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Speciation and risk assessment of heavy metals in
surface sediments of the Loushan River

LI Yongxia HUANG Ying"" GAO Fuwei XU Minmin
SUN Bo WANG Ning YANG Jian

(Institute of Ecology and Soil Remediation, Shandong Academy of Environmental Science, Jinan, 250013, China)

Abstract; The concentrations of Cu, As, Pb, Zn, Cr, Cd and Ni were analyzed in interstitial water
from Loushan River by ICP-MS. A modified BCR's sequential extraction procedure was used to
investigate the fraction of the heavy metals in surface sediments. The aquatic toxicity of heavy metals
in interstitial water was assessed by US Water Quality Criteria (CCC, CMC). Based on speciation of
the heavy metals in the sediments, their ecological risk was assessed with the methods of risk
assessment code (RAC) and potential ecological risk index. The results show that Cr and Pb pose
acute or chronic toxicity for aquatic ecosystem in some sampling locations. Contents of the heavy
metals in the sediments were higher than the background values of the local soils, indicating
enrichment of the heavy metals. As and Ni were primarily in residual fractions, while Cu and Cr were

mainly present in residual and oxidisable fractions. Although Pb and Zn exist mainly in residual
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fractions in the majority of the sampling locations, Cd exist mainly in acid soluble faction. The bio-
available fractions of Cu, Pb, Zn, Cr, Cd and Ni were higher than the residual fractions in the
sediments, indicating a high potential for secondary release. Based on the calculations with the RAC
method, Cu, As, Pb and Cr pose an extremely low to low risk to the environment. Accordingly, Zn
and Ni pose low to high risk, and Cd is mainly of high to extreme high risk to the environment. The
potential ecological risk of the heavy metals in the sediments is in the order of Cd>Zn>Ni>Pb>Cu>
As>Cr. Zn has low ecological risk, and the other heavy metals have medium to extremely high
potential ecological risk at some sampling locations. The potential ecological risk Indices ( RI)
indicate the heavy metals in the sediments pose medium to extremely high potential ecological risks
to the Loushan River.

Keywords : Loushan River, interstitial water, surface sediments, heavy metals, speciation, risk

assessment.
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1 #ES 7 ( Materials and methods)
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Fig.1 Geographical map of the sampling sites of surface sediments of the Loushan River
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2 5 59718 (Results and discussion)

2.1 [AIBUK RIZVIRY 4R & =

26 1Ly a) B K RN 22 )2 DU TP 4 B S T ST 45 SR A T3 1L 1) B K b o 4 i vk B AR
o Zn PRI BE AT R, R 14.48 pg - L7 E ARV EE AR LB HE R I Zn>Ni>Cr>As>Pb>Cu>Cd.
55 GB3097—1997 M /KK AR ) 55 = ZRARAMEAH L, B S1 88 Ni VR EE AR 1.7 fi54h, AR R Bk b 4
Ji W Rl A B — 2R AR ME SR T [ R B A KR & SR XK AR AR R R G B AR A S IR 2
FEI 26 75 Gy [ G2 % 7K 5 3L 14 ( National Recommended Water Quality Criteria) 7 " (28 1) %2 1L ¢
FU 1] Btk A B 4 8 mT RE P AR B A W 3 PR IR A TITAN KPR ME AL G — A SR U LR YR B (CCC) Fl—A 31
HRHREE (CMC) |, 5 T B K b 4 T 0 e BB sk JCAR B 1Y) CCC B, I AT RE 2% K A A R R G- A 18 Pk
B AL HA R A CMC A, 2% K A A 25 R e e A b Bk 6 Fem ol & B, 78 S2,S3 A ] Btk
Hh Ph ¥R CCC (H (B HSEE R /N CCCAE, W 5156 1 78 S1.,S2 s alB /K H Cr ¥ ) i
HCMmC fi,S5 AR cCC fH, HHSFERIETC & T CCC H, il BEXS I A= ) = A Stk sl g M 2 1
Hofl T 4 SR AEAS SR BE B/ NT A Y CCC A, BIAR ST /K AR S R G Ak k.

