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During August 9-10, 1995, epilimnetic water in
Little Pine and Big Pine Lakes (sites 2 and 6, respectively)
was analyzed by GC/MS for the triazine herbicides atrazine,
deethylatrazine, deisopropylatrazine, simazine, cyanazine,
propazine, metribuzin, prometryn, prometon, ametryn,
metolachlor, and alachlor. None of these herbicides were
detected by the analyses.

During August 9-10, 1995, the hypolimnion of Little
Pine and Big Pine Lakes had temperatures as low as 12.5°C,
pH as low as 7.2, specific conductance as high as 400
pS/cm, dissolved-oxygen concentrations as low as 0.0
mg/L, total phosphorus concentrations as high as 0.120
mg/L, and dissolved ammonium-nitrogen concentrations as
high as 1.5 mg/L. The absence of dissolved oxygen in the
hypolimnion is characteristic of stratified, eutrophic lakes
(Cole, 1983).

The minimum depths required for stratification
appeared to be about 30 feet for Little Pine Lake and 60 feet
for Big Pine Lake. About 75 percent of Little Pine Lake is
deeper than 30 feet, but only about 5 to 10 percent of Big
Pine Lake is deeper than 60 feet. Therefore, three-fourths of
Little Pine Lake probably stratified and became anoxic, but
only a small portion of Big Pine Lake probably stratified
and became anoxic during the summer of 1995.

Trophic State

Lakes commonly are classified by the following
trophic states: (1) oligotrophy—clear lakes with small
amounts of nutrients and phytoplankton; (2) mesotrophy—-
moderately clear lakes with moderate amounts of nutrients
and phytoplankton; and (3) eutrophy—turbid lakes with
large amounts of nutrients and phytoplankton. Trophic state
is related to: (1) the Secchi disk transparency; (2) total
epilimnetic phosphorus concentration; and (3) chlorophyll a
concentration.

TSI (trophic-state indices) are measures of
phytoplanktonic biomass on a scale of 0 to 100 in surface
waters (Carlson, 1977). Each 10-unit increase (decrease) in
TSI represents a doubling (halving) of phytoplanktonic
biomass. TSI were computed from the Secchi disk transpar-
ency, total epilimnetic phosphorus concentration, and
concentration of chlorophyll a, with the following
equations:

Secchi disk TSI = 60 - 14.41 (In SD); ¢))
Total phosphorus TSI = 14.42 (In TP) + 4.15; 2)

Chlorophyll TSI =9.81 (In CHL) + 30.6; €)

where

Secchi disk TSI = trophic-state index based on Secchi disk
transparency (SD), in meters;

Total phosphorus TSI = trophic-state index based on total
epilimnetic phosphorus concentration (TP), in pg/L;

Chlorophyll TSI = trophic-state index based on chlorophyll
a concentration (CHL), in pg/L.

The chlorophyll TSI indicates trophic state because
the concentration of chlorophyll a is a measure of
phytoplanktonic biomass. The total phosphorus TSI
indicates trophic state because the total epilimnetic
phosphorus concentration is a measure of the amount of
phosphorus nutrients available for phytoplankton. The
Secchi disk TSI indicates trophic state because the Secchi
disk transparency is a measure of light attenuation by
phytoplankton. Interpretation of the TSI, however, must be
made with regard to the following assumptions: (1) the
chlorophyll a content of the phytoplanktonic biomass is
fairly constant for each species of phytoplankton; (2)
phosphorus is the nutrient that limits the growth of
phytoplankton; and (3) light attenuation attributable to
causes other than phytoplankton, such as chemical colora-
tion and suspended inorganic particulate matter, is
negligible.

Reckhow (1979) developed the following ranking
system for TSI: (1) less than 40—oligotrophic; (2) from 40
to 50—mesotrophic; and (3) greater than S0—eutrophic.
(The TSI values for this classification system are for each of
the three bases of TSI, not sums).

The TSI determined for Little Pine, Big Pine, Rush,
and Otter Tail Lakes indicated that the trophic state of these
lakes ranged from upper oligotrophic to lower eutrophic
according to the system developed by Reckhow (1979) (fig.
6). The Secchi disk transparencies of 4.0 to 7.4 feet, chloro-
phyll a concentrations of 4.4 to 28 pg/L, and total epilim-
netic phosphorus concentrations from less than 0.010 to
0.022 mg/L except for one concentration of 0.060 mg/L,
indicated these trophic states (Vollenweider, 1976). The TSI
indicated that the trophic state of these lakes generally
varied very little, but may have become less eutrophic from
upstream to downstream lakes based on the chlorophyll
TS], possibly because phosphorus retention in the upstream
lakes reduced phosphorus loads to the downstream lakes.

Phosphorus Sources

The major external sources of phosphorus to Big
Pine Lake were the Otter Tail and Toad Rivers. Other
sources of external phosphorus were from ground-water
discharge and eroded soil particles from direct runoff and
airborne deposition. The phosphorus load to Big Pine Lake
from the Otter Tail and Toad Rivers and ground-water
discharge was estimated from March 16, 1995, to March 15,
1996.
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Streamflow transport of phosphorus into Big Pine
Lake was estimated from discrete measurements made at
the Otter Tail and Toad River inlets (streamflow gaging
stations 1 and 2) and at the Otter Tail River outlet (stream-
flow gaging station 3) (table 6). Figure 7 shows the daily
streamflow and phosphorus loads for these stations and the
net daily streamflow and phosphorus loads for Big Pine
Lake. The net daily values are the summation of daily
streamflows and phosphorus loads for the inlets minus the
daily streamflows and phosphorus loads for the outlet.
(Positive net daily values indicate streamflows and
phosphorus loads to the lake exceeded streamflows and
phosphorus loads from the lake; negative net daily values
indicate streamflows and phosphorus loads from the lake
exceeded streamflows and phosphorus loads to the lake.)

