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W OE RO OEMER JRJE(0—10 cm 1 1020 om) VIR R BFSE X4, 1) I IR 45 55 2L EAT AR A0
B3t BRI EANRIER E (CK ,0.50% . 1.50% F1 1.80% ) AS[RIHEEE (10 °C .20 °C 1 30 °C ) DL K AS Al AR S (4
K FN2E WK ) R 1 BEHEZR ZFRZ (0—10 em H1 10—20 em) TR R F1H SL R & BAG 28 1l 2 BT 5%
BRI, BEE WK E BT DU T SR & BB W R AR 26 10 °C B, TUBR M v B 5 OR St IR Ak )5 DR
Yy AR 7K T B i T R 5 TR A 20 °C RN 30 °C B, R 3SR A e S /K 3 R 1,509 5 e A [ 6 2 4%
R DR BRI (10—30 °C) T e 12 M KA AIG , B 3865 B b JU) 0 i 38 5 L R e 7 PR
A K A L KRS T A A IURRAY h JCHLTR A R ORI Y SR A TR . i 7K i R BR B JRLE f el  , BE
A5 ERZ (0—10 em) TURRYH R IRBHIOR H LR 1977 4
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Distribution patterns of total and methyl mercury in sediments along a gradient
of salinity, temperature and submerged conditions in Liaohe estuary

LI Hang"”’ ZHENG Dongmei'>™* LI Huiying"’ ZHANG Xun'*
MA/Huanchi*? YANG Jisong"*
(1. Environmental College, Shenyang University, Shenyang, 110044, China; 2. Key Laboratory of Eco-restoration of Regional

Contaminated Environment, Shenyang University, Shenyang, 110044, China)

Abstract. Response. of total (THg) and methyl mercury ( MeHg) in sediments from estuary
mudflats responding to. changing environmental factors like salinity, temperature and flooding
conditions was_investigated using laboratory incubation experiments. Surface sediments of mudflats,
0—10 c¢m and 10-=—20 c¢m, were collected from the Liaohe estuary. The orthogonal incubation
experiments included four treatments for salinity ( Control, 0. 5%, 1.5% and 1. 8%), three
temperature gradients (10 C .20 “C and 30 C) and two flooding conditions ( submerged and no-
submerged ). Results indicated that THg of both sediment layers gradually decreased with salinity.
Under a consistent salinity, THg decreased with incubation temperatures within 10—30 °C and
MeHg changed in the opposite trend. Incubated at 10 C, MeHg was lower than the tested
sediments , but increased with salinity. Incubated at 20 “Cand 30 °C, the highest MeHg was founded
when the salinity was 1.5%. More inorganic mercury release and higher MeHg were observed at

submerged conditions than those at no-submerged conditions, and this phenomenon was more
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apparent in the sediments from 0—10 ¢m layers when salinity and incubation temperature changed.
Keywords: mudflats Liaohe estuay, total mercury, methylmercury, submerged salinity,

temperature , sediments of estuary.

MDA B AR TG PR PR | 2 i B i A 5 R G MUK AR A 38 R G RUAR AL SR (Hg) BRI A6 Wk
HAMRSR TR, 0T LS PRI AE TIREEAAE YR 2 H R (MeHg ) BT TR SR (Y AR A1 , RE 615
Ao AR AR AR PN BT 7K A Sl P P4 o BE s 3 o B W A T MR . b i R 43 R
FhRE2x 3 S0 T 4 SR IR AL A T BRI e HAE A ik R 3 KR I LR A 5 & UE Y
A A P oK SRR T D2 A A P PR S AR SRR e 6 A\ A i B 1 5 AL
WFFERE L TURR ) v ok B A AATLBENS K A AR 25 R 0 S N SR A R HAT B 3 3L

T 135 e b Ak 3 ] i gy 43 38 T L, R A K S 2 M e B85 T D53 P b, LA LR R
P IEAER , T M R Y 43 A SO A SR e . T HRAEAET ST AR SRR i TR TR R
RS L A BRSSP A BILST A 5%, IR 2 DX T LR v R A A 1 AR A A
FA B SR 25 14 5 W AACIRAS AT DG ™) X 550 o BT = A U b - 3 W 5 15 1 B R R ST | W K A
B A WL IS 2 5 0] R OR 7= A A3 5 AR AR WA L0 4 i VR AT 5 R 35 24 1) 2 v VR A
AR BT B PRSI BRI 0.70% REE DN 35 °C IR 14 YRR A 5y BRI 0 0] 11 3 2030 2
B — L) CORRE R T 52 B0 A UM LA B b 2 A2 U 25 DR 3R A2, S8 T A PR35 1l B2
FEANT S He A T TR 7 ER E A D B T Ry AT O 25 5 R BRSEE TN, XFol i P B AL 22 S JE B8, F A, [ N
XoF LA 113X T T TS B A 4

