals into ground waTef, and infiltratlo� is 
the common denominator for all ground water systems. A 
review of surface water, tile-effluent, and other agronomic 
research suggests that similar chemical losses are occur
ring- tfifqughoUf the·-corn· belt, although in many arQ.aS 
these shallow ground waters are not used as drinking wa-
ter. ·• 

These ground water quality problems related to agricul
tural chemical use can only be resolved through a more 
holistic approach to agricultural management. We must 
couple ouf.standard concerns for soil conservation aod 
surface water quality with the need to protect ground wa
ter. Many standard approaches used to treat soil er9sion 
can increase tl)e infiltration of chemicals, and new combi; 
nations of many current practices may be needed. eetter 
chemical and n)JtriQnt management must play a part. The � 
magnitude of nitrogen losses, in particular, suggests that 
better N:management may increase economic gains, 
&ven' if the costs of the Impact on the environment are 
i,gnored . Soh(ing these problems will require a concerte,d 
effort by all segm�nts of th� agricultural community to 
gain the experience and data necessary to effect a._satis
factory balance between efficient agricultural prodtJction 
and the protection of water supplies. 1 
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.------ ABSTRACT ----� 

Shallow ground water quality over portions of the north
ern Great Plains has degraded considerably over the past 
20 to 40 years. Shallow wells in the affected areas have 
shown a range in TDS from 20,000 to 50,000 mg/L. Al
though the prevalent geologic and climatic conditions are 
significant, the degradation is attributed to, for the most 
part, the cultural farming practices of the region. The use 
of a strict, alternat� crop-fallow management practice 
results in the inefficient use of annual precipitation and 
allows for the downward migration of subsurface salts 
into shallow ground water systems. In addition, under the 
right geologic conditions, the salts may resurface and 
destroy productive cropland in the form of saline seep. It 
has been estimated that 113,300 ha (280,000 acres) of 
cropland have been lost to this process in Montana. In 
north-central Montana, a group of local landowners, in 
cooperation with State and Federal officials, have formed 
a technical team to address the" problem of saline seep 
and the'degradation of shallow ground water quality. This 
team has developed an intensive management plan that 
reclaims salinized cropland and prevents further degra
dation of ground water quality. This has significantly de
creased the size of sal.ine seeps in as little as 3 to 5 years. 
In addition. the knowledge gained has led to potential use 
of vegetative management as a reclamation tool for other 
water quality problems such as acid mine drainage. 

INTRODUCTION 

A major resource problem in Montana is the growing sa
line seep acreage. While the salinized areas first ap
peared in the early 1950s, real concern and research on 
the problem began in the last 1 0-15 years. Saline seeps 
are recently developed low-volume saline springs in nonir
rigated areas that are intermittently to continuously wet. 
The saline soils have salt crusts and result in reduced or 
nonproductive crop growth. It is estimated that over 
113,300 ha (280,000 ac) of cropland are out of production. 
Individual seeps range in size from .4 to 220 ha. The 
growth rate is 10 percent per year, so that over the next 20 
years the potential exists for 762,753 ha (1,884,000 ac) to 
be affected, emphasizing the magnitude of the problem if 
it is left unaddressed. 

The original concern was loss of crop production and 
decreased land value, but a more severe consequence 
and concern now is the degradation of local surface water 
and shallow ground water quality. The reclamation of the 
land has been documented and the technique will be dis
cussed in detail, but once the water quality is degraded, 
reversal to potable limits may not occur within our lifetime. 
Therefore, the prevention of saline seeps may be as im
portant as the reclamation of existing ones. Water quality 
in wells and ponds close to salinized "areas haS s�own a 
10-20 fold increase in total dissolved solids (TDS) over the 
last 15 years. The water sources become unusable for 
either human or livestock consumption, thus requiring 

new "fresh" sources that may be both scarce and expen
sive. Loss of a suitable water supply has restricted live
stock production and can require domestic water supplies 
to be trucked or piped. In many parts of the north-central 
Triangle Area, the practice of drilling a new water well 
every decade has become culturally ingrained. Any one of 
these· measures results in a significant cost to the individ
ual consumer. The regionwide deterioration of shallow 
ground water presents a real threat to the economic well
being of rural Montana. 

The Triangle Conservation District was formed by land
owners in a 10-county area in 1979 to address the prob
lems of saline seep and contaminated shallow ground wa
ter. The District has an interdisciplinary staff with 
backgrounds in agronomy, soil science, hydrogeology, na
tive vegetation, and cropping systems. The staff works on 
a farm-by-farm basis to achieve saline seep prevention 
and reclamation, using state-of-the-art recharge area 
identificatioh and inten�ive cropping and reclamation 
techniques. The District has a strong working relationship 
with the agricultural experiment station, the Montana Bu
reau of Mines and Geology, conservation districts, cooper
ative extension service, U.S. Agriculture Research Serv
ice, U.S. Soil Conservation Service, and U.S. Agriculture 
Stabilization and Conservation· Service. This paper will 
detail the proven technique for the Triangle Area, which 
has been refined for other areas in Montana, Alberta, and 
Saskatchewan, all areas with varying geological and cli
matic conditions. 

HYDROGEOLOGY OF SALINE SEEP 
DEVELOPMENT 

The formation and development of saline seep under vari
able conditions has been thoroughly discussed in pre
vious works (Dodge et al. 1984; Brown et at. 1982; Miller et 
al. 1981; Krall and Brown, 1976, Vander Pluym, 1978; 
Halvorsen and Black, 1974; Bahls and Miller, 1973; Black 
et at: 1981). Due to the abundance of available literature, 
our discussion will review saline seep development, the 
hydrogeological conditions and reclamation techniques as 
fhey pertain to the Triangle Area of central Montana (Fig. 
1). 

Saline seep formation is actually the result of an interac
tion of climatic and hydrogeologic conditions with local 
cultural practices. The climate of north-central Montana is 
arid to semiarid, with widely variable precipitation (25-
45 em), low humidity, warm summers, and cold winters. 
Winter low pressure centers sweep southwesterly out of 
Canada, bringing strong winds that result in generally lim
.ited snow cover (less than 5-8 em) and extensive drifting. 
The variable precipitation patterns, low humidity, and high 
evapotranspiration rates during the growing season have 
made moisture one of the principal growth limiting factors 
of northern Montana's agricultural industry. 

The largest land-use change in the northern Great 
Plains since the 1930s has been from native range to a 
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Figure 1.-Locatlon of the "Golden Triangle" In north-central Montana. 

rigid crop-fallow rotational system .(Dodge et al. 1984; 
Ford and Krall, 1979). This rigid cropping system does not 
efficiently use the annual precipitation. In north-central 
Montana, native range or perennial vegetation uses water 
approximately.14 months out of a 24-month period, while 
the crop-fallow system,.allows water use only 3-6 months 
out of this same 2-year cycle� During a fallow year, most 
soils are capable of storing 1 0:-25 Crt). of moisture jn a 
rooting depth of 120 em. Thus, any precipitation in excess 
of the soil moisture holding capacity is lost to deep perco
latior;�. 

Normally the water .table under fallow ground. shows a 
rapid rise (up to 3 m) during spring melting. This is fol
lowed by a gradual decline over the remainder of the 
growing season. It has been observed that, under crop
fallow managerY;�ent, the water table lows do not reach .th� 
previous year's low. This implies a water table buildup 
caused by deep percolation of unused annual precipita
tion . . As the water migrates vertically through .the soil, it 
dissolves soluble salts,within the profile. Upon reaching a 
less permeable layer (i.e., sh�le) the ground water, begins 
to flow laterally dow.n gradient. This saline water can- re
surface upon encountering a change to soil with a heavier 
texture, decreased .gradient, or physical barrier. With 
ground water flow yei9City reduced, a water table buildup 
occurs. Once the V'(ater table is within 0.9 m of the sur
face, capillary action and evaporation account for the sol
uble salts being precipitated at or near the surface. 

