


TABLE 1. 1984, 1987, and 1991 Lake Superior Sediment Trap Deployment Data

year sile dntes Iatituds
1984 1 Jul 11-Sep 10 47.76
2 Jul 12-Sep 11 47.80
3 Jul12—Sep 11 47.33
4 Jul 12—-Sep 14 47.18
1987 1 Aug 1-0¢t 11 47,76
2 Aug 2-0ct 8 47.80
3 Aug 2—0ct 10 47.32
4 Aug 3-—0ct 8 47.18
5 Jul 31-Sep 27 46.74
19913 1 Jun 28-Sep 24 47.58
2 Jun 29—-5ep 13 47.80
3 Jun 29-Sep 13 47.32
4 Jun 26—5ep 12 47.18
5 Jun 25-Sep 28 46.71

longitude weter depth trap depths
86.78 274m 10, 10, 35, 140, 264, 269, 273
88.34 222 10, 10, 35, 120, 157, 212, 217
89.25 183 10, 10, 35, 100, 158, 173, 178
87.76 100 10, 10, 35, 75, 90, 95
86.78 274 10, 10, 140, 140.248.268, 268
88.34 222 10, 10, 212, 217
89.26 183 10, 10, 100, 158, 173
87.77 100 10, 10, 75, 90, 85
84.78 122 10, 10, 35, 97, 112,117
86.86 273 15, 15, 35, 140, 248, 263, 268
88.34 222 15, 15, 35, 120, 197, 212, 217
89.28 183 15, 15, 35, 100, 158, 173, 178
87.76 100 15, 15, 35, 90, 95
84.77 91 83, 83, 78,78

in a rado of ~3:1 for PCB and PAH analysis, respectively.
PCB extracts were fractionated by liquid—solid chromatog-
raphy using Florisil as the stationary phase (20}, A Hewlett-
Packard 5890 gas chromatograph equipped with a 60 m DB-5
U&W Scientific) capillary column and an electron capture
detector was used to analyze PCB extracts. PCBs were
quantified using Hewlett-Packard HPLC ChemSzation soft-
ware, PAH extracts were eluted from a microcolumn of 0.7
g of silicic acid (5% water deactivated) with 10 mL of 10%
DCM in hexane. PAHswere separated using a 30 m DB5-MS
{J&W Scientific) gas capillary column and analyzed on a
Hewlett-Packard 5970 mass selective detector operated in
single ion monitoring (SIM) mode.

Ancillary Measurements. A Perkin-Elmer CHN analyzer
using acetonitrile as a standard was used for carbon and
nirogen analyses. A semiquanititative compositional analysis
of the near-surface traps and the deepest trap at each site
was performed under microscope in an Utermohl chamber
{24, 25). Particles were counted at two magnifications {150x
and 750x) on an inveried microscope. The particles counted

at 150x are generally particles greater than 20—350 xm and
* are referred to as the “large fraction™ in subsequent discus-
sions. Particles counted at 750x are generally less than 20—
50 um and are referred to as the "small fraction”.

Qualicy Assurance. A fotal of 74 PCB congeners or
combination of coeluting congeners and 24 PAHs were
quantified. A calibrationstandard consisting of Aroclors 1232,
1248, and 1262 mixed in the ratio of 25:18:18, respectively,
was used to quantify individual congener relative response
factors (26—28). PCBs were gquantified by the intemnal
standard method. PAHs were quantified as outlined by
Simcik et al. (29). Surrogate standards consisting of deu-
terated PAHs naphthalene-ds, fluorene-dy, Auoranthene-
dyg. perylene-d;z;, and PCBs 14 (3,5-dichlorobiphenyl), 65
{2,3,5,6-tetrachlorbiphenyl}, and 166 (2,3,4,4",5.6-hexachlo-
robiphenyl) were added to samples prior to extraction. Ifa
correction was necessary due to a known laboratory incident
fi.e.. spillage), al} PCB congeners were comrected to the
recovery of congener 166. PAH concentrations were cor-
rected for recovery relative to the nearest eluring deuterated
surrogate. The recovery of PCB 166 averaged 105 £ 11%,
The average recovery of PAH surrogates was 70 + 16%, 97
+14%, 96 £ 12%, and 82 * 29%, respectively, for naphthalene-
ds, fluorene-d)s, fluoranthene-d;,, and peryiene-di..