ARSCR 2 ALY 7 3 3R T i /K A K PR B ACIRES T | /K 3R B R PREE I B 4 728 Al Xt
L] T RRFETT AR Hh SR 0 R BESi Y 52 R AT, iy LSS X T 1 388 1l 5T AR v o AR PR B 5 ) 248 1 FRE T A
M AT SR AL RS A 3.

1 #5771 ( Materials and/methods)

1.1 F5E XA

TLYA] WA T3 VR] R Y AR 1 I XS A W s 2 XU, AR -1 SRR 7.1—8.9 °C L AEREIK
TN 557—682 mm, 478 & 1A 1392—1705 mm, 1% X3 Ml H 7K 3 35 SR IR T IR1 K Y i BRI K ) AR
25 X SR DR SRR A L X 4 A (1 3 B 2R RN 5 2 ( Phragmites australis)
T SHORTE (Suaeda het-eroptera ) Wi b AR ME i b 3SR 8 F LA G AR Ry 2 il Eh i £, HL i B
e 7 1) b e WA PR B R E TR R AR AT O 2 R (40.83° N—41.15° N, 121.56° E—
121.76°F ) Hb [X B Rk .
1.2 LTI

T 2016 4F 6 H 2 T RAALT I #EMERZ (0—10 em) FIER)ZE (10—20 em) PIRY), St BB, B
IR GRAT ;0 T ARUESE I 38— F A SR T J5 I TR F B R 20 R 20 5 DO 4 LAk Joi D,
#1.

F1 AUKTORY A B B

Table 1 Basic physical and chemical properties of the tested sediments

. BLIST MR 3R
SLBIRY LR ’ A
. pH Organic matter/ Total mercury/ Methylmercury/
Sediments layer N o O
(grkg™) (mg-kg™) (ngkg™)
eSS 8.71 11.06 0.15 2.04
JiJZ 8.91 9.57 0.13 1.12

1.3 Bl TRk
M 2016 4F 6 F 2 S 7ELL A7 11 R 5K i Bsh i /K B£8R BE (1.84% ) LU K g7k Hh 4% 2 28 88 TR B A
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S N K ) T B bR . SR B K TR BH B 1 5 B 43 0l >R FH EEL 52 SR A ( DDBJ-350) A1 - {8 i {3 (1CS-
5000) M2 LR 1L N TIEK IraE 2 s an 2 2.

F2 BRI ATICE (g L)
Table 2 Composition of simulated seawater solution (g-L™")
NaCl Kl CaCl, MeCl, VeSO, NatCO, NabBr

26.518 0.725 1.141 2.447 3.305 0.202 0.083

R S4BT B K I ER BE 298 1.80% , -5 SZPrifi /K 8 B AH 22 AT, LABCER B 19 N TR 7K 43 )
FERERFE 2920 1.509% F11 0.50% Y WA RS 5 Y R I, DA R B /KRS AR B (CK) .

1.4 LK HFE

(1) BBt EE 5 0 2R 2 R Z DT 43 e AN DR 2 L VR AT I A R4k, /K& N 1E 47 0
TAEIRAT SRIG PRI 350 g (MR H ) UARMN & T-hephr i & 24 h P AR b 14

(2) BESEHT, 3 IEEREE N 0.50% . 1.50% F1 1.80% %5 3 Rk B 59 N T HE KA AT + AL B
W LR FRAE A2 AR FE (CK) 3 B —FRER B 2 0F T 3888 IR ACIRES , 55 — Bl A OK i i T
DURUIRT 1 em 40 (2WEK) , S R AOK AR TR R CEEK)  InANT 8K, Hid 5%
TR MEE MUK ZI B2k, LU I 5 B2 ik i i, B — Pl ACIR S 3 4197175

(3) B DL bR BEAR B AR S RIS 3 A TE RS TR AR T 3 NMELR S FR 46 IR 4300 10 °C |
20 °C 130 °C ,ffikESHAE 10 °C 20 °CH1 30 °C 4604 F Rt gef 745 5%, ¥ B35 168 h;

(4) TEXEFRR R D, 8 W ) PR b ST AV, TRUEEACIR S AT 20 B 2k 1 D) Bods Kk 3 B AN AR R
FHHL SR ( DDBJ-350 ) 1l 5E ¥ 7K 5

(5) B B SR A SR A R R AR A A AR e A A N T VKA T . For SE IR BT Hh A AR
DT (B FHYR VR TR A8 A T T 0 S 5080 T e mss O i) W ok 80 H i , 25 H.

