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Speciation Distribution and Risk Assessment of Heavy Metals in Sediments in

Suburban Outfall of Industrial Oasis Region

ZANG Fei, WANG Sheng-li* , NAN Zhong-ren, WANG Zhao-wei, REN Ye-meng, WANG De-peng, LIAO Qin,
ZHOU Ting

(College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract: The speciation distribution and potential environmental risk of Cu, Zn, Cd, Pb, Ni, Cr in sediments in suburban outfall of
industrial oasis region, Baiyin City were studied by Tessier sequential extraction method, correlation analysis, enrichment factor ( EF)
and risk assessment code (RAC). The results indicated that, the average concentration of heavy metals in sediments samples of
Dongdagou and Xidagou streams exceeded the background levels in Gansu Province, with Cr, as an exception. The enrichment factor
suggested that the enrichment of Cd in sediments of Dongdagou and Xidagou streams were very serious, which posed a strong pollution
level. Furthermore, the analysis of chemical speciation indicated that Zn, Ni, and Cr in sediments of Dongdagou stream were mainly
dominated by the fraction of residual, the existence of Cu and Cd was mainly in organic forms, while Pb was composed mostly by its Fe-
Mn oxides fraction; Pb in sediments of Xidagou stream existed by Fe-Mn oxides fraction, other metals mainly appeared with the
residual fraction. The risk assessment code (RAC) showed that the risk level of heavy metals in sediments of Dongdagou stream
descended in the order; Ni > Cd >Pb > Cu >Zn > Cr, Ni posed a highest risk level. The risk level of heavy metals in sediments of
Xidagou stream decreased in the order; Pb > Cd > Ni > Cu>Zn>Cr, Cd, Pb and Ni posed a highest risk level.

Key words :industrial oasis; sediment; heavy metals; speciation; risk assessment
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Fig. 1 Study area and sampling sites



2 4 PCRAE AT B LRI ARR HE TS RO T 5 O 25 20 A R XU o 499

J& Cu, Zn. Cd, Pb, Ni, Cr By & .
1.3 i frir

SRR R OR FH 20% WEATAE L 25 FRE L GSS-
1 bRAEREEAT R 45 ), PR 22 I TR 5% LAy, Ho
GSS-1 1945 5 4 Ja 1 MR 3 51 R Cu (98. 12% ) |
Zn(98.56% ). Cd (95.01% ). Pb(96.85% ). Ni
(97.32%) , Cr(96. 15% ). SZE T S ML H 10%
) HNO, 121 24 h UL I, SC80 K3 L 85K,
MR B A L g4t
1.4 Hdlab

¥ F Microsoft Excel 2007 F11 CorelDRAW 12 %k
AT E e A FR I L, AT SPSS 17. 0 344 %f
BRI T A AT
1.5 BHEHNTFE

B = HDUE BTN TS YRR 515 Yok iR
() EE A b, SRR — SRR T EAE IS o
R OFEa TG QTR R 4 8 S Ot R T 34
LA S 2 L R e — 35 i o A LU (B Y LR B
wAERT.

EF = (¢/c,) pn/ (c;i/c,) sn

R e, FoRELBICEK | KT ¢, FatrifEibo
KM PE. Sutherland "™ R & 4 K 710 KN, K5
PRREER 3 5 DK, E R ETF/NT 2, 00T
RS YRR A TS P BN s g &R 78 2
~5 ZMEl, A TG, 5 ~20 Z 1A B T5 4y, 20
~40 Z[8] R s BTG By B AR R T 40 iR

155,
1.6  JXESITAN gis ik

H Hir N A 4R B A8 50 B T 2B 58 K
Br , — M BT LR AL 2 AH B 1T R 2B 9 A1) 04355
JIt o5 EeAg SR 5 0 i EL AT B R RURS . AR AR TR
AT HT T B8 L RGBS BRAE, IA S DA TP 4 )
AR EE G AR, 3K 25 A A R A A i 45 5 5
WREEE , T LU RUBS PR 2 i 72 ( RAC) Sfe R AF AR
LT Y] SRS BRI R 45 A AT BN T
1% A TR 1% ~10% AR ; 11% ~30%
FH A 5 31% ~50% R KU ; KT 50% Atk s
AU

