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Executive SumrnarY

Sediment in Monona Bay, deep water areas of Lake Monona and two Lake Monona

tributaries contain a variety of pollutants originatittg fryl nonpoint source

pollution, forrner wastewater discharges, and application of inorganic aquatic

herbicides. Detectable levels of PCBs were found along the City of Madison side

of Lake Monona, Starkweather creek and in wingra creek, indicating widespread

contamination. The level of PCB contamination is low compared to PCB "hot spots"

around the state. High arsenic and copper concentrations in Lake l'lonona sediment

reflect extensive historic use of inoiianic herbicides ' of several contaminants

tested,highlevelsofmercuryP-osethe-greatestproblembecauseof
bioaccumulation in large t"ff"y"J. Large walleyes in Lake Monona and Lake

waubesa contain levels of r.r..rry "*"""airrg fhe health standard (0.5 ppm) and

have been added to ttre Wisconsin F-ish Consumption Health Advisory' Sediment core

sampling indicate reduced t.t.,rti deposititn following diversion of municipal

r""t"t"i.r from the t{adison Chain of Lakes'

Future l'lonitoring Recommendations

SedimentcoresshouldbetakenfromLakeMononaandLakeWaubesato
identify possible trends of PCB contamination'
ForamorecomPleteassessmentofin-placepollutantsinMononaBay,
sedirnent "or. ""rpling 

should be exfanded to areas not previously

sampled.
Beeause of the potential for bioaccumulation of PCBs in fish and the

human health implications, WDNR's Fish contaminant Program should

continue to monitor PCB levels in Yahara Monona watershed carp '

Measuring levels of mercury in predator fish should continue as part

of wDNR',i Fi"tt contaminant monitoring strategy:
Bioassay'sshouldbeperformedtodJtermineifStarkweatherCreek
sedimenl is toxic to aquatic life '

1.

2.

3.

4.
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Introduction

Levels of toxic substances in lakes are often measured in deep water sediment,
where heawy metals and organic compounds accumulate. For substances that
bioaccumulate in fish and pose a humanhealth threat, such as mercury and PCBs,
sediment sampling can dovetail with fish contaminant testing to better define
the source and extent of the problem. Sediment grab samples can be used to
identify contaminant "hot spots" and total area of contamination. Sediment core
sampling can measure toxic contamination from a historical perspective since the
deeper sediments are older than surface sediments. While most contaminants occur
in upper sediment layers deposited during the 20th century, background levels
of naturally oceurring heawy metals can be measured in deep sediment layers.

Since L946, at least eight sediment surveys were conducted in the yahara Monona
Watershed, mostly to assess hearry metal accumulaLion in the lakes. Early studies
focused on accumulation of arsenic and copper following extensive use of
inorganic aquatic herbicides (Nichols, 1946, Antonie , Lg63 and Ball , Lgl3) and
mercury deposition associated wiLh rnunicipal wastewater discharges (Syers, 1973) .
More recent sediment sampling (Lathrop, 1989 and Marshall, fggg) also focused
on mercury contamination because mercury resurfaced as a major public health
and water quality concern. Lake Monona and Lake Waubesa were added to the Wis.Fish Consumption Health Advisory in 1987 and 1988 respectively, because largewalleyes contained mercury concentrations higher than siate heaith standard (0.5
ppm) .

The most recent sediment sampling was performed in october, 1988, to measurelevels of PCBs, mercury and other contaminants in Lake l"lonona and itstributaries. sampling for PCBs became a high priority when two Lake Monona carpwere found to contain PCB concentrations aE 1.1 and 1.7 pp*. The pCB levels didnot exceed the health standard of 2.0 pp*, but were higher than expected andindicated potential source(s) of PCB contamination. To complete the contaminantsurvey, heawy metals and pesticides were measured from Lake Monona tributariesto assess impacts of industry and urban nonpoint source pollution.
This report briefly discusses the 1988 sediment survey along with previouscontaminant studies to provide an updated look at in-piace pollutants in theYahara Monona watershed. The watershed was selected as " nonpoint sourcepollution abatement project in 1987. rdentifying in-place pollutants is anelement of the NPS Priority watershed Project aipraisal. No attempt is made tospeculate on specific sources of contamination in this report except to mentionsources identified in previous studies.

