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Environmental Characteristics of Heavy Metals in Surface Sediments from the

Huanghe Estuary

WU Bin"?, SONG Jin-ming', LI Xue-gang'

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The contents of Cu, Pb, Zn, Cr, As and Hg in surface sediment from 14 sampling sites in the Huanghe estuary during July-
August, 2011 were measured to investigate environmental geochemical characteristics of heavy metals related to multiple factors. The
distribution, relationship with fine fraction and TOC, and sediment quality assessment concerning heavy metals were analyzed. The
results showed that average concentrations of Cu, Pb, Zn, Cr, As and Hg in the Huanghe estuary were (16.5 +2.7), (16.0 +3.4),
(21.0+3.3), (17.4 £3.1), (6.5 +1.2), (0.0444 +0.0307) mg-kg™", respectively, which were lower than those in other
typical areas along the coast of China. The distribution of metals displayed higher profiles in south than that in north of the Huanghe
estuary, with a trend of increase seaward, especially for stations in southwest of the Laizhou bay. The insignificant correlation among
metals indicated the complex sources of heavy metals in flood season. Pearson correlation was also conducted between metal contents
and percentage of fine particulates and TOC, which was also insignificant, suggesting heavy metal concentration and distribution in the
study region were also controlled by other factors except grain size and TOC. There was a good correlation between clay fraction and
TOC (r=0.724, P <0.05), indicating TOC tends to accumulate in clay. Compared with variety of background values and an
internationally used consensus-based sediment quality guidelines ( CBSQGs) for saltwater ecosystem, heavy metals in surface sediments
from the Huanghe estuary implied a low probability of toxic effect, despite a sharp contamination trend pertaining to Hg and Pb since
1980s.

Key words: heavy metal; background value; sediment quality guidelines ( SQGs) ; flooding season; the Huanghe estuary; surface

sediment
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Table 1 ~ Concentrations of heavy metals in surface sediments from the Huanghe estuary

AR G {H/ mg kg ™! _ R 2R HAONLE %
/M N BARKME brif 22 /% 25 50 75
Cu 12.2 22.6 16. 5 2.7 16. 4 14.3 16.9 18.4
Ph 11.7 24.7 16.0 3.4 21.3 14.1 14.3 18.1
Zn 14.8 25.4 21.0 3.3 15.7 17.9 21.8 23.4
Cr 13.0 24.1 17.4 3.1 17.8 14.9 16.5 18.9
As 5.1 7.6 6.5 0.9 13.8 5.6 7.0 7.4
Hg 0. 009 4 0.0923 0. 044 4 0.0307 69.1 0.0256 0.055 1 0.084 2
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Pb, Zn, Cr, Hg Fl As WSRIERSE Z4, X vl B S
TR A G | IR 3 TR 6 K, 45 R S U 1) ¥ e
AN, P5 2010 A B Vb A4k b A EEK SC
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WM A 39. 10, 49.55 42 m®, ¥ B G B
T AE R K 19 45. 9% 5 Fi v it 43 55 570, 7 310
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Table 2 Comparison of heavy metal concentrations in surface sediments along the coast of China

" N 3 HEJE/ mg kg !

w5 R (-7 (%ﬁ;?ﬁéﬁg) Cu Zn == Cr As Hg
W woos ot Po B0 IonT et RO Sie o
K mmas mea  EER ORI Reoan e ooy

2009-08 20 (2 om) 4. ?TSN. 2411.)23 3. 0(1977295). 16 12.(4396.~2641). 16 wd 4. fg; Z.)61 0. 0(05 6505. )123

BT 2003 ~2005 23 ~30 (20 m) 8.(83;.564). 6 22.(1417)7). 0 27.(?01).1%. 0 53.(781111)1. 0 11. 222? ;4;. 30 0. o(l(i 1~700.)050
JRITHE) 2005-12 8 (2 om) 3.(321073324). 2 13(.4291959). 4 L 1. ?i;;; 7 1.(2678133). 30 0(()352.)078
I/ REAC 2003-03 22 (20 cm) 5'(217”7469)' S 22;.13(;' 6 47'(?0;'33' 3 n. d. n. d. n. d.
T meew e IO I wasnens seoms maae
s 18] 2003-07 g 24.(;{;?.)04 15.(2117.~3149).41 74.(2968.~9124)7.6 wd 5.4(12.;2.)52 0. ?3;2.)97
S— 200708 - 2,(91;236).4 11.(;0723)3, 1 34.(§9~.49‘3). 4 34.((5){?1). 1 9.(61;117), 9 0. (()(2).:)(5),31)15
- 2007-10 3 0. Z?lﬁé?h 4 11.(26531;1.3 26.(562.~79)1.2 o d 5.(21;236).4 0. (()(3).52.)10
i) 2008 66 (20 om) 1.??;(35.)91 9. Ziz;t.)% 33, ?ggi;gs). 10 96.(5154;.1627). 30 o 0. 0(2(5 1~106.)394
— 1998 3 (0em ()(7324;08)7. 1 3 ?34?4117). 3 16.(4110;.283. 0 4 4255;‘190;,. 0 o isz;;e; 0 o 0(05 6601. )148

