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Spatial Distribution and Pollution Assessment of Heavy Metals in the Tidal

Reach and Its Adjacent Sea Estuary of Daliaohe Area, China

ZHANG Lei"”, QIN Yan-wen'? ,MA Ying-qun'?, ZHAO Yan-min'*, SHI Yao'”

(1. National Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. State Environmental Protection Key Laboratory of Estuarine and Coastal Environment, Water Research
Institute, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: The aim of this article was to explore the pollution level of heavy metals in the tidal reach and its adjacent sea estuary of
Daliaohe area. The contents and spatial distribution of As, Cd, Cr,Cu, Pb and Zn in surface water, suspended solids and surface
sediments were analyzed respectively. The integrated pollution index and geoaccumulation index were used to evaluate the
contamination degree of heavy metals in surface water and surface sediments respectively. The results indicated that the contents of
heavy metals in surface water was in the order of Pb < Cu < Cd < Cr < As <Zn. The heavy metal contents in surface water increased
from river to sea. Compared with the contents of heavy metals in surface water of the typical domestic estuary in China, the overall
contents of heavy metals in surface water were at a higher level. The contents of heavy metals in suspended solids was in the order of Cd
< Cu<As <Cr<Pb<Zn. Similar patterns of spatial distribution in suspended solids were observed for As, Cd, Cr,Cu and Pb, and
the highest contents of Cr, Cu, Cd appeared at EM3 station. The contents of heavy metals in surface sediments was in the order of Cd
<Cu< Pb < As < Cr < Zn. The highest contents of Cr, Cu, Cd and As in surface sediments also appeared at EM3 station.
Temperature, pH, DO, EC and other factors affected the distribution of heavy metals in water, suspended solids and sediment. In
particular, the effects of salinity and suspended solids matter were most significant. The integrated pollution index assessment showed
that the water quality was good except individual stations. The geoaccumulation index assessment showed that As was the major
pollution element in surface sediments.

Key words : Daliaohe; the tidal reach and its adjacent sea estuary; heavy metal; spatial distribution; pollution assessment
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Fig. 4 Spatial distribution of heavy metal contents in surface water
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Table 1  Concentrations of heavy metals in surface water in different Estuary of China/pg-1 !
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Cd 1y & &y

mg-kg .
mg-kg ™', FHIEH 90. 95 mg-kg .

1000
900 |
800 |
700
600 |
500 F
400 |
300 [\ 4
b

200 |1\
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Fig. 5 Spatial distribution of heavy metal contents in suspended solids

AR B 2)30) 1 X VR A6, BT B AR R B
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HARSMT,As, Cd. Cr, Cu MU RRASfLARAE [
ACARRL, S Bk 0 5 U A 2 B th A R AE. HL Cd |
Cu, Cr ¥JFET] [T IX A9 EM3 35 B 0. As Al
T PR R B Y LOS 3. Zn BT R AR AL B
MR TERFE I I 2 = W A, i e U ) BRAE AT 11
X EL2 3. X5 K Zn 08 & A 190 b
fi—F. Pb 1 RE S B 5 Uk A3 S8 B AR, o
e (E BRI BE Y LOT 3.
2.3.3 RIZVIBRYHESR SRS

PHATZE SR T R 5T X SRR 2 TR o Cr
& G B 10.59 ~ 61,17 mg-kg ™', FI{E K
25.42 mgkg™'. Cu & EIWHE N 0 ~ 24.38
mg-kg ', SEHIE N 6. 84 mg-kg™'. Zn A VL
M 2.43 ~ 102.99 mg-kg™', F Y H N 27.65

mg-kg ™' As IR EIEFIY 0.29 ~22.78 mg-kg ',

SERE N 9.23 mg-kg ™. Cd & RIEHE N 0.12 ~
1.05 mg-kg ™", FH{E A 0.45 mg-kg™'. Pb By & i
W 0 ~ 59.37 mg-kg™', FH{H N 14.28
mg-kg ™. RIZVIRRY) 1 E 48 & 509 S ARUT
Cd <Cu<Pb<As <Cr<Zn.