Sampling Locations and Methods

Figure 1 is a maP of the Yahara Monona I.Iatershed identifying 19gg samplelocations in Lake Monona and its tributaries. For nost of Lakel"lonona, sedimentgrab samples were taken with a stainless steel Ekman dredge. A piston coresampler was used to collect sediment cores in Monona Bay, s-tarkweather Creek,west Branch Starkweather creek, East Branch Starkweather creek, wingra creek,



and Ninesprings Creek. Sediment samples were analyzed aX the State Lab of
Hygiene fnorganic Chernistry Section and Organic Chemistry Section- Results are

fistea in table 1 and data from previous sediment surveys are contained as

appendices, starting with the most recent.

Lake l'lonona

pcB levels in Lake Monona sediment were higher than the laboratory detection
linit of 0.05 pprn at all but one location, indicating widespread contaminati-on

along the City of Madison side of Lake Monona. The west side of Monona Bay was

the "only location saurpled where PCBs were below detection, while the highest
pcB concentration (0.i7 ppur) was found along the north side of t'lonona Bay'

Although PCBs are widely distributed in Lake Monona sedirnent, the level of
contarnination is relativlly low compared to PCB "hot spots" around the state'
Little Lake Butte Des Morts, in Winnebago County, contained PCB concentrations

.x.e.aing 200 ppm. The Madison Metrofolitan Sewage District sludge lagoons

contain PCB concentrations up to 36 ppnr-. By comparison, PCB concentrations in

fifteen Lake Monona sediment sample" r.r" "11 
b.lo* J-.0 pprn (PCB Range: 0'05-

0.77) .

compared with 42 other inland lakes sampled by Lathrop (19-89), deep vater

sediment in Lake l,l0nona exhibit a high degree of rnercury contamination' In most

lakes tested, atmospheric deposition and low pH apPear to ,influence mercury

contamination and bioaccumulation. For Lake l'lonona (including Lake Waubesa) 
'

Syers (1973) demonstrated that peak mercury levels coincided with sewage

discharge into the Madison chain of Lakes. Peak mercury lewels (1'9 ppn) were

found in deeper sediment, deposited 50-60 years ago, when Lake Monona received

municipal r,rastewater. Compaied with deepei sedinent, surface layers sampled in

L972 contained Iower mercury concentrations (1.1 pprn), indicating reduced mercury

deposition following diveision of wastewater from the lake' Recent sediment

sanpling indicated i continued trend of decreased nercury deposition with even

lowerconcentrations(.38-.79Hg)insurfacesedimentlayers.

The north side of Monona Bay appears to be a mercury "hot spotr" which is the

same site where the highest PCi concentrations were found' A possible source

for the contami-nants is a large storm sewer outfall located about 200 feet from

the site.

several sediment surveys focused on the accurnulation of copper and arsenic to

assess long term impaets of inorganic aquatic herbicide use ' Both copper and

arsenic compounds were used extJnsively for aquatic plant management in the

l,ladison Chain of Lakes. Lake Monona *"" tht firsi lake in Wisconsin treated with

coPper compounds for the concrol of planktonic algae. Between 1925 and |978,

1,588,000 pounds of CuSO4 were applied co-tlle tate. Recent'.applications of

copper cornpounds are generally f""" tha1.2O0 nounds Per season' During the

1930's, as much as Loo,oOo pounds were applied in a-single season' Prior to its

ban in Lg64, Sodium arsenite was used extensively in Lake-Monona between L926

and 1g54 for rooted aquatic plant control. Recordi fron 1947 xo ]-964 shor'tred that

35,000 pounds were used in Monona Bay'



Early sediment surveys found very high copper concentrations in deep water
sediment. Maximum copper levels in surface layer sediment exceeded 8OO ppm in
L946 (Nichols) and 500 ppm in 1963(Antonie). Reeent sampling indicate reduced
levels of copper in surface sediments with maximum level of 200 pprn. A sediment
core taken in 1987 had the highest arsenic and copper concentrations in deeper
(older) sediment, reflecting decreasing Copper sulfate use and the Sodium
arsenite ban.

