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A amphipod, Leptocheirus plumulosus was exposed to Ag contaminated sediments to evaluate relative
importance of various uptake routes (sediment, porewater, supplementary food) for Ag bioaccumulation in
sediment-dwelling marine invertebrates. Additionally, influence of AVS (acid-volatile sulfide) on the par-
titioning of Ag to porewater and on the Ag bioavailability was determined to evaluate the utility of AVS cri-
teria for the management of metal contaminated sediment. The experimental sediments were spiked with 4
levels of Ag (0.1-3.3 umol Ag/g) and AVS concentrations were manipulated to 40 or <0.5 umol/g, then
equilibrated for >2 months to allow pore water/particulate distributions similar to nature. A L. plumulosus
was incubated in the contaminated sediments with overlying water for 35d. During the exposure, the amphi-
pods was fed with supplementary food (TetraMin®) with or without Ag contamination. Following exposure,
tissue Ag in L. plumulosus was strongly correlated with the weak acid extractable Ag in sediments (=0.87,
p<0.001). The ratio of AVS to Ag-SEM (Ag extracted simulaneouls with AVS) had a strong influence on
porewater Ag concentration, consistent with previous studies. However, Ag bioaccumulation in L. plu-
mulosus was not influenced by AVS concentrations. The amphipods fed Ag contaminated food took up ~
1.8 X Ag accumulated by the amphipods fed uncontaminated supplementary diet. The result suggests that
the benthic invertebrates exposed to metal contaminated sediments would accumulate metals largely via
ingestion of contaminated sediments and food, with minor contribution from dissolved sources of porewater
and overlying water.
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Table 1. Mean [AVS], [Ag SEM], and [Ag SEM/2 - AVS] (umol/g ) in the sediments at the beginning (t=0) and the end (t=f) of the experiment.

(see Figure 1 for experimental design).

Near total Ag? Ag SEM® AVS® [Ag SEM/2 - AVS]°

Treatment t = mean® t=0 t=f =0 t=f t=0 t=f

Mean SD Mean SD Mean SD Mean SD Mean SD Mean Mean

Control 0.00 0.00 0.00 0.00 0.00 0.00 32.9 1.7 14.0 5.3 -32.9 -14.0

AM1 0.09 0.01 0.03 0.01 0.04 0.00 26.8 1.4 15.3 1.9 -26.8 -15.3

AM2 0.32 0.04 0.12 0.02 0.11 0.03 22.6 0.1 14.0 2.3 -22.5 -14.0
AM3 1.26 0.02 0.38 0.02 0.66 0.12 26.6 0.9 17.5 2.6 -26.4 -17.1
AM4 3.34 0.20 2.10 0.26 1.53 0.07 6.6 0.4 5.0 2.6 -5.6 4.3
oM4 3.24 0.31 3.49 0.16 1.75 0.00 0.1 0.0 0.1 0.0 1.6 0.8

“Near total concentrations of Ag in sediment, digested by concentrated HNO; for a week
B[AVS], [Ag SEM] and [Ag SEM/2-AVS] were averaged among food treatments (N=4)

“Mean of =0 and t=f (N=2)
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Test species Amphipod
Leptocheirus plumulosus
Test duration 35 days
Test condition 15 psu at 20C
Supplementary Unspiked Ag-Spiked Unspiked
food TetraMin®(UF.) TetraMin®(SFx:) TetraMin®(UFxo2)
(5XAg in sed.) (1/5 of UFy)
AVS in sed. Anoxic Oxic Anoxic Oxic Anoxic
(umol/g) 40 <0.5 40 <0.5 40
Spiked Ag in sed.
(umol/g) .
MO (Control) AMO - - - AMO
Mi1=0.1 AM1 - AMI1 -
M2=0.3 AM2 - AM2 - AM2
M3=1.2 AM3 - AM3 - AM3
M4=3.3 AM4 OM4 AM4 OM4 AM4
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E5E 73403 mg/LolATh

A 2% TetraMin®
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Fig. 1. Schematic diagram of experi-
mental treatments. Each treatment had
three replicates for biological analysis

and one for chemical analysis.
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Table 2. Mean Ag concentrations (nM) in porewater and overlying water at the beginning (t=0), at the 5th day (t=5) and the end (t=f) of the experiments.

