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The Role of Groundwater in Eutrophication of a Lake
in Glacial Outwash Terrain

by
David Robert LEE*

INTRODUCTION

Several writers {e.g. Hasler and Ingersoll, 1968: Rose, 1972} have suggested
that nutrients, leached into groundwater from land waste disposal or agricul-
turul fertilizers, pase an enrichment hazard to surface waters. Schraufnagel and
others (1967), for example, estimated that 42% of the nitrogen and 2. 3% of the
rhosphorus reaching surface waters in Wisconsin came from groundwater,

But the investigator of groundwater inflow confronts the following proh-
lems:

l. Methodology for site specific study of nutrient input via groundwater is
severely lacking {Uttormark et al, 1974),

2. Ewvidence that groundwater inflow is responsible for lake enrichment ap-
pears entirely inferential.

3. There are no detailed studies of the long term changes which follow lake-
share development.

4. Records rarely exist of groundwater nutrient concentrations prior to var-
ious land use practices.

Popov (1972} has emphasized the importance of {inding methods to study
the interaction of surface and groundwater in order to estimate changes due to
VATIOUS eConomic activities,

Lakes in glacial-drift terrain are normally related to the near surface ground-
water system (Stephenson, 1971). In moderately permeable, unconsolidated
material, the flow of groundwater into or out of a lake may be diffused over
wide areas of lake bed. In some areas inflow may be measured directly,

This study sought to estimate the groundwater transport of nutrients to Lake
Sallie, west-central Minnesota, U5 A, (46946° N, 93934 W), This lake was
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selected for study because it receives a large net groundwater inflow, in 1970,
for example, the net groundwater inflow was 1659 of the total inflow {Mann
and McBride, 1972). During 1970, surface flow contributed 7.2 2 10* kg of
phosphorus and removed 2.6 X 107 kg of that same element; that same year,
surface flow added 1.6 > 1M kg of nitrogen and removed 1.8 X 10 kg of ni-
trogen (Petersan et al., 1974). Lake Sallie has a surface area of 489 ha and a
mean depth of 5.6 m. In recent years, this lake has produced dense blooms aof
bluesgreen algae, The prowth of aquatic plants was of such magnitude that
this site was selected as an experimental area for larpe-scale harvest of aquatic
pPlants

METHODS

Mensurement and Collection of Groundwaler Inflow
Grraundwater Mow inta the lake waz callected by covering a 0,258 mé area of lake bed with a hot-
tammless eylinder {(seepage meter) venled o a deflated plastic bap (Lee. 19750, The cvlinder was
pushed slowle, open end down, into the Like bed until it closed ond was about 4 cm above the sedi-
muent, It was positioned to elevate the venr hole shghtly se e gas, criginating in the sediment.
could freely escape. The cvlinder was Ieft for twoe davs to enable benthic erganisms to escape, and
then o stopper with Lube was inserted inta the cylinder hole. Ta collect s sample, a deflated plasne
hiag was connected ta the tube, and beft for | 1o 6 hours until it centained & 17210 2 lter sample
The sample volume was measored and a pertion retained for chemical analysis, To permit ground-
water [ow, seepage meters were left in position with tubes open to the Jake belween sampling
ftrgs, Where seepage velocity was low, measirement cequiced several davs and in some areas there
wils mo apparent ow.

Seepape velovity was calonlated using the eguzation

i . ; nth :
liters of water in the hagx 0TS = wvelacity as pm/s.
hours of elapsed time

The factor 1075 converts liters per hour and area of cvlinder 1o seepage velocity as micrometers
per second. Expressed as pm)'s, seepage velooly is numerically equivalent to discharge as milliters
per second Trom a square meter of lnke bed, Seepage velocity should not be confused with intersn-
tial velocity which is cyual 1o 100 multiplied by the scopage velocity divided by the percent poro-
sity of sedimen

Chemical Analvsis

Water samples were gither frozen and analyred several weeks later ar stored a1 000 § Cand anal-
wred within 48 hours after collection. Analvses {for ammonia. nitrite and nitrate nitrogen, and for
saluble orthaphesphate were performed according 10 Standard Merhods (American Fublic Health
Association, 1965, 1971, Samples were analyeed for total phosphate using the persulfate proe-
dure of the L. 5. Environmental Protection Agency {Trominick, 1971} Filteation through medium
grade Tiller paper {Sargent 501 or eguivalent) preceded all analyses except ammaonia and total
phosphate.

EESULTS AND DISCUSSION

Seepage Meters as Groundwater Collection Devices
Can seepage meters be used to obtain site-specific samples of groundwater for
phosphorus and nitrogen analyses? When the seepage meter is pushed into the
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lake bhed, sediment particles and interstitial spaces are disturbed and the lake
bed is isolated from the overlying water. Nutrients could be released from the
surficial sediments not only from particle rearrangement, but also from re-
adjustrments in the benthic community. Beneath the seepage meter, the lake bed
receives neither light nor food resources from the lake water, Under natural
conditions, lake currents may penetrate the sediment. However. the presence
of a seepage meter prevents any lake-induced circulation and conseguent
chemical equilibria.