Although recent sediment sampling in Lake Monona focused on levels of PCB's,
mercury, arsenic, and copper, Iskandar and Keeney (L974) characterized vertical
distribution of lead, copper, cadmium, chromiurn, nickel and zinc. A sediment
core collected at that time contained the highest levels of lead, copper,
chromium and zinc in surface layer sediment, indicating a build-up of these hearry
metals during the 20th century. No observed trends of deposition were evident
for cadmium and nickel.

In general, sediment cores reveal a build-up of several heawy metals above
background levels in Lake Monona sediment. Except for mercury, heawy metals
found in Lake Monona have a low potential for bioaccumulation in fistr- (USEPA,
1978), and do not Pose a human health threat by consuming fish. on the other
hand, deposition of heawy metals and other contaminants in sediment can Iimit
future lake management options, particularly dredging.

Lake Monona Tributaries

Wingra Creek and both branches of StarkweaEher Creek are sluggish ditched streamswith heawy deposition of sediment. Sediment in these streams contain moderate
to high levels of heawy metals and reflect impacts of local industry and urbannonpoint source pollution. Lead exceeded lOO ppm at all locations sampled but
were highest in the Starkweather Creek East Branch above Milwaukee Street. Thehighest mercury (3.5 ppm) and zinc (1OOO ppm) concentrations in the watershedwere found in deeper sediment from the West Branch Starkweather Creek, whichindicate a past source of contamination. other heawy metals measured from
Starkweather Creek sediment include arsenic, barium, 

"rd*irm, chromium, copper,nickel, selenium, and silver.

Organie compounds tested from stream sediment were PCBs, DDT (and rnetabolites),Dieldrin and Chlordane. Detectable levels of PCBs were found in Starkweather
Creek but the highest concentration was found in Wingra Creek (0.77 ppm) .Detectable levels of DDT rnetabolites !/ere found in both branches of Starkweather
Creek and in Wingra Creek.

In general, the tributaries of Lake Monona have accumulated deep sediments
contaminated with a variety of pollutants from industry and urban nonpoint sourcepollution. Land use activities in the watershed can disturb and redistribute
contaminated sediment. Physically altering the streams can re-suspend anddeposit contaminants in other locations. Construction and. develop*unC withoutregard to surface runoff may increase peak flows, which ultimatelv scourcontaminated sediment into Lake Monona.
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TASIE 1 (cont.): SIARKTIEAIIIER CREEK SEDI}IEIII CORE SAfiPLIIIG
octobcr, 1989
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Lake Waubesa

Lake Waubesa received municipal wastewater via Ninesprings Creek from 1925 until
1-958. High urercury concentrations in deep water sediment were one impact of
the discharge. Syers(1973) found 1.1 ppm mercury in the surface layer of a core
sample. In L987, sediment cores displayed significantly lower mercury levels
(.3 and .4 ppn) in surface sediment layers, indicating reduced nercury deposition
nearly thirty years after diversion of wastewater to Badfish Creek. Although
..r.niy levels decreased substantially since L972, Lake I'Iaubesa contains the
second highest mercury levels (behind Lake Monona) in surface sediment compared
xo 42 other inland lakes tested (Lathrop, 1989).

In addition to mercury sarnpling, levels of lead, cadrnium, chromium, copPer'
nickel and zinc were measured in Lake Waubesa sediment (Iskandar and Keeney,

Lg74). At that time, a sediment core displayed the highest concentrations of
lead, chromium, copper and zinc in younger sediment, indicating recent build-up
of these metals.

Waste!'/ater ImPlications

The principle sources of high mercury levels in Lake Monona and Lake Waubesa

sedirnent are attributed to municipal and industrial wastewater (Syers, !973),
even though direct effluent testing was not perforrned. Peak concentrations of
mercury o..rtr in sediment layers that coincide with peri-ods of wastewater
discharge in the watershed. Substantially lower concentrations are found in
surface sediment, indicating reduced mercury deposition following diversion of
wastewater away from each lake.