The cumulative streamflows and phosphorus loads
for each of the streamflow gaging stations were determined
from summations of the daily values. The net cumulative
streamflow and phosphorus load for Big Pine Lake are the
summation of cumulative streamflows and phosphorus
loads for the inlets minus the cumulative streamflow and
phosphorus load for the outlet. (Positive net cumulative
values represent accumulation of water and phosphorus in
the lake; negative net cumulative values represent removal
of water and phosphorus from the lake.)

The annual phosphorus load from the Otter Tail and
Toad Rivers to Big Pine Lake was about 10,400 pounds.
The load from the Toad River (about 5,730 pounds) was
greater than from the Otter Tail River (about 4,670 pounds),
even though streamflow from the Toad River was about 70
percent less than the Otter Tail River. The median total
phosphorus concentration at the Toad River inlet was 0.063
mg/L, which was much greater than the median concentra-
tion of 0.016 mg/L at the Otter Tail River inlet.

The annual total phosphorus loss from Big Pine Lake
through the Otter Tail River outlet was about 8,460 pounds.
Thus, Big Pine Lake accumulated a total of 1,940 pounds of
phosphorus from streamflow transport to and from the lake.
Big Pine Lake initially accumulated phosphorus during
spring runoff and then started to lose phosphorus during late
spring. All of the accumulated phosphorus was removed by
mid-May. Accumulation of phosphorus resumed during
early July and continued until late winter.

The total annual accumulated phosphorus load to Big
Pine Lake from ground-water discharge was estimated to be
about 700 pounds. This phosphorus load is based on an
estimate of ground-water discharge to Big Pine Lake of
12,570 ac-ft/yr (discussed below) with an assumed
dissolved phosphorus concentration of 0.020 mg/L. (The
assumed dissolved phosphorus concentration is based on
the dissolved phosphorus concentrations for wells 8, 9, 22,
and 27 near Big Pine Lake, which ranged from less than
0.010 to 0.240 mg/L (table 5). The median dissolved
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phosphorus concentration for all of the sampled wells was
0.010 mg/L.)

The annual ground-water discharge to Big Pine Lake
was estimated from the following water-balance equation
for a lake:

(surface inflow - surface outflow) + net seepage =
change in storage. 4

Surface inflow is cumulative streamflow into the lake
and precipitation; surface outflow is cumulative streamflow
out of the lake and evaporation. Surface inflow minus
surface outflow, therefore, is net cumulative streamflow
plus the gain from precipitation minus the loss from
evaporation. The net seepage is either ground-water
discharge into the lake (net seepage is positive), or lake-
water recharge into the ground-water system (net seepage is
negative). The change in storage is the change in volume
associated with the net change in lake stage.

Based on the period March 16, 1995, to March 15,
1996, the annual net cumulative streamflow for Big Pine
Lake was a loss of -16,200 ac-ft (fig. 7). Precipitation for
the period was estimated to be 28 in. (equivalent to an
annual gain of 11,825 ac-ft to the lake); evaporation for the
period was estimated to be 22.4 in. (equivalent to an annual
loss of -9,460 ac-ft from the lake) (National Oceanic and
Atmospheric Administration, 1995 and 1996; and Winter
and others, 1969). Surface inflow minus surface outflow for
the period, therefore, was - 13,835 ac-ft. The net change in
lake stage for the period at the Otter Tail River outlet was
-0.25 feet, which was equivalent to a loss in storage of
-1,265 ac-ft. Therefore, the net seepage (ground-water
discharge to the lake) for the period was 12,570 ac-ft.

The estimated load from ground-water discharge is
sensitive to the assumed dissolved phosphorus concentra-
tion in the discharge. If the assumed concentration were
increased by an order of magnitude to an unreasonably large
value of 0.20 mg/L, the estimated phosphorus load from
ground-water discharge would be 7,000 pounds, still less
than the load of 10,400 pounds from the Otter Tail and Toad
Rivers. The phosphorus load from ground-water discharge
is a small portion of the total phosphorus load to the lake.

The total annual accumulation of phosphorus in Big
Pine Lake from streamflow transport (1,940 pounds) and
ground-water discharge (700 pounds) is estimated to be
2,640 pounds. The accumulated phosphorus probably was
incorporated into phytoplanktonic cellular material or
absorbed onto nonliving particulate matter that eventually
settled into lake bottom sediments.

Internal sources of phosphorus to Little Pine and Big
Pine Lake were bottom sediments. Phosphorus release from
bottom sediments in the two lakes was indicated by the
large concentrations measured in the hypolimnetic zone.
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These concentrations were 0.048 and 0.120 mg/L at depths
of 40 and 65 feet at sites 1 and 2 on Little Pine Lake, respec-
tively, and 0.037 mg/L at a depth of 63 feet at site 8 on Big
Pine Lake during August 9-10, 1995 (fig. 5). The epilim-
netic concentrations of total phosphorus at these sites
ranged from 0.020 to 0.022 mg/L. This internal phosphorus
load probably was linked to at-depth anoxic conditions in
the hypolimnion during summer stratification. These
conditions typically favor oxidation-reduction reactions at
the sediment-water interface that release phosphorus into
the water column (Wetzel, 1975).

The hypolimnetic phosphorus was mostly orthophos-
phate, which is the biologically reactive form. The at-depth
concentration of orthophosphate ranged from less than
0.020 to 0.130 mg/L (table 4). During fall turnover—when
the hypolimnion and epilimnion mix—the orthophosphate
at depth may have circulated into the trophogenic zone
(photosynthetic region) of the epilimnion, where the
orthophosphate became an available nutrient for the growth
of phytoplankton during the following growing season.