The potential of using seepage meters for collection of groundwater was
tested in the following way: 1) an area of unifarm groundwater discharge was
located; 2) a flow net was drawn to show the theoretical flow path of ground-
water inlo the lake; 3) wells were placed to intercept water before it reached the
lake, and adjacent to these wells, seepage meters were placed to collect water
as it entered the lake; and 4) water was collected from the wells and seepage
meters for several months and analyzed for phosphorus and nitrogen. If phos-
phorus and nitrogen concentration of water from the wells was similar to that
ol the seepage meters, then it could be concluded that seepage meters can he
used Lo oblain site-specific measurements ol groundwater nutrient transport,

1. Relatively uniform, steady, seepage velacity was found along the south-
western shoreline of Lake Sallie. Seepage was greatest (003 to 008 pmy s} near
the shore and 11 decreased with distance fram the shore

2. A flow net {constructed according to rules provided by Cedergren, |968)
showed that shallow groundwater was discharged near the shore while deeper
groundwater was discharged farther from shore.

3, Twelve wells, driven | to 2.2 m into the water table, were sampled B times
over a period of 108 days, Four seepage meters, placed near the shereling, were
sampled at least 8 umes over a period of at least 112 days.

4. Orthaphosphale concentration of water from the seepage meters was sum-
ilar to water from the wells. (Table 1 pives the data collected from the four see-
page meters 148, 14F, 14K, 14N — after more than 1,200 liters of ground-
water had flowed through them.) The nutrient content of 4 wells was clearly
affected by a nearby septic tank. In the unaffected wells, average orthophos-
phate levels ranged from (.15 to 0.30 me/ L Scepage velocity ranged from (0.4
to 0.8 um/s. Water collected from the seepage meters initially cantained highly
virlable concentrations of orthophosphate (0021 to 113 wg/ 1, Fig. 1), with the
dverage concentration being 0015 mg/ ] after 1,200 liter of Mow-through,

Ammonia oitrogen levels in the seepage inflow were initially high but there
was a steady decline over a 2 month period of time, After 300 1 of flow-thraugh,
smmonia levels 1o all seepage meters (except 14E} dropped below 023 mpg/l,
aned after 2,380 | the ammonia level for 14B fell below 0.01 mg/ L. One seepage
meter, [4E, seemed to be strongly affected by the septic tank; it consistently
contained over 2 mg; l ammonia nitrogen even after 4.050 liters of groundwater
had passed through it {Table 1). It is significant to nete that the phosphate con-
centration in this seepage meter was not greater than that in the other seepage
meters at this site,

Average nitrate concentrations in the shallow wells ranged from 12.4 to 591
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mg/l N. Monthly samples from a well 57 m from the edge of the lake contained
1.57 to (.34 mg nitrate nitrogen/ | initially, but after the well was driven (.5 m
deeper, nitrate levels fell to less than 0.012, This indicated that a high-nitrate
7ane capped the water table. The scepapge inflow 7 m from shore (148 and 14E)
cantained nitrate concentrations that ranged from &8 to 16.0 meg N/L but 1n
groundwater discharged 12 m and |7 m from shore { 14K and 14N, respective-
ly}, nitrate concentrations were less than 0.005 mg/1 N, This information con-
curred with the theoretical flow ner: deeper groundwater, discharged farither
from shore, was low in ritrate, whereas shallow graundwater, discharged near
the shoreline was high in nitrate,

In conclusion, the theoretical flow net and comparison of phosphorus and
nitrogen in well and seepage water indicated that seepage meters could be used
in high velocity discharge arcas (greater than 0.4 gm/s) to obtain site specific
water samples of groundwater for nutrient analyses.
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Nutrient Influx from Groundwater

Seepape measursments were attempted at intervals of less than 0.5 km along
the entire margin of the lake and three major inflow areas were identified.
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An area of evenly distributed inflow was located along the southwestern
shoreline of the lake from 0.5 km north o 1.0 km south of 14B, Extensive see-
page measurements were made in this area (fig. 2). There were no significant
changes in seepage velocity from July through December, 1971 (Table 1, Fig-
ure 2). Based on flow rates for this 6 month peried, the annual groundwater
inflow over the 800 m shoreline (Figure 2, the area between 1 and V1) was 4.5 X
105 m'. Based on an average total phosphate value of 0.25 mg PO,/L the
groundwater inflow along this shoreline transported 37 kg of phosphorus per
yeur into the lake.
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Fig. 2. Scbwestern shoreline af Lake Sallie showing seepage measurement points (*) and posi-
tion of tramscets (TW).
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A large nitrate input (2,19 to 3004 mg N1 at 0.5 pm)s) occurred within 8 m
of the shoreline between 11 and ¥ (Fig. 1), Outside this area, seepage inflow
contained less than 0,022 mg [ nitrate nitrogen. The highest nitrate concentra-
tions were found in seepape collected along the shore where sephic tanks werc
used; the conclusion that septic tanks contribute nitrogen to the lake was in-
escapable. Substantial quantities of nitrate were found in the nearshore see-
page all the way to the southern end of the cultivated land, Most of this land
received 1.9 p nitrogen;/m? per year in fertilizer. Per unit length, the nitrate
discharged along this shoreline was equal to the nitrogen application on the
adjacent cropland; this suggested additional sources. Using an average value of
4,83 mg N/ |, the mtrate influx via groundwater in the high nitrate zone was
261 kg N/vr. In the remainder of the area, nitrate averaged only D005 mg N/ |,
Using an average value of 0.20 mg N/, the ammonia influx for the entire 0.13
km? area was 90 kg N/ yr. Nitrite seldom amounted to more than 0.01 mg N/L
Thus, the total inorganic mitrogen influx from groundwater in this area was
351 kg Njvr,