Even though municipal wastewater was diverted away from the Yahara Monona

Watershed to Badfish Creek in l-958, concern for the potential discharge of toxic
substances is a current issue. Recent rule development reflects this concern
by establishing surface water quality criteria for toxic substances (Wisconsin
Administrative Code NR 105). As part of this new toxics package, monitoring for
toxics is a requirement of the Wisconsin Pollution Discharge Elimination System

(WPDES) permir issuance. The Madison Metropolitan Sewage District (MMSD)

routinely samples its effluent for mercury and other toxic substances.

In 1989, concentrations of mercury in the effluent were at or below the standard
detection lirnit of 0.2 ppb. Prior to 1958, when municipal wastewater lras

discharged to the Yahara lakes, mercury concentrations were probably much greater
than today even though direct comparisons cannot be made. Factors that
contribute to lower mercury concentrations today include advanced wastewater
lreatment technologies, industrial pretreatment requirements and reduced reliance
on coxic inorganic- compounds by our society. Table 2 contains MMSD influent,
effluent, and sludge concentrations of mercury from L972,1988, and 1989.



Table 2.

Madison Metropolitan Sewage District
Mercury Levels

Date

L972

*1988

*1989

Influent
UE/I

13 .0

0.3 - 1.3

0.6 - L.2

Effluent
VE/T

<0.5

<0.2 - 0.3

<0.2 - 0.2

Sludge
mg/kg

L7.5

7.37 - 7.9

7.0

*Range of monthly values

Lake Wingra

Lake Wingra was not targeted for recent sediment sarnpling because previous
studies demonstrated relatively low levels of heawy metals compared to Lake
Monona and Lake Waubesa sediment. Lake Wingra does not have a history of
inorganic herbicide treatments, municipal wastewater discharge, and is not on
the Wisconsin Fish Consurnption Health Advisory. Relatively, "clean" sediment
in Lake Wingra reflect these factors. During the early seventies, sediment core
samples were measured for mercury (Syers, 1973), cadmium, chromium, copper, lead,
nickel and zinc (Iskandar and Keeney, L974). Although concentrations of most
metals in Lake Wingra are substantially less than the other Yahara lakes affected
by sewage effluents, higher concentrations were found in "younger" sediment,
indicating urban nonpoint source pollution and atmospheric deposition (USEPA,
1978 and Sellers, 1985)

Ninesprings Creek and Upper Mud Lake

In l-988, levels of PCBs and organic pesticides were below the detection limit
in Ninespring Creek sediment at Moorland Road. Ninesprings Creek displays
unnatural stream conditions because of channel ditching and nonpoint source
pollution contributing sediment to the stream. At the Moorland Road location,
mercury concentraEions were .13 and .24 ppur. Downstream in Upper Mud Lake,
sediment samples were tested as requirement of the South Beltline dredging
project in 1986. PCB concentrations were below the detection lirnit and mercury
reached 0.12 pprn in one of four samples.
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OPP. A

S ite

rr5

Lake Monona
M.ercury, Arsenic and

Sediment Core
Copper Concentrations

Sediment
ll6nrh

(cm)

0- 2.5
2.5- 5.0
5.0- 7.5
7.5-10.0

10.0-12.s
12.5-15.0
15.0-17.5
17 .5-20.0
20.0-22.5
22.5-25 .0
2s.0-27 .5
27 .5-30.0
30.0-3s.0
3s.0-40.0
4s.0-s0.0
ss.0-50.0
50.0-55.0

0.6

0.6

0.6

0.6

0.7

r.4
1.5

A (1987)** Sire B (1987)

As Cu Hg

6e/kil @e/ke)

0.4
t4 180 0.5

0.5
L7 200 0. s

0.5
18 200 0.6

0.7
2L 220 l.O

1.4
30 250 0.6

0.3
45 500
79 500

LAKE SURVEY I'tAP

(Lathrop 1985)* lSyutt

Kg
(ne/ke)

0.6

et aI.