A5 DI 2 2 TR ) v o 4 JE VR AR AR AR T A
FH(E6), ifiE4 )R As, Cd, Cr, Cu, Pb, Zn
B Rl I IX R R B

N BT O X W RR Ay A, =R DU
AR RN BRI TS —.

HAR T, 48 As, Cr, Cu, Zn BIUSFE MG
SR LG AR AL, 52 IR0 e 5 00 45 5 A R
As. Cr, Cu Myf5 (3 BB 1 X A9 EM3 3.
Zn WM PRAE SR BE 19 L13 3. Ph A9 AR A8 AR A
A & 4R R, 22 58K, KB T
JUANEER B I 06 | IR B 1) 105 3l H 300 fe oy D {1
Cd 7EBGIBLH LT 3 AN BRI (A, (H TR X
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Fig. 6 Spatial distribution of heavy metals contents in surface sediments
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2.3.4  SZWRBIFSY X I8 4w 40 A 1 R 2R

LA HO AR R I 11 J) Bt BT 11 X 45 M 4
SYARFRAE, AT BR LK P Cu ALE TR R b
(1) Ph A1, #5 FHEE 42 J& F 8 1 R 1) 111X vy 1 gl Bt
X5 ER B A 43 A0 B ARARL , 20 0K 8 v £ A 7R B 4
o B I B B ik R a2 R R AR AR R A AR HR
T X2 ERIR K S IIR A R B 22 Ab | 41 S0RL e V>
S 4 R 1 B AR, 8 1ok I R RD A , BE TR K
PR E 4 R G R ROA A BC EE L 2R ATV R
X, K TR AR | B SR AN Uk U8 VD A B A R
BB IRIE T N R A AR, EHR
(I T BEAE R, AT AR X A R 8§07 10 AR A Y]
PRFGZ , PRI VD v 1 20 50k e U0 T o b B — 25
s, By e RSRBBEET . MRZTEY
T KRR 4R & B S IR VD FE R BT,
£ M A 4 T8 o AR O e B . i A K
() Cu FIE TR UK ) b 1 Ph 2 2 Sk S Be v 10T
FIX 3 AT et FaX i AE i E 42 )& Cu #1 Pb A
L HA T R B 37 1) 26 BE 52 i A1, 38 32 2 37 21 K B
FEMRZ MR, 51 4 Jm T 28 B3R 3R] 11X, 7K 384
J& , 5Z B KRR, Wk BERRAIK.

ZEVUBIF 5T DX 345 AH T 4 S 19 20 A, P E b K
) Cu, BIFERIY HAY Ph A As, AR ZFWY
W Zn AP, H g S E 2 T IR G Be. BEAR X
SE AN R S N A I S S 35 AN N SR )
ZHATTHKIBERED KR HAR, 5% T LE

KR 4 R AR . LR B 11 B TR R L L]
DR e, AR v 1) 4 U B W 1) 7
BT, IFRE AT IR B TR A B
FERS A B 7K A b E 4 T A e DR T T R
T P A As B S g . R IR BOK RS Ay
PR REEHARDK 3D W sh %1%, &) T i a7
B P RLBE T 4 R A A DU, AT RE R AR LR
Y Zn F1 Pb &y T ALK 1 B (E

5% DX 325 A LAy 2800 4 ) 1 B s (34
PUAEIAT T IX, 3k n] B8 32 222 1 52 21 6 5 19 52 .
JEIR KR A B ELAT UL AR Sk Ak | 7K A 2 o A5 AR R
B Fh BRI B U B AR R B AR Ak, R
)i, K 4 R B e 45 R 5K T 3
METFEBUR B BRI RE A, AR T
MW E B8, KB mR Y28, RE, Ui
R LA B P T T 2 U i Wl v 19T 1 e A Y iy
TR TR Bk h e BT A E AR
SR B AR X B R JZ DTAR Y, RAE I [R] 7K it
RN W TR TR ORI T 4 8 T RE— R4
2B TR OB ) UTRRERE  AH , 32 Hosg i, PR 4
J& .
2.4 FEEJRITE HIE KA Z A AE
PO
2.4.1 HEEILKRHIEE, pH, DO, EC K& AHE
G @A E Z IR 06 2R

WF5E X IUKIR . pH, DO, EC &R 2 H & yn]
ez 2 T 4w AE K . BTRY . DI R S A
XS X 35825 AH B 4 JR TG 3R S /K AR R 25 44 S 45 AH
48 Z B AR DG 4 BT L3R 2.

