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Chemical Speciation and Risk Assessment of Heavy Metals in the Middle Part of

Yarlung Zangbo Surface Sediments
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Abstract: Nine heavy metals (Cd, Co, Ni, Cu, Zn, Pb, Cs, As, Cr) of surface sediments collected from the Middle Part of the

Yarlung Zangbo River were analyzed by BCR sequential extraction procedure. Based on speciation distributions of these metals,
ecological risk of heavy metals was assessed with methods of risk assessment code (RAC) and sediment quality guideline quotient
(SQG-Q). The results show that; (D Large part of Cr and As belong to residual fraction (87%-96% ). Ni, Cu, Co and Cs have
similar distribution characteristics ( non-residual part accounts for approximate 20% ). Correspondingly, mass fraction of Cd exists
mainly in acid soluble and reducible faction (65% ) , indicating high ecological risk level. @ Based on calculation of RAC method, Cd
is of high risk to the environment (37.38% ). Accordingly, Co, Ni, Cu and Zn are of low risk, and Pb, Cs, As and Cr pose extreme
low risk to the environment. According to evaluation of heavy metal speciation distributions, the potential ecological risk of heavy
metals is in the descending order of Cd > Co > Ni > Cu >Zn >Pb > Cs > As > Cr. @ The SQG index of sediments is 0. 804, indicating
that studied river sediment has a moderate potential biological toxicity effect. Given most of heavy metals exists in residual fraction, the
sediments of this region pose a low ecological risk to the environment.

Key words : heavy metal; BCR sequential extraction procedure ; speciation distribution; ecological risk assessment; the Yarlung Zangbo
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Location map of the Yarlung Zangho

River and sampling sites
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Table 1 BCR sequential extraction procedure
HYR E& PRI 1 it
I [PEES 40 mL 0. 11 mol-L~" HOAc 16 h &%
I ] RS 40 mL 0. 50 mol-L~" NH,OH-HCl 16 h &%
il Al 10 mL pH 2 ~3 H,0, 85C /K& 1 h /RIEY
50 mL 1 mol-L~! NH,Ac pH2 ~3 16 h 4%
v B 10 mL FK
1.3 Ik RAC) A8 1T 38 RV R 2R 4% 4 25 2 TR 7T 422
1.3.1 XSl dmfid ik YRS o S 14 B 0 B e RO AT L 4 SR A 2R )

P T 4R IS A ] AT A 14 R S 7 Al
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Table 2 Grade standard of RAC
IR A5 TR AR TS XU 1o LR TN
PR AT HR IS o B 4 T A % <1 1~10 11~30 31 ~50 >50
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Table 3 Heavy metal concentrations of the Yarlung Zangbo River sediments

WH Cr Co Ni Cu Zn As cd Cs Pb
vy LBl el 135. 34 16. 81 79. 59 39.9 83. 04 19.94 0.08 22.5 23.12
(il st A p YA 77.4 11.6 32.1 21.9 73.7 18.7 0.08 19.4 28.9
H ] 75 = g 120 63 32 57 38 86 1.9 0.05 11 15
5 pth 75 = iy 131 110 25 89 63 94 2.2 0.2 1.4 12
BRIT TR ) 73.49 221.9 — 86. 58 — — 2.34 — 77. 83
I AR g 2] 66.5 279 — 71.3 — — 3.11 — 58.8

1) UL RE SR AR <63 wm, B4 14 mg-kg ™!
U N2 BT 6 o D A o A0 5 11 b AT sl s i
& As T PWAEHAANE FH T 55 1 1 B b 300 3
IR SRR O v AR A L BR
JCE Cr 4b, B e R AR AR T i E AR, 368
T T 2R 3R] 3 52 B R I5 Yl sh i 15
2.2 HEFRITTELAA

L BT P AL — 5 A 4 FIEZS RIER T 42 e
BBFEE BAASARRES, K 2 AR Y E
GIBICRIES . KI5 R BA ML 53 A Ry
fiE, BV 42 8 2R I THRIE A (F4) #f43 , iX 7E Cr,
Zn M As 3X 3 FloGE AR I A I 2 (FR A
43 ii 87% ~96% ), Hoh, Cr SR ILT- 23 A7FAE T5%
BA(95. 1% ) ,iX FEF K iZIu R KIS T —
SEESRERR R P, N 5 B W) A g AT R As A
Zn BRI & & & F B R O iZ TR K0 kIR