2 ZER5iTie

2.1 DU A T A R 4 A ) o A

1 0L, R KUY pH il 2 2
A (6. 78 ~8.22) , FE 5 K03 (1) pH {H /)N
(6.78); HLSF N 153 ~353 pS-cm ™', FHE N
212 pSeem ™'y A AL & & A 11,95 ~ 29.01
g-kg ™ A LT ERAA HH IAERE 5 OS5 Ab, S BREEhAT
BRFIE 7 FE B 4 357 100 m ARTTRRY. PE KBTI
pH {8 T2 2L 5P (8.79 ~9.31) , Bt & W03 1 pH
HIR/N(8.79) , A H U M IR T IO Y ; e
k7 83 ~437 va-cmf1 CE{E R 204 MS-cmfl; EHHL
il 10.24 ~26.17 g-kg ™", Hirh Wo1 H1 W12
A ML & iR, 3k 26,17 g-kg ™'

1 ARYHEEEREHERY

Table 1 Physical and chemical properties of sediments

AR pH EC/uS-em ™! OM/g-kg ™! g ta] pH EC/pS-cm ™! OM/g-kg !
EO1 7.40 £0.07 162 +1.10 13.09 £0.65 wol 8.88 +0.04 437 +3.85 26.17 +0.30
E02 7.35+0.06 172 £2.60 22.76 +0.83 W02 8.86 +0.03 187 £2.35 23.89 +0.21
£03 6.78 £0.03 190 +3.50 20.48 +0.42 W03 8.79 +0.02 167 +1.35 16.50 +0. 82
E04 6.79 +0.04 164 +2.20 23.89 +0. 69 W04 9.03 +0.05 137 £0.85 14.22 +£0.71
F05 7.94 +0.09 353 £4.23 29.01 +0.45 W05 9.31 £0.06 156 =1.80 11.95 £0.59
E06 8.00 £0.05 153 £1.65 15.36 +£0.76 W06 9.16 +0.05 349 £2.45 11.38 +0.56
E07 8.22 +0.09 177 +2.85 14.79 +0.73 w07 9.25+0.02 326 +2.30 12.23 +0.61
E08 7.33+0.06 208 +3.40 11.95 +0.59 W08 8.98 +0.04 168 =1.40 12.52 +0.62
E09 7.63 +0.08 214 £3.70 13.09 £0.65 W09 8.92 +0.06 107 £2.35 12.52 £0.60
E10 8.13 £0.04 187 £1.35 15.93 +0.79 W10 9.10 £0.05 83 +0.15 11.95 +0.59
Ell 7.32+0.02 247 £3.35 11.95 +0.59 Wil 9.26 +0.07 204 £3.20 10.24 +0.51
E12 8.06 £0.07 317 £4.15 14.22 £0.71 w12 8.85+0.04 130 £2.50 26.17 +0.25

M — 212 +2.84 17.21 £0.65 A — 204 +2.05 15.81 £0.53

1) ECONHL 3, OM AL, PR - « Arifi2E (n =3)
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Fig. 2 Distribution of heavy metal concentrations in sediment samples of Dongdagou and Xidagou streams
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Table 2 Statistic characters of heavy metal concentrations in study area/mg-kg~

1

T ARG YR UL Hili + %

TORKE RUME P bR BRARRC BOKE RUME P fefERZ BRFR WRHE
Cu 484.78  152.16  272.12  118.09 0.43 67.98 7.18 24.51 17.80 0.73 24.10
Zn  2231.55  433.44 1058.90  620.77 0.59  201.24  46.38 93.32 49. 18 0.53 68. 50
cd 21.41 4.86 10.25 5.59 0.55 3.97 1.53 2.78 0.92 0.33 0.12
Pb 1062.28  162.17  414.59  259.77 0. 63 39.16 18.90 24.73 6. 14 0.25 18. 80
Ni 69. 03 28. 14 41. 64 12. 69 0.30 53.62  25.02 35.78 8.18 0.23 35.20
Cr 112.55 31.36 61.32 24.13 0.39 88. 41 30. 80 54.73 18. 48 0.34 70. 20