M2 B, BEKDESES5KIE, pH,
DO, EC Z[HAHI M4 AHIR. Hrp E4E S5\
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B EC Z 11X 5 B B 2 v A AR DG, R R
M EC 7] fgJ& R b K 5 4 J8 40 A 10 F 2
T. EEKPAA Zn 5 DO 22 8] 53 2 09 1E A
Kk, Ut DO X BB K Zn 09 50Ai i 25 B AR
M. 4IRS pH Z [ ¥ B35 WA Ot Ui B
pH X} /K P48 R i, FEKESRZ
B AR DG TR BN As | Cd, Cr, Zn PAGZ[H]H)
FEAEREMIEM Y, Cu RS Cr ZAIfEAE & 1)
EARSEE. Xl fig 5 Ho R Ak B A 56, e
Z A AT BE R4 A — 2 i [ P

BIFERY T ESES pH, DO, EC ZRI¥IR
TEAE R E ARG Ui pH, DO, EC X & 77 Pk
Y E &R /. Cr, Cu 5/KIR 2T
FIEA M. EEEZ R HERIN Zn 5
HEHES R Z MR CHELFR, As, Cd, Cr,
Cu ., Pb P Z [ FAAE ik 35 1Y) TEAH OGP, bR T2
(A B, X S 4 8 =2 [A] B AR LAY HBR Ak 221728
AL T e BE A — 1 R R

REVIBYHESES pH, DO ZMBAFHE
BEEAHSENE B pH, DO X R ZVIRY E 4R
HI SRS /N, As, Cd, Cr. Cu ¥ 5 R Al EC
2 ) 5L 3 ) TE A S P, B B R EC AT RE &5
i As, Cd, Cr, Cu /i EZHN T, RIZVIYE
S8 Z B AH M R B As, Cd, Cr, Cu I Z

[ A S 2 I IE AR DG X 5 K | B ks
Yyeb o 4 8 Z (R A A SCPE A AR L, JE R As |
Cd, Cr 7£ 3 FpA BT AR O e 8 — 30, ixX it — 20
VA X SE T 4 I 1] B ELAT — 2 1) R M R
2.4.2 HEEITR G BIEPRYZ MOCR

£ T LS T 4 1 O B s I, T R
SHUKPESEBERENZEL"Y . FRESEIKES
R FE A DG AT FH R PE AN Tl i s A X 42 i A A
FASAL R 520 I H b0 W7 76 28 A6 T 1147 AR ST
FREED . NF 2w, S B KT As, Cd,
Cr. Cu. Zn ZRI¥FFELE B F 00 E A M, 527 W
Ky 4 Z RN AEAE AR G, 5 R Z VT
1 As, Cd, Cr, Cu Z[HPFELE R E M IEARCHE. X
Vi As, Cd, Cr, Cu. Zn 7E ] B 52 i 7K 52 i 55
K. BT X3 [ B BT 11X B 8 0, [R] s 22
WE SR ARIN SRR AL R B 5 4 Fh A
HEy P Z [A]JC @ AR DG R Ph (Y 43 A1 R 2
EREERZ A 38 57 B HA R 2R A L R g ), a4 T
R | TS Y i [l 7 sf ) 2

KR 4 A A B TR UL ) R 1, I B
HiE e , BRI PUkL 35, B4 S 8U0pR S AR
R B RR,, 28 71T 52 W) 4 7K R T 4 Ja VA B2 1 35 0s. T L)
U, B TR & i AR AR R BOK T 4 Jm vk AR AL
FR) H LR 2 B R IR 22— R AT R R kL

®2 EHELESKGHERFREEELEZENAXIH

Table 2 Correlation matrix of water body environmental factors and heavy metal contents