North-cent.ral Montana's geologic history has been 
characterized by long perjods .of acquiescence which 
have allowed for .the deposition of thousands of meters of 
mainly marine sediments, Mid-Cr$taceous time. (83-105 
million years),in this area was marked by the vyidespread 
deposition of over 610 m of marine shale (Colorado 
Group) in a relatively st�ble, epicontinental Sfila. The Colq
rado epoch was brought to a close by uplift of the present 
Rocky Mountains on the west�rn �ge _of .qentral Mon
tana. This period of cru�ta} instability produced multiple 
transgressions anchegression.s of th� Cretaceous sea and 
imparted a cyclical-nature to the succeeding Montana 
Group (Telegraph Creek, Eagle Sandstone, Claggett 
Shale, Judith River, Bearpaw Shale, Fox Hills, and Hell 
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Creek formations). Each of the transgressive f�cies (Clag
gett and �earpaw) deposited im!rine shales that vary in 
n�ture only slightly from the Colorado G�oup.,A r�giol)al 
northeast tilt of less than 3° accounted for the erosiqn of 
Early Tertiary (50-65 million years) sediments and the ex
posure of the Cretaceous marine shales. Two or more 
glacial ice advances during· the Pleistocene (15,000-2 mil
lion years) le�. b��ind, a thin ITlBntl� {1-;-24.m) .Of poorly 
sorted, unconsolidated deposits. The glacial till greatly al
tered the preexisting landscape' by· filling previous lows 
and forming a gently rolling terrain. 

As previously·reCOgl"'ized (Miller et al. 1981)'; the geol
ogy of the area influences seep development in the follow-
ing ways: 

· · 

1. The bedrock units influence the type of and amount 
of salt that is incorporated in the overlying glacial drift and 
associated ground water., · ..... 

2. The fresh shale and thin bentonite beds create an 
impermeable layer, thereby prohibiting any; �ig'nific�nt 
ground water movement through these units. 

3. The weathered �h,ale 'zorie provides a laterally con
tinuous permeabl� zon� allowiQg water to migrate down 
gradient. 

· · 

4. The poor drainag� associ�te� with glac.ifll .tem�.ins 
allows water to pond for extended periods of time. 

5. The extensive vertical joints and fractU,es of the gla-
cial till allovv water to percolate through' the Hi"ift: ' 

' 

6. The drift contains an ab�ndant supply of wjlter solu� 
ble salts thro�ghout the region. 

The shallow grout:ld water quality iJl areas of hfgtt SSlline 
seep density is very poor. In .general, the. water quality 
c�rrespc)nds,to the ul)derlying geology:· a TDS cdnc�ntra
tion of 20,Q00-50,ooo mg/L in Colorado ,Stiale:aricf Bear-· 
pa"V Shale, with a range ·of ,10,000-25:ooo'ipg/L in the' 
Claggett Shale--Judith River unit (Dodge et al. 1984).'The 
major constituents present are soluble calcium, �magne
sium, and sodium sulfates yvith I�S$er amounts.,of nitrates. 
chlorides, and bicarbonates. lri addition, in a �stuqy by· 
Miller et al. 19?8, 40 rPSr�nt o� t�� .�at�r sa�ples col-; 
lected sho)(Ved, 1nc�eased Ieveii\! of seh;mium (greater th� 
th� 0.01 mpJL,Iim)tQiven 6y .t�e U.S .. Public Health Sl3ry
ice). Table 1 shows an averl!ged water quality �'1alysis' 



'Dible 1.-Averaged analysis of ground water from areas 
underlain by Colorado Shale and Judith Rlver-Ciaggett 

formations (from Miller et at. 1981) 

Ca 
Mg 
Na 
K 
Fe 
Si02 
HC03 
Cl 
804 
N03 
Se 
Sr 
TDS 
pH 

Colorado shale 
un

·
lt · 

Judith Rlver
Ciaggett Eagle 

unit 

Mean �oncentratlons (mg R-1) 

275 
866 

1317 
17.7 
0.3 

12 
534 
141 

6041 
57 
0.308 
4.6 

9262 
7.62 

120 
71 

670 
6.1 
0.3 

12 
722 
177 

1143 
6 
0.028 
2 

2928 
7.89 

from an area underlain by Colorado Shale and from an 
area underlain by Judith River-Ciaggett formations. The 
increased salt load of ground water in the region has very 
serious implications. Not only have domestic wells been 
abandoned, but livestock and fishkills have been attrib
uted to salinized surface water supplies. 

Through cultivation, the crop-fallow system has re
sulted•in a significant redistribution and.removal of soluble 
salts when compared with native range. The upper portion 
of the soil.profile in the recharge area has been improved 
for crop production from t"is leaching. The greater mobil
ity of the more soluble cations Mg2 + and Na + has left 
Ca2+ as the dominant ion in the surface layer: thus, the 
surface soil structure. Considering only MgS04 and 
NaS04, greater than 90 T/fla of soluble salts have been 
leached from 0-360 em depth (Ferguson and Bateridge, 
1982). 

One of the benefits of the crop-fallow system is in
creased water storage in ttul root zone, which has helped 
stabilize the crop production in the northern Great Plains. 
But, side effects over the last 40-50 years have been a 
general rise in shallow ground water tables, a serious sa
linization of ground water, and degradation of many sur
face w�ters (Bahls and Miller, 1973). Any precipitation that 
infiltrates the soil profile in excess of field capacity will 
percolate below the root zone of small grains to accumu
late and form a perched water table over time. An average 
of 2-3 em of leachate is moved below 180 em each fallow 
year. In a 50-year crop-fallow cycle, between 0 and 75-cm 
of water can move below the cereal grain root zone 
(Ferguson and Bateridge, 1982). 

To quantify the amount of water movement from a single 
hectare, approximately 254,120 Uha would be leached 
each fallow year or 5,082,398 Uha over the last 40 years. 
For each .4 ha of saline seep, .there is an average of 4 
hectares of rec"arge area. If 2.5 em were lost from the 4 
hectares, 2,541,199 Uha would be channeled into the 
. 4 ha seep �rea for evaporation from the soil surface 
(Halvorson et al. .1974). The water quality of a typical seep 
in the Triangle Area is 25,000 mg/L TDS, so over 
63,440 kg/ha of salts would be concentrated in the seep 
area. 

VEGETATIVE RECLAMATION 

THe practice of summer fallowing to control weeds and 
conserve moisture became popular following the drought 
years, 1917-20. The accompanying'strip cropping to pre
vent wind erosion became universal in the 1930's with 
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Table 2.-Rootlng depth .and net soli water depletion for 
perennial vegetation a�er 5 years compared to annual 

crops, all grown near Fort Benton, Montana 
(Brown et at. 1983). 

Net soli 
Rooting water 

depth depletion 
Crop Feet Inches 

Perennials 
Beaver alfalfa 24 41 
Ladak 65 alfalfa 22 26 
Kane alfalfa 16 21 
Intermediate wheatgrass 15 29 
Crested wheatgtass 13 16 

Annuals 
Safflower 7 10 
Sunflower 6 7 
Winter wheat 6 7 
Barley 5 6 

government incentive payments. The disadvantages of 
summer fallow associated wit_h saline seep development 
are the inefficient soil water storage capa�ilities and an
nual precipitation use. The amount lost can be much more 
on �bove average rainfall. years or in light textured· soils 
with low water-holding capacities. This process has b'een 
going on since the late· 1940's with the advent of large
scale farming equipment that controls virtually all.mois
ture-robbing vegetation in the fallow period. 

The saline seep can be divided into two areas defined 
as the discharge and recharge. The discharge area is the 
wet, salinized soil profile which is actually the symptom, 
not the problem. The recharge or upslope area is where 
the seep water originates as unused precipitation. Before 
the seep itself can be reclaimed, a more intensive crop 
water-use program must be initiated on the recharge area. 
The drilling of shallow ground water monitoring wells de
fines the recharge area and determines the soil profile, 
depth to bedrock, and amount of stored .moisture. From 
this information, a site-specific intensive cropping system 
is designed, keeping in mind the climate and manage-
ment of the individual land operator. . 