Hg
(ne/ke)

1.1

.9

1.3

1.3

1.9

1.6
0.8
0.4
n2
u-l

1973)**

*Mean of seven samples ranging from .4-.8 collected at sediment surface
**5 cm intervals

sTlTt of vlscoNSlx
ofPATTxEXT Or XltUrlL nESOURCEI

\ -----------x-o!o.8A- 
---------0.ldr-

.\_._ Llx E courTY
_sEC.j-QJ.IJ.!J!2Q r._:I:r. i.:99:t.E

' -.,, I l),?1.2{,25,26 . ra

^tono,vo.-"

Ar.i.t. r.ti. itnli..

:*dF-
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qPP. B

Sediment DePth
(cro)

0- 4
4-8
8-12

L2-L6
16-20
20-24
24-28
28-32
32-36

Starkweather Creek Sedlment Core
Mercury, Lead and Zinc ConcenLratlons

June, L987

fr

Ho_'b

(melke)

<0.1
<0.l_
<0.1
<0.1
<0.1

0.2
0.2
n2

o.2

#z
Hg

(ne/ke)

0.1
0.3
0.5
1.0
1.8
1.8
1.6
0.3

TJ

Hg Pb
(melkg)

<0.1 280
0.1 270
0.1 r20

<0.1 130
0. t 180
0.1 53
0.1 51

#4
Hg Pb Za

(ne/ke)

0.2 L20 230
0.2 ll0 190
0.7 270 560
2.2 220 1400
2.8 290 1900
3.5 310 1900
2.5 220 1200

Zn

180
190
150

69
62

L20
130

LAK€ UONONA

-9



opp. c

Lake Waubesa Sedinent Core
Mercury Concentratlons

Site C (1987)
Hg

(ne/ke)

0.3
0.3
0.4
0.4
0.5
0.5
0.5
0.5
0.5
0.7
1.0
1.0
1.3

Site D (f987)
Hg

(ne/ke)

(Lathrop 1985)*
Hg

@e/ke)

0.4-0.5

(Syers et aI.
Hg

(ne/ke)

1.1

0.9

n?

0.7

1.0

1.0

0.9
0.8
0.8
A1

0.7
0.2

--___-_-l'!L!l:4____:_ ______-a!!L------ !^ia- -------.ea!-ii-
_tre_lr-l).ll__r--. r- & l-- 16- !.r

l.a,t, a,t

1973)**
Sediment
Depth
(cm)

0.0- 2.5
2.5- 5.0
s.0- 7 .s
7.5-10.0

10.0-12.5
12.5-15.0
15.0-t-7.5
17.5-20.0
20.0-22.5
22.5-25 .O
2s.0-27 .s
27 .5-30.0
30.0-32.s
32.s-35.0
3s.0-40.0
40.0-4s.0
4s.0-s0.0
50.0-55.0
5s.0-60.0

*Based on two surface
**5 cm intervals

0.4
0.4
0.5
0.5
0.6
0.5
0.5
0.5
o.7
o.7
0.8
l_.0
1.1
1.1

sediment semples

tlll( ot rrtq0rtrl
Dtrlrlrair ot f^lutAL lttouic(l

SURVEY

:i!lirs
:!j
s:i

i1..

i{i'*'.
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It )r,,- i

iririiiillili
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OPP. D CHEMICAL ANALYSIS OF I'IUD LAKE BORINGS

----------i-
Samole Identlfication I B-2A P-106 B-2a B-2b I

station
O{{set ({t. )

Sample Date
Depth (ft. )
Lab Sample ll

| 10+oo

I 5/95
I o-3
| 4ll2

7-A
6t.7
2.68
tL70
94

<o.22

<11.O
3. s5

<2- OO

<o. oa,_:

I <O. 006
| <o.oo3

27+OO
2OO RT

3/E}5
o-3
4:. 13

| /45
o-l
3691

44.6
6.3
2720
191
395

<1.OO
8.62
<10
10t

s.72

o. 12

<o. o10
<o. o10
<o. o10
<o. olo
<o. o10
<o. o10
<o- oto
<o. o10

<o- ooo4
<o - ooo3

<o. oo2
<o. oooB

<o. oo9
<o, 0006

<o. 03

| /e=
t-2

1/Eis
2-3

36?2 3993

pH tS. U. )