HhE L pH DO EC SS Cd Pb Zn Cu Cr As
EdVIN
Cd 0.882" -0.410" 0.183 0.071 0.920" -0.303 1 —
Zn 0.683" -0.727* -0.041 0.672"" 0.682™ -0.140 0.429 " — 1
Cu -0.393" 0.481" 0.020 -0.375 -0.397" 0. 360 -0.356 — -0.358 1
Cr 0.943* -0.654™ 0.086 0.375  0.994* -0.242 0.897 ** — 0.707 ™ -0.396" 1
As 0.944" -0.621" 0. 105 0.352 0.994 "  -0.239 0.902 ** — 0.680 " -0.336 0.995 1
BIFEERY
Cd 0.296 -0.376 0.325 -0.022 0.346 -0.395" 1
Pb 0. 060 -0.236 0.243 -0.078  0.077 -0.383" 0.512* 1
Zn 0.111 -0.198 0. 006 0. 142 0. 151 -0.241 0.293 0.127 1
Cu 0.308 -0.428" 0. 360 0. 003 0.371 -0.449* 0.884™ 0.429* 0.339 1
Cr 0.299 -0.426" 0.354 -0.047 0.342 -0.468 " 0.912™ 0.463 " 0.313 0.942™ 1
As 0.195 -0.097 0.175 -0.056  0.181 -0.380 0.747* 0.406"  0.038 0.642*  0.559 1
REVRY
Cd 0.606 ™ -0.520" -0.153 0.230 0.690 " -0.107 1
Pb 0. 260 0.022 0.009 0.122  0.293 -0.149 0. 100 1
Zn 0. 093 -0.236 0.033 -0.111 0.132 -0.250 0.293  -0.263 1
Cu 0.604 ™ -0.537" -0.119 0.252 0.672*  -0.109 0.944* 0.010 0.375 1
Cr 0.612™ -0.569™ -0.068 0. 285 0.700* -0.131 0.971 ™ 0.075 0.331 0.974™ 1
As 0.515" -0.520" 0.016 0.333  0.596* -0.057 0.901 ™ 0.042 0. 269 0.880" 0.913™ 1

1) % FRP<0.05, * % %5 P<0.01
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Y5 KRR E VTR T 4 R S AN TE A G
P 3K AT RBSE: F T A ORI e AR L R,
A URL A Xof L R v e A s e T e .
TR R 5 B R Cd, Cr, Cu, Pb 2
] 34777 S 2 A I AR M, 3 U P T 9 X 3 7
KL 22 /0 B 52 i B V7 R v 4 i
2.5 REBKGETGRAEEATNIE
HE R ICR LAV JARBOTM 2 [F]— 2 o7

() BT BT 5T 0 4 R T R AE A — 35— IR,
W58 X 6 T 42 8 Je R AR A B AR BB DL X o5 7
A BRI, AR 25 A s YR BOT M ik
XS DX IR AR T 45 I Vs YR DL HEA T PP A, FL AR
Nk

A =C/C, (1)

WQl = -3, (2)
KA, FREESEICR | I8, ¢, K HE
SIEICE i N E i, C RN EESEITE | T

IR IE (2350 O 2 /K BRI i A 1 A v A
IKIKJTE T AR R BE5E DX I A% B 4 Jm JT RPN b

HE) 5 n MICENE, WOI /K FREEAT5 Y850

MWOI<1 B, K Z/KIRTLE L RTE 4,
M <WQI<2 i, FHZKBELE N REE
Jey M2 <WQI<3 B, RUZOKBUE 4 )& Ry h B2
4 4 WQL >3 W, R UNZ KB E 4 )8 8 &
15 L.

A AT ) K T A JE 25 A T A AL
(W3R 3). "TLAE AR X sk B B A7 i o7 1
WOI {HAF0.02 ~0. 17 Z 6], HI/NF 1, F
T BOK SR B A w5 Y s T 11 DR A i 62 1Y WOI
HAF 0.34 ~1.23 Z 8], H ELL, EL3, EM1,
EM2 . ERI, ER2, ER3 ¥ iy WOQI {EH/NF 1,3
W] B3R LA o 42 J@ V5 4. EL2 | EM3 | EM4
DL WOQIEIIAT 1 ~2 Z 8], LI 3 i K
HaERRE Y.