Porewater Overlying Water
Treatment UFx; SFx1 UFxy SFx

=0 t=f t=0 t=f =0 t=5 t=f =0 =5 t=f
Control <74 <74 <7.4 <7.4 <74
AM] <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4
AM2 <7.4 <74 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <74 <7.4
AM3 <74 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4 <7.4
AM4 17.1 9.3 N.M 11.5 7.1 9.6 <7.4 N.M 273 14.9
OM4 67.0 18.4 N.M 18.9 30.3 <74 36.6 15.8 12.6

7.4

*Not meausred
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248lejA A2l SAOBE ol-g-8lo] T3t LY &34 &
T SPHAF(Orion®E o4t E3At. AVSEYFHF oA
FHEZHE 259 £ (SEM, simultaneously extracted metal)
< 045 um PVDFEEIZ A& ¥, 20 ml &0l RAstich. 3
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(t=0d) 67 nMZ AM4lA] Hr} AT, =&0] Bt F(t=35d)
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Fig. 2. The relationship between tissue Ag (umol/g) in L. plumu-
losus and 1M HCI extractable Ag (umol/g) in the sediment (Ag SEM).
Asterisks represent the significance of the slope (***: p<0.001).
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Fig. 3. Relative (%) tissue Ag concentrations in the L. plumulosus
exposed to oxic and anoxic sediments containing 2.2 pmol Ag/g.
Tissue Ag in oxic sediments (OM4) was normalized to those in
anoxic sediments (AM4). The bars on the left without batched line
represents the tissue Ag in the L. plumulosus fed uncontaminated
food and hatched bars on the right those from the treatment with Ag-
contaminated diets.
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Fig. 4. Comparison of tissue Ag in the L. plumulosus fed Ag-spiked
food to those fed unspiked food over ranges of levels in sediment.
Tissue Ag in spiked food treatments was normalized to tissue Ag in
unspiked food treatments. Asterisks represent the significance of
differences between two treatments (*: p<0.05, **: p<0.01).

(p<0.05) Zto]7F A Z3hth(Fig. 3).

EHE 5 Ag SEMS] =7t YT APFE vastH, 24
H HolE MAT L plumulosus7t LEEHA &L golg Fgut
2 L. plumulosus BT 1.5~ 1.88] B Fo] Agd S 31 rh(Fig.
4). o213 A3z 299 HolREE Ago] slFE £EFH AE
o] FFe AHY 7FeAS A & 4 §loh 28y Hol2HE
T2 859 Ag T2 U A, 7MY EEY] Age® 2
8 HoldM® 6.3% FEFHIS ¥, UHA] Ho|ZRE = £&
Hlgo] uf-¢ wgich. meta] Hole] 9 PR upg FHHYL9)
apolE EEH FFEY FFolFTIHts Holi A 93t ke
Aol =t

EHE U AVSY 557 Ag SEME E5ERT F 799
% ([Ag SEMI/2-[AVSI<0) L. plumulosuse £ 559] AgS =
A9 ch(Fig. 5). ©] A3= L. plumulosus’} Z351) 8|4 29
£2 Ag 9 YUE AEE a4 Ag2 EFHIAYS A I H
ol2] & L. plumulosus? A7l LS vlxdEd, AF 1/5

@ 0.2 -
o .
S 4
3
0.1
2 =
Q =
2 o
= 00 = — —
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[Ag SEM]/2-[AVS] (umol/g)

Fig. 5. The relationship between tissue Ag (umol/g) and excess Ag
SEM over AVS ([Ag SEM)/2-[AVS]) (nmol/g). Vertical line represents the
[Ag SEM]/2-[AVS]=0. Filled circles were from anoxic treatments
and open squares from oxic treatments.

ZFE UFxolA Bl E L. plumulosus?] 7153 434S
FTEEE UR X Mige 2259 70%°) £330 F UFxo:%t
UFx; AElZ 7H] AW Ag 555 dukge g fA1glon, 53
E £ Ag SEM°] 7P £& AM4TAE UFxooiA Bld L
plumulosus®] AW T=£ JFS FIFEL UFqET F Wid=
%9TH(Fig. 6).
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Fig. 6. The comparison of Ag concentrations in the amphipod fed
regular ration (4.5 mg food/ind./wk.) to those fed 1/5 of the regular
ration. Tissue Ag from regular ration treatment (UF x;) was normal-
ized to those from 1/5 of the regular ration (UF xo2). Asterisk rep-
resents the significance of differences between the treatments (**:
p<0.01).
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