Dn.d. FaRARN ; 2) ARAFF
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K, 14 Dulifirh Cu, Pb, Zn, Cr, As %5 fhE4 )8
78 S R BNTE 13. 8% ~21.3% I P, Hg Ay 728 &
REABAUH 69. 1% , T Heg W& EAKERHEE
SRS EM2 MRS B He 4MA S FE 48
TN 3 Fs. WY X E 4 s & i1 2S )
AN HA AN P S R
B Cu CJPb E597n EECr EZAAs
100 - WO%dE | w08 HOISE R {55

& fib/mg-kg™!

Al A2 A3 A4 A5 A6 AT A8 A9 AlD ATl AI2Z AI3AIL4
YL

E3 BAAXRERRYUTESENSENH
Fig. 3 Distribution of heavy metals in surface

sediments from the Huanghe estuary

(1) B[ 1 g M AR vh 8 4 )@ & i BR Cu
Zn A BRI ET A8 ~ A11 R4 22 1 R MU AR g vh
TR & &I AL ~ A3 R AL %5
AR5 A LR 3 A #a 3 — 20 (R i 1 80
PR P SRAS 3l 7 R U AR S AU B U 0 RN o
&, HERIEWIN W oA B S5 TR 288 0 46 T
WA X ULIATTRY A HL & T RE R R
M) B 4 i A P B PR 3R TR R 114 R i) U AS
Howk, B BN R VD | K BT 175 4 )
Xof SN T G T S B TR Hh R 4 DR A R R
KU B2 SN R AT R IR AR Tl A = i S
TSR AR Xt S R 4R L
JeiEs R EE RN, bAh, Cu ., Zn 76 #E 0 1 RG0S
A% 53 A e 35T B2 7K 30 1 3R B 5 R i 45
AE G 5%, AT R I A 7K 30 1 85802 4%, T SRR v ]
(8 F) & 2010 4EH H ¥R R K A 4y, 46 3%
TR SO A G818 18 49. 55 x 108 m*2 | Al fig
S % T B AR X T 6 AT R 5 22 o RLBURE 8, i 40
BRI T A T L, T Cu., Zn 5 ANURIRY 2, &
Frgges Bt BTLL, AK B 1 R BT RN 4 s - R A 1Y)

A RE LRI T Cu, Zn #E 20 I TR
) oA

(2) DU e 4 i o S Bl 5 TR) 11 ) 1138 3 Ko
1%, IEHET B IR B i KAE. A8, A10, ALl YR
VP EE A JE S B R b S A I T T B i
R RaH AT A10 TPAY Cr, As B HRELE A8 &, 1H
{5k AL 5 A1L HAY Hg Hb A8 /&1 A8, A10, All
Y Cu, Pb, Zn M9 & AR IEAR, 5 1M 25 — W7 1
(A4 ~ A7) K55 —Wiii (A12 ~ A14) BR Cu Ab, 3
ENENIN D5 (T KE

Zr b s ALY b A R e XA R A
[ A2 BRI | KBl ) 3REE | DU 2R
BB 1% et 45 MR Ak 27 R R () 25 B S T

3 g

3.1 VYT ESR SHBRY . TOC ER

FHCAFFE R, ASRIRETN , B IR N & B 500
GAL/ESIE29)E D O o b Y U NS Rk
— S AN TRDREBE BT 2 et 8 40 2 A LA R SR 25 T
YyPRAL AR B 2500 5 2 R AN [RDRLE P 11 J8kE
P AN Kim A A2 AR EE AR
LG ERERANAS G SRS SRS 0
HEEBEAEER, T MR R 5 5 1E
FH. FL5EEs i i TR Y b R SR A
ML B A — € ARG OC R, A, A HLER 55 R
I, TOC TEARRREE L azpi . SR, 46
F 2002 A _EHFEK AT oA T LAFE B KD
FT5 YW A VEAS Jmy | 50 T A 3 A v B VR AR
Y, 53R B A SR BOK A% R A IR R 4%
1, e B TR AR S S 0.
AW 7S 1 4 S50 18] ) Pearson A0t JART
ZHEINEARAL N 1 4R A R T ARRAE.

