Advances in Environmental Protection IR RT#S, 2019, 9(3), 439-448 Hans X
Published Online June 2019 in Hans. http://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2019.93061

Influence of Bioturbation by Benthic
Organisms on the Distribution and
Bioavailability of Methylmercury in
Estuary Sediment

Chi Zhang, Rui Wang®, Jiaoyang Yin

Key Laboratory of Yangtze River Water Environment, Ministry of Education, College of Environmental Science
and Engineering, Tongji University, Shanghai
Email: tjzc@tongji.edu.cn, ‘wangr@tongiji.edu.cn

Received: June Sth, 2019; accepted: June 20th, 2019; published: June 27”‘, 2019

Abstract

Mercury (Hg) is a toxic heavy metal which widely distributed globally. In aquatic ecosystems, se-
diment acts as important sink and source for Hg, and its distribution and bioavailability can be af-
fected by many factors, including bioturbation by benthic organisms which can modify the physi-
cochemical properties of sediment. In the present study, we chose nereid (Neanthes japonica) as
the experimental animal to investigate the effects of bioturbation on methylmercury distribution
and bioavailability in estuary sediment, and explored the underlying mechanism. We found that 1)
Methylmercury was significantly bioaccumulated by Nereid during exposure. 2) Methylmercury in
bioturbated sediment increased gradually during exposure and finally exceeded the methylmer-
cury concentration in non-bioturbated sediment, however, the uptake rate decreased with expo-
sure time. 3) Bioturbated sediment had higher level of organic matter, which might be related
with the living activities of benthic organisms, including mucus secretion, burrowing and feeding
activities. 4) The bioavailability assessment using Bovine Serum Albumin (BSA) extraction method
revealed that the bioavailability of methylmercury in sediment decreased with exposure time,
which was consistent with the decreased uptake rate by Nereid. We suggest that bioturbation by
Nereid increased the organic content in sediment, which enhanced the binding capacity with me-
thylmercury in the surrounding sediment, thus reducing the bioavailability of methylmercury.
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Figure 1. Technical flow chart of this study
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2. M5 R=E
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AV 7T )0 72 (Neanthes japonica) il 82K A IR AR, DURYIR4E H BRI NKIT
HZRJZB1.3°N, 121.5°E). EHEUARLE  BHARE Ry B ETURR i FR, AR 1.

Table 1. Nereid culturing condition in the laboratory
= 1L CENIBRERREYS

B #hE WS ) Jei b ok B
20C +£1°C 21% + 1% >22 hid 14h:10 h BRI

FEARFAI RS &AL H %K (MeHgCI, 96%, Dr. Ehrenstorfer GmbH), ZILiE & (1, 0 PR YkR#E
i GBW-07334 (h [EFRUEYI R Fhoty), JURRYIFRIE S ERM-CC580 (National Institutes Standard and Tech-
nology), fifR(HNO;, 65%, MERK), % L& (H0,r 30%, FEZGEE AL 2R B A A]): TRl v Al
(CEM, MARS, USA), ICP-MS %%i(7700x, Agilent, USA).
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WERZYF—ANAZ)G, ELREWER DR - W& - K7 BEEAR PR, K 2,
HY 500 mL BT, BRI RE 300 g YUY, PRSI HE 3d; B 50 mL & 0.2% (VIV)
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Figure 2. “Sediment-benthic organism-water” exposure system
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Table 2. Chemical composition of artificial sea water
= 2. NISkBILERS
el NaCl Na,SO, KCI NaHCO; MgCl, H3;BO,
W mmol/L 320 225 7.3 1.87 424 0.34
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#

2.3. £ TRRRERE S8

TEVEVR DU R R IR T 14 K5, B0 & Lyt E AR % 50 g (), I 50 mL &%
0.2% (v/v) 7 mmol/L MeHgCl i N\ T.i#g/K$ 51, £ 150 rpm. 20°C FHR¥, 7> BIAEIRY 6 hy 12 h. 24 h it}
HUH, L3000 rpm 250 20 min, BUR EUUERALTE .

2.4. BT BRESR B9 5 MR F AT

AN AR AR B2 T CAAE A AR F A= 4 Bl N T e b A RSSO Ak v, b SRS 4, DAtk
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BSA &5 6%I1)-SH A7 50, AT DUR G S HH A 8 B B0 R IR [20] [22]0 A 2.2 HRAERIRERTRI)
WERHBTIRYEL 19, A 10 mL 5 g/L BSA %, £ 150 rpm. 20°C T#&% 5h, HUH 5 1600 rpm &0
10 min B iE AR o
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Figure 3. Mercury distribution in sediment without benthic organisms
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Figure 4. Mercury concentration in bioturbated and non-bioturbated sediment during exposure
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Figure 5. Mercury concentration in nereids during exposure
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Table 3. Mercury in nereids and bioaccumulating rate constant during exposure
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Figure 6. Concentration of mercury binding to both bioturbated and non-bioturbated sediments during incubation
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Figure 7. LOI in both bioturbated and non-bioturbated sediments; “refers to significant difference (p < 0.05)
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Figure 8. BSA extractable mercury in bioturbated sediment
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