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Speciation distribution and risk assessment of Hg and As in sediment of Lake Caohai
wetlands under different water level gradients, Guizhou Province
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Abstract. The speciation and ecological risk of sediment Hg and As in different water-level gradients of the Grus nigricollis habitat
in Lake Caohai wetland, Guizhou Province were analyzed by modified Tessier sequential extraction. The results showed that Hg
content in sediments ranged from 0.45 to 1.51 mg/kg. In terms of speciation composition, residual Hg>Organic Matter Hg>Carbon-
ates Hg>Fe-Mn Oxides Hg>Exchangeable Hg. The content exceeds the soil environmental quality risk control standard for soil con-
tamination of agricultural land and is related to the regional geological background and human activities. There is no regularity in
the content distribution on the water level gradient. The ratio of non-residue Hg in Liujiaxiang ( zone A) and Huyelin (zone C) ar-
ea increased with the water level gradient, while the non-residue Hg in Zhujiawan (zone B) showed a downward trend. The As
content is between 16.4 and 23.8 mg/kg, and speciation distribution residual As>Organic Matter As>Fe-Mn Oxides As>Carbonates
As>Exchangeable As. The As content is equal to the land background value of Guizhou Province. With the water level gradient ri-
ses , the total content increases, the proportion of residual increases gradually, and the nature gradually stabilizes. The geo-accumu-
lation (/) , the Hakanson index ( E; ), and the risk assessment code (RAC) analyses of the hazard degree of Hg and As indi-
cate that the risk of Hg pollution is high based on high Hg environment background value in Lake Caohai wetland, As is at a low
level of pollution risk level and less affected to the environment. In this study, the distribution of Hg and As speciation and ecologi-

cal risks on different water level gradients of Grus nigricollis habitat in Lake Caohai wetland were studied, and the effects of water-
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level gradient on heavy metal/semimetal distribution in sediment/soil were discussed. It provides a reference for the assessment of
ecological effect of water level rise in the Lake Caohai wetland.

Keywords : Lake Caohai wetland; water level gradient; Hg; As; speciation; risk assessment
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Tab.1 Survey of sampling sites

KX IRANE R FEAE IR/ em
XZE(A X) PUKFEBE X (SP) 4> 11135 ( Ceratophyllum demersum) 130.00+10.00
HEAK A X (EP) JK 2. ( Schoenoplectus tabernaemontani) 89.00+7.94
IR AR R X (WP) J5 25 ( Phragmites australis) 31.00+6.08
RHIX (CP) F K (maize) 0
REE(BIX) YUK AR B X (SP) JM-HR 7 3% ( Potamogeton oxyphyllus) 120.00+18.68
HEKAEE X (EP) JK 4. ( Schoenoplectus tabernaemontani) 89.00+14.58
TR S X (WP) B ( Paspalum thunbergii) 58.00+11.70
KHX(CP) T K (maize) 0
BIMAR(C X)) PUKAEHEIX (SP) SR T3¢ ( Potamogeton lucens) 264.0018.01
HERHHIX (EP) 3 ( Typha latifolia) 132.00+14.01
IR AE IR X (WP) R ( Paspalum thunbergii) 82.00£11.06
KHX(CP) T 2K (maize ) 0
A HIX (CP) KB X (WP) HEAACH X (EP) | VUKHIBX(SP)

T KAI2173 m
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Fig.2 Water level gradient profile schematic diagram
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L18% F11 91% ~111% . 5 B Z A /N T8 He P %, EESEPR UL B 2ol Ui 2k, BLACD JRILER 2. R b
I L T2 61 5 (AL RUHEE AFS-230E) #EATIIE . A SCR A Origin 9.0 4.
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Tab.2 Sequence extraction procedure of improved Tessier

CIEE H% 1.0000+0.0003 g £ 5 I A16 mL 1.0 mol/L MgCL, /& , 25 F 4% 1 h(200 r/min) ,
( Exchangeable, Ex) 0 10 min(4000 r/min) , B F1E R EARZE 50 mL FHiH.
IR EE A [a 5% FP 16 mL 1.0 mol/L HAc/NaAc 2% ik, =15 FR7% 8 h(200 t/min) , & .0> 10 min
( Carbonates, Car) (4000 r/min) , B 15 E 2 50 mL A .
Bk SE AL S [ 5% 75 H1 1140 mL 0.04 mol/L NH,OH-HCl F125% (V/V) HAc JR4 W, KB N 96+3°C | i}
(Fe-Mn Oxides, FeO)  [a] 4 h, B> 10 min(4000 r/min) , B 3EWE 2 50 mL 25 5 ).
HHLE AR 5% I A6 mLL 0.02 mol/L HNO, F1 30% H, 0,7k 10 mL, 7K 85+2°C [l BR#R% 2 h. fin