The internal phosphorus load to Little Pine Lake
during 1995 may have had an important effect on its trophic
state. As much as three-fourths of Little Pine Lake probably
stratified during the summer and became anoxic in the
hypolimnion. The internal phosphorus load to Big Pine
Lake may not have had an important effect on its trophic
state because the portion of Big Pine Lake that stratified and
became anoxic in the hypolimnion was small.

Summary

This study analyzed nitrate and pesticides in the
surficial aquifers and the trophic state and sources of
phosphorus for selected lakes in the eastern two-thirds of
Otter Tail County in west-central Minnesota. Land use in
this area is mostly agriculture, but includes forests,
wetlands, residential development, and small municipali-
ties. In recent years, local public officials and citizens have
become concerned about contamination of these aquifers by
nitrate and pesticides and eutrophication of the lakes from
increased phosphorus.

The concentration of nitrate (as nitrogen) in water
from 73 wells (45 wells installed for private use and 28
wells installed for observation) completed in the surficial
aquifers ranged from less than the detection limit of 0.050
mg/L to 76.0 mg/L.. The concentration in water from 23
wells (about one-third of the total) was greater than 10
mg/L, the regulatory limit established by the U.S. Environ-
mental Protection Agency for drinking water. The nitrate
concentration in water from 39 wells, a little more than half
of the total, was greater than 3 mg/L, the presumed natural
background level. The density of wells with nitrate greater
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than 3 mg/L was slightly greater in the northern part of the
study area where most of the observation wells were
located. The nitrate concentrations in water from the
observation wells, because they were screened at or within a
few feet of the water table, were more directly affected by
land use than the private-use wells, which typically were
screened at greater depths below the water table.

Nitrate concentrations: (1) were greater in water
from wells in agricultural settings than in water from wells
in nonagricultural settings; (2) were not greater in water
from shallow wells (25 feet deep or less) in settings with
rapid soil permeability than in water from shallow wells in
settings with moderate soil permeability, probably because
the effects of permeability were offset by the effects of land
use and well depth; and (3) were greater in water from
shallow wells (25 feet deep or less) than in water from deep
wells (greater than 25 feet deep).

Triazine herbicides were detected in water from 23
(about 31 percent) of the 73 sampled wells by immunoassay
tests. Most of these wells are in areas of agricultural land
use at locations distributed throughout the surficial aquifers.
Ten pesticides, which included seven triazine herbicide
compounds, were detected in water from 19 of these 25
wells. Atrazine, a triazine herbicide, and deethylatrazine, a
degradation product of atrazine, were detected in water
from 18 and 16 wells, respectively. None of the pesticides
detected by GC/MS had concentrations that exceeded their
respective regulatory limit for drinking water established by
the U.S. Environmental Protection Agency.

The trophic state of four lakes in the Otter Tail River
Basin, which in downstream order are Little Pine, Big Pine,
Rush, and Otter Tail Lakes, ranged from upper oligotrophic
to lower eutrophic. These trophic states were indicated by
the Secchi disk transparencies (4.0 to 7.4 feet), chlorophyll
a concentrations (4.4 to 28 pg/L), and total epilimnetic
phosphorus concentrations (less than 0.010 to 0.022 mg/L
except for one concentration of 0.060 mg/L). Carlson’s
trophic state indices indicated that the trophic state of these
lakes generally varied very little, but may have become less
eutrophic from upstream to downstream lakes based on the
chlorophyll a index, possibly because phosphorus retention
in the upstream lakes reduced phosphorus loads to the
downstream lakes.

Major external sources of phosphorus to Big Pine
Lake were the Otter Tail and Toad Rivers. The phosphorus
load during March 16, 1995, to March 15, 1996 from these
two streams was 10,400 pounds. The annual load from the
Toad River (5,730 pounds) was greater than from the Otter
Tail River (4,670 pounds) even though streamfilow from the
Toad River was about 70 percent less than the Otter Tail
River. This difference was attributable to larger phosphorus
concentrations in the Toad River.

The Otter Tail River removed 8,460 pounds of
phosphorus through its outlet from Big Pine Lake during the



1-year period; thus, Big Pine Lake accumulated 1,940
pounds of phosphorus from streamflow transport to and
from the lake. The annual phosphorus load to Big Pine Lake
from ground-water discharge was estimated to be 700 Ibs.
Therefore, the total annual accumulation of phosphorus in
Big Pine Lake was 2,640 Ibs. The accumulated phosphorus
probably was taken up by phytoplankton, or was absorbed
by nonliving particulate matter that eventually settled into
lake bottom sediments.

Bottom sediments were internal sources of
phosphorus to Little Pine and Big Pine Lakes. The total
phosphorus concentrations were increased at depths of 40
and 65 feet at two sites in Little Pine Lake and at a depth of
63 feet at one site in Big Pine Lake during August 9-10,
1995. The greater at-depth concentrations (0.037 to 0.120
mg/L) for these sites probably were associated with the
small amount of dissolved oxygen in the hypolimnion
during summer stratification.