7. Total solids
Z Total Volatile Soli.ds
Total Kjeldahl NitrogEn
Amnonia Nltrogen
Total Phosphorus
Cadni um
Total Chromium
Capper
Arsenl c
Lead
Zinc
hercury
PCB's (Total t
PCE 1016
PCB I22L
PCB 1232
PCB L242
PCB 124S
PCB 1254
PCB 1260
PCB t262
Al dri n
Dieldrin
ChI ordane
Endr i n
Heptachl or
Ll ndane
Tox aphene
4 ,4-DDT

--- :::
<o. 0006 <o. 0006
<o. ooos <o. ooos

<o. oo3 <o. oos
<o. oolo <o. oolo
<o. oo15 <O. OO15
<o. oo10 <o. oo10

7.4 7.6
37.O 56.3
6.5 3.s
3190 1400
161 lo2
245 tza
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, opp. E
Table lll. Heavy Metal Concentration (uc/G of Sediment) in Sediment Cores of Wisconsin Lakes

_ 
'. I Southernlakes

Dcpth. cm

0-5
5-10

tn-lq
15-20

1U-l)
25-50

>50

NE

5-10
ItFl.l
i5-20
20-?5

25-50

>50

0-5
5-10

1n-t5

15-20
ztj-l)
25-50

>50

I t-t

5-10

15-25

25-50

>50

Pb C(

t24 49 50

167 46 60

94 38 57

85 28 50

69 10 43

40843
14731
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294
363

510

90

22

24 38

35 36

50 Jd
?n ?o

2? 36

Monona

92 4.6
101 5.5
95 4.6
u) 5 |

101 3.6
33 2.4
15 2.5

Wa ubesa

L6a 1.6

179 ?.5
r77 1.8
1a6 ) 1

roa r.q
73 0.7

Kegonsa

83 2.7
82 :?.0

82 2.5
TO Z.U
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60 i.6

Wingra

OL 5.U

57 3.0
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Figure 2. Vertical distribution of Cu iri selected souihern \ryis-consin lake sediments
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COPPER AND ARSENIC CONCENTRATIONS IN CORE SAMPLES FROM LAIG I"IONOM. L972

Core depth
Station 1

pPm
Station 2

PPM

Station 3

PPM

Station 4
pPm

Station 5

(inches) Copper Arsenic Copper Arsenic Copper Arsenic Copper Arsenic Copper
pPm

Arsenic
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5

5

5

5
5
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2.6
2.6
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300 L7.6
45 Z3.B

260 L9.6
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TABLE 4

LAKD MoNoNa. Tor,tr. er.io SoLUsLn coprpn rouND rN MuDS FTroM Borrorl
orl Tr,rrs LAKE FoR VARrous DBprHs

Coppen as Cu
/kg. (dry mud)

I-AKE, MONCNA

RRST.
WIDESPREAD

S,,rvple
No.

147
148
149
lt0
ril
tt2
t53
tt4
t5t
rt6
tt7
rt8
tt9
160
r6l
t62
t63
t64
lo)
166
t67
r68
169
t70
t7l
t72
t73
t74
t7t
176
177
t78

rt0
tEt

280

)31
1t^

21
l_t

100

2t0
L)
t2
il

200
I

t8
OL

308
3l
z6

| )')
d/
J7
l0

!t0
28'
?a<
120
130
3t7
390
320
30,
))/
360
190

T
o-
o-
o

l0
ll
t2
tj
t4
l,
l6
ta

lB
45
+o
4E
49
t0
t1
t7
,)
</

5t
t6
,7
t8
66
67
6B
69
70
71

ll9
140
l4l
t4L
t4)
t4+
I4t
146

0.9r
17.2
I1.0
l.l
2.7
2.7
1.8
0.t
).)
0.9
l1
0.6
6.0
2.7
7.3
J,3
0.97
6.4
4.6
,.t
11
7.1

lt
l6
t/.>
z0
21.5

l8
t6
l4
l4
L7
l0
B

440
t00
400

70
73
4'

ll0
28

33t
1'l
1B
')'l

320
t0
80

rt0
190
t0
))