SuEpKhRE SRS EAR, RZVHY T Cr.Cu FH & & &, 298 718.02 mg - kg™ F
526.66 mg -kg™' , &% E A B S EHIFE A Cr>Cu>Zn>Ph>Ni>As>Cd. F 4@ Bt Ll S2 ST AN iR,
XSV EEER R R RS T RS A R E R AR R B, i O R Z VTR S R
BRI ERIF A Zn>Pb>Cu>As>Cd, T Cu EEHE TR S ST, AR IZ I HEA
FA BT K B BEE RN 5 5 2T R S 7 P E AR B S B A A SRR S YT T
fH.Cu HEF SR 3.50—113.96 175, As NiFSHAY 1.43—8.10 £i5,Pb AT F(HA 6.60—12.61 % ,Zn K
FEEA 1.25—14.25 1%, Cd 15 S{EAY 4.00—13.90 1%, Cr M EHE Y 2.91—63.23 15, Ni N5 Sy
1.48—10.57 3% , AH I (R F- Y8 2 5 0 35 5B 1Y 44.61 4.44 .10.02 .6.83 .9.41 25.64 F15.10 %, Cu .Cr %
PR ) BN 5 GB18668—2002( Vi LAY BT & R ) 55 AR EAH LL , Fr A R AE AT As YK
bR, H Ph & H bR (EARMEER 1.57—3.01) , Cu Zn Cd, Cr [ S AL AR 2K 73 51 R 66.7% ,66.7% |
16.7%F150.0% , e K FEARMEECA 15.04 2.81,1.20 F1 13.07. 55 GB15618—1995¢ 4 HEIAH [ F b vfe ) 1) —
RAMEAR L, A RAE A As IR HAR , Cd 280 AR GBFREECH 1.73—6.03) ,Cu ,Pb Zn ,Cr \Ni 1Y 5L
BRI 9K 66.7% .66.7% .83.3% .50.0% F1 50.0% , T FHEAREECH 15.04 .1.30,3.93 .9.80 1 2.60. 7]
UL 2RI RZDIRYI O 2 Z R E 4R E G5 0%, T REXS IR AR AR 18 e .
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Table 1 The concentrations of heavy metals in interstitial water and surface sediments from the Loushan River

T H Project 155 Index Cu As Pb Zn cd Cr Ni
f/ME 0.52 5.20 0.46 4.90 0.03 5.59 5.66
kAl 4.00 18.30 5.90 45.20 0.09 25.68 34.19
[157% 9% S 1.81 10.49 2.01 14.48 0.06 12.27 12.48
(pg L™ bRz 1.43 4.36 2.08 15.72 0.03 7.42 10.87
GB3097—1997 45 = hrifE 50.00 50.00 10.00 100.00 10.00 200.00 20.00
cce 9.00 150.00 2.50 120.00 0.25 9.00 52.00
CMC 13.00 340.00 65.00 120.00 2.00 13.00 470.00
/ME 46.14 5.16 204.67 86.44 0.52 90.08 18.20
TRy 1504.21 29.14 391.01 983.38 1.81 1960.01 130.06
RIZVIREY)/ M 526.66 15.60 314.94 450.49 1.24 718.02 58.89
(mg-kg™") brifEzE 641.74 8.02 67.23 301.57 0.44 859.96 42.53
L LIER: SE 5 13.20 3.60 31.00 69.00 0.13 31.00 12.30
GB18668—2002 4 —2hrifi 100.00 65.00 130.00 350.00 1.50 150.00 —

GB15618—1995 - trifk 100.00 30.00 300.00 250.00 0.30 200.00 50.00
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Fig.2 Distribution of various fractions of heavy metals in surface sediments of the Loushan River
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Table 2 Speciation distribution of heavy metals in surface sediments of the Loushan River

AP & ZH

Speciation distribution Parameter Cu As Pb Zn cd Cr Ni
S/ (mg -kg™") 5.97 0.24 12.26 78.91 0.60 13.50 12.87
F1 5 B P 160.62 45.53 99.44 69.74 47.35 201.26 121.49
HAY A % 1.13 1.53 3.89 17.52 48.61 1.88 21.86
FIME/ (mg kg™") 12.06 0.49 68.05 121.62 0.29 38.14 10.50
F2 5 RE % 101.91 90.64 90.93 83.59 58.76 167.54 117.11
Y I % 2.29 3.15 21.61 27.00 23.31 5.31 17.82
SE/ (mg -kg™") 418.42 1.21 105.30 107.45 0.24 434.87 11.03
F3 5 FAE %o 139.78 53.91 48.87 120.44 52.64 131.31 95.35
Ay A % 79.45 7.74 33.44 23.85 19.14 60.57 18.73
S/ (mg -kg™") 90.21 13.66 129.33 142.52 0.11 231.51 24.49
F4 A5 R B % 60.03 58.22 63.46 46.48 30.45 95.56 31.09
A5 % 17.13 87.58 41.06 31.64 8.94 32.24 41.59