B YU 4R 5 ANBURLY) . TOC 1%
EUE SR IR S T s e W =g | BT TR 7/
TOC Z A EAI R, — 7 R ZET
W1, e R AR R RO 8 A0y, TR I E 4R
2R R R LA ROK | W AR A B 52, T RR A kL
JEF TOC HAEsm 4 8 & B W IR R, 5 —
D7 TR, 78R T sl e B ) X3k, DA v
G E %z 2 HmRN R WS AFERE | TOC, /K31
Fe XI5 YR L 4. N TOC 5 41 JURL 4 0 4H 56 56
R(F£4)kE,TOC HAGRESF L EH G E I
KERZBGLF] 0.724 (P <0.05) ,1H TOC 580 W
FHEI R X R, w9 O R Z VIR FE TOC &
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Table 3 Pearson correlation result for sediment components

SIS Gt Cu Pbh 7n Cr As Hg
T r -0.329 -0.104 -0.473 0.225 0. 046 0.116
P 0.251 0. 724 0.118 0. 440 0. 875 0.692
B r 0.110 -0.143 0.199 -0.133 -0.707 -0.221
P 0.708 0. 626 0. 494 0.651 0. 448 0. 109
b r 0. 302 0. 320 0.333 -0.134 0.218 0.411
b
P 0.294 0. 265 0.244 0. 649 0. 455 0.144
T0C r -0.448 -0.248 -0.386 0.110 0. 126 -0.071
P 0.108 0.392 0.173 0.707 0. 668 0.810

1)P <0. 05 ( BB

B AU th TOC 32 B 8 V0 14 1k 27 40 i
SEMA O AR, AT b DX R AR S 5 Z ) A A ) 5T
TEFEIE B0 T AF X B0 RE A A0 ) UL ] 11 DR
SEOZ X TR LS HUIBORL o 32, oAb B e T
i, FEOKARIE W] EEARAR, PR ) 904 7 0 %
AR, P T A R A i A i PR (A B 1T
YA LR & ERAR. X2 B TE AR it
HAETP IR BIEOLT , 32 B PO 1 5200
WFFEIMFIR TOC B AR IR

£4 TOC EMFHYMEER"

Table 4  Correlation between TOC and fine particulates

e 5 Geiti w b L
TOC r -0.413 -0.440  0.724~
P 0. 142 0.115  0.03

1)P <0.05( MK L)
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3.2.1 HRHE

TS PR ik, DS BRUTE 5 Sl
VE R LT HE (1 7 i AL 46 & £ I 7 (EFs) | Hb B
BR(L,,) 5T (¢ 45 A ik 3 ik
FENRTG Y B E bW 5o i S e . i
FEIRBEA R 52 BN IR 75 Y, el 19 ik S
32 e i (A DR AR B 5 1 SR (A T Rk A
FESLPRBETE R, MR A, kAR alg
Bl A5 M T AR SRR A B I E LU S AR T B 5 |
A HE SR T ST EF M iz X o
(1 R R N5 Y A T EEME L. 7
SCEPEE AN T AR Z GGG 00T, BB i h
MBS R AR R, b DR 2 B ke
X RE B BN S S B R AR R
WFFT s A LAZ T 200 58 A AS [l S R A 75

SOE DA AR TS S (E, R 1 X 3 27T
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ZH Y.
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M4 PR AL Ph Y A8, (5 Zn LT 5008 ;
5 i i S A L AN T AR Ph S A
TIZT R, M Cu, Zn SR THSE; N
X TTREIEORE AL A5 A6 B/ Ph
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DB F IR B HE T 2R i (A B
FHREAE R 15 5o, LA DR & & 8 F 34 EAE A
FLAG LR, #5900 11 A6 v B2 TR T Y Cu, AS |
A6 VE Y Ph DA K A4 ~ A6, A8, AIO ~ A12, Al4
8 AU ALy He 8 S fH, Hrb A4 A5 | ALl
) He &Sl BME A 2 1500 1 M T Hbse oo R
Pl , s O R Z TP B Pb, As, Hg % &2 i
1o YRR U BHEAE ARER W Cr i .

g5 b SRR Sl DU PR B i v
(LSS AR A, (0 _E R AN [R] 9 b Ase 20 2 B o I 7
W O RJZUORY b P 195 B 75 52l 1 Cu,
Hg. As WA TE—E 5. gy 20 t4 80 4F
A JLII ST 45 SR AR, DA A BT 1 R FLAR 3 16 45
DU IS 35 DG 3 B LAY He, Ph 7530
AR, 52 NG Sh 520, # H He, Pb 1544
FomE RS A g 2480 57 Pb . He #B 1t 5
(B, X AR DA ZT O 4 L BT 1 BRI S P
Hg 15 J4iX — 2510 &
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Table 5 Background values of heavy metals in various geographical scales
2 ﬁé)ﬁ(q:i)/mg-kg’l
o Cu Pb Zn Cr  As  Hg

ity 3] 24.20 15.52 55.30 — - —
e 53] 15.68 8.41 46.73 — S —
Wit rh g [40] 25.33 14.26 69.99 — — —
it 0] 26.26 17.31 75.00 — - =
VR I 22 20 64 57 9.0 0.036
o EE A Y15 20 65 60 7.7 0.025
E U ALY I 13 15 40 60 7.5 0.015
WFICE ] 55 10 79 140 2.1 0.067