1.5 JRAH 3R [ &

UURRW) SR I 52 2R HNO,-H, S0, -V, O B T A ), AFS-2202 JEF5 66 BE T 52 , AU A% e %
ot BR A 0.005 pg- L' 7ESCE0 o B vp B0 S 02 AP AT AR B AR AR U A 2588/ N T 4% RS T ARG
A2 R B R AR HERE & GBW-07401 47 4 3851 i a5 11, SR B R bR 9 ot 7 &4 (0.032 +
0.004) mg-ke™", BELEF A (0.034+0.002) mg-kg™'.

DURR ) PR TR R ) R BRiR 4 - T e A B -5 B K R AR B4 28 SR T 9 663 D R A 2
AR R 22 5%—=15% XS T ARAS PR 0.005 pg- L7 IR K TAEA-433 BEATIRAIE , bRAf H LR
FHH0.17 £ 0.07 mgekg " EIELE RN 0.15 £0.03 mg- kg™ AR50 H AT FH AR 8 A 2 4l B FE G 3%
BE % A8 FH T 3omol - 1" RS AR IZ I 24 b, F E /K bk 805 B R LB oK vhidk 3 3.

2 R 51718 (Results and discussion)

2.1 AIRIEREE R BEXHUR ) 3 2 R 2 R 52

FEAHE K RRE K S, RIZ AR Z DU b B 7R 25 bl R B AT B A AR Ak SC R A& 1L fE &1
IR, SR R 10 CH, RZFURZ VIR R & AR KRB T ik shif ok, 2 UTRAE N
A 1.5%EE KIS REAK(0.117 mg-kg™") , AL KT K & 5 fe 5 (0.147 mg-kg™") , 3h AT IL
B ok B A2 fE 2 e 25 (P = 0.02) (3R 3) ; IRZ TR thoR 72 W KR BE Ry 0.5% B 35 3] e K(H
(0.150 mg-kg™ ") , FEHE K Al K R & AR (0.112 mg-kg™ ") , RIKFEAEERERZ R AR E (P =0.12)
(% 3).20 CH, RZREZ TR R & Y RINBER KL TR RAL, 3R 2ZEF B E (P =
0.02 A1 P =0.04) (& 3).30 CHl, FRJZFE)Z VOB ok & S 3 AE K 5500 T ik 8l 5 K ME, 70 5 R
0.119 mg-kg ' F10.121 mg-ke ™', B2 HE /K ER B T B iR, 76 WK R B A 1.80% I, 2 2 AR )2 LR
PR SRR, 2334 0.095 mg-kg™ F1 0.098 mg kg™, fEEL ] 2 F B (P =0.04 F1 P =0.00)
(F23) AEPWK SR 10 CHF BN aik i 32 VTR R & B R % (0.123 mg-kg™') , 4L E THE
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2 0.50% , TR R fr 8 R 0.134 mg kg™, Z G REE HE KSR E T, RIZDTRYIR & & LI A 3
R JEAE 0.50% 7% & Bt (0.139 mg-kg™') . 7E 20 °C 1 30 °C I, 2 2 UTAM hoR & B Bl R )3 19 i
WA, HLAREMR) 22 57 i3 (P =0.02 A P =0.02) (K 3) ,IRZ UMWY hoR & fE BEER FE 8 WL B ke A1
HERERIZE R A (R 3).

10 C E20C 30 C
submerged conditios
020 (a) %E ' EE\‘
|
|
0.16 |
|
a |
' 0.12 I
20 ||
£ '
20,08 :
|
I
|
|

CK
Salinity/%

no-submerged conditios

(b) #2 ' &2
0.16 - '

|

|

0.08

Hg/(mg-kg ™)

Salinity/%

1 AWK (a) FREHEK (b) RS RZ FURZVORYIR & 1 B K B R BE A2 AR
Fig.1 Variation of total mercuryccontent in top sediments and sub sediments with submergence

salinity and environment temperature under submerged conditions(a) and no-submerged conditions(b)

TEAHE KNS, 258 09.0.009 F4 2= TR FIME K #5 B2 4 1.50% B9 R JZ DU TR R B 10 °C 3
20 COREEIEM, 20 CH 30 Cok & B, Bl BRI 25 A B (R 4) s AR , HRIh
PRI B A WLAR e R BB A, Ll B ] 25 55 W 25 AR P W K I AR TR R BE 2R AR T, B R PR 5 U JEE
Thims, FRJZFRJZ DU oK S g WA 7K ER I 1.80% I, I B2 W] 2253 . 35 (e 4).