Twa other major inflow arcas were located along the nottheastern shoreline
of Lake Sallie. One area, abaut (1.5 km in length, was associated with a land
mass .2 km wide separating Muskrat Lake and Lake Sallie, Inflow in this
arca was unevenly distributed along the shoreline and, 1o some places, there
was no measureable flow. A seepape meter was placed in the highest velocity
lpcation found in this area (Table 1, 32C). Another major inflow area extended
alongshore from 0.7 km o at least 0.9 km south of the Pelican River inlet. In
this area, scepage was relatively uniform (0.3 to 1.1 pm/s). Seepage meter 3IE
was used to monitor this flow (Table 1),

Comparison of inflow quality at the two inflow arcas monitored by 31E and
32C suggested that groundwater may carry nutrients from one lake to another.
Nutrient rich inflow at 32C {approximately 0.5 mg total phosphate/1) may
have represented seepage flow from highly cutrophic Muskrat Lake into Lake
Sallie. Inflow at 31E may have heen derived from local groundwater recharge
or, as McBride's data suggest (McBride, 1972), it may have come from Lake
Detroit 1.6 km away.

The total influx of nutricnts via groundwater was insignificant comparsd to
the large quantities of nutrients carried into Lake Sallie in surface water, The
present entrophic condition of the lake cannot be artributed to groundwater
flow. However, for other lakes, which have similar groundwater inflow bt
smaller surface inflow, groundwater may be expected to play a major role in
the nutrient dynamics aof the lake.

SUMMARY

The nutrient contribution of graundwater in glucial sutwash eemun was evalualed a1 Lake Sailie
i north-cemral U5 A (469487 M, 95754 W ), Crroundwaler entering the lake was collectad with
sccpage meters consisting of bottomless cvlinders vented 1o a than membrane bag A theoretical
faw net and comparisan of nulrient congentrations in well and seepage water indicated that see-
pupe meters van be vsed in high velocity discharge arcas Lo oblain sile-specific water samples of
groundwater Tor nutrient analyaes,
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Bascd on an average value of 025 mp 1 PO, groundwater inflow aleog an B0 km segment of
o shareline transporeed 37 kg of phosphorus per vear inta the lake, Craundwater inflow was nitiie

“rich aleng shoreling adjacent 1o land wsed Tar agriculture and lakeside septic tanks, but there wis
no apparent patlern cegarding land vse and phaspharas content of groundwater inflow. A nearhy
cutraphic lake was o suspected source of phespherns in groundwater mflow.

Hecause sucface flow has carried large quantities of mitcagen and phospharus inta this lake. s
prreesent cutrophic condition cannet be atirboicd b onotrent influx by groundwaier. However,
groundwater nurrient influx could be highly significant in other lakes where surface nuteient inflex
15 sroall.
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ZUSAMMENFASSLING

Ioe Mikrstoflruluhr des Grundwassers eines Glelcherioswasch-Gelindes wirde am Sallie Sew o
Mard-Fentral LS A (469467 M. 95754" W hestimme. [das in den See fiefende Grumdwasser
wigredy it Sickermuolperdten gemessen, die aus einem hodenfosen Fylinder bestanden, an dem
ahen eine Polyithylentite angebracht war. Bin angenommenss Strdmungsncee und Yergleiche der
Mihrstoflkonzentrationen in Brunnen- und Sickerwasser huhen peeeign. dall Sickermefigerdle in
sehnellstramenden Anslnllgebicten verwendel werden kinnen, um fir Nihrstoffanalysen stand-
ortheropene Grundwasserproben zu erhallen.

Herapen anl cinen Duechschoitawen von 41,25 mg PO, | betciet die Grundwasscelracht entlang
dis BN o langen Seculers 37 ke Phosphor im Jahe, Obwahl der GrundwassersulTull nitpdreich
war — das Uler grenste an landwirtschattlich geoutete Flichen und an Sickergruben — konnte
keme etndentige Beaichung swischien der Landnutzung und dem Phosphorgehalt dos Cirundwiss-
serziflusses festpesielln werden. Als Grond dafiic kidme cin nahegelogener cutrophiener See in
Frape.

Tder gepenwiirtipe Nibostofeichium kann nicht auf den NihestoMaestram des Grundwassers
auriickgafihre werden, da das Oberflichenwasser gralle Mengen von Stickstoff und Phospher in
den See transportier,, Dagepen gewinnt die NihoiofTeafube i den Scen durch das Grundwasser
drrt an Hedeutung, wo die Obecdlichenzufuhes gering isr.
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