The recharge area treatment must -be as intensive· (that 
is, plant growth as long and often) as is economically fea
sible. Alfalfa (Medicago sativa) has proven to be the most 
consistent crop recommended because of its many attrit>.. 
utes. Alfalfa benefits, both long and short term, include: 

1. Ability to root deeply to use- stored soil· moisture be-. 
low the normal or small grain root zone, and to utilize 
moisture from the capillary fringe of the water table. 

2. Long growing season, whereby .it. commences 
growth early in the spring and continues to use. water into 
the fall or about 7 months. The precipitation-use efficiency 
is 95-1 00 percent. 

3. Economic yields comparable to cereal grain produc
tion if managed properly, that is, adequate seedbed, fertil
ity, rhizobia bacteria inoculation, harvesting, and length of 
stand . 

4. Improved soil tilth, and increased organic matter and 
nitrate levels (important for subsequent crops). 

Alfalfa will dry out the deep subsoil to provide a dry 
reservoir of soil for storage of unused precipitation for 
subsequent cropping systems. The alfalfa need not be a 
permanent stand, but-is usually left in for 5-6 years, de
pending on the water table levels and the quality of the 
stand. The cultivars adaptable to this area vary considera
bly in rooting depth and soil water depletion. Brown et al. 
(1983) determined that, after 5 years, Beaver alfalfa could 
root to 7.3 m and used 104 em of water (in addition to the 
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annual precipitation), while Kane rooted only 4.9 m and 
used 53 em of water. In the same studies, other perenniaf 
legumes and grasses were found to vary significantly, but 
used less water than alfalfa and more than small grain 
production (Table 2). 

Intensive ·cropping systems are implemented on the re
charge area when: (1) the alfalfa is removed, (2) alfalfa is 
not an economically viable alternative, or (3) the soil pro
file is too shallow or too permeable to support a healthy 
stand. The two cropping systems recommended by the 
District are annual and flexible. Annual cropping (one crop 
each year on successive years) is appropriate under very 
limited conditions, therefore it is not widely used. If the soil 
profile is shallow, less than 1.5 m, or very permeable, the 
water holding capacity is limited. Thus, the efficiency of a 
fallow period is limited. The amount of crop produced will 
be dependent on the annual precipitation, since little mois
ture will be stored from the year before. Fallowing in a high 
precipitation year with these soil conditions will rapidly 
recharge the water table in a saline seep, even if previ
ously reclaimed. The other situation in which annual crop
ping is adaptable is where the annual precipitation level is 
high, usually greater than 35 em and the growing season 
precipitation is consistent and timely, 15 em or better. 

The flexible cropping system can be implemented at-
most universal!)( The decision to crop, made annually at 
seeding time, is based on stored soil moisture plus ex
pected growing season rainfall. Together, these must ex
ceed 20 em to achieve a satisfactory economic yield. The 
stored moisture is a measure of the depth of moist soil x 
the plant available water per centimeter of moist soil. The 
expected rainfall is the average amount received May 1-
July 31 at 70 percent probability, or 7 out of 10 years. With 
this information, a yield prediction can be made on individ
ual fields to assist the land operator in crop rotation deci
sions that are both economical and conservation minded. 
If the moisture conditions are insufficient, then a fallow 
year is inserted into the rotation. One guideline is never to 
use a fallow rotation for 2 years in a row to avoid toss to 
deep percolation. 

Intensive cropping systems require a high level of man
agement by the operators. Careful attention must be paid 
to details like soil testing and fertilizer application, select
ing the most suitable crop and cultivar, adequate weed 
control, marketing and so forth. Alternate crops to cereal 
grains, specifically oilseeds, may be inserted into the rota
tion where the climate and market are suitable. The oil
seed crops break up the weed and disease cycles inher
ent in small grain monocutture. A problem arises in that 
there is not always an adaptable oilseed crop for each 
recharge area, since oilseeds are sensitive to the climate 
or heat units produced. 

The economic feasibility of a flexible cropping system 
versus the traditional crop-fallow system can be com
pared only if accurate records are kept of variable costs 
and operations on a long-term basis. It has been shown 
that, with good management and marketing skills, the in
tensive cropping system can outproduce the crop-fallow 
system in both yield and net return. 

The discharge area treatment may not begin for several 
years after the recharge area cropping system has been 
intensified. As the ground water table is being lowered, 
natural precipitation will leach the ·precipitated soluble 
salts down through the profile. Soil tests of the top 7-
15 em are taken periodically to determine the electrical 
conductivity (EC). When the soil's EC and water table 
have been reduced and an adequate seedbed can be 
prepared, salt-tolerant vegetation (primarily grasses) is es
tablished. The introduced vegetation will further lower the 
water table and provide weed and erosion control. It may 
be necessary to leave the seep area in perennial vegeta-

118 

Table 3.-Satt-tolerant vegetation species and cuttlvar 
selection based on electrical conductivity (EC) 

soli test results In mmhos/cm.1 

mmhoslcm 

Recommended Marginal Upper 
Common name variety level limit 

Beardless wildrye 
Tall wheatgrass 
Altai wildrye 
Slender wheatgrass 
Tall fescue 
Western 

wheatgrass 
Russian wildrye 
Barley 
Crested wheatgrass 
Creeping foxtail 
Yellow sweetclover 
Alfalfa 

Shoshone 
Jose 
Pralrieland 
Revenue 
Ken mont 

Rosana 

Nordan 
Garrison 
Commercial 
Ladak65 

24 28 
22 26 
20 24 
20 24 
16 20 

14 18 
12 16 
12 16 
10 14 

8 12 
8 10 
6 8 

1USDA-SCS Job Sheet MT..J$-E$-126. 

tion, but, in many cases, the seep can be reclaimed to 
original condition and again produce crops. 

The saline seep or discharge area may or may not be 
seeded to salt-tolerant vegetation, depending on the size 
and severity, as well as the recharge area treatment. For 
example, If the seep area were less than 2 ha, with an EC 
of 12 mmhos/cm, the area would possibly be seeded an
nually to barley (Hordeum vulgare), especially if the re
charge area were to be flex-cropped. Barley production at 
this EC level would be marginal, but control would be 
possible on the broadleaved, salt-tolerant weeds. It is of
ten not economical to have hay production on small acre
ages, since many small grain operators no longer have 
haying equipment, nor cattle to graze the forage. 

On larger salinized areas, where the water table is stabi
lized or dropping, standard farm equipment will be used to 
prepare a weed-free, firm seedbed. Often chemical weed 
control is combined with the mechanical treatments. Fox
tail barley (Hordeum jubatum) is a salt-tolerant weed that 
provides much competition to seedling forages and in
vades established stands. 

Soil test results are matched with forages from the salt
tolerant forage list (Table 3). Beardless wildrye (E/ymus 
triticoides) is the most tolerant, with excellent grazing and 
forage qualities, but seed availability is limited and it is 
difficult to establish because of seed dormancy. Tall wheat
grass (Agropyron elongatum) and altai wildrye (E/ymus 
angustus) are recomme11ded most often if the EC is 22 
mmhos/cm or Jess. As noted in the table, alfalfa is not 
extremely saline tolerant, especially in the seedling stage. 
As a frame of reference, soils are considered saline if the 
EC is 4 mmhos/cm or greater. Wheat production is se
verely reduced by salts, while barley is the most tolerant of 
all cereal grains. If the EC is greater than 22 mmhos/cm, it 
is recommended not to seed, since the cost is too great for 
the limited establishment expected. The costs are very 
high because seeding rates are usually twice those 
needed for nonsaline soils, combined with the high cost of 
some seed (e.g., altai wildrye) and the need for a seeding 
mixture. If the EC varies across the seep area, a seed mix 
will adaot to the condition. 

An example of a site-specific saline seep reclamation 
plan involved a drainage way in Teton County, leading into 
Priest Lake, which had been salinized for a distance of 
4.8 km (3 mi). In July 1981, the drainageway flowed at 
2.5 m3/hr with a TDS ot 78,310 mg.L. The high sulfate 
content (58, 700 mg/L) had caused severe deterioration of 
the concrete road culvert. The recharge area above one of 
the seeps was cropped in 1982; alfalfa was seeded in 
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Figure 2.-'JYplcal process of formation of saline seep
. 
In north-central Montana. 