(Organic Matter, Org) A6 mL H,0, R 7E/KIA 85+2°C [a] Bk ¥2 % 3 h; BHIJS A 10 mL 3.2 mol/L NH, Ac 1 20%
(V/V) HNOﬂﬁg%?ﬁ,ﬂF{% 30 min, Z.0> 10 min(4000 r/min) , B 1S EZ 50 mL 2.
TRt A [l AR A 10 mL 11 FE 7K BB b 0 i BRI AR 3 mL 245 B T OE 45 % 50 mLL 25
(Residual, Res) HH.
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Fig.3 Mean concentrations of heavy metals in

sediments of the Lake Caohai wetland compared

with those in other sediments ( The solid line and
the dotted line in the figure represent the selected
values in the Hg and As soil environmental quality

risk control standard for soil contamination of
agricultural land (trial) GB 15618-2018)

Hg 7R B0 3 A0 B 36 2 DU Y & AR L 22 5
LW &, B AR bl 0.45~1.51 mg/kg, BEF-35 &
7 0.74 mg/keg. As (&R /N, T 16.4~23.8 mg/kg
ZIA], - HIE K 20.8 me/kg. 2 BRI RS R A M
4387 Yo KB bR i) (34T) (GB 15618— 2018) i
+- 4 Hg A1 As G 356 (8 X6 R0 L X o 4 J 2 s EA T U X,
GRFEME 53 0.6 F11 25 mg/kg. % (E U 7T BEXT A& A
Wy rE Kl R SR A AR AU Herp Hy 50 i T 0 o
8, FEAETS XU, As AT e (8. B 3 T AR 1
AR He B S5 d2 AR B, (UG T 0, T As
B A TR A as a4 A6 Lok A, A X5 Hg (197
PRI iR 3 T 0.93 mg/kg( & 4) , &4 18 HLvR B
/NH A>C>B. Hip He 78 A-SP & ik #4550 1.51
mg/ke. EERARAL HILYE C-CP A4b, 5 0.45 mg/kg, ¥ 5
Z IR A I AN B . As BEIR F sS40 A T Fa. R
IFi] 7K A B =2 ) ) 22 (BN B 5 2 mg/kg.

FEIR IR EE I, Heg S35 5 i (1 K /N2 53 ol T 7K A bk
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Fig.4 Mean contents of Hg and As on water level gradient in Lake Caohai wetland, Guizhou Province
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2.2 Y Hy As ISR

[ 5 24 Hg As 75 3 M B AR R KA BE BE B 25 73 A 0. Heg WIE S 2046 LA Res-Hg o 32, P34 & ik
R 45.91% (23.58% ~74.67% ) , H R MK ¥ N Org-Hg > Car-Hg > FeO-Hg > Ex-Hg, H 1] 43 5l & 15.98%
(7.85% ~24.11% ) . 12.83% (6.20% ~ 17.89% ) .12.80% ( 5.20% ~20.14% ) ,12.48% (6.07% ~17.98% ). Hg J&
AAE B XS E K IR B B W AR AL, BEAK LA S b, AR BRI A o L g i, L Ex-Hg 1 FeO-Hg
i LA U TR A C PRI SRR 8 B B AR AR S i LLE2 e s, As TEASTE B X BB AK A7
b B2 )R AL B e W) 0 A R, K A BE SR R BRI A o LU TR IR A X BUB 28550 M 1R I i AL
C DXIRAR BRI S TEHEKAE R IX (EP) JKAAZ IR IX (WP) R IX(CP) b 5 g Ak, T34 0 Res-As>
Org-As>Fe0-As>Car-As>Ex-As, fIf (5 43 312 77.06% (50.34% ~95.77% ) . 13.54% (1.11% ~30.40% ) .
7.97% (2.30% ~20.82% ) .0.77% (0.28% ~1.62% ) F11 0.72% ( 0.26% ~1.50% ).
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Fig.5 Distribution of heavy metal species on water level gradient along the Lake Caohai wetland, Guizhou Province
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2.4.1 AR B HE He 78 12 AR P B B AR 8 1, U 1.44~3.19( & 6). A I F-3475 Je g5 4
i, 2.40. Hop A-SP AR5 PR IE IR IR BN T HE TG Y. B KT T5 Y g BN JB Frh s 4. C X
BOP 75 A8 HCR 2.06, /8 T P EEE Y, C-SP R ig Yedb BURARAL. As P& & 5 50N 1 SEARIT, As
R AR B N A, V5 Y BB IGTE YL, A BT B R 7 As TS YL,