Phosphorus at depth in Little Pine and Big Pine
Lakes was mostly orthophosphate that ranged in concentra-
tion from less than 0.020 to 0.130 mg/L. During the fall
turnover of the lakes, the at-depth orthophosphate may have
circulated to near the lake surface where the orthophosphate
became an available nutrient for the growth of
phytoplankton during the following growing season. The
internal phosphorus load to Little Pine Lake during 1995
may have had an important effect on its trophic state
because about three-fourths of the lake probably stratified
and became anoxic in the hypolimnion. The internal
phosphorus load to Big Pine Lake may not have had an
important effect on its trophic state because the portion of
the lake that stratified and became anoxic in the hypolim-
nion was small.
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells

completed in surficial aquifers, eastern Otter Tail County, 1993-95
[LLS/em, microsiemens per centimeter; mg/L, milligrams per liter; pg/L, micrograms per liter;
°C, degrees Celsius; <, less than; --, not determined]

Water-
Well level
depth depth Specific
Site (feet (feet conductance, Oxygen, Alkalinity,
identifier below below lab pH, lab dissolved, total, field
for wells Tand land (uS/cm at (standard field (mg/L as
(fig. 1) Location surface) Date surface) 25°C) units) (mg/L) CaCO3)
‘1 T137NR39WS08AAC 29 06-21-94 20.38 866 7.5 9.1 138
08-09-94 20.53 891 74 8.3 199
05-23-95 21.11 936 7.5 79 -
06-20-95 21.20 950 7.5 9.7 -
07-11-95 21.34 960 7.5 11 --
09-06-95 21.59 957 7.4 10 --
Y] T137NR39WS15DDA 14 06-16-94 5.71 532 73 0.30 228
04-11-95 5.64 952 - -- -
08-03-95 6.95 906 7.4 .20 -
3 T137NR39WS28ACA 11 04-14-94 4.15 718 7.1 .10 314
06-14-94 430 731 7.8 .10 296
07-05-94 4.06 735 7.2 .10 292
08-09-94 3.70 706 7.3 .10 255
08-30-94 4.12 605 7.2 .80 260
11-01-94 3.28 623 7.2 1.3 --
03-22-95 4.11 701 7.2 .10 --
04-18-95 4.22 739 7.2 .20 -
05-23-95 4.31 741 7.2 .10 --
06-20-95 4.47 753 7.3 .20 -
07-10-95 4.41 755 7.4 .80 -
08-04-95 4.51 754 7.2 1.2 -
08-21-95 4.63 736 7.2 1.1 -
09-05-95 445 726 7.2 1.1 -
24 T137NR39WS28CAB 12 06-16-94 2.39 513 7.6 .10 255
04-11-95 2.14 506 - - -
08-04-95 2.88 532 7.5 .10 --
35 T137NR39WS22ACC 24 06-02-94 6.69 832 7.6 .60 219
04-11-95 8.54 787 -- - -
46 T137NR39WS27BDD 68 12-15-93 -- 645 - 0.20 -
05-11-95 - 651 -- .10 -
4 T136NR39WS05DDC 90 12-15-93 - 488 - .20 -
04-19-95 -- 503 - .10 --
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Triazine
Nitrogen, Nitrogen, herbicide

Site Phosphorus,  Nitrogen, ammonium + Nitrogen, nitrite + compounds!,
identifier Chloride, ortho, ammonium, organic, nitrite, nitrate, dissolved
for wells dissolved dissolved dissolved dissolved dissolved dissolved (ng/L as
(fig. 1) Date (mg/LasCl) (mg/LasP) (mg/LasN) (mg/LasN) (mg/LasN) (mg/LasN) atrazine)

“1 06-21-94 56 <0.01 0.02 <0.20 <0.01 29 <0.10
08-09-94 60 <.01 .02 .30 <.01 32 --
05-23-95 61 .01 .02 <.20 <.01 37 --
06-20-95 59 .01 .02 .20 <.01 38 --
07-11-95 61 .01 .02 <20 <.01 38 -
09-06-95 59 <.01 <.02 <.20 <.01 39 --

2 061694 4.2 .04 .02 30 04 <0.05 <10
04-11-95 84 .05 <.02 -- .04 17 <.10
08-03-95 47 .05 <.02 <20 07 9.5 --

23 041494 16 .02 .01 20 <01 52 -
06-14-94 17 .03 .02 .20 <.01 12 <10
07-05-94 17 <01 .01 <.20 <01 13 -
08-09-94 17 <01 .02 <.20 <01 15 -
08-30-94 16 .02 .01 <.20 <.01 13 -
11-01-94 18 .03 <.02 <.20 <01 14 -
03-22-95 19 .02 .04 <20 <.01 15 -
04-18-95 18 02 <.02 <.20 <01 15 -
05-23-95 17 .02 .03 <20 <.01 14 -
06-20-95 18 .03 .02 .20 <.01 16 -
07-10-95 19 .03 <.02 <.20 <01 17 -
08-04-95 19 .02 <.02 <.20 <01 18 -
08-21-95 19 .02 .03 <20 <.01 19 -
09-05-95 17 .02 <.02 <20 <.01 17 -

24 06-16-94 2.8 02 30 40 <01 39 <10
04-11-95 4.0 .01 35 - <.01 <.05 <.10
08-04-95 3.6 .04 .33 30 <.01 <.05 -