FE— ARG L VRV A R
pH E . A LT Z 8] 1 3¢ 2, % HHEAT T 4 43
M, Z5 L 3. AT UL 2R KU h pH (B
HZHESRSEENMC; ARS8 ESR
SEEIEME, S Pb B EFIEME(P <
0.01),5 Cu 2 BFIEMI(P<0.05) , KIA LR
X 4 B TR e AL AR . AT P Fe

85 Cu(P<0.01), Zn(P <0.01), Cd(P <
0.01) . Ph(P <0.05) ¥ 5 i 2 IEAHOC, TR H A
TR FeO, 5545 4 JR J0 2K LIXMER 1L & W AH 25
A, FREZRESESBAIE . Cu, Zn, Cd,
Pb., Cr Z[H] 2 W 2 IEAH G (P <0.01) , i B X
ST 4 A RIPEPED . Ni 5 HAY S ROt R MG
PEA R B Ni 5 HAh 5 4 Ja R AR 5

®3 R BAXANENESELSES pH E. FHNRZAMEXRYEY

Table 3  Correlation coefficients of heavy metals,pH,and organic matter in sediments of Dongdagou and Xidagou streams

Cu Zn Cd Pb Ni Cr Fe pH & OM
Cu 1 0.757 ™ 0.578* 0. 608 * 0.274 -0.175 0.367 -0.612" 0.902 ™
Zn 0.972* 1 0. 856 ™ 0.752* 0.643" 0. 046 0.248 -0.540 0.882
Cd 0.880  0.936 1 0. 665~ 0.372 0. 082 0. 052 -0.404 0.752*
Pb 0.894" 0.872" 0.871 1 0.230 0.055 -0.040 -0.369 0.725 ™
Ni -0.146 -0.150 —0. 048 0. 096 1 0.213 0. 340 -0. 468 0. 439
Cr 0.718" 0.718 0.779 ** 0. 856 ** 0.184 1 0. 107 -0.347 -0.095
Fe 0.904 " 0.920 0.780 ™ 0.654" -0.299 0.501 1 -0.053 0. 126
pH {H -0.200 -0.080 0. 160 -0. 004 0. 441 -0.031 -0.212 1 -0.707 "
oM 0.674" 0.556 0. 461 0.721 " -0.043 0. 384 0. 443 -0.204 1

1) BART AR IIBVURYS pH {E A HUBTZ B BRTSC 224, FeflaB o0 AP KA 5 pH (L, AL Z M AR E « » o8 PERE

F(P<0.01); *F/RPEHEE(P<0.05), FH

M 3 vl AL PRI TR Y pH S 6 FE 4
JEHREGAME, S Cuo BRFAML(P <
0.05); AHLES Cu, Zn, Cd. Pb £ M B3 FAHX
(P<0.01),UiB pH ERAVR S B EWNESR
EREA. PRI T Fe S REE5&EL)E
SR AR E. Zn 5 Cu(P<0.01) . Cd(P
<0.01) ., Ph(P <0.01). Ni(P <0.05) ¥ & A
X5 Cd, Cu, Pb Z[H] S A OC, 4 8 2 (0] 2 35 4H
AT RS 32 B 43 Jd K WA B AU [ (Y TR A B
DL HAB R Z B9340 Cr 55 Cu, Zn, Cd, Pb, Ni #f
KRB E. R KB Ni SHAbESE
JCRE AT, UL Ni 78RR HES R UTRY) 37
15 e ) [ UR AR B AN [

2.2 ViR ESENEERNT

AR LLH N A T Sl o 2 M E R
FHHL 52 P R N R 2 B9 JCE Se, Mn, Ti, Al,
Fe fEAS TR . WL L5 R F, Fe &
SO T AR A b Ee AR e 1Y, R L BE B Fe fE
NS HITE. XMER ., RIS ST Cu,
Zn, Cd, Pb, Ni, Cri&EYH Fe % mMIniELL
EHEAT IR, SRS REAES BN EER
B, Has R E 3 s, IRl LLE |, B N, Cr
ShRKWTIR Y HAM T E M EERBI KT 2,
T LT R AR R R w5, R
KK A :Cd>Pb>Zn>Cu>Ni>Cr, K Cd &
HERERR, FHEERE 4. 41 R KREER
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Zn Fl Cu, P EERE N 21,02, 14. 45 Fl
10. 83, 1K 3 B 375 YL 2 50 ZU5 YL K F 3 Ni( FE A
E09 BRAM) Fil Cr 9 & £ RN T 2, AL T
Tois5 Yo R s Y. TE RIS VTR 4 R 1 4
PR AR T AR KW, g R ERKIK A Cd > Zn