F I 2 A R ESRAE S R Z DU h 7 Fh 84 8 R S HFIE 45 5. As Ni LIARTE 2508 £ B IR AF
25,5100 5 B 76.18%—95.19% 11 23.72%—179.62% , Hika e P fc i , AE A KIS A% Cu  Cr VAT & 1k
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DRFRA S B N FEMATILE & Z A5 3)5 BB 80.17%—99.53% Fil 88.19%—99.48% ,iX 2 Fi
TR 5 U T B HERR S5 A DL M S s &9, L S ik Y 0T e vl A S 6 s 2
WK A AR i s S N ZEHECE S A LTS KA B 45 58 U v sk R IR S AEAE 1Y T 4 8 SR A X R e
BB e SR R AL S T, AT BT RS fE 70 5 i A A5 10k A KA Ph  Zn ZE SRR BE 5 07 £ B IRAFIE &
22 SRR, Z2BUS AL BRI A 32.Cd DAR AT ¥ Al 285 F BERAF LS, i B i 1Y 24.02%—66.98%.
iR P P LS X0 BB 722 A i SR, 76 R M R b P S R T BT RS ke, T DL B e A W R AR R
LGN

FHER 2 W, R Cd N A, oA H 4 i R v VS A 25 LU I 7E 4 PR S b B0 B IR, B 4 s vl S O
BRI E A : Cd>Cu>Zn>Cr>Ph>Ni>As. Cd, Cu B9 ] #E A & B0, 40 91 g M i Y 84.74%—
93.74% ,36.95%—89.20% , 5% As 4, HAR TR v 2B & 3 okt 8. W 5 RECE | TR 1T 15
A T SRS ] S AL S A AR S R AR TR A AR S R BRI BN, T TS Y 4R
L& INAEDTR O A A R DRI U AR AR LA i A 2 ) 4 S 7
2.3 A B EE 4R A AH DG o BT

& 3 B T 2 il ] Bk RN 2 2 DT B 4 B 2 [A] Y Pearson AH G PR AT 45 S AT LA | [] B
K Cu 5 Ni \Pb 5 Zn ZIEFEAE BB H oME P<0.05, FHOE R0 51K 0.862 .0.880. & 2T Cu 5
Cr Ni Z [A 775 i 35 IE AR 56 P<0.01, FHH =3 2 [AlAH 55200 mT g ELAT AR IR] A0 5. FR B T AT, Cu 5 Ni 76
[i] B /K -2 2 DR 1 H BR AL A A6 2R rP ot 25 7 LA . X [ b 5 4 e AS TR) A Jo v A0 5 e gk A 1 AR G
53M7, Cu , Cr TEIA] BoK AT Z TR AH G R 4053 51 0.860 1 0.812( P<0.05) , Hofth 5 4 J& 7E M AH 2
[i) A 2% B0 BH S AR AH OGP 3 T B2 TR R P i R A R R A2 B A Bk 2, i 32 5
HIRAFALATEAS DL pH AE, EALE RS , A7 WL FUAE 0 25 R 8 25 R A R i), 52 TR 28 B 2%, AT 3
FCHAR R AR 22 Y

F3 BIPURYIRIGUK FZV0R) 6 4w 8] A 5

Table 3 Correlation matrix of heavy metals in surface sediments of the Loushan River

Cu As Pb Zn Cd Cr Ni
Cu 1 -0.165 0.209 0.216 -0.713 0.694 0.862 "
As -0.313 1 -0.583 -0.656 -0.384 0.037 -0.158
Pb 0.184 0.300 1 0.880 " 0.352 0.074 -0.105
Zn 0.156 -0.438 0.407 1 0.400 -0.191 0.121
Cd 0.631 -0.511 0.525 0.537 1 -0.807 -0.612
Cr 0.958 ** -0.174 0.112 0.166 0.492 1 0.352
Ni 0.976 ** -0.441 0.274 0.305 0.754 0.895" 1

1) 7 b I BK 8 4 J  B AT DG R B, 42 T O UIR) T B G B A B ARG R B + O P<0.05, 2 P<0.01.