3.2.2  FEEPERON

PLFS Sed R SRR PPN AN R 4 T S BT 1Y)
IS RIIR, e = T A W sn A, DI it &
S ARG K, DA HE P ff w1,
TR PN 1 T AR TR ) S TR

FRI25 AR, B A [) 5 kA O S ME R H B L 3
M AL B Y B IR TR DIESEA
AR 255 2R B A TURY) a5 o 1) — B
OB 5T 1 L ( CBSQGs ) LA RE M A% 1 T 000 v o
15 I PR R AR LA R B T R R N E
DU R T 22— Apitz i 5 4%
T TR] b DX g 1 R ) o it B0 i E T —

WIS M A CBSQGs. angk 6, Hirp TEC btk
B TR, MU s g & e LTz w bk
ROV A R RARAIG 8 H AR T 25% 5 T PEC R #
PEEE _ERR, SR P s e & s T, &
PERON & A R AR = 3l % KT 75% 5 TEC, PEC
22 R 14 50 (L 91 LR oA e IX 3t o v AN o P )
BRI, ABFSTE TEC . PEC A8 A h 4554
N EE MEC DAREARK €2 DX S8 A A1 2

®o6 NRYMHPESEHNZERARN

Table 6 Toxicity prediction of heavy metals in the Huanghe estuary

ﬁﬁ}%(ﬂ;i)/mg'kg’l

= e ] A
SR Cu Ph Zn Cr As He
TEC 38. 18 52.99 153. 50 78.33 16. 11 0.18
MEC! 126. 41 174. 515 274.85 173. 405 35.215 0.42
PEC 214. 64 296. 04 396.20 268. 48 54.32 0. 66
o R SRR T 16.5+2.7 16.0 3.4 21.0£3.3 17.4 3.1 6.5+1.2  0.0444£0.0307

1)MEC = (TEC + PEC) /2

Ko DR RV R E SR & S LA
(EEATHORE, SR o, BTl B 6 b 4 s 5 1 4y
A FEEEBIE TR TEC , AT X S 2 TR
PSR T L YIRS ERAR N AR A A
REMEYITENE. A5G T SO AR, AT
UV Ph | Hg &l 77 5 {8, (HRE PR 0 P4
LER WA EAYIBON S A BT REVERLAR. DAL, T
P L E R AL TR LS R AR
PR Y AT REPERLAR. RUE N, i FAMTIE PR
8 14 MR, EIRESIETFAE—E 1R FRYE.

4 Hig

(1) # A RZURYIH Cu, Pb, Zn, Cr, As,
Hg 55 6 B 4 )&, DL+ 53t 19~ 2 34k 22 2 0l oy
(16.5+2.7), (16.0+£3.4), (21.0+3.3), (17.4
£3.1), (6.5 £ 1.2) #(0.0444 + 0.0307)
mg-kg "5 5 IRIE VT A A DB AL A AL T
BARIKF-5 20 DAR A | Jev A SR R 5
uﬁ,%‘%)%/ﬂ*ﬂ%':'j Cu, Pb, Zn, Cr, As, Hg &6
45 J R T 0 I v T AR BE R R
VIR o 5 2 T AT

(2)Cu, Pb, Zn, Cr, As, Hg %5 6 FiTE &R Z
() TG S 25 A DG, s TR BT R 20T h
SR EAZFE AR, B4R 5Pk | TOC
PALIVISSFRTE R (DS EITL Y RGN N 8 N
8 A FERl A BIZL R T4, o sk iR
4 SR R b 2 FR A 57 22 T PR 4], BT
kL EE A TOC 3E R4 £ i — 25 & 3,
TOC HAr &S5 3+ H 0 & & MM REE L
0.724( P <0.05) ,18 TOC 5k abH1IC i 35 4H 5 %
Z,UHFE TOC E &Mk <1% ) O, 5T 1
WY R TOC B 5 & £ T3+

(3) 5ZF i R R, #& O RZ TR Y b
Pb A& R T R (H, 1T Cu, Hg, As WFHE—E
(525 AR EEMERLN BN 43 BT B 6 FhEE 42 Jm 7 &
BT — SR 1 B T B, SR 30 H 4
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A5 v B g 80 ARARAYIE &L, # T  Hg, Pb
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