242 BALAS NS B E TGN E M He As 7E LS RS 8 B0UILFR 3. Hy WA AR 25 KU 48 B i, 16
163.18~548.59 2 [i] , 354 269.20 , 3 44 Ja8 T 5 ¥ 78 A= 25 AU , (A — a2 2 ) 22 5. X1 5 A8 T K il IX
(SP) JKALASE X (WP ) FARGIE KA AR X (WP ) JE TR AL S KU, HARE 55 35 8 TR AR A K. As T
FEA SRS 8 BRI, 7E 8.19~ 11.91 Z[R], P32 10.39, B/h T 40, J& TR A S XU

243 RN 4% KT o] DUE H R0 S He 842 8 0] I 23R8 , 1 12.27% ~ 34.07% 2 [] ,
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3ol He e A | P 25.31%  JE T AR U AR, 7E K5 T L sh,
Ig% 1 B-SP B-EP B-WP ,C-CP [} HL#B#E 1 30% , &5 5 1y 2 4
Rl A PR X A R T REAE AR B R KUK, As (1426 4 ml I
£ 24l R AT 0.53% ~3.12% FE I, 3 1.49% . As (1)
B A=W AT R AT b ECBIARAR , X R85 A b T XU B
5 20f TR K.
Lof 3 it

Sp EP WP cP 3.1 R Hg As & 2R 5 TR FE K& XM
I N SO BT D He A TS, TR I g 2
e Lo SOMARRT SR LRSI A R 10
WA SN TS T B R P, TR 1 45 T
W KR He 0 8 B 19 X, o5 42 He % 110
75% LAV R 48 PR R T A R R R OR )
T X IR, B S RO KR STk g 1 o
B AT —Fh A TR, AR ATIA S 0.35~0.48 mg/kg ™ . FRBERES T RSG5 FIF R, KRR He HEA
A BRI , K ] 0 T i B 10 M [ Flg 5 i3 3 b T e K. As A fik 5 300 45+
W ELEFET DU B B As A — R AR5 5t i & i, £ A AU LRI FL K B
ICHAEE:S 3 -t

73 SN RO S M Hg A1 As 7ERRIKARERE [ AW e AR S KRR &L E, K5 e
Tab.3 Potential ecological risk index ( E' ) and pollution level of Hg and As

Fig.6 Index of geoaccumulation (/)
of Hg in different water level gradients in the

Lake Caohai wetland, Guizhou Province

in different water level gradients in Caohai Habitat, Guizhou Province

H s
K : By . i
AX B X C KX A X B X CIX
DRI X 548.59 183.74 299.01 343.78 9.06 9.42 9.89 9.46
(SP) (H58 ) (5#) (51) (H%58) (B0 (510 (510 (150
HEARRE 1 X 203.35 172.10 213.77 196.41 10.75 10.53 10.21 10.50
(EP) (5i) (5%) (5&) (58) (430 (10 (430 (10
IRASE AR i (X 352.38 195.03 373.04 306.82 11.47 11.58 10.91 11.32
(WP) (HR5) (58) (H%58) (5) (B0 (B0 (510 (10
e HIX 255.60 270.57 163.18 229.78 10.73 11.91 8.19 10.28
(CcP) (5%) (5R) (58) (5) (430 (10 (1) (10

* 5 P B RO R TS YR

RIFK AR He F 8 LR B A, E B W S B0 20 i L. 5 =ik BETTUK TR T 4 R B e 4
FEAERE S B PR S /K P i K VL 1 5 7K 2 D B VR UL (1 0, 7 P T 4 % 76 I UL R AR, 277 A T
Y A T T K (S A A T SN TR W VS AR B 3. Jrp AL C KR Hg 7F TR A X
(SP) FIZK A AR X (WP) e J8 THe @ K. PR AL C DX 4 SIS T B0 0 A K T K T, K 37 AL A
e SBOK A URE B IE TR LR T Ak He BB LK RIS IR IX (WP ) i 48 B9 25 450 A A
Wyt He BT RAT— WA i He & RE AR RIS . B WK (5B 3 1 B 52 1 Th a3, A
KRB (EP) 54 [ X (CP) A ik ZRHFHEAN. As A BB URTE A (L 3 TR BE I 52 o6 B0 A 34, (A 45 175 Ak
TG Hop ALC FAbFEAR H X (CP) b i IR A, 4 FH X4 180 A 0t B AR AR IR As #6475 AR AR 2, 800t
By As S REFRAEE . KOIARIE X (WP) [F] Hg —REZAE B HE R As 76 A \C KISK A7 A8 11 IX (WP) Zb
Z. As ZEK PSR IX (WP) A E R FUUKAE B X (SP) 4k, 5 Tkem %5 %t 32 [6 Hough # 1 15 %K T
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in sediments of Caohai Habitat, Guizhou Province
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