Several procedural blanks consisting of only solvent were
run through the entire laboratory procedure for the purpose
of quantifying a laboratory blank. The total mass of PCBs
in the laboratory blanks averaged 1.2 + 0.6 ng (+I standard
deviation; n = 5). No correction to the PCB concentrations
in Lake Superior samples was made for laboratory blanks.
PAH laboratory blanks averaged 3.1 = 2.2 ng of PAH, and
no correction was necessary. Benzole]pyrene and benzo-
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[@] pyrene were not able to be quantified due to an unknown
coeluting contaminant.

Surface traps spiked with sodium azide in 1987 exhibited
lower ZPCB concentratdons than those spiked with chloro-
form (250 £ 170 ng/g (n = 5) vs 1100 £+ 440 ng/g (n = 5)) due
1o poor organic carbon preservation. Sodium azide-spiked
traps still had lower concentrations when normalized to
organic carbon content {1440 + 1130 vs 2440 + 790 ng/g of
0C). A greater loss of PCBs relative to organic carbon
occurred in the sodium azide-spiked traps. A similar

phenomenon is observed berween serling particles and

bottom sediments, with borrom sediments being much more
depleted in PCBs relative to organic carbon. Tetrachlorinated
PCBswere released 1o the greatest extent by the loss of organic
carbon in the sodium azide-poisoned traps.

Results and Discussion

Concentrations on Settling Particles. PCB concentrations
on setling particles collected during stratified periods
between 1984 and 1991 from the surface waters of Lake
Superior have decreased ar a rate similar to surface water
PCBs (Figure 1). PCBs in the surface waters decreased with
a first-order rate constant of 0.20 yr—! berween 1980 and
1992 based on 25 PCB congeners (20). Based on the sumn of
35 congeners {ZPCBys) analyzed in 1984 (3}, 1987, and 1951,
PCBs on setding solids collected at depths of 10—35 m have
decreased with a first-order rate constant of 0.267' yr.
Normalizing concentralions to organic carbon resulis in a
rate constant for PCB change of 0.22 yr~'. Thus, setling
solids have responded 10 a decrease in PCB water concen-
trations. PCB concentrations at the top of the Lake Superior
food chain (lake trout) decreased at a first-order rate of 0.12
yr-! from 1977 to 1990 but was lower in recent years (30).
Jererniason et al. {20) reported a greater water celumn PCB
toss rate for congeners with higher octanol—water partition
coefficients, but no such correlation was found for setiling
particles. Lake Superior receives the majority of its PCB
inputs from the atrosphere (20, 21, 31—33). Armospheric
PCB concentrarions have remained constant near Lake
Superior bur have decreased with a first-order rate constant
of approximately 0.12 yr~! from 1990 to 1996 near Lake
Michigan and Lake Erie (34). Therefore, concurrent decreases
in water, settling solids, and fish PCB concentrations are
indicative of the lake responding to decreased atmoespheric
loading.

¥ PCB concentration was 1100 + 440 ng/g {(n = 5) in settling
solids collected in surface waps {<35 m) in 1987 and 420 +
380 ng/g (n=12}in 1991. Tri- to pentachlorinated congeners
were the dominant PCBs found in settling particles at all
depths in both years (25). Separating rhe traps into surface
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TABLE 3. Concentrations and Fluzes of PAHs Determined from Surface Traps { <35 m) in Lake Superior daring Stratification,