LRAIKIRE & BT R G AT R Ae BOTM A X it
8 DX IR K A SRV EE AT IPAN ITAS EE S T
FE X I 43 A AR K BT B 4F, A il o 67 4 EL2
EM3 | EM4 3 il BB 32 B 5 4 J@ n e B TS L W5 24
PIVER.

®3 LBEXKESEHEETHEN

Table 3 Comprehensive pollution index of heavy metals in surface water

by WQI il A WQI il A WQI
101 0.12 L10 0. 04 EL2 1.23
102 0. 07 L11 0.03 EL3 0.41
103 0.05 L12 0. 04 EMI 0.58
104 0. 04 L13 0. 04 EM2 0.34
105 0. 04 L14 0. 04 EM3 1.06
106 0.02 L15 0. 04 EM4 1.02
107 0.02 Ll6 0.07 ER1 0. 84
108 0.03 L17 0.17 ER2 0.41
109 0.03 ELI 0.35 ER3 0.93

2.6 RZVIBYESE BB EOTN
B EBLER Miller ™ T 1979 448 H i 1 B
BRI HATUURY 4 8 15 YL vPAn i il F el )
s HEARTE .
1., = log,C/(kB))
X, ¢ AT E SR & i, mg-kg ™' 5 B oWEE TUA
T E 4R R (T TS SLE, 2RI K RERZ T

B 4 @5 5>, B Cu:39, Zn:172, Cd: 1.1,
Cr:65, Pb:51, As:9 mg-kg™'; k A% EH A2 5h
AIRES T S Sl B 18, Bk =1. 5.

1, TH A AR AR 1,18 0 ~ 5 Bi5 Jed%
Gorh T G AR 1, DT R G s T ek
K530 7 TG, X TG YL R B S O TS G A R T
Yeol ZEHLLK 4.

*4 ESESEEESL WXER

Table 4  Classification of I, e and heavy metal contamination levels
HH T YAE bR
1, I1<0 0<I=l 1<I=<2 2<I<3 3<I<4 4<I<S5 I1>5
ey ik BESE PEER hEER BEER Wi PG
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B 35 %

MRS FTLLBH B A 1 R 5T X3k 3R 2 DR )
A G BERY 106 3 ATl 11 X Y EM3 . EM4 | ERI .
ER2 ., ER3 WSAAAE R E ) As 155, 15 e 92 A 3 1
9. HRESEIGEBEL NG, As IRZUIH
P BRI Y. R S R DI B A i

DR EE G R As 15 YR 2O TRGEI B, X T BE 54
JE RSN DG, 5 BE T LS W) B 4 Ja 114 WA RS - At VA e
JO7, T AT RE 25 S oK il 4 R W BZ ) 28k, B ik
KFE WIFEXIERZ TR R ERA b (7 32 21 As B2
JET5 YA, A 4 T 95 YRR B 28 D T 0