2.4 RIZUUFYE 4 @ WS PEHy
2.4.1 KBS PEM i ik

ARG DA 232 ( RAC ) K5 4 J Hh T AS e S AR IR R 45 5 745 (BR TV A 25, F 1) F o i L9l
5 AN WL 4. DU TP R 4R 19 RAC KU TR BN & 3 TR, Cu, 0. 14%—4.99% ; As, 0. 84%—
2.04% ;Pb,0.03%—8.77%; Zn,3.79%—31.67% ; Cd , 24.02%—66.98% ; Cr, 0.07%—3.51% ; Ni, 4.92% —
31.45%. 1 Cu ,As \Pb 1 Cr A TC XU BRI 9, — - RAE AL Cu Cr Zb T IC U A, AR5 R A A
As Pb AbFARRUES 2 ; Zn Ni A F-AIIRURS: 2] 125 IXURS: 2 ; Bis S5 s Ak v 258 JRURS: A1, 4 SR 05 Cd A T XL
I SR = AR S5 . B AR T 4 S B AE S2 s IR KAEL, H T F Zn  Cd 23 I FE S6 Ak T35 Rk =5 KU
P, B S6 5 RS KT i T AR R AR LB S6 i A, i S1.S2 SRAE SR XU 7K - W i 1 T Ui

AT RAC {3 8 5 4 Ji A7 T AS B AR g v BT o E ) 35 A 5 SR 45 S R I 4 %o 1 1 L 7
HERR, LNE S EIE S AW AR E , 28 11070 3R )2 DU Y 1 4 T8 0T PR 5548 1 0 XURS: HEJF 4
Cd>Zn>Ni>Pb>Cu>As>Cr. JURPIH Cd LU K H Bl FEAE T-RR i s v, iX 5 B N 2 25 Tl DA &
G B U PR 45 SR — 3K T Ah S i ST
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Table 4 Grade standard of RAC

RS 26 45 Te R AERIXUB: rh A XU e XU A v XU
Risk grade Extremely low risk Low risk Medium risk High risk Extremely high risk
]SS AR RS G A o L <1% 1%—10% 11%—30% 31%—50% >50%

2,42 WBTEAESKRREEE

AT ST HIERE S B R S EME NS A (1) L (2) f1(3) 718 7 FhiE 48 17
TEAES IS RECCED) SRS KBS TR B (RY) ARYE 6 I REESMESR P EE, IR ESE
) A 25 JRURR: D 2 B YA - Cd>Cu>Cr>Ph>As>Nis>Zn (18 4) .Cd | Cu 4228 11T 22 2 DT M 11 35 2 XU
T, AR ARV 2R BN E XU 45 B BTk IX 73.94% , FoAy 5 FhE 40 J@ WPV 0 A0 25 XU 48 5 0 -1
TR 26.06%.
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Fig.3 Risk assessment code (RAC) of heavy metals Fig.4 Contribution of different heavy metals to potential
in surface sediments of the Loushan River ecological risk indices in surface sediments

of the Loushan River

RIEE SR EL A RUESKEFEE SR T (K 5) X2 R Z U0 b 7 FhviE 408 1 4 S K
ST RV Zn ZEITA RAE S EL 2/NF 40 O AIRAE S U (1) 5 Cu 19 ED A 17.78—569.78 , °F-
PIE N 223.03,S1 .82 AR A S XU ; As BY EX AT 14.35—80.96, SEA4{H g 44.41, S5 £ 58 45 25 KUK
Pb 19 E' AT 33.01—63.07 , “F-X{E K 50.11, 5 S3 A4 &A= 5 KU s Cd 19 E AT 120.10—417.10,
SEHIME N 282.21,92,S5.56 A GRS ;Cr 1Y EL AT 5.81—126.45 , F-3{E R 51.28 ,S1,S2 A A A KL
s Ni B9 ED AT 7.40—52.87 , F-3{E R 25.49,S2 fif5 A KR B AR DT Cd 1ok BE 341G, 5.
LV AE A S 20 v, T 225 | R OGSk PR 7 MR EE &8 1Y RI A T 199.40—1249.93 Z i), F-3Y
RI B} 657.16, Hirh S3 5 A8 A XUKE , LAY KRR A 3 2R s A 28 XU 31X 5 6 5748 %t 25 il 11
RIZ VIR A RS DA &5 R — 20, BN R B E S B E e Cd, R AL R HUURY o & 48 s G
ZEDIIEVER S

RS LINWRZVURY GRS KIS

Table 5 Potential ecological risk assessment of heavy metals in surface sediments of the Loushan River