T HRKALY), GK T RS BYRAPE. NiL Cu, Co Al
Cs RBUBON LAY FRAE, 5 S I H 75 75% ~

EENF] B2 T F3 -4

As Cd Co Cr Cs Cu Ni Pb  Zn
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Fig. 2 Distribution of chemical speciation of heavy metals

of Yarlung Zangbo River sediments
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As FlI Cr Fi2 nT 32 BUAS o 6 08 00 33 0 50043 il ok
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0.96% . 0.87% . 0.65% #10.29% (& 3) , Hrf, Cd
TCEABS S BB (37.38% ), A KU T 4
i, Cd FAAEXT P BE A8 B e AU 1) 7T BE 1, 0L > 4%
HPRTE. JEHR Co, Ni, Cu Ml Zn AR EHTE 1%
~10% Z [a], XF A58 015 35 40 TAR KU IR A, T &
Pb. Cs, As Fl Cr &b FIERUERAS , X ISR A AN
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[T 2R R AT HE BGS BT o E 71 B G T AR50 e
J R [YA]  AN E VTANER VT DT RR Y. 3k — R EAE T
RUNZnFNPbhrh ) R BLE Ry B 2 | R BIHE VAT Ak A

— AR TS Y KBS S . B IR AN R4S
MICE BT 5, N &R B S A YA Pk
KT, WAE RS DAL G ik S 4030 43, MEVL TR P Xof
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Fig. 3 Mass fraction of soluble of heavy metals of Yarlung

Zangbo River and other rivers

2.3.2 YUY E 4 JE i AR R A0k

3R RAC P 7 ik AN 4 JR AP IE &
KA A YA R, A 276 75 TR T 4 1 4a Xt
O A U ER T S (AR, R Ab T4 g g XU 4
G, ARMEXT B R . M b, U
G R HEE R B0 (SQGs ) BB H B T EA RS
YURRE DGR 2R TR AR T XURS TPk 2t B 325 19 78 48 X%
I AR (£ 4).

F4 WINHRWESBEAEM PEL-Q RE
Table 4 PEL/TEL guideline level and PEL-Q of sediment heavy metals

WH Cr Ni Cu Zn As cd Pb SQG-Q
EEIE 135.34 79.59 39.9 83.04 19.94 0.08 23.12

TEL 37.3 18 35.7 123 5.9 0.59 35

PEL 90 36 197 315 17 3.53 91.3

PEL - Q 1.50 2.21 0.20 0.26 1.17 0.02 0.25 0.804

1) TEL A1 PEL & 80744 Jymg-kg ! , TEL( threshold effect level ) /PEL W.3Ci#k[ 37 ]

AR 2) 5 BILTRY 4R SQG-Q &
B 0. 804 >0. 1, F M 1% b X 7775 rp 3 AR W) 5 13k
M. Hor JEZE Ni, Cr Fl As T 5 1975 Y sTmk e K,
A% BRI TR AL ES L E2k A TR
A, 5 XN S84 5, T LOZ L X B A 4R
Y. B UIRYE SRS E¥ES TEL M
PEL 1 LB T LA ), BRICE Cr FlNi A, AR TTHR
FR4E BN T TEL 1 PEL , b 15 BRI 9T X 38 N 2
BRIV 5.

3 it

(D) HELRZVIRY T, HAJR TR Cr, As Al
Cs 1y Fr i THEFCOF 3 s 32 5, I PR 3 28 R VG i
F R R R T DL T b A G b PG B
WA, Sk 4 i B e I T AR BRI I 150 BH AT
FEXS T AR 378 32 B 2805 Yo 1 Bl g i /8.

(DT L, Cr, Zn Al As X 3 FhooE I
BRAE TR S (5 87% ~96% ), Hirp Cr JUE 3
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(3) 2 KBS VAR gt i PEAL 22 B, T R Cd X
BTG B 5 KBS % 5, J6FE Co, Ni, Cu Hl Zn X2
53018 F AL FARRSIR A G E Ph, Cs, As #l Cr
X IRBE A . FRNE & JRIE SN YA
Qe S AR L DO BZS R A SN 8 35 )
Cd>Co>Ni>Cu>Z7Zn>Pb>Cs>As >Cr.

(4) VLU E 48 SQG-Q R BCHh 0. 804 >
0. 1, F Bz B v B AR Y s, oot
FE Ni, Cr f1 As P 5 0975 4L srikae kK, (H il Fax L
FhCE FEAFE THRIES , 5 XN S EA D, BT
Pz X ik bz 8 4 Jd 15 Juis shie .
HATGE M PEL-Q 31, BRICE Cr A1 Ni 4b, H4on
FAR/NF TEL A1 PEL A, & BIBFFE ] BE A 25 XRG4
PR

SO R0 B BB 2R B T R A AR T
B S 45 BE AN 6 3l TN B2 A B

B2k
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