WEFE R, SRIBERCR— G R IR BETh R R I RO AL T RE A R TR AR S B
BELRIAN, Na™ Rl K 45 080 <5 PR - <5 12 5 e B 7 - AR L ) <5 Jem 1 St R, ol £ 444
TN AR e 4 0 T SR O A 7 5 B Na™ I K MR R 1 Hg™ RS L AR s I MR e 2 A i,
[ HgCl, 17" [ HgCl, ]~ 1 HgCl, "™ | AT i 3 A A P ) SR AR M P AR WA A A BT 22 4517 a1t v e
1) NaCl AR AR T He™ 78 -3 o (1 W B 15 T PR A S5 X 2T AR QU s 9F 5 SR T XSRS mi S )
2, X AT BB LOAARIR L DU A ML B R B G RS T, AR AL T IR, IR
VR85 )T TCAILoR D T 1) SRR 4 v 5 i 1 SR 20 LTANG 4512 3 =gk + 2 (i 40 52 50 % 3, W K
I EEAR MK S S 5y 5 3 e o A R T TRT RN M 5298 9 1 P R B2 WL, Y KGR ), DUAR
AbTFRREEIRES  (E RN RO BE 1 B0, DU 15 A K o8, IR K B B0 T, R
DR ok & AT 2 2 BIAL UK TR 70 AR MR R JE DU v R IR 32 0 0032 WL A% it /K LB K | A
BE AT FLBUK I BT , S EURIZ TURY BRI R HE A L BDK A LI (K B 2 21408,
X5 BRI A A A 22 5 T T e it — 20 S BORMET TR R BRI, BEA KA B 7R Bl K
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(LSSREAPUEIN: 3 95 MRY S L SN NP0 W/ a XA RS 782 2 DN (o W [
R3UUBWY PRI IR B ik BEE 7K Eh B AR A (Y 0 B S WUA 3Ry 28 40 4

Table 3 Results of nonrepeatitive double factor variance analysis for salinity with mercury and methylmercury of sediments

22515 U2 10 C 20 C 30 C
Difference source Sediments type F P F P F P

THg e 87.7 0.02 21.8 0.02 10.7 0.04
LWIKZ 4.7 0.12 10.5 0.04 264.1 0.00
FHERZ 0.7 0.63 18.0 0.02 19.6 0.02
RN 2.0 0.3 3.9 0.15 4.6 0.12
MeHg e 722.2 0.000 87.29 0.002 28.9 0.010
R 1607.6 0.000 157.4 0.000 174.0 0.001
FHERZ 121.4 0.001 450.7 0.000 15.6 0.024
R E 830.47 0.000 523.1 0.000 5307 0.004

R4 UUBW PR AN R B i BE PR I E AR A Y T B S UN 3R T 22 A3 4

Table 4 Results of nonrepeatitive double factor variance analysis for temperature with mercury and.methylmercury of sediments