1983, and a 5.8 mtlha hay crop was harvested in 1984. 
The water level in the seep dropped from 38 cin from the 
surface in 1982, to 94 em in 1983 to 198 em in 1984. 
Aexible cropping above other seeps has also dropped the 
water level, though not as dramatically. By July 1984, the 
drainag_eway was no longer flowing. In contrast, another 
field was left fallow in 1983, and the associated seep water 
level was raised 25 em to surface level, indicating the deli
cate balance between recharge and discharge area water 
use. 

Another reclamation success involved a total of 8 ha of 
salinized cropland in Toole Count}t Observation wells 
were installed in the recharge and discharge areas to 
monitor the shallow ground water tables. Approximately 
36 ha of �dak 65 alfalfa were seeded in a designated 
recharge area. Additional surrounding cropland was flexi
bly cropped to increase overall water efficienc}( In 1984, 4 
years after plan implementation, the water table level in 
the recharge area had dropped from an original level of 
160 em to 452 em. Ukewise, the water table in the dis
charge area dropped from Its 1980 level of 86 em to a 
1984 level of 239 em. Figure 3 graphically displays the 
water table level decreases. The annual precipitation has 
leached the salts lower into the soil profile, allowing alfalfa 
to spread into formerly salinized areas. 

The· knowledge gained in vegetation management for 
saline seep control is now being adapted for other water 
quality problems. The Disfrict is participating in a research 
project, in conjunction with the Montana Bureau of Mines 
and Geol� to determine the feasibility of intensive man
agement as a key to cleaning up acid mine drainage. In 
the Stockett-sand Coulee area of central Montana, ineffi
cient moisture management on cropped benches has al
lowed soil mpisture to percolate past small grain r oots and 
into lower-level, abandoned -coal mines. Although the 

. problem differs in type of pollutant, the process leading to 
formation is the same. An attempt is being made to design 
an intensive cropping system in which the cost-benefit 
ratio favors the local landowner. so as to encourage volun-
tary adoption of the system. 
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SUMMARY 
The control of saline seep is crucial for several reasons. 
Not only productive cropland is lost, but surface and 
ground water quality is degraded. There are also adverse 
impacts on livestock production and fisheries and wildlife 
populations. The effect on Montana's economy can be 
severe. There is much concern over the reversibility of 
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degraded water supplies. This question has yet to be an
swered, and the implications in the future could be devas
tating. 

In most cases, with the Implementation of an intensive 
vegetation management plan, saline seep can be con
trolled. More efficient plant water use reduces hydrostatic 
pressure on the entire system, allowing the water table to 
be lowered in the discharge area. Once the water table is 
stabilized below 1.8 m, the salts are isolated below the 
rooting zone of small grains by annual precipitation. The 
deeper water table allows the natural fluctuation in the 
spring flush to occur without the deleterious effect of a 
continuously saturated saline profile. 
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..------ ABSTRACT ---.....----, 
For the past several years, we have assessed the impact 
of agricultural management practices on' ground water 
quality of watersheds in various land resource ,areas of 
Oklahoma and Texas. Typical� the watersheds (1.6-6 ha) 
encompi185 a wide r�nge of soils and managements. 
Treatments include different..crop, grass, tillage, fertilizer, 
pesticide, and grazing practices. Results of water quality 
analyses are presented for 34 ground wa�r wells of shal
low depth (<20m water table)'that are monitored sea· 
sonally ort ttle watersheds. Topics considered Include the 
impacts of soluble nitrogen and phosphorus, irrigation 
suitability, sulfa'te and chloride, salinity, pe,sticides, and 
oiUgas development. Results are related to agricultural 
management practices, existing geology. and where ap
plicable, past and present petroleum production. In some 
locations, local geology and intense early date oilfield 
activity are reflected in high levels of sulfate and chloride, 
respectively. However, with few exceptions, farming and 
ranching activiti$s were found to have limited impact on 
ground water quali� 

INTRODUCTION 
T he Southwest, representing a '48St· expanse of farming 
and ranching activities, continues to experiehce increas
ing rural and urban demands on Its water supplies! Conse
quently. the neetl has intensified for more detailed infor
mation on ground' water supplies assdciated with 
agricultural management practices. Such information has 
a direct bearing on the environmental and economic 
wellbeing of the area. For several years part of our re
search has been to assess the impact of agricultural prac
tices on ground water quality of watersheds in major land 
resource areas of Oklahoma and Texas. Presented here 
are results for 34 shallow wells ( < 20 m water table depth) 
that are monitored periOdically on watersheds in the Cross 
T imbers (Cl), Reddish Prairie (RP), and Rolling Red Plain 
(RRP) major land resource areas. 

AREAS AND METHODS 
T he locations of the approximately 30 watersheds (1.6-
6 ha (4-15 acre) size) on which water quality was deter· 
mined, and the· major land resource areas In Which they 
occur are indicated in Figure 4. Principal geologic and 
management features of the locallons, � they relate to 
ground water quality studies, are given Jn Table 1. Within 
each major land reso.urce area, the watersheds represent 

characteristic settings where ground water quality may-be 
affected by changes in-land use and management prac
tices. 

Typically, the watersheds encompass- a wide range of 
soils 8J1d management treatments. Treatments Include dif· 
ferent crop, grass, tillage, fertilizer, pesticide, and grazing 
practices. Water table depths generally range trom � to 
20 m, with the watershed wells sampled 'On a seasonal 
basis. Additional detaila about the wQ.tersheds .and wells. 
may be found in previous publications.(Naney and Smith, 
1983; Naney et al. 1 984; Smith et.al. 1983): 

All well samples for chemical analysis were tefrigerated 
at 0-4°C. Chemical· analyse�; for. hitrate-N and ammo
nium-N were made using standard methods descril;>ed in 
the Federal Water Pollution Control manual (U.S. Dep. 
Inter. 1971). Water soluble P was determined by the mo
lybdenum-blue method described by Murphy and Riley 
(1962). Calcium (Ca), magnesium (Mg), and sodium (Na), 
used to obtain sodium percentages for irrigation suitability, 
were determined by atomic absorption. Sulfate was deter
mined by turbidimetry, chloride by the specific ion elec
trode, and specific conductance by the wheatstone 
bridge. Samples were sent to the Oklahoma Department 
of Agriculture State Laboratory for pesticide analysis, 

HH ITUOT SITES 
G) CADCO CO. � CAJW>Woto. � GIIADI' tO, •-tc. 

RESOURCE AREAS 
RP R£llOISH PRAIIIES 

HP HIGH PlAINS 

RRP ROLL lNG RED PlAINS 

BH BLUESTEM HILLS 

CT CROS S TIIIIIIERS 

CP CHEROKEE PRAIRIES 

EP EDWAROS PlATEAU 

GS GRANITE SOILS 

Figure 1.-Locatlon-. of nonpolnt source water quality moni
toring wells within major land resource areas In Oklahoma 
and Texas. 
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Publications by the U.S. EnvironrflentafProtection Agency 
(1973, 1976) and Sawyer and· McCarty (1967) were used 
as guides for water quality �tanaards. · · · 

RESULTS AND DISCUSSION 

Nitrogen and Phosphorus 
Soluble N (nitrate and ammonium) and P contents, con
sipered to reflect any possible fertilizer contaminants in 
the wells, are given in Table 2. Ranges of the values indi
cate few high concentrations associated with nitrate-N 
(typically < 10 mg/L). However, some exceptionally high 
soluble P contents ( > 5,000 "'g/L) associated with wells 
from the Chickasha and El Reno wheatlands are present. 
Like soluble P, some high ammonium-N contents ( > 3 mg/ 
L) were also observed. For both situations, though, this 
was only true for certain instances in 1979 and 1980. 