>Pb>Ni>Cu>Cr, o Cd & EREE R K, F
B4R R KN 39. 90, Mo BTG Yok - HAN B RE
HE ARG YK Zn, Pb, Ni, Cu, Cr &
SRR A AR, K HE S B ERBUNT 2,
M Zn, Pb (-FHEERBKT 2,50 00 2.23
2,19, )8 h RIS QL K-

* FRER

~ i

®Cu B8 7Zn
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Fig. 3 Metal enrichment factors of Dongdagou and Xidagou streams after normalization to Fe data

2.3 VIR ESE LA RHE

HE 4 50, AR RIATTR H Zn |, Ni, Cr X 3
F e 2R A L[ RE A 38 Sk e v 25 T ol LU A e e, 430l
K 41% . 32% . 93% , ik 52E/NFRAEN FrA s i 45
W—EL RIS BT Wk, HAEX
i B A RE BRI, 1M KA R A S AR AR T3 Y
FXF T A IR UG, SR T A AR TR Ay A 4 e
P 8 Zn B9 EHE THR HRE R, TR
Sl A EM. Co f1 Cd EELUAILE &S,
BT o5 U143 00 h 449% 1 31% 4 205tk B, A
PLEE A ABSE Cu FEVIRY I R B0,
Cu A HLEE G STERE S E10 405 B e |, 78 E08 &b
it M Cd AT A A T AR AR
WIAE 6 FhoC & T (8.52% ~31.22% ) , ¥l Cd
FH L AT R T 45 5 i B e Ak, [R] B o 5 A T = 1
EYAERET . 5 ed AR, P BT A TP A
EE G 50T 5 B (33.32% ~63.75% ) , ik
TG 5 TR R ER 25 A A T o5 A9 (5. 38% ~21.53%)

FIAAMLEE S FT b el (1.46% ~10.43% ) , 43 B
IEINH,Pb 5 5 %4 A ALY 45 A 8 ke 45 A
Yy RS T AR S B Ph iR AL
RK T, i85 UL & S A B0 A . i
AR IUCS T AR O A B T H i, AR R L
U & 8 4 8 0 AR WA R RONIE R
Cd(71.36% ) > Pb (69.18% ) > Ni (67.52%) >
Cu(62.32% ) >7Zn(58.99% ) > Cr(6.65% ).

Kl 5 R U Cu, Zn, Cd, Ni, Cr
X5 Floe 2B R AR A A BT EE B A R, 4 R
59% . 68% . 32% . 37% . 94% ,BIRIX 5 Rt £ &
BELABR M ASAEAE B S 434 000 B i R i H
B S, T S DR SCHE. FERI TR T Cd
FR T A P s o 4 R B LR 6 RO i
(12.66% ~25.95% ) , UtBAPE KI5 7R KU
I Cd —F  ERG E B AL, WA . Pb
T LI ALY 45 5 B AE A, BT i LR 33%
X550 BB A5 A E g 5 SR AR L, (ELAS T A,
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Fig. 4 Fraction distributions of heavy metals in sediments of Dongdagou stream
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Fig. 5 Fraction distributions of heavy metals in sediments of Xidagou stream

Pb (UBRFRELSS G745 (28% ) ARl 22 e 25 (20% ) T o
L BIRIAR 5, B Bl PR 58 55 10 1 A8 Ak 5 K R & A2 58
B PRI TR A5 T 4 B AR A SN
JFF A : Pb(90.22% ) > Cd(67.8% ) > Ni(63% ) >
Cu(40.68% ) >7Zn(31.7% ) >Cr(5.92%).