1991
flux concentration
av & 3D (ag/m2-d) range av = SD dev {ng/g} range "
fluorena {Fir} 6+4 1-12 45 + 21 22-91 9
1-methylfluorene (mfir} 23+ 23 2-74 140 £+ 150 11—482 9
phenanthrene (Phen) . 130 £ 70 60—280 820 + 350 340-1270 9
anthracene {Ant) 3+2 1-6 14 =11 6—33 9
2-methylphenanthrens (ZmPhen} 179 9-37 110 = 44 53186 9
4,5-methylenephenanthrene {4,5mPhan} 5+2 2-3 38421 9—-64 9
T-meathyiphenanthrena {tmPhen} 8£56 1-17 58 + 22 25-92 g9
3,6-dimethylphenanthrena {dmPhen) 7+7 1-23 44 £ 37 5113 ]
fluoranthene (Firt} 47 £ 3 21120 320 + 210 130-770 9
pyrene (Pyr) 31£18 13—74 220 + 130 79—480 g
retene (Ret} 37 £ 34 11-120 260 + 230 57790 9
chrysene {Chr} . 10+£6 4—24 88 + 43 17—-1860 9
benzo{b+ klflucranthene {BhkF} 53+ 13 32-71 320 £ 100 200-460 6
perylena {Paryi} 33+18 25—-39 240 + 110 130-360 3
indeno[1,2,3-cdlpyrens {IP} 64 1-12 38 £ 27 8-75 5
dibenzo[a,c+a, hanthracene (DBA} I+2 2—-4 2011 11-28 2
benzolg,h, dperylene (BghiP} 1M1x7 3-22 71+ 82 37150 5
400 . - within the water coluinn of Lake Superior. Rather, the
aso | | majoriry of PCBs are recycled within 5 m of the lake floor.
3 300 ~ | Lower molecular weight PCBs are recycled in Lake
» ;x B Superior ta a greater extent than higher chlorinated congeners
3 50 (Figure 6). Baker et al, {3) observed the same behavior in
2 00 Lake Superior, while others have found similar but not as
50 marked results elsewhere for PCBs and PAHs ([, 2, 25, 49,
0 N AN ‘ - 50). The high settling fluxes of PCBs in 1987 and 1991 to
RCORC 4a 5Q &0 7Lt 30190 rReB within 5 m of the lake floor indicates that most recycling
200 occurs in the benthic region and not in the water column.
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RAGURE 6. Average racycling ratioe (RRs) in Lake Superior
determined from surface traps end NOAA site J sediment core and
PAH recycling ratios in 1991 from frap site 1-35m and NOAA site
3 sediment.

1984. Recycling ratios decreased from 1984 to 1991 due o
decreased PCB settling fluxes, but changes in TPCB ac-
cuinulation rates in bottom sediment over a 7 year period
cannot be accurately determined in Lake Superior. Mass
accurnulation in Lake Superior sediments is sufficiently low
that contaminant accurmulation rates are integrated over
several years in the upper 0.25—0.50 cm of sediment. In the
core used by Baker et al. (3}, the top slice integrated §—9 yr
of accumulation, while the core used in the present study
integrated 45 yr. Results from 1984 indicate that 67—-83%
of the YPCB flux from surface waters was recycled before
reaching the bottom traps (3). The results from 1987 and
1991 do not give consistent evidence for recycling of PCBs
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We hypothesize that the PCB recycling ratios decrease as the
degree of chiorination increases since less soluble species
are more likely to reparition to particles in the benthic region
after the organic matter they were criginally associated with
is mineralized.

PCB setding Auxes from the surface waters were much
greater than atmospheric deposition, indicazing thatinternal
recycling supports the sertling fluxes. Hoffetal. {21) predicted
wet and dry atmospheric ZPCB loading to Lake Superior of
2.8 ng/m?*-d (13.5 ng/m>-d including gas ahsorption} in 1994,
which is small compared to surface water settling fluxes of
48 £+ 23 ng/m?-d in 1991, During stranfication, PCB settling
fluxes would deplete epilimnetic PCB concentrations in the
absence of upwelling and other nixing processes berween
the epilimnion and hypolimnion. Dissolved XPCB concen-
mratons, however, have not been shown to change seasonally
in Lake Superior {20, 33, 51, 52}, and net volatilization was

- -the dominant loss process from 1980 to 1992 (20, 53). IfPCB

settting fluxes depleted epilimnetic concentrations signifi-
cantly, then net gas absorption would increase, especially
toward the end of the stradfied period. Bur instantaneous
net gas absorption fluxes have never been measured in Lake
Superior {33, 53).

The magnitude of PCB setiling Buxes reflects the dynamic
PCB cycling in oligotrophic Lake Superior. In 1991, the ZPCB
burden in Lake Superior was ~~2600 kg, with ~80% occurring
in the dissolved phase {20). On the basis of a PCB setiling
flux of 50 ng/m?-d to the benthic region in 1991, 1500 kg or
~60% of the ¥PCB burden was incorporated into setding
particles and transported to the benthic region. Thus, PCBs
that exist in the dissolved phase must be efficiently incor-
porated into settting solids and transported to the benthic
region, but not buried in the sediments, rather released back
into the dissolved phase (i.e., recycled).

PAH Concentrations and Fluxes. Unlike 3PCB, 1nost
PAH concentrations on seling solids collected in surface
traps have not changed significantly from 1984 to 199L