Overall, the data in Table 1 indicate nitrate-N contents 
within the acceptable limits.of 10 and 1001ng/L for human 
and livestock consumption, respectively.· Ammonium.N 
levels above 2.5 mg/L, harmful to fish, and soluble-P lev
els above 10 ILg/L, sufficient·for"9utrophication, were ob
s�rva:t in certain instances. lninost cases, the·high am
monlum-N and ·soluble.$ contenfs were, traced to 
impfoperly in:;talled and maintained·well casings that al
lowed surface: runoff from agriculfural�.tields and farm
steads to flow directly Jnto the wells. Improved well protec-' 
tio11 techniques ,elimin�ted this problem and reduced 
ammonium-N artcrsoluble-P1o more'adceptable levels� 

The .ammonium-'N, concentrations '> 3 mg/L ar certain 
farmsteads and the solubre-P·cQhcentrations ::> 5000 "'g/L 

. 

in wells under fertilized ·ana gra2ed wheatlields empha
sized the need for car� in ·well ip�tallation and rpainte
nance. A proper well seal "is essen\ial to prevent direct 
surface flow contamination into the annulus between 
borehole and well casing. 

Irrigation Suitability 
Both present and potential irrigation well development ex
ist in the alluvium and sandy lands of the Chi�kasha, Fort 
Cobb, and Woodward watersheds. Therefore, "Special at
tention was given to suitability of well water quality for 
irrigation purposes. When planning irrigatio'n peyelcip
ment, several physical and chemical factors such as rain
fall distribution, irrigation water applied, soil drainage, and 
soil chemical properties must be considered in addition to 
water quality. Various techniques.exist for determinilig,tHe. 
suitability of water for irrigation (Hagin and Tucker, 1982; 
Richards, 1954); a simple sodium. percentage-specific 
conductance relationship ·(Davis, 1955) lias bl;ferf used 
here. 

The results in Figure 2 were obtained by combining the 
Ca, Mg, Na and conductance data from Chickasha, 
Ft. Cobb, ahd Woodward watershed wells with additional 
data from the ·lf.S. Geological Survey. No attempt was 
made to assess the vJatef quality 9riteria for development' 
ofirrigation from the El Reno wells because, local geology 
precl1,1ded ground water irrigation. .., 

Tw�nty-fjve ,wells on the Chickasha,. ft: Cobb, and: 
Woodward watersheds were shown to be• of �satisfactory 
irrigation quality, while· four wells yielded water that was� 
doubtful forirrigation use, and two were classified as'Un-

Table .t.�PrJnc:Jpll watEU'SIIecl features:related to ground water qualltystlldles for NPS assellslru�nt. 
"Drilled 

depth Major 
l.ocltion LRA h Wells (m) Land Use 
Chickasha 'RP&CT 1 2  1 0-40 Native grass, wheat . 

• 

EI'Reho 
'
RP 1 0  1 0-25 Native grass, wneat, 

grain sorghum 

Ft. Cobb RRP&CT 2 1 5-30 Peanuts & grain 
sorghum 

Woodward "'RAP 10 3-9 Improved grasses 
and alfalfa 

Geologic 
Age 

Quaternary 

Quaternary 
Permian 
Permian 

Quaterpary 
Perrpian 
Quaternary 
Permian 

" 

St��lgraphy 

Terrace deposits 
&alluvium 

· 

Terrace deposits 
El Reno group 
Cloud Chief 
formation 
Whitehorse 
El Reno group 
Alluvium 
Whitehorse group 
Terrace deposits 
IJ'(hitehorse group 

Lithology 

Sand & gravel, 

Sand & gravel 
Shale & Sandstone 
Gypsum, shale and 
sandstope 

' 
S\ind & Silt 
Sandstone ' I  

,sand & gravel 
Shale & sandstone 

Table 2.-Rang� In nutrient concentrations In ground water sempled at four nonpolnt source monitoring areas 
fro{l1 1979-84 In Oklahoma as affected by land us'\. 

Monitor well No. of 'Nitrate N Soluble P Ammonium N 
Location LRA wells (mg/L) (�tg/L) (rng/L)"' 

Chickasha 
EIReno 

Woodward 

EIReno 
Ft. Cobb 

Chickasha 
EIReno 

Ft. Cobb 

Chickasha 

RP&CT 
RP 

RAP 

RP 
RRP&CT 

RP&CT 
RP 

Rf\P & Ct 

RP&T 

2 
4 

1 0  

3 
1 

5 
3 

3 

122 

Native grasses 
o:os-o.9o 6-243 0.01-1 :99 
0.20-1 . 1  0-641 0.00-0.33 

Improved grasses an� alfalfa, 
0.08-1 6.0 4-89 0.0-0.42 

Grain sorghum 
0.10-8.8 8-63 0.0-0.;41 
1 .87-2.1 101-103 0.0-0.04. 

Wheat 
0.09-4. 1 ' ,4-8,1 83, D.0-2.83 
0.20-2.1 0-5,299 0.0-0.42 

Peanut' 
0.0-0.7 22.:.25 0.0-0. 1 7  

Farmstead 
0. 1 7-1 8.4 0-87 u.o:..3.30. 



su itable. On the whole, water from the wells was satisfac
tory for irr igatioh purposes . 

Sulf,te and Chloride 
Contents of these chemical constituents are g iven in Table 
3. Sulfate contents as h igh as 2,390 mg /L were observed 
and, unl ike ammon ium-N and soluble-P, generally in
cre�ed frQ1Tl1 979 to 1 981 for the Ch ickasha area water
sheds. These h igh sulfate contents ( > 250 mg /L is the 
recommended domestic stan dard l im it) are associated 
with the natural geology and not with agricultural manage 
ment practices. The contents arise from gypsum (CaS 04 · 

2H20) and epsom ite (MgS04 · 7H20) common to the as
sociated Perm ian Red Beds and their weathering prod
ucts.'-

The relat ively h igh solut ion of· gyps iterrous mate rials 
with in the local geology resulted in conduct iv it ies of some 
well water samples as bigh as 1 ,500 p.mhos /cm. In fact, 
variation of electrical conductiv ity paralleled that of sulfate 
content, and may be explained by the relationsh ip be
tween conduct iv ity and d issolved sol ids (Reeves and 
M iller, 1 978). Seasonal changes in sulfate contents of the 
wells have ,been related to fluctuat ions in rainfall and 
ground water levels (Naney and Sm ith, 1 983). 

Typ ically, chloride �ell contents were low ( < 50 mg /L) 
for all land uses on the watersheds. The h igh chloride 
values in Table 3 were observed in it ially after well comple
t ion only and are attributect·to some chloride .salts in the 
Permian Red Beds. Therefore, the lower range values are 
more representat ive. Unl ike sulfate, the natural geology 
appears to -contribute l ittle chloride to the ground water. 
For the most part, chloride levels are well b elow the do
mestic recommended standard l im it of 250 mg/L. 

Sdlinity and Livestock 
H ighly sal ine waters' are well known to cause harmful os
motic effects, and to exert spec if ic toxicit ies on l ivestock. 
The chem ical const ituents include mainly the metals Ca, 
Mg, and Na, and the nonmetals sulfate, chloride and b i
carbonate, with the results expressed as total soluble 
salts. A simple esti"ilate of total soluble salts may be ob
tained by multiplying the well water conduct iv it ies (F ig. 2) 
by an appropriate factor (Sawyer and McCarty, 1 967). Us
ing the factor 0.65, soluble salt contents were generally far 
below 2,000 mg /L by th is method. From the standpoint of 
salin ity and osmot ic effects, waters w ith < 3,000 mg /L so l-
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Figure 2.-Chart depleting irrigation suitability of ground 
waters in the Chickasha, Ft. Cobb, and Woodward areas, 
based on average concentrations; modified from Davis, 
1955. 

GROUND VVATI;,R QUALITY 

uble salts are sat isfactory for Jivestock under al rnost any 
cond it iona. Consequently, sal in ity� of t�e well waters is con
s idered t6  pose no particular l ivestock problems. 

Pesticides 
Various pestic ides at the recommended rates have 'been 
appl ie 'd to certain watersheds. Therefore, detection of re
sidual p estic ides in the associated ground waters was in
vestigated. Water samples from two wells each at the Fort 
Cobb (peanut and grain sorghum watersheds), El Reno 
(wheat and improved practice grassland watersheds) and 
Woodward (wheat and v irg in grassland watersheds) loca
t ions were analy�ed tor organochloride, orga!)ophos
phate, and phenoxy pestic ide residues. In every c.�se, the 
pest ic ide res idue contents were below the l im its of analyti
cal detections ( < O.Q1 ppb) . Hence, persistent pestic ide 
res idues are cons idered to pose no problems in the wells. 