TR E S BIES /M SEASEITRE A Sk
FiA %, AR AR5 5 L S M O R B K/NBE
W R 4 R B KX T A R RS R,
A4 WA AR DU T AR A R S
Bt A A B3 IEAOC (P <0.01) ,BR Ni #1 Cr
Ah,Cu, Zn, Cd, Pb BB S HILGEESH 2N
FEIEAE(P <0.01),Cu, Zn WY B 5T 045
RIREL 255 AL A AL D 25 B S AR B 3%,
Cd Py B 5] 5 8 285 I R 6 205 4 A5 34 Wb 38 AR G

(P <0.05),Pb [ SRR 4 A A B M (P
<0.05), S8 B WS/ M B EME (P <
0.01) ,Ni Ay 5 BRAR Eh 45 & B Ak 4 A Ak W 4
ERBEML(P <0.05), Cr S EMDEEED
B EIEMSE (P <0.01) , 1 5 A s B 45 . BRIR
B LA RE. U g Ru
B, 514 Ay 7P X T 25 R M 1 ik 2 P A P AN T
HFFEN R, E 4w A A st KN 4 s S
R TN S S R iR T YRR R AR EE R
MBS f o 0

&S ifALE R ESESESE
BZEMHEKER SR REAR, Co RS
AR MKREE G GERE R FERME(P <
0.05),1M5 HALE S EM B FEMKLE(P<
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Ay,
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0.01),Zn BRI ACHR SN, HIWE S S5 b8 2
W FHIEA (P <0.01) ,Cd M AT A2 25 | BRR
BEEGEMAIEAEE DS EMEX
(P<0.01) A MYES LS B REREIE

(P <0.05) ,Pb (WAL AL 45 A S Ak ik
AHLEEWEEEMIE(P<0.01),Ni fl Cr
PRERES S B B W B IEM XN (P <0.01),
HAE A S SR AR E.

R4 FRAMBYESRZESTREESHERXER

Table 4 Relationship between the total concentration of heavy metals and different fractions in sediments of Dongdagou stream

B Cu Zn cd Pb Ni Cr

AT A A 0. 139 0.234 0.661* 0. 366 -0.350 -0.006
WRIRER S &7 0.512 0. 065 0.590 * 0.693 * 0.588* -0.055
ARG S -0.226 0.238 0. 505 0.953 * 0.576 " 0.730 *
FHLEES 0.956 ** 0.909 ** 0.929 * 0.903 ** 0.322 -0.536
Bt A 0. 947 * 0. 892 * 0.912* 0.719 * 0. 956 ** 0. 999 **

x5 AXANBYELELRESTRARSHERELR
Table 5 Relationship between the total concentration of heavy metals and different fractions in sediments of Xidagou stream

B Cu Zn cd Pb Ni Cr

AT A A -0.640" 0.415 0. 760 ** 0.512 -0.273 -0.089
RIRER A B -0.652" 0. 854 ** 0.766 ** 0. 127 0. 194 0. 107
BRI G S 0.911* 0. 899 ** 0.702* 0. 893 ™ 0. 467 -0.269
HHLEES 0.976 ** 0.901 ** 0.753 * 0.272 0. 567 0.172
Bt A 0.988 ** 0. 854 ** 0.387 0.729* 0.991 ** 0. 999 **

2.4 PR 4 )R PR BT KU DA KA. ZRRIBTRRY T Cd F Ph Ak T rp 85 KUK:

AR PRI VTR 4 )8 1 KB S R an 3 6 i
IR AR PERETTRRYIRE S Ni 43R 21.26% ~
49. 44% F126. 47% ~ 56.95% , Ab T = KUK 7K F | Fie
AFERRY Zn A1 Cr BIAE TR ZKF-, Cu 420 T H K

AKOF, PSR B Cd A Ph A&k i XURS: 7K
W RRIATIR 6 Flow 2 10 RS S 9k - Ni >
Cd >Pb > Cu >Zn > Cr, FiRIATIFY H 6 FHOT R
XU 2:4% 4 . Pb > Cd > Ni > Cu > Zn > Cr.