A 25 RS BT 5 o) Percentage/ % He S KU

E Ecological RI Ecological Pe}iili@ %
risk Cu As Pb cd Cr Ni risk °
<40 1% 33.3 66.7 16.7 0.0 66.7 83.3 <110 fI% 0.0
40—80 LR 16.7 16.7 83.3 0.0 0.0 16.7 110—220 LR 16.7
80—160 R 16.7 16.7 0.0 16.7 33.3 0.0 220—440 R 16.7
160—320 R5im 0.0 0.0 0.0 33.3 0.0 0.0 >440 i 66.7

>320 L 33.3 0.0 0.0 50.0 0.0 0.0
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BEXF 256 L) 26 2 URRY) B 42 8 O PR B XURG: , RAC 55987 A S XU 18 B0 (e 45 SR A Bk i AL B
KT, RAC VEAE 19 T 43 &8 W 7E XS HEIE 7 : Cd>Zn>Ni>Pb>Cu>As>Cr, B 3 FhvEi 4 & 6 ke S A 2
A e S L A 2 RS 5 i v e A 7S XURS 18 B 45 i KU HEFF 4 - Cd>Cu>Cr>Ph>As>Ni>Zn, Hirp Cd |
Cu 2 PR 42 J@ 445 RAE s AL AR A 2 K. 2 P i B LA Cd Ry B R KU 9 i, (R % H 4 6 b i 4
JE RS A E WIAF AR R 22 53 o RAC P8 Zn A TR S E XU 9%, 1B Zn 2 250U YR A B 7 AE
MITCER BRI, ROV A A SR BE g, o i J ) A 5 3y R A B 5 T 7 2B 28 KU 8 B0 1 A2 Cu
Xt R STRRRAOR T Cd, A2 RAC 2087, Cu FEUTRRY) rh =2 LART A AL AR i 25 0 R EEMAAIE RS A
YIS, AR S G F R, EHINNX S 2 Fhoy ik i PEA4 25 50 50 J ) A €.
RAC 58 B & WA 78 S A v T o B ], 3R 3 A 8 25 % 1 4 g AR 0 sk 1 o 242k |
WA % 8% 4 R nE Lt &, HAE YA RO AR B85 W) A Wi 5 Ve A 25 XU 18 45k [l if %5 1
DRI AR E &8 1) & AR R, RIRTES & 75 S R 25 0] 55 Pk | 6 B 3 4 Jd X A58 AR W 1 fes
O RIS Y R g e a e N A S 0 2SR O (SR R N 1R TI AL ) e Rl R el T W e | S Ra k. /R D |
YRR IR R, 78 EAT DU TR 4 1 75 e XU BEA I, 3600 3 4 i D0 R & i S IR 2800 A S i
W ARSI AT 2 BT T 1 A 58 SRS T 5 b PEA 28 L] 2 2 DR ) T 4 8 0 B 5E JRUG:

3 %5 ( Conclusion)

(1) 217l 3RS TURR Y ] Btk v B 4 T 1) ok B2 R AR A1, B A 3 2 3 i Zn>Ni>Cr>As>Pb>Cu>
Cd, [ B7K h Cr \Pb AETERFE AT BEXK A S R G0 A g PERE R DU h 4 e & i S e
ST BB S, R ) BRIV, B HET A Cr>Cu>Zn>Ph>Ni>As>Cd.

() TR L RIZVIEYI P As Ni EZRAE TIRIES, Cu Cr EERAF Tl S SRS,
Pb Zn TEZHUS AL LIFRIEDS R 3, Cd DARR WV RS 0 WA IE S bR Cd Ni b, Hofth 5 4> & R ] %5 it
BIBIFE 4 TR B ERARBR As Fb, HARTTR AT RBGE & 5 TRRE A A5 & 1 R B0 7).

(3)RAC P45 SR 2, RIZTUBRYIH Cu As Pb Al Cr AT JC XU B XG 2%, Zn Ni Ab TR XU
) KU, Cd L o RS TR 2 IRUBS: 22 Ry 3. N 4 a8 T 285 9 AR 0 R AN, 25 1T R 2 TR
KT EREE A4 B XU HER 4 - Cd>Zn>Ni>Pb>Cu>As>Cr.

(4) WAL B RS AEBOPN E5 R, Zn RS KU, HATE & 8 A R A S AL T K L T
AL, Cd | Cu J& 28 LT R JZ TR B B XS R U5 RT 25 5 R B B S3 A P &8 AR B KU Ah, Aok
1 A A S XU
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