Oil and Gas Development 
The ground water wells are located in an area of major o il 
and gas developme nt. puring 1 982, a peak develogment 
year, the total number of o il and gas wells drilled was, by 
county: Caddo, 1 88; Canad ian, 302; Grady, 1 62; and 
Woodward, 109 (Arndt, 1 985). As noted earl ier (Naney 
and Sm ith, 1 983), h igh 'chloride contents (> 2,000 mg /L) 
were determ ined in two observat ion ground water wells 
located down grad ient from the Cement o ilf ield in Grady 
County, Oklahoma ·. Th is impact on water qual ity appears 
to be related locally to abandoned pract ices and o il wells 
developed during the 1 930's. Samples of ground -water 
wells in the vic inity of current-o il wel ls ind icate no water 
qual ity problems (Table 4). 

Also during 1982, over a 3-month dril l ing and installa
t ion of a gas well, surface water qual ity was mon itored 
above and below the construct ion site. The results, g iven 
in Table 4, show no effect on surface water qual ity. Ther� 
fore, current data ind icate technology e xists that allows 
petroleum drill ing and product ion act iv it ies to be con
ducted without pos ing part icular water qual ity hazards .  
Spec if ic exceptions may occur when available technology 
is not used. 
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Table 3.-Range In sulfate an(t chloride concentrations In ground wiRer sampled at tout nonpolnt source monitoring areas. 
from 1979-84 In Oklahoma as affected by land uS.. · 

MonitOr No. of Sulfate Chloride 
Well location • LRA • wells (mg/L) (mg/L) 

} 
--------.---- Native grasse's ,..._�-----,------' 

Chickasha· RP&CT 
EIRe110 RP 

Woodward RAP 

EIReno RP 
Ft. Cobb RRP&CT 

Chickasha FiP & c'r 
Elf!te11o RP 

'· 

Ft. cQ�b ,RRf' & 9T 

•' 

Chickasha RP. &CT 

( 

2 
4 

131-1,212 6-34 
52-870 11-1,029 

.------.---- Improved grasses and alfalfa --------
10 22-1,935 6-427 

------------ Graln so�hum �·------------
24-59�· 28-633 3 

1 54-55 �13 
----------- wgem -----�-����---

5 
3 

• 
12-1,708 
33-1,551 

1S.:.99 
'6-796 

---------------- Peanut ---------------• 
12-15 3-4 

---------------- Farm.�ead, -----------------
1 0-2,390 3;-45' 3 

.�ble 4.-Water quallty,'lllummary for,ereaalmpacted by petroleum field developments nea� the Chlck�sha waters�eds. 

Monitor -Nit'11teN Ammonlurn-N 
sites Period mg/� mg/L 
�1 .. 1�7;4-84 O-Q.0,86 0-.21 
Above gas well site2 1982 0.06 0.04 
Below gas well site2' 1982 0.06 0.04 

'Geometric range values for nearbY ground water Wells. 
2Average ol26 aurfal:e water samplings O)lllr a 3-mpnth period during gas well construction. 

>..I 
124 

Soi P Sulfate 
l'g/L mg/L 
9-16 114-317 
17 21 
19 22 

Chloride 
�·mg/L. 

� 16;-3� 
16 , 
14 

•' 

"' 
E. cond. 

l'mhoS)cm 
630-807 

522 
546 

' 



MONITORING THE EFFECTS TO THE GROUND WATER SYSTEM 
ATTRIQUTABLE TO AGRICI)LTURAL PRACTICES 

CLARK GREGORY KIM�ALL 
South Oakota D,epartment of Water and Natural Resources 
Pierre, South Dakota 

....------- ABSTRACT ----...., 
A 10-y&ar study to evaluate the effect of three conserva
tion practices-fertilizer management, pesticide manage
ment, and conservation tillage-on both surface· and 
ground water is underway in South Dakota. The area of 
study is in the lakes region, of t�e glaciated part of the 
State. Glacial till and outwash �eologic environments are 
included. Excessive nutrients have been identified in both 
wells and lakes. Field monitoring sites from ,a to 32 ha 
have been selected with and without consecvation prac
tices and with and without farming. Monitoring design has 
oeen carefully integratea with the site geology and instru
mentation is extensive. Surface and ground water are 
monitored by· sampling for laboratory analysis and by 
testing in situ. Nutrient and pesticide concentrations are 
determioed. Soil moistures are measured and soil sam
ple extractions analyzed for nutrients to ascertain soil wa
ter chemistry and flux rates and their contribution to 
ground water. All dat� 'are filed in a data management 
system that can be manip1Jiated as desired. Instrumenta
tion of all field sites' is not yet�omplete. Initial test results 
indicate both defil"lite arfd relatively rapid response: ef
fects on ground water quality, in some cases, from both 
nutrients and one pesticide. Results ti'ave·both limited 
value and dependability due to the small number of data 
collected to date. 

INTRODUCTION 
Elevated nutrient levels in the lakes and excess nitrogen 
in the ground water are being attributed to nonpoint 
source pollution from farming activities, specifically, runoff 
and leaching from farm fields. 

Oakwood Lakes and Lake Poinsett were designated 
208 Water Quality Study Areas in 1 976 to study the impair
ment to the lakes from excessive nutrients . Later the two 
areas were combined to form a Water Quality Project to 
implement best management practices (BMP's) " through 
the Agricultural Stabilization and Conservation Services 
(ASCS) Agricultural Conservation Program (ACP). Accep
tance of the area as a Rural C lean Water Program 
(RCWP) was received in October 1 981 . The goal of the 
RCWP is to implement BMP 's to all eviate water quality 
impairment and carry out general chemical and physical 
monitoring to d ocument results. Prior to completion of the 
RCWP monitoring strategy the' project was recommended 
for a 1 o-year Comprehensive Monitoring and Evaluation 
Project, granted in October 1 982. This Project is to quanti
tatively d ocument the effectiveness of BMP 's. 

The Oakwood Lakes-Poinsett Project is located within 
the glacial lakes region of east central South Dakota and 
encompasses 42,480 ha (1 06,200 acres), 26, 1 1 0  ha 
(65,275 acres) of which are cropland (corn, soybe "ans, and 
small grain). The project area is partially·located in Brook
ings, Hamlin, and Kingsbury counties approximately 
95.5 km (60 mi les) north of Siou x Fal ls. Within the project 
area are three lakes and portions of three others. Lake 
Poinsett, the largest natural lake in South Dakota, Oak-

. wood Lakes, and Lake Albert are wholly within the project 

area. Lake St. John, Dry Lake, and Thisted Lake are par
tially within the projec t area (Fig. 1 ). Lake Poinsett and 
Oakwood Lakes serve as the focal point for many recrea
tional activities. The shallow glacio-fluvial aquifer in this 
area is the Big Siou x Aquifer. 

The water quality of these lakes shows fligh n utrient 
levels in excess of State Water Quality Standards. The 
high nutrient levels and subsequent algal blooms, oxygen 
depletion with associated fishkills, ammonia approaching 
toxic levels, and excessi ye aquatic macrophytes impair 
recreation in the lakes. The high suspended solids and 
phosphate levels found in the intermittent streams indi : 
cate that a nonpoint sol.jrce problem exists in this water
shed. The lakes are phosphorus limited based on th e typi
cal 1 5: 1 nitrogen to phosphorus ratio. 

Within the Big Siou x River basin the Big Siou x aquifer is 
the major source of potable water, supplying 32 percent of 
the State's popu lation. From the State Department of Wa
ter and Natural Resources, Office of Drinking Water files, 
27 percent of 861 private wells in Brookings and Hamlin .. 