R5 RENPYESESETENMRRIEHRSREE

Table 5 The I

geo

of heavy metal contamination levels in surface sediments

Uil e (Cu) g L, (Zn) g5 L, (Cd) gl L, (Cr) g L, (Pb) g 1, (As) 5
101 -5.66 0 -3.84 0 -3.09 0 -2.54 0 -3.33 0 -2.30 0
Lo2 -6.93 0 -3.28 0 -2.75 0 -2.53 0 — 0 -1.70 0
Lo3 -2.96 0 -3.60 0 -2.00 0 -2.20 0 — 0 -1.47 0
Lo4 -3.09 0 -2.34 0 -1.66 0 -1.82 0 — 0 -0.61 0
LO5 -4.15 0 -3.96 0 -2.22 0 -2.26 0 -0.37 0 -0.62 0
Lo6 -1.83 0 -2.84 0 -0.97 0 -1.11 0 — 0 0.71 1
Lo7 -6.56 0 -3.76 0 -1.89 0 -2.43 0 — 0 -0.69 0
LO8 -5.52 0 -3.98 0 -2.75 0 -2.73 0 — 0 -1.27 0
L10 -5.20 0 -3.69 0 -2.75 0 -2.91 0 —-0.68 0 -1.42 0
L11 -5.59 0 -4.35 0 -2.88 0 -2.79 0 — 0 -1.43 0
L12 -5.86 0 -6.73 0 -2.82 0 -3.09 0 — 0 -0.79 0
L13 -4.40 0 -1.32 0 -3.08 0 -2.87 0 — 0 -1.76 0
L14 -5.25 0 -3.23 0 -2.70 0 -2.76 0 -2.35 0 -1.45 0
L15 -4.75 0 -4.42 0 -2.88 0 -2.88 0 — 0 -1.60 0
L16 -2.49 0 -3.04 0 -1.96 0 -1.89 0 — 0 -0.95 0
L17 — 0 -4.30 0 -3.84 0 -3.20 0 — 0 -5.57 0
EL1 -3.57 0 -5.51 0 -2.18 0 -2.23 0 -0.80 0 -0.58 0
EL2 -3.14 0 -4.70 0 -1.80 0 -1.75 0 -0.71 0 -0.73 0
EL3 -1.95 0 -3.02 0 -0.87 0 -1.26 0 -1.59 0 -0.33 0
EM2 -2.86 0 -3.22 0 -1.86 0 -1.94 0 -1.23 0 -0.85 0
EM3 -1.26 0 -2.02 0 -0.65 0 -0.67 0 — 0 0.76 1
EM4 -2.36 0 -2.69 0 -1.42 0 -1.53 0 — 0 0. 40 1
ERI1 -1.93 0 -3.22 0 -1.32 0 -1.23 0 — 0 0.33 1
ER2 -2.44 0 -3.19 0 -1.31 0 -1.34 0 -0.59 0 0.08 1
ER3 -1.87 0 -3.14 0 -0.76 0 -1.05 0 -1.44 0 0.51 1
3 &R (3) BIF9E X B3R 2 D0 R h A 1208 By 106

(1) WFFE X3k E K Cu, Zn, Cd, Cr, Pb,
As B EYME B R :0.08 . 25.43, 0.23, 0.81,
0.8.59 pg- L', AR T EEE Cu SMEK 35 K70
FIX e TR B BB h Cu, Zn, Cd, Cr,
Pb, As & & F3ME 700 R 65.37, 350.40, 2.02,
117.92 . 123.68, 90.95 mg-kg ™', Cu. Cd, Cr, Pb,
As MRS AL RRIE LA B, 4 2 B0 0 55 0 4
LRI IE. RIZUVIBRYIYH Cu, Zn, Cd, Cr,
Pb, As & FXME 7350 6.84, 27.65, 0.45,
25.42 . 14.28 , 22.78 mg-kg_1 ,Cu 1 As. Cr 1 Zn
FRIVFTRE 43 A1 150 3 00 22 B OS5 AR A A

(2) 5 H Al B R ) 1 XA B, A 5T X 8K A
AR AR AL T 38R KT, K AR AN 51 A
EL2, EM3 | EM4 3 n] 257 2 48 1 2 B 15 L.

Sl A 1 IX B EM3 . EM4 . ER1 . ER2 . ER3 S5/£7E
BB As 154 TS QAR 1 . HARE SRS
YRRFEYRUE . As AIFSE X IEE Z DU &
FRI5 YY)

(4) Fh B OB AR A i 5% X K A4 T i
EEREINR X 'SR Ak, He 3
JE5 FAKT As, Cd. Cr, Cu., Zn ZEITEAE L E
FIEA S, B SR BVTRYIH As, Cd, Cr, Cu
Z AL B ) IE AR OC . XU As, Cd, Cr,
Cu ., Zn TE M BEZ W KR AR, BV e 1
5 Cd. Cr, Cu, Pb Z [ ¥FEAE i 25 1 IE AR OCME: | 1
A B V70 40 B4 22 /0 1 1 5 e 7 SR ) v T 4 )
feaie
SE k.
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