35 06-02-94 51 <01 <.01 30 09 13 -
04-11-95 41 <01 .02 -- .04 1.8 <.10

46 12-1593 3.1 0.07 2.6 - 0.02 0.14 <0.10
05-11-95 3.7 .02 2.6 - <.01 .08 .10

47 121593 4.9 <01 0.04 - .03 3.0 <10
04-19-95 2.3 <.01 <.02 - <01 .64 <.10
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Water-
Well level
depth depth Specific
Site (feet (feet  conductance, Oxygen, Alkalinity,
identifier below below lab pH,lab dissolved, total, field
for wells land land (uS/cmat  (standard field (mg/L as
(fig. D) Location surface) Date  surface) 25°C) units) (mg/L) CaCO;3)
78 T136NR39WS01CCB 9 06-29-94 - 440 N 7.0 174
04-26-95 - 434 - 7.3 -
% T136NR38WS07CDD 31 07-2594 2787 374 19 9.8 179
04-13-95 -- 356 -- -- --
410 TI36NR39WS09DDC 80  06-17-94  -- 449 - 1.7 -
04-19-95 - 457 - .10 --
1 T136NR39WS18BBB <25 06-16-94 -- 525 - 5.1 -
04-19-95 -- 549 -- 52 --
412 T136NR39WS08CCD 50 06-23-94  -- 609 7.6 .10 204
07-14-94  -- 612 7.5 .10 206
413 T136NR39WS08CCD 91 06-14-94 -- 574 -- 20 --
04-24-95 -- 587 -- .20 --
‘14 TI36NR39WSI7ABA 25  06-15-94  -- 497 - .10 -
04-24-95 - 497 -- .10 -
415 T136NR39WS16ADC 30 06-14-94 - 559 -- 10 --
04-19-95 - 593 - 13 -~
216 TI136NR39WS16AAA 34 07-18-94 - 468 - 9.5 -
04-12-95 27.03 507 -- 9.6 -
217 TI36NR39WSI1S5BDD 33 07-20-94 26.31 407 - 9.9 -
04-10-95 26.50 432 -- 12 --
“18 TI36NR39WSISCAA <25  06-09-94  -- 508 - 6.0 -
04-19-95 -- 499 - 45 -
419 T136NR39WS19ADC 90  06-17-94 -- 784 - 6.1 -
04-25-95 -- 792 - 5.6 --
20 T136NR39WS17DDD 9 07-12-94 7.34 559 7.3 3.1 265
04-12-95 -- 610 -- 2.9 --
321 T136NR39WS13CBB 32 06-15-94 -- 395 - 10 -
04-11-95 -- 407 - 94 -
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Triazine
Nitrogen, Nitrogen, herbicide
Site Phosphorus,  Nitrogen, ammonium +  Nitrogen, nitrite +  compounds!,
identifier Chloride, ortho, ammonium, organic, nitrite, nitrate, dissolved
for wells dissolved dissolved dissolved dissolved dissolved dissolved (ng/L as
(fig. 1) Date (mg/LasCl) (mg/LasP) (mg/LasN) (mg/LasN) (mg/asN) (mg/LasN) atrazine)
8 06-29-94 5.6 .02 .02 <.20 <.01 6.7 <.10
4126195 6.3 .02 <.02 - <.01 7.4 <.10
29 07-25-94 .70 <01 .03 30 <.01 3.2 <.10
04-13-95 - <.01 <.02 - <.01 2.0 <.10
410 06-17-94 4.7 .01 .03 - <.01 23 <.10
04-19-95 12 <.01 A1 -- <.01 <.05 <10
“n 06-16-94 7.4 .04 <01 - <01 14 <10
04-19-95 13 .05 <.02 - <.01 14 <.10
412 06-23-94 39 .05 .01 <20 <01 95 <10
07-14-94 44 .06 .01 <.20 <.01 1.5 <.10
413 06-14-94 37 .06 01 - <.01 84 <10
04-24-95 36 .05 <.02 -- <.01 1.0 <.10
414 06-15-94 16 07 03 - <.01 <.05 <10
04-24-95 16 .03 .03 - <.01 <.05 <.10
415 06-14-94 14 <01 02 - 01 37 <.10
04-19-95 9.6 <.01 <.02 -- <.01 <.05 <.10
216 07-18-94 1.7 .01 .02 - .01 14.0 <.10
04-12-95 4.9 <.01 <.02 - .01 20.0 <.10
217 07-20-94 1.9 <01 .02 -- .03 14.0 <.10
04-10-95 2.1 <.01 <.02 - <.01 13.0 <.10
418 06-09-94 13 <.01 .02 - <.01 9.90 <.10
04-19-95 7.8 <.01 <.02 - <.01 7.30 <.10
419 06-17-94 28 <.01 <01 - <01 28.0 <10
04-25-95 31 .01 <.02 - <.01 29.0 <.10
0 07-12-94 14 <.01 03 200 <.01 0.12 30
04-12-95 14 .02 <.02 -- <.01 <.05 <.10
321 06-15-94 49 <.01 <01 - <.01 5.6 70
04-11-95 7.3 .01 <.02 - <.01 6.4 .50
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Water-
Well level
) depth depth Specific
] Sltfe (feet (feet conductance, Oxygen,  Alkalinity,
identifier below below lab pH,lab  dissolved, total, field
for wells land land (uS/cm at (standard field (mg/L as
(fig. 1) Location surface) Date surface) 25°C) units) (mg/L) CaCO3)
°22 T136NR39WS13DBB 30  06-15-94 - 1930 - 9.3 --
04-11-95 -- 493 - 7.0 -
3 T136NR39WS29BBB 9 06-30-94 2.94 575 6.9 0.9 300
04-12-95 5.24 360 - - -
294 T136NR39WS31ADC 25 06-30-94 11.57 585 7.5 3.3 198
07-14-94 11.68 584 7.5 32 196
08-09-94 11.60 587 7.7 36 194
05-23-95 12.61 593 7.5 33 -
06-21-95 12.13 594 7.5 35 -
07-11-95 11.95 597 7.8 43 -
09-06-95 11.83 596 74 4.1 --
s T137NR39WS22DDD 18 07-25-94 14.73 943 7.6 7.7 177
26 T136NR39WS25DAD 25 07-12-94  15.14 877 7.4 9.3 159
08-10-94 15.86 907 7.6 7.7 162
05-23-95 15.81 845 7.5 6.8 -
06-21-95 16.19 840 7.4 6.8 --
07-12-95 16.70 841 1.5 8.1 -
09-06-95 17.28 803 7.4 8.0 --
27 T136NR38WS29BBB 33 07-12-94 2781 537 7.4 6.7 199
04-12-95  31.18 478 - 95 -
8 T136NR39WS36BCD 29 06-28-94 2248 733 7.4 9.2 300
07-26-94 22.37 744 7.5 9.2 306
04-13-95 20.07 665 - 11 -
9 T136NR38WS32DDD 14 07-13-94 9.00 524 7.6 89 209
04-12-95 13.63 443 - 9.8 -
30 T136NR38WS29CCA 24 06-29-94 14.26 568 7.5 1.0 269
04-12-95 18.72 572 - 1.2 -
431 T136NR38WS32ABA 20 12-15-93 - 655 - 0.70 -
04-18-95 - 659 -- .10 -
332 T135NR39WS11BBB 41 07-11-94  22.05 857 7.4 6.4 264
04-13-95 2697 861 -- 7.4 -
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Triazine
herbicide
Nitrogen, Nitrogen, compounds!,
Site Phosphorus,  Nitrogen,  ammonium +  Nitrogen, nitrite + dissolved
identifier Chloride, ortho, ammonium, organic, nitrite, nitrate, (ug/L as
for wells dissolved dissolved dissolved dissolved dissolved dissolved atrazine)
(fig. 1) Date (mg/LasCl) (mg/LasP) (mg/LasN) (mg/LasN) (mg/LasN) (mg/LasN)
22 06-15-94 240 0.01 <0.01 - <0.01 35 3.0
04-11-95 32 24 <02 - <.01 4.6 1.0
23 06-30-94 3.8 .05 .14 .600 <.01 <.05 <.10
04-12-95 4.1 .05 .07 - ’ .01 13 <10
4 06-30-94 15 <.01 .04 <.200 .02 13 <10
07-14-94 15 12 .02 <.200 <02 14 --
08-09-94 16 <01 .04 <.200 .02 15 -
05-23-95 16 .03 <02 <.200 .01 13 --
06-21-95 16 .03 <02 <.200 .01 14 --
07-11-95 16 .02 <02 <.200 .02 14 --
09-06-95 16 .03 <02 <.020 .02 15 -
25 07-25-94 50 <.01 .02 .30 <01 46 <.10
N6 07-12-94 41 <01 .04 <20 <01 43 3.0
08-10-94 44 <.01 .02 <20 <01 43 -
05-23-95 35 <.01 .02 <20 <.01 40 -
06-21-95 35 .02 .02 <20 <01 19 -
07-12-95 35 .01 .04 <20 <.01 37 -
09-06-95 33 <.01 .02 <20 <.01 38 -
27 07-12-94 10 <01 .02 <.20 <.01 11 .20
04-12-95 6.1 .02 <.02 - <.01 13 .10
228 06-28-94 15 .01 .02 <20 <.01 12 <.10
07-26-94 17 .02 .01 <20 <.01 13 --
04-13-95 - .02 <02 - <.01 7.0 <10
29 07-13-94 1.0 <.01 <.01 <.20 <.01 13 <10
04-12-95 10 <01 <.02 - <.01 73 <.10
30 06-29-94 16 <.01 .02 <20 <.01 <.05 <.10
04-12-95 20 <.01 <.02 -- <.01 12 <10
431 12-1593 21 04 12 - 02 <.05 <.10
04-18-95 24 .03 A1 - <.01 <.05 <10
332 07-11-94 53 <.01 01 .20 <.01 16 <10
04-13-95 54 <01 <02 - <.01 17 <10
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Water-
Well level
depth depth Specific
Site (feet (feet conductance, Oxygen,  Alkalinity,
identifier below below lab pH, lab dissolved, total, field
for wells land land (uS/cm at (standard field (mg/L as
(fig. 1) Location surface) Date surface) 25°C) units) (mg/L) CaCO5)
33 T135NR38WS07CBD 9 07-13-94 4.43 470 6.8 1.1 179
04-13-95 7.47 439 - 35 -
34 T135NR38WS07ADC 10 07-13-94 4.50 360 7.0 3.8 113
04-13-95 8.57 226 - - -
435 T135NR40WS08CCC <25 06-13-94 - 511 -- 0.20 -
05-30-95 - - -- - -
436 T135NR40OWS02DDC <25  06-13-94 - 705 - 72 -
05-11-95 - - - - -
437 T134NR42WS12DDA 80 12-17-93 - 1,730 - .30 --
04-19-95 -- 1,800 - 3.8 -
338 T134NR41WS08CCC 43 06-1794  -- 207 - 6.9 -
04-19-95 -- 262 - 40 -
439 T134NR41WS14CAC 16  12-1693  -- 582 - 10 -
440 T134NR41WS14DAB 23 06-14-94 - 611 - 6.8 -
05-10-95 - 513 -- - -
441 T134NR40WS30CAB 70 12-16-93 - 744 -- .10 -
05-10-95 -- 763 - - -
442 T134NR40OWS15AAA 37 06-09-94 - 537 - 3.0 -
05-10-95 - 532 - 34 -
243 T135NR39WS28ADD 13 07-2094  10.12 244 - 4.8 -
04-14-95 10.26 195 - 9.2 -
444 T134NR39WS03BAD 25 12-15-93 - 545 - 37 -
07-20-94 - 536 - 2.5 -
04-18-95 - 661 - 39 --
445 T134NR39WS01ABC 60 12-15-93 - 631 - 0.1 --
04-18-95 - 621 -- 10 -
346 T134NR39WS01ACD 53 06-16-94 -- 908 - .10 -
04-18-95 -- 894 - .10 --



Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Triazine
Nitrogen, Nitrogen, herbicide
Site Phosphorus,  Nitrogen, ammonium +  Nitrogen, nitrite +  compounds’,
identifier Chloride, ortho, ammonium, organic, nitrite, nitrate, dissolved
for wells dissolved dissolved dissolved dissolved dissolved dissolved (ug/L as
(fig. 1) Date (mg/LasCl) (mg/LasP) (mg/LasN) (mg/LasN) (mg/LasN) (mg/LasN) atrazine)
33 07-13-94 39 0.04 0.03 <0.20 <0.01 <0.05 <0.1
04-13-95 - 03 02 - <01 .16 <10
234 (07-13-94 23 .20 01 .30 <.01 15 <10
04-13-95 - 25 <02 - <01 5.8 <10
435 06-13-94 1.0 06 29 - <01 11 <10
05-30-95 1.1 02 25 - <01 <.05 -
436 06-13-94 26 <01 <01 - <01 2.7 .30
05-11-95 21 .01 <02 - <01 23, 40
437 12-17-93 160 <01 1.0 - 04 50. 4.0
04-19-95 100 <01 31 - 43 76. 5.0
333 06-17-94 12 <01 11 - .10 59 <10
04-19-95 53 <01 1.1 - 04 46 <10
439 12-16-93 19 02 04 - <.01 13 <.10
40  06-14-94 10 <01 02 - <01 20 30
05-10-95 13 .01 <02 - <01 15 -
441 12-16-93 48 04 28 - <.01 <.05 <10
05-10-95 - 02 20 - <01 <05 - .10
442 06-09-94 22 08 02 - <01 16 <10
05-10-95 13 .08 <.02 - <01 18 .10
243 07-20-94 1.0 04 .03 - <01 49 <.10
04-14-95 .50 02 02 - <01 25 <10
444 12-15-93 6.8 02 03 - 02 6.5 <10
07-20-94 77 .01 01 - <.01 7.6 <10
04-18-95 11 .01 <02 - <.01 17 <10
445 12-15-93 17 <01 27 - 02 .14 <10
04-18-95 14 <.01 23 - <01 <.05 <10
346  06-16-94 29 <01 02 -- 30 33 30
04-18-95 37 <01 08 - 07 53 30
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993—95--(Continued)