Oakwood Lakes -· Poinsett Project 
Rural Clean Water Program 

Legend 
-Q- US.H�hMY 
--a-- sa ... HtQhMw' 
--o-- PaoMd County Roed 
------ � Aoed 

....: ... : ... 't � 

Figure 1 .-0akwood Lakes-Polnsett Project Rural Clean 
Water Program. 
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counties (wherein a portion of the project lies) showed 
nitrate levels that exceed ed ·  EPA's standard for drinking 

-�ater of 10 mg/L nitrate as nitrogen. 
The BMP's chosen to counter the surface water prob

lem are conservation tillage to keep sediment-transported 
contaminants on the fields, and fertilizer management to 
manage nitrogen and phosphorus application rates and 
timing. Pesticide management is also being stressed in 
response to typically increased use of pesticides associ
ated with the im plementation of management tillage. 

The Big Sioux aquifer is relatively shallow and some of 
its overlying soils are thin and quite permeable. This aqui
fer is potentially contaminable, and, based . on e xist ing 
data for nitrate in ground water, contamination may al
ready be underway. The project faces a twofold question: 
(1) is the nitrogen e xcess in ground water attributable to 
farming o perations; and (2) will the im plementation of con
servation tillage and other approved BMP's affect nitrogen 
and pesticide levels in the shallow ground water system ? 
M qreQver, will the effect be positive or negative, that is, will 
conservation tillage increase or decrease water-related 
90ntaminant transport to the subsurface? A modeling 
study of tillage alternatives stated that conservation tillage 
techniques reduced percolation and leaching (Crowder at 
al. 1984). However, a recent article on conservation tillage 
in Ohio indicated that conservation tillage may have in
creased pesticides and possibly nitrogen input to ground 
water (Agrichem. Age, 1 984). 

GEOLOGIC SETTING 
Non-bedrock aquifers in eastern South Dakota are glacial 
outwash deposits from the Pleistocene Glacial Epoch. 
Within the project area, the surficial deposits are Wiscon
sin stage glaciation, specifically, the Cary (late Wisconsin) 
and Iowan (early Wisconsin) substage till, loess, and out
wash of thicknesses up to 1 22-1 53 m (400-500 ft.). The 
Cary outwash is the thickest. Its morphology is .that of a 
valley train outwash that forms along the margin of a gla
cier as it melts and recedes. Long, relatively thin, sinuous 
deposits of sand and gravel of variable thickness and ar
eal extent result. 

Three outwash aquifer systems exist in the area and are 
referred to as the surficial, intermediate, and basal aqui
fers. Connections between these aquifers occur in some 
instances, but are not reliably known. The Big Siou x aqui
fer is the surficial aquifer of greatest importance because 
of its high quality water, accessibility, and thickness. The 
other two aquifers are at a great enough de pth that this 
project is not directly concerned with them. 

The till in the area is of a silty clay texture with some to 
little sand and gravel, its high clay content deriving from its 
parent material, the Pierre shale. The tills of different sub
stages are indistinguishable from one another. The major 
part of the project area is covered with till, hence, it is of 
considerable interest to the overall effort and direction of 
the monitoring program. 

Topographically, the area is relatively flat; end moraines 
are subdued and gently rolling. Areas of ice disintegration 
structures ; kames, and collapsed or stratified drift exhibit 
somewhat more expression but are still low relief. 

Streams in the area are influent (lack ground water re
charge) and thus are intermittent in nature, flowing only in 
times of excessive preci pitation, or snow melt. The natural 
waterbodies are ground water lakes of glacial origin. 

MONITORING STRATEGY 
Monitoring objectives are to quantitatively describe the 
physical and chemical characteristics and the distribution 
and movement of water and nutrients within the natural 

system of a working farm field. The system is described to 
evalu ate the e ffects conservation tillage, fertilizer man
agement, and pesticide management have had in terms of 
nitrogen and pesticide movement through the soil profile 
to the ground water, and in terms of nutrient delivery to the 
lake. 

To accom plish the objectives, the monitoring strategy is 
designed to be site specific, with the e xception of some 
ongoing tributary and lake sampling. The site-specifi c ap
proach is desirable for two reasons : (1) the project area is 
too large to monitor as an entire unit, and (2) site-specific 
monitoring increases the probability of detecting land use
effected changes in water quality. 

The site-s pecific monitoring will be accom plished with 
10  field sites; 8 -32 ha (20 -80 acres) in size. Nine of the 
field sites are working farm fields and one is unfarmed. Of 
the nine farmed fields two are control sites, farmed with
out the BMP's which are being evaluated. Although the 
rapid infiltration of a sandy outwash is expected to be the 
most probable means of introducing nitrogen to the su b
surface, both till and outwash sites are monitored. 

A master site has been establ ,ished as an experimental 
site to add re plication ·and control to the monitoring effort 
of the soil profile. The master site is worked as a farm 
field, but various treatments are restricted to plot size ar
eas 5.5 m x 10.5 m (18 ft x 35 ft), thereby allowing more 
control over the input variables: three treatment levels of 
fertilizer application, three tillage practices (moldboard 
plow, chisel plow, and no till), and strict control of pesticide 
application. Only the soil profile is being monitored since 
the close mutual proximity of the plots means that ground 
water sam ples would not be separable based on the treat
ments beneath the plots. Berming and other control mea
sures preclude runoff at the site which therefore is not 
monitored. 

INSTRUMENTATION AND MONITORING 
SYSTEM DESIGN 
To collect the data, various instrumentation mu st be in 
place. Ten to 20 piezo!lleters per site are used -to d e,ter
mine hydraulic head, flow direction, and gradients, an d to 
collect ground water sam ples. Piezometers are con
structed of PVC pipe joined by threaded pipe cou plings 
with 91 -152 em (3-5 ft) screens. As the need arises, flush 
joint pi pe and screen are also used. At a majority of the 
locations piezomete{s are nested (one location with two to 
four wells screened at different depth interyals). 

Tensiometers to determine soil matric potential ar� in
stalled at the field sites in banks of five tensiometers at 
30 em (1 ft) intervals from 3 0-1 52 em (1 -5 ft). Matric po
tential determines the gradient and direction of movement 
in the soil profile . 

Access tubes through which neutron probes can be in
troduced determine percent soil moisture to depths of 
3.7 m (1 2 ft). Neutron probe tubes are i nstalled at the 
same locations as tensiometers to com plement data col
lected. 

H -flumes outfitted with still wells and water level re 
corders monitor surface flow. Flow actuated sam pling -de
vices com plete the surface water flow instrumentation. 

The monitoring system design began early in the proj 
ect as a preliminary drilling program to identify areas geo
logically favorable for monitoring. Because of abundsmt till 
in the project area the preliminary drilling was to delineate 
outwash areas with shallow depth to ground water. Based 
on information from iarge-scale glacial maps, the prelimi
nary drilling was accom plished with a rotary drill rig , Cross 
sections were developed and potential areas for monitor
ing were identified. 



lan Qow,J.letrs were contacted within these potential ar
eas to dj)t�rmine their-attitude toward a monitoring site on 
their fie lds. 'It favqrable, permission to drill was obtained. 

SecQnd ph !U\e .d_ri lling determined the geo logy of each 
site . and installed approximate ly three wells per site to 
estimate rqugh ly Jhe ,  ground water f low direction. Dri lling 

.and -logglr,lg .pf the ho les proceeded with two dri ll rigs : a 
standarp• flight a1..19er rig,· and a, hollow f light auger rig, 
which .took , split spoon . samples every 1 .5 m (5 ft) . Wells 
w�re inst�l�d with the hollow f light au!;jer rig through the 
center of the auger, backfi lled-with grave� pack, or allowed 
to cay� as Q natural grave l pack, to 30 em (1 ft) above the 
screerl. Each well was then sealed with bentonite and 
spoils to the surface. As site-specific information became 
avai lab l�, newly .constructed crQSS sections determined 
the feasibi lity of monitoring and possib le locations for fu
ture monitoring wells. 