260
ll0
I l0
1a

7ZL
587
687
667
837
641
84l
t9l
,41
741
640
610
280

122
400
400
341

308
14J
316
360
lBt
IB

380
))/
3r,
360
360
34t
)t/
2t,
24t
ll0
320
r60
tz

360
365

?1

JOU
JJ7
t/)
l8
+)

170
30

ONUMBERS

- NUMBER

lN CIRCLES-= vc. or Cu psR

KG. DR/ MUD

OF SAMPLE MUD ON UNE
(sEB TABLES)

Frc. 4.-Outline map of Lake Mohona and Lake Wingra shorving loca-
tion of sampling points, sample numbers corresponding Io data in -tables
atthese points, and amount of copper found ai the seveial sarnpling points.
(cJ rerers lo core samPres,

(For location of sampling points consult the nap of ilris lake)

I Coenen as Cu
Daprn l^e./ke. (dry mu

Merens I Total

6
l7
t,
l3
20
l8
l6
t4
tz
l0
8

20
l8
l8
l6
t4
tz
l0

A

6
a

lz
l0

B
o

IL
l0

o

12
r0

a

z

l<<
690
680
640
690
690
690
640
790
160
200
t90
600
680
690
993

l09l
t93
381
29J
t/)
59J
363
243
t33
643
70)
t3

64J
691
613

t23
74t
320



et al.-Co'ltper in Lalce Mut s
I An
D.A I

!it

Nichot,s, et al.-Cottper in Lake Atuds 341
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oF TI{rs LAKE AT VrrRlous DE-IHS I

(Ii'or location of sarnpiing points consult the nrap of this lal:e)

TABLE 6

Lnrcp \Vrr,UssSA. I.OTAL ANp Sor,usLE COPPETT FoUsp ri MupS rROM TI'IIS
LAKE AT Vanrous DnPrgs

A
I

I

lN
I

I

I

SrrVPl-g
No.

DE,prs
IN
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Saupue
No.

i CoppeP. as Cu
Deptrr lrng./l<g. 

(dry mud)

i*,rJi.*l r*"r I s"r,bt.
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slensl Total I Solubie
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core samples
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94
o5
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l0t
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lli
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t0
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6
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25
z0
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1
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6
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x50
t30
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73
74
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t.t
0.91
4.J
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6
7
9
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Site
Aroctor
ug/g

CIS- TRANS.
Chtordane Chtordane

ug/g uslg

TABLE I
YAHARA I.IONONA SEDIMEIIT CORE SAMPLING

ocToBER, lggg

pp DDT op DDT pp DDD

uglg uqlg uglg
op DDT

u9/9
Cr Cu Hg Pb

tttg/kg nr9/kg mg/kg nrS/ks
As

rE/kg
oP DDE pP DDE

uslg ug/g
D i el.drin

uglg
cd

rE/kg

lr10 tlonona Bay
( Hest )
0-10 cm

10-20 cm

20-30 cm

Ilonona Bay
( north )
0-10 cm

10-20 cm

20-30 cm

llingra Cr.
(J. Notan

Dr. )
0-10 cm

10-20 cm

20-35 cm

l,line Springs
Cr.
(l,loorl.and Rd. )
0-20 cm

20-35 cm

(totat)

<.05
<.05
<.05

(1254/1260,

.76

.77

.6
(1242/1254'

5

<2

140
130
120

r,t1 1

5

2

27
50
51

10

.07

<.02

.84
1.1
1.0

t,'l

.05

.08
.08
.19

200.6
.n

.01
<.01

(totaL)