Water-
Well level
depth depth Specific
Site (feet (feet conductance, Oxygen, Alkalinity,
identifier below below lab pH, lab dissolved, total, field
for wells land land US/cm at (standard field (mg/L as
(fig. 1) Location surface) Date surface) 25°C) units) (mg/L) CaCO»)
247 T134NR39WS15CCA <25 07-20-94 - 851 - 32 -
04-20-95 - 889 - 14 --
448 T134NR39WS15AAC <25 06-10-94 -- 575 - 40 --
04-18-95 - 584 - .10 --
449 T134NR39WS24DCC <25 07-20-94 -- 449 - 4.5 -
04-18-95 - 458 - 39 -
450 T133NR40WS08CBC <25 06-14-94 - 619 - 3.8 -
05-10-95 - 567 - - -
451 T133NR40WS21CAD <25 06-08-94 -- 460 - .60 -
05-31-95 -- 402 - 1.0 -
452 T133NR40WS11ADC <25 06-14-94 - 586 -- .10 --
04-18-95 -- 592 - .10 -
453 T133NR40WS26BDA <25 07-20-94 - 406 - 0.10 -
04-20-95 - 362 - .10 -
454 T133NR39WS17CDD 38 07-19-94 - 511 - . -
04-20-95 -- 510 - .10 -
255 T133NR39WS32BDA 35 07-19-94 - 439 - 1.1 -
04-20-95 33.21 502 - 9.1 -
356 T133NR39WS10CCD 42 06-16-94 - 544 - .90 -
04-20-95 - 441 - 30 -
457 T133NR39WS10ADC 83  12-1693 - 427 - 20 -
458 T132NR40WS15CCD 32 060894 - 568 - 5.7 -
' 05-10-95 - 583 - -- -
459 T132NR39WS29CBB 45 12-16-93 - 328 - .10 -
04-20-95 - 439 -- 10 -
460 T134NR36WS03DCD 20 12-15-93 -- 672 - 10 -
07-21-94 - 639 - 8.5 -
04-17-95 -- 778 - 83 -
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Triazine
Nitrogen, Nitrogen, herbicide
Site Phosphorus,  Nitrogen, ammonium +  Nitrogen, nitrite +  compounds’,
identifier Chloride, ortho, ammonium, organic, nitrite, nitrate, dissolved
for wells dissolved dissolved dissolved dissolved dissolved dissolved (ng/L as
(fig. 1) Date (mg/LasCl) (mg/LasP) (mg/LasN) (mg/l.asN) (mg/lLasN) (mg/lLasN) atrazine)
%47 07-20-94 70 <01 .03 - <01 3.8 <.10
04-20-95 82 <.01 <.02 - <.01 1.8 <.10
448 06-10-94 19 .01 .03 -- .02 7.0 <10
04-18-95 19 .02 .02 -- .05 3.1 <10
449 07-20-94 3.0 <.01 .02 - <.01 5.0 <.10
04-18-95 33 <01 <02 - <.01 4.7 <.10
450  06-14-94 15 <01 01 - <.01 13 <10
05-10-95 12 <.01 <02 - <.01 8.1 20
451 06-08-94 6.4 .02 .19 - <.01 <.05 <10
05-31-95 5.2 .01 A1 -- <.01 <.05 -
452 06-14-94 9.3 .01 13 -- <01 13 <10
04-18-95 8.4 .01 13 -- .01 <.05 <10
453 07-20-94 10 .05 .03 - <01 .07 <10
04-20-95 4.7 .05 .03 - <.01 <.05 <.10
454 07-19-94 - 07 1.0 - <01 <05 <10
04-20-95 .60 23 1.1 -- <.01 <.05 <10
255 07-19-94 1.8 01 01 - <01 1.1 <10
04-20-95 10 <01 <02 - <01 5.7 <10
356  06-16-94 1.0 <01 13 - <01 <05 <10
04-20-95 1.0 <01 .07 -- <.01 <.05 <.10
457 12-16-93 90 .07 .16 - <01 <05 <10
458 06-08-94 44 <01 02 - <01 1.20 <10
05-10-95 5.5 <.01 <02 - <01 1.10 .10
459 12-16-93 39 .03 12 - <.01 <.05 <10
04-20-95 6.6 .04 40 - <01 <.05 <10
460  12-15-93 46 <01 .03 - 02 16 30
07-21-94 48 <.01 .03 - <.01 15 .20
04-17-95 71 <01 <02 - <01 17 .20
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Water-
Well level
depth depth Specific
) Site (feet (feet conductance, Oxygen, Alkalinity,
identifier below below lab pH,lab  dissolved, total, field
for wells land land (uS/cm at (standard field (mg/L as
(fig. 1) Location surface)  Date surface) 25°C) units) (mg/L) CaCO3)
%61 T134NR36WSO01BBA 39 06-17-94 -- 565 -- .10 -
04-17-95 - 539 -- .10 -
262 T133NR37WS10CDD 14 07-19-94 - 744 -- 64 -
04-26-95 - 512 -- 6.3 -
463 T133NR36WS01CBC 17 07-19-94 - 699 - 0.60 --
04-25-95 - 578 -- .10 --
464 T132NR36WS03DCA <25 06-09-94 -- 647 - 55 -
04-25-95 - 647 -- 55 --
465 T132NR37WS28CDC <25  06-08-94 - 579 - 8.8 -
04-26-95 - 595 -- 1.9 -
466 T132NR36WS23BBA <25 06-07-94 -- 509 - .10 -
04-26-95 -- 523 -- .10 -
467 T132NR36WS30CCC <25 06-09-94 -- 634 -- .10 -
05-09-95 -- 671 - - -
468 T132NR36WS22CBB <25 06-09-94 - 470 - 82 -
04-27-95 - 524 -- 8.3 -
469 T132NR36WS24DDD 28 06-07-94 -- 679 - .30 -
04-27-95 - 788 -- .30 -
470 TI3INR37WSI17BDB <25  06-09-94 - 620 - 2.3 ~
05-09-95 - 676 - -- -
411 T131NR37WS01CDB <25 06-10-94 -- 817 -- .10 -
05-09-95 - 769 -- -- --
72 TI131NR36WS19AAA 18 12-16-93 -- 655 -- .70 -
06-07-94 - 702 - 1.6 -
05-09-95 - 638 -- - --
473 T131NR36WS20ACC <25 06-07-94 - 702 -- .80 -
04-27-95 - 753 - 1.0 --
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Table 5.--Selected properties, phosphorus and nitrogen nutrients, and triazine herbicides in water from wells
completed in surficial aquifers, eastern Otter Tail County, 1993-95--(Continued)