Ttte las t phase of site dri lling was primari liy to install the 
finat array of monitoring wells and to fill in information 
gaps Jhat may have ·deveJoped during cross section gen
eration. Based on. cross sections deve loped from second 
phase dri lling and estimates of ground water f low direc
tions from in-place wells, the ground water monitoring sys 
tem was design ,ed. Wells were p laced in strata that he ld 
the most potential for chemical change caused by surficia l 
activities, or near surface water table conditions. Vertical 
p lacement was intended to intercept downward moving 
contaminants and describe and predict the vertical  distri
bution of contaminants within the system. Wells were 
p laced both upgradient and downgradient of the site of 
interest; and where consent was obtained, in the field it
self. 

Tensiometer banks and neutron probe access tubes lie 
near well nests to corre late resu lts and determine re
charge through the soi l profi le to the ground water system. 
Two to three banks of tensiometers with neutron probe 
tu bes exist at each fie ld site. The master site has a bank of 
tensiometers and a neutron probe tube at each p lot. 

DATA COLLECTION 
Weekly to month ly water leve l measurements are taken at 
we lls from which flow directions can be determined and 
horizontal and vertical gradients calcu lated. Bai ldown and 
s lug tests will determine hydrau lic conductivity. 

Physical system monitoring of the soi l profi le at the field 
sites is conducted throughout the growing season from 
spring thaw to fall freeze. Tensiometers are p laced in the 
ground at spring thaw but must be removed soon after the 
ground freezes to avoid damaging the instruments. Neu
tron probe access tubes remain in p lace all year. Readings 
are taken on a weekly basis during the growing season 
and month ly during the nongrowing season. 

Runoff monitoring at the field sites is storm event 
based. At the time of an event, water leve l recording de
vices are f low actuated. Water is directed through an H
f lume equipped with a sti ll well to determine f low volumes. 

Two U.S. weather bureau stations, north of the project 
at Castlewood and south of the project area at Brookings, 
monitor climate. In addition, a recording weather station is 
centrally located within the project area at the master site. 
Weighing tsucket rainfall gauges will be insta lled at two 
fie ld sites to he lp determine rainfall distribution patterns. 

Chemical monitoring of ground water at the field sites is 
conducted on a quarterly basis, with .an additional month ly 
sampling of selected wells at each site. Parameters being 
analyzed are nitrate, nitrite, ammonia, total Kje ldah l nitro
gen, ch loride, sulfate, tota l hardness (occasionally), total 
alkalinity (occasionally), pesticide scan (complete list of 
pesticides in Tab le 1), pH, water temperature, e lectrical 
conductivity, and disso lved oxygen. 

GROUND WATER QUALITY 

Table 1 .-Pestlcldes to be analyzed under the category of 
pesticide scan. 

2,4-0 
Atrazine 
Lasso (Aiachlor) 
Dual (Metolachlor) 
Sencor (Metribuzin) 
Ambien (Chloramben) 
Sutan 
Furdan 
Methoxochlor 
Endrin 
Counter (Terbufos) 
Parathion 

Banvel (Dicamba) 
Treflan (Trifluralin) 
Bladex (Cyanazine) 
Tordon (Pichloram) 
Eradicane 
Ramrod 
Paraquat 
Toxaphene 
Lindane 
Thimet (Phorate) 
Dyfonate (Fonofos) 

Ground water is samp led in such a way as to assure a 
representative samp le and to preserve the sample integ
rity before its delivery to the laboratory. After purging the 
well, a pneumatic b ladder pump or a variab le capacity 
double check valve (PVC or Tef lon) bai ler obtains the sam
p le. Samp le containers are new or laboratory c leaned 
po lyethylene bott les for inorganic parameters and g lass 
with foi l or Tef lon lids for the pesticides. Samples are kept 
cold until de livered to the laboratory (always within 24 
hours). . - Chemical monitoring at the master site is conducted 
once a year in the fall by analyzing soi l samples via the 
e xtraction of water from a soi l s lurry for nitrate, phos
phorus, and pesticide (depending on the pesticide ap
plied) contents. 

Soi l profi le chemical monitoring at the field sites is con
ducted once a year in the fall for nitrates, and in years 3, 4, 
5, 7, and 9 for pesticides. Soi l eores are taken across the 
field at 0.3 m (1 ft) depth increments to 1 .5 m (5 ft) and 
then aggregated by depth. The depth aggregated soil 
samples are analyzed by extracting water from a soi l 
s lurry and then analyzing the extract. 

A nutrient budget emerging from the monitoring data for 
the field sites requires special monitoring to include that 
portion of the nitrogen lost durin g denitrification. This 
monitoring entai ls co llecting ' soi l cores at ttie fie ld sites, 
incubating them in acetylen e for a predetermined time, 
and then analyzing for acetylene conversion to nitrous 
oxide. The conversion takes p lace because of microbial 
action responsib le for denitrificationi From spring thaw un
ti l fall freeze soil cores are collected month ly to twice a 
month 1 based on events affecting soi l moisture leve ls. 

Land use histories at the fie ld sites have been tracked 
as far back as the farmer can remember, and since the 
initial contact, the farmer has been interviewed yearly. 
Feasible land use information will be collected or gener
ated for the who le project area. Some important land .  use 
parameters inc lude: 

1 .  Land use, irrigated crop, nonirrigated crop; 
3. The predominant soi l mapping units on a field; 
3. BMP's contracted and applied; 
4. P lanting date and residue on field at p lanting ; 
5. Ferti lizer and pesticide types app lied : 

a. quantities applied, 
b. method of application, 
c. date of app lication ; 

6. Tillage methods used : 
a. depth of tillage, 
b. dates of ti llage. 

EVALUATION 
The RCWP participants began implementing BMP's be
fore monitoring so a comparison of before and after condi 
tions is not possib le. To attribute effects to BMP's the sites 
must be e xamined in terms of water quality trends that 
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may develop because of BMP's. Fields with BMP's will 
hate to be-compared to ·fields·withqut BMP's and to fields 
that have not been farmed at·..all in a paired watershed 
approach. 

To handle the voluminous amount of data this project 
will generate, a computer data base management system 
has been developed. An existing system is currently being 
modified to accommodate the project nee,ds. It will store 
files ranging from drill logs to water and soil quality data to 
land use parameters, with the ability to merge and manip
ulate these files for acceptance by the computer statistical 
analysis package· SAS. SAS will be used extensively 
through descriptive statistics, regression analysis, analy
sis of variance, trend analysis, and graphing and plotting 
for visual interpretation. 

Computer modeling will be an important step in the final 
.evaluation of BMPs' present .and future effects on the 
lakes based on Jield scale studies. Some modeling is al
ready .underway using the AGNPS model (Bosch et al. 
1983).in a portion of the project area as part of a thesis 
project. Ground"water modeling and edge of field surface 
water modeling will likely play important roles in the evalu
ation as well. 

CONCLUSIONS 
Since. October 1 982 the.m�jor amount of effort has been 
spent establishing monitoring sites. Seven out of 1 0 sites 
have been established; three have in place, full instrumen
tation for ground water monitoring. Monitoring has not pro
�ded long enough for trend analysis nor has it produced 
enough data for statistical comparisons Qetween sites. 
Completed monitoring dalfi are showing drinking water 
standards. for nitrates being exceeded approximately 20 
percent of the time in farm fields as opposed·to 27 percent 
1lOted for domestic wells. The highest mean nitrate con
centrations are found in ·the outWash, followed by the till, 
followed by sampling done in deep strat� of outwash. Ni
trate concentrations are highe� in the shallow portions of 
.ttte aquifer and aecrease with· depth. 

Till ·sites are not exempt from nitrate contamination as 
one might gue�s. In fact, C0!1C?en�ratiol'!s as high as 30 mg/ 

L have been recorded. Till system flow seems to be con
trolled by fracturing within the till rather than movement 
through the silty clay matrix. Outwash sites tend to have 
tM highest proportion of total nitrogei'l as nitrate while till 
sites have a greater proportion of organic and, in some 
cases, ammonia nitrogen. Denitrification studies show 
losses of nitrogen to the atmosJ)here that amount to one
half to one-third of the total nitrogen applied as fertilizer on 
a yearly basis, implying that nitrogen routing field· scale 
models may underestimate losses from denitrificatibn. 
Pesticides (2,4-D) have been 'detected only orice at very 
low levels, in one field, and that was th� pesticide applied 
to that field the year before. 
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