F6 K AKXKARBRUPESEHREESR

Table 6 Risk level of heavy metals in sediments of Dongdagou and Xidagou streams

A AR [iip et
L5l FRL % EXIE/ % ARG S5 2 Lo 451 L/ 9% FYIE/ % ARG S5 4

Cu 2.66 ~9.32 5.61 fi& 2.55 ~35.40 14. 64 h
Zn 0.90 ~7.97 4.56 i 2.13~9.16 4.96 1%
cd 13.89 ~46.97 26.39 i 27.18 ~56.46 44.13 [
Pb 6.56 ~27.30 12.67 oy 31.78 ~61.31 48.91 [
Ni 21.26 ~49.44 36.12 =1 26.47 ~56.95 39.96 5]
Cr 1.42~5.25 2.86 1% 1.17 ~5.66 2.73 ik

AR I 1 5 RS Dt 2 A 0k 4 R A R 22
S, A RZ RS E BRI TS G, H KU K-
AR AR ERIATIRYI T E AR Ni i E R
BARMRAR U A A AR &, PY R DL Cd 1Y
AR R BT Ph BB S AR T Ph. Ui
WA TR AN 5] 1) DA s HE I A5 08 DA 45 2R 02 A —
70 R X HE TS AR ORR A P G AT
SO 3 e B M 25 PO T BT XA RN 2
AN 4 e A ARARR T A ) ] A PR AR A 2
S0 T 4 v T A R R P AR AR i ™
HRBIE LG EICHE. Z5 L ERTFEER, R, W

KIHVTFRRY 32 BIAS R R B A E & B is e, R R
DU T 4 15 e B PG K I R, O AR R
BELL T TG ek 3 0 7 R A ) = B DA S Gy
E, M R TR PR TIRY E SR T
S A E ML Cu, Zn, Cd, Pb, NiiX 5 Fhi 4
JRICRMEE.

3 g

(1) 7R, PURIG DAY o < i P 44 5
N T BHE (BR Cr 5h) , Cd 55 ™
H. HRIE TR, pH 5 280 G Jm & R R



2 4 PCRAE AT B LRI ARR HE TS RO T 5 O 25 20 A R XU o 505

FRIC AL 28 5w & SR 2 A OC, AR 7

FIGTCRI Y Ni 3275 G 0 [ P51 A AN [

(2) EERFIPMEE R BN, R | P RIGTTH
th Cd s SRR RO IR B R 75 YLK BRI
ZAN, RRIWUIRYIH Ph, Zn, Cu & EFEEWE
K,k B b 25 Y B 5w ZUI5 YKo s RN .
Cd >Pb>7Zn > Cu > Ni > Cr. P§RIGVLEYH Zn,
Pb WA R R B 0 & 4R Kk B v 5 YLk H
AT N .Cd >Zn >Pb > Ni > Cu > Cr.

(3) EEBILA IR, R IGTIRYI T Zn |
Ni, Cr BLABASE RIS N T, Cu, Cd FE DA
PLES G BAETEH Cd AT A2 i &8 S &
(0 L B S s T HA T 2R, Ph IR A 45 &
SPTA I B E T HARTT R, PR TRy b
Cu, Zn, Cd, Ni, Cr iX 5 FpoC R ¥ LR E S AFTE,
Cd 7] A2 425 ot 7 43 B Y LU A1) ) s T
foCER ,Pb % DL A AL W) 4 & S A AE (B H Bk
PR R 455 AR AT S 4 25 T o L AR 5, ) Bl B B
AR SR R AR A . AR PE R TUR Y
SRNSES SRS ESE LRSI AFRER
FHICHE.

(4) RS PEH gm % 7 (RAC) 253 R, AR K
DU b Ni i XU 45 2 A e, A T v XU 7K -
Cd, Pb AbTFrRaE XK, Cu, Zn, Cr b TR XU
K, £ ICE B K 9N - Ni > Cd > Pb > Cu > Zn
>Cr. PERIWYCEY H Cd, Ph, Ni B9 XU 55 9 B
fR, AT KU KT, Ca Ak —F H XU 7K F-, Zn AT Cr
Ab TR K-, 45 TC 2 1 XU 5 9 . Pb > Cd >
Ni > Cu>7n > Cr.
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