Triazine
Nitrogen, Nitrogen, herbicide
Site Phosphorus,  Nitrogen, ammonium +  Nitrogen, nitrite +  compounds!,
identifier Chloride, ortho, ammonium, organic, nitrite, nitrate, dissolved
for wells dissolved dissolved dissolved dissolved dissolved dissolved (ng/L as
(fig. 1) Date (mg/LasCl) (mg/LasP) (mg/LasN) (mg/LasN) (mg/LasN) (mg/LasN) atrazine)
%61  06-17-94 7.7 0.07 0.62 - <0.01 <0.05 <0.10
04-17-95 7.9 .03 67 - <.01 <.05 <10
262 07-19-94 16 <01 03 - 04 29 .10
04-26-95 5.4 <01 <02 - <01 8.0 .80
463 07-19-94 7.1 0.01 0.02 - <0.01 5.6 0.40
04-25-95 39 <.01 <02 - <.01 45 90
464  06-09-94 17 <01 .01 - <.01 19 .10
04-25-95 16 <01 <02 - <.01 18 20
465  06-08-94 13 01 <.01 - <.01 18.0 <10
04-26-95 13 01 <02 - <.01 20.0 <10
466  06-07-94 12 06 43 - <01 <0.05 <10
04-26-95 90 02 40 - <.01 <05 <10
467  06-09-94 5.1 04 13 - .01 A4 <10
05-09-95 5.2 <.01 A1 - <.01 .05 .10
468  06-09-94 5.6 <01 02 - <01 9.0 <10
04-27-95 6.0 <01 <02 - <.01 8.9 <10
469  06-07-94 16 07 .56 - <.01 .66 .10
04-27-95 27 04 84 - <.01 <.05 .10
40 06-09-94 12 01 02 - <01 9.9 20
05-09-95 15 .01 <02 - <.01 13 30
11 06-10-94 8.2 20 .03 - 08 21 3.0
05-09-95 44 85 02 - 04 71 5.0
472 12-16-93 23 <01 04 - <01 15 <.10
06-07-94 22 <01 02 - <01 13 <10
05-09-95 20 <01 <02 - <01 13 <.10
473 06-07-94 22 <01 01 - <01 15 20
04-27-95 25 <01 <02 - <01 19 20

"Results determined by immunoassay method.

2 Indicates U.S. Geological Survey observation well.

3 Indicates Minnesota Department of Natural Resources observation well.
4 Indicates private-use well.

3 Indicates private observation well.
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