<.01
<.01

.01
<.01

<. 01

<.01

<.01
<.01

<.02
<.03

<.01
<. 01

<.01
<.01

.34 .02
<.01 .03

12328
13430

.16
.28

lrl

<.05
<.05

<.01
<.01

<.01
<.01

<.01
<.01

<.01
<.01

<.01. <.01
<. o li: <.01

.13

.24

LAKE I.iONONA EKltlAlt GRAB SAilpLES
October, 1988

Si te Il1
S i te 1''12

S i te l,l3
Si te ltl4
Site M5

Site tl6
Site ltlT
Site M8

Site l,l9

(1254- 1260)
.15
.14
.15
.15
.11
.17
.'t6
.07
.07

.53
.54
.79
.38
.42
.62
.53
.6?
.13

160
150
200
120
130
160
140
97

110

16
15

28
11

13

20
14

14

12



. TABTE 1 (CONI'): SIAR(IIEATHER CREEK SEDII.EIIT CORE SAIIPLIi'IG

october, 1989

cls- lRAl{S'
Arochtoc chtordane ch(ofdane oP DDr PP DOI oP ODD PP DDD oP ODE Pp DDE oietdrin

rr9/9tg/gus/gug/guglgug/gwlgw/9u9l9wlg
As Ba cd cr cu Pb H9 lli se Ag zn

rE/kg nE/kg n9lk9 mg/kg ng/ko i€/kg IE/kg iB/kg nE/kg nn/kg tttt/ksSt..
llo.

llain steil
obrich
0-10 cm

9.8r.
fair oaks
0-13 cm

13-25 cm

25-32 cm

lf. Br.
Lti tu. sr.
0-13 cm

13-25 cm
?5'37 cn

lJ. 8r.
Hoafd St.
0-ll cm

13-25 qr
25-37 cm

E. 8r.
lvy St.
0-14 cm

14-26 cm
26-18 m

Betor
]lr.y. 5l
0-13 cn

13-25 crn

25'41 cm

<.01

<.01

<.01
<.10
<.01

<.01

<.01

<.01
<.01
<.01

<.01
<.01
<.01

<.01

<.01

l1

<.01
<.01
<.01

<.01
<.01
<.01

<.01
<.01

<.01
<.01
<.01

1

I
<l
I

1

I
1

<5321781.19 .71)

.74

<.07 .18

<.03 .09

110 1.6 12 <2.5 510

<2.t 360
<2.5 210
<2.5 1000

<.10

<.10

(12;o)

.10
<.10
..05

(r260)
<.05

.13

.06

<.25
<,15

(1?51-
1260)
.27
.12

<.10

.09 -46

.05 .33
<.01 .01

.02 .12

.51 2.6

.08 .34

<.01
<.01

.0t

<.01 .08
<.01 .05
<.01 <.01

<.01 .05
<.04 .26
<.01 .04

<.02 . 15
<.0? .t3

..Ot <.02
<,01 .04
<.01 .05

<.01
<.01
<.01

<.01 <.01

<.01 <.01

<.01 .03
<.01 <.01
<.01 <.01

<.01 <.01
<.01 .06
<.01 <.01

<.01 <.01
<.01 <.01

<.01 <.01
<.01 <.01
<.01 <.01

2? t7 180 .39 8 <5

9 12 80 .38 <.5 <5

1? 68 150 3.0 9 <5

5&
434
771.13

8 <5 <2.5 180
tl <5 <2.5 320
13 <5 <2.5 790

22 19
t4 20
15 21

657
998
t5 130

<2.5 96
<2.5 170
<2.5 100

333<,|911120.055
77221017160.z39
950<.|91385.117

t30 .15
93 .13
37 1.9

<5

<5

<5

<5
<5
<5

<2.5
<2.5
<2.5.02

<.01

,01
<.01
<.01

.01
<,01
<.01

6 130 2 28 36 200 .17 17

5 140 I 30 31 120 'lt 16

4 120 I 3t 22 52 .14 16

6 lto 2 27 49 320 .20 17

5 120 1 29 2' 90 .15 16

1 120 <1 26 20 33 .08 14

.24

.41

.02

.01

.05

.06

.09
.02
.01

??o
170
97

400
r50
u

<5 <2.5
<5 <2.5
<5 <2.5

rl.