L DE IRk CK 0.50% 1.50% 1.80%
Difference source Sediments type F P F P F P F P

THg EWRZ 59.0 0.017 49.5 0.020 7.3 0.120 25.0 0.038
RIS 4.4 0.185 87.9 0.011 139.0 0.007 491.5 0.002

FHRZ 2.4 0.294 2.8 0.260 10.6 0.086 17214.9 0.000

RWIEE 5.8 0.146 8.2 0.108 11.8 0.078 19.4 0.049

MeHg EWRZE 1899.7 0.001 216.3 0.005 36.0 0.027 42.2 0.023
ERI9S 22.6 0.042 44.1 0.022 1178.1 0.001 149.8 0.007

FHRZ 80.2 0.012 9.0 0.100 1101.2 0.001 108.2 0.009

PSR 23.7 0.040 115.3 0.009 887.5 0.001 78.3 0.013

2.2 ON[EEREE TR XTI v F LR A

WE7KER BE A S PR 53R B2 1 722 Ak 2 S ST A v R RO & 1o A0 A i) o 2 R 3R LR AR A T ok F R Ak
AN =003k 309% 2 3R A 2) 78 10 C I, R ACIR ST, 22 R JZ DU b B 5L 5Rk
BT A S DU R S0k B, B G W K AR B TH R B W T i, TR KR 1.8 % i H LR
iR .20 O FE A2 R AR R AT WK EREE R 1.5% W BOR &t i e ; MK 3R EE S 1.8% B, H
FER T R EAIR.30 CHFBRTEWE KL MK FREE R 0.50% 05, 3 J2 R 2= UTRR ) b F SR & fE 441K
T 20 C BHTRWI AP SRS B AN, 55 R R BE AR TR s, P b s ACIR S TR 22 R 2 DT p B LSR5
HIFIN 30 Chemy , IR KEREE N 1.5% Bk B RAE. W ACKR T DU v R & & Ll i
KB i AWK R KRS, R IZFRZ OB v B R B o5 i s 7K B N B B 0 B AR b 2 5% Wk
(R 3K 4) s HKIREE N 0.50% 1), - R Z VTR hoR S e IR E B S AR E (R 4).

WHE GO, 0 3 B G B IR A1 AN 2 B SR Ab 1 R TR A A 0 5 3 2 A v i A
T TR A P A IR A T2 B SR R R P RS IR B A R T B R A AR A e ACIRAES TR U
FRIABRT AL T IR A IAES , 3 M UTRR ) i FE B S E 4Rt T R A A AR 3RS A R T B AL E P
B3 KIS B gT R A RIS AT A T ICHL R M 1 A9 8 rp i i Ok 3R Z DU AT DL & 8 TR
JZ(F ), AP H ARG Y R RE R o TG P A A R T R SR B 7R A Li 5T RS
R A 2R )22 - HE B AT ) 1 R SR A s 7K B8 B A T s S BT AL B A0 o A [T R o, 2 o Y
TR A et SR R 2 AR AR S50, YRR FRIRE R 10 °C B, DR b mT B =8 22 e A 25 W LAk 0, T
R o B SR AR IR He™ | A B B B e S 3B v B SR A I s Y B R TR N
20 C 130 CHE, PR HI R B e R I BEWE K 3 B2 S TH R R R iy i 3 X AT iE 5 HeCl, & i Ay
K AN B Y HeCl, B8 %) 2o BB H & AE WAk o i i b SR e, &3l i He (1) 9
JF (HgCl™ 8% HgC1> ) B Fu 3], AN 5K il FE AL 12700 Wa S0V iR 6 00 £h B 5 P ok & 1 BL IE A 56
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K Z.BOYD [IBFFE 2% RERBE (0.29%—1.5% ) R85 vh Ay F T oR 1 T Ak | 6 B8 T 2R 33 b
HLAR B Rt R FR LA JR B TG e AT R &5 3R (1. 5% B R & 8) 5 IR 850 A —F

E1wc mzo C 30 C
10 submerged conditions
@) RE : JKE
I
81 |
o |
'sn |
& |
20 |
) I
) |
5t |
|
I
2 B : NN\ ::
| N N
W I N I
0 !
CK CK 0.50 1.50
Salinity/%
no-submerged conditions
0 - #E ' 2
s |
TCD
=
20r
E)
T
as)
@) 4 F
SN
2 N NS
N N SSN
N N ) W
NS SSN SSN
0 _ﬁ W\ N WA WY
CK 0.50 1.50 0.50 1.50

Salinity/%

B2 4K (a) FIREHEK (b) IR T 2R)Z FUR)Z TR ok & BB 2 RS OC &R
Fig.2 Variation of methylmercury content in top sediments and sub sediments with the different submergence

salinity and temperature under submerged conditions (a) and no-submerged conditions (b)

3 %518 ( Conclusion)

(1) #E 7K ERFERY TH iR 23 SRR TUR ) P SR & B, 3 >4 SR BE X R ) T BEAR A e VR T, O
FRIEN 1.509% I ik BN i R AR, 3 Ud WAL TR] 1 RRMETTTER ) rh ok ) R RE A 528 7K 20 B2 B 2 .

(2) PRI RE A A2 A [Tt 2 S e U AR ) v SR FiT B R o o5 | Bt IR RE T, DURR ) vh SR & S
s S S 10 CIF, DO I Bk 5 i IR, B IR R Ty, TP R & Bt iz i T g, 7 30 “C et
IBF K.

(3) MEACIRZS A K I B A M) T AR DL R A0 o SR (8 TR PP R 50 194 A . 7K 3 JEE R B3 38 2 1
AR TR R #ER)Z (0—10 em) PR JCHILoR 1RO F 285K 17 A
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