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1.2 FEaE S5 5
PR & 457 B8 TR T S 13 (TICP-AES ) Il % Ca Mg, Cu Zn \Pb,Cd Mn Fe Ni fil As 3t 10
Fh s i AR I PR 43 34 6.7 20 3.6 .1.2.,28 2.3 .0.93 4.1.,10 135 ug-L~' (USEPA 6010). i
FILE 3 1 D0 E 2 2% ] A HE R 19 SRR 4 73 D6 D6 BE 1% (GB 11893-89) FI5R 4173 6ot & % (GB
11894—89) . >R Fil FE AR HEH AR AR v Sl AT o 4, 245 SR A W B A3 155 I G 3R A9 RSD (X
DR 22 ) BT 10% , Ztle AR SRR S 345 45 SR . SCH0 B FBCHE | SRSkl 3% 11 Al R A (AR i T
SRR 1:3) i 124 hLLE, 3 FZ8 K A 20K Gk v Ja Mt . A dh I B0 == 0 B 23 o 7
it FRARGR 34 D G Ml S5 K DA s 2K
1.3 RIS R DAL D 17 17
ROKIRA R R AR
R = [1 -exp(-Dyg,)]/L (1)
R} = (D/RFD) x 107°/L (2)
A1) AR BEAREOE KU T RIAEL. R 0 62 BUB YR @ 2 POKERR I NBUE AR a5
DA B | YOKEAR I AR TE H IR B, mg- (kg-d) ' 5q AL FBORMR 0K E
ORI AR kg domg ™ 5L NI Hfi .
A (2) A POKBAEAR SO KB B PF A . RY N AR BURY) @ VoK A B SU S 3 191 AP 248 K
Kr,a ™" sRED AARBUEY) | MK IBIES B R, mg- (ke-d) 5L NI F74i, a.
POKIRAE A AR TE H 2 2878 DA

D, =2.2C/W (3)
2 (3) 2.2 F AT H B UOK &, L €Ay A2 S0 90 I 5 AR 08 40 T T B e B, mg - L™ W o A

Pk ke
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mr:
R = [1 -exp(-CDI xgq)]/L (4)
R = (CDI x 10°/RFD,>/L (5)
2 (4) B kA g A2 08 KU I PP RS RY. RS AE2E SO I i@ 28 52 IR B i 42 BT SUs e fa 3 1 A A
SRR a5 CDI S H 7 (A A9 FEA TR i, mg» (kg-d) '
2 (5)  J kA2 e 0 A 55008 IRURE A PSR R AR SSORE T @ 28 B IR A2 i i 72 BT S5k R A S 19 A
AR 2~
2 kA fiads A B A E 34 B R R i CDI AT B A
CDI = I x Ay x FE x EF x ED/(W x AT x ) (6)

[=2%x107 xkxC, x /(6 x7 x TE/7) (7)
20(6) 1, 1 A A YR e BT 1 AN V5 Y A W B, mg - (em™ ¥R) 5 A W AR R BT, em® s FE S Pkt
PR, Yed ™ EF OB EESUR  d-a” S ED R RERIERT  a; W ONSEEART ke AT R FH R ERR] 4 f s
TE LB EC R sk R B R BB, om b s S AEREA ) b TE S ), h.
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TR K5 7K B 35t B XSS DA A PP 0 X R D e AR, MR o [ L AR S BERL, P A3 ) 7%
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BCL b Pt (] TE $0. 4 h.
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Table 1 The values of g; and RFD; of model parameters

b2 BRI g,/ (mg~"-kg+d) BT RFD,/ (mg-kg™"-d ")
Cd 6.1 Pb 1.4x107?
As 15 Cu 5.0x107
Zn 3.0x107!

2 giR5iE

2.1 RIgHA K BB LS A

PLEE A R K TR S RIS 2, 3R 2 AT UL, T KOKIEAE T 7. 4—11. 3 °C R 2K
9.7 C, T RAFMS TR AN ], B3 22 K, PRI /KGR AR H AR, Tk pH {H 4 8. 03—8. 27, F- ¥ pH {H N
8. 17, L /N oL 16 0] 7K PR P R B P38 A8 A AN, B9 S BN I € 2 A BE 0531 35. 41—114. 34 Al
7.50—25. 90, AR Be AN [R) S 22 18] €2 B2 0t B 9 5 o 22 5 PO, (B A A AR 1 TE AT G, e
S2 g CREIMRME ) AR THRE N 2 BT /b ORI AR /b, DR it B AR DO I T 2 /K BRI o e A e
(GB 3838—2002) ) II 287Kk Joi 25K, TP & AR, LT 1 2K B 25K, TN ¥k B [ o 0. 464—
0.691 mg-L™" LT M RA G2, LN i) BE bR, R IDKIRZ B N BRB5 9. 26/ DR i £t
[ BT UR 7K 0T 52 B M 7T 200 52 0 , Bk BE AT TN Ah R ] 7K A He e K B 3R Ak S 809825 /U

F2 HBERBUK IS

Table 2 Water quality parameters in Lhasa River

e 7£<°{CDE]I1 pH i e M %f”/rff /(mi:'(ifl) /(m;PIfl) /(mgT-NL*‘)
S0 16.6 8.96 496.03 131.87 1.0 7.00 1.011 0.145
Sl 10.0 8.03 35.41 15.77 1.5 7.64 n. d. 0.620
S2 10.3 8.26 69. 84 7.50 0 6.53 n. d. 0.691
S3 11.3 8.27 79.73 16. 18 1.0 8.65 0.058 0.609
S4 7.4 8.21 79.49 18. 40 0.5 8.73 0.004 0.464
S5 9.6 8.08 114.34 25.90 0.5 7.49 0.017 0.682
Hen. d gARKH.

2.2 RUBERIRAE

B RKE KA & BT S AT L 3. 2 3 AT AL, PR 42 oL LA Ca Al Mg 3, %%
L Ca®" I Mg® " 5 oA R/ PR BE B HE AR , DU) S A e 0 b T A /AR 13 > 96. 13—107.79 mg-L™', J& T4k
KR, ZEA BRI T A SR A 45 R, A B KK E 1 & B 4 Fe > Zn > As > Cu > Pb >
Ni > Cd. BR Zn &b,k v B 8 48 3 & m BT 35 /AR SR 5 N (R ZE RYTRT an IR ) 3] (I
Y0 T 20T A B ST L R K A Cd As  Cu Pb il Zn & &5 T 40T 7K A X LR ER
&I ) e B AR TSR KR & i, Horpr, Cu Al Cd P38 1 [l o (IR 0Tk 4 & i 3448, Pb
I Zn B 35 AR T LT AT 2 5 N 3 R T I Tk & 4 {8, (A Fe 1 Mn (155 00 2 HL AL
THHAT -4 A R . ZS 1404 K7, As \Mn Fil Fe &t fp KB4 U BRAE S5, Cd Fl Cu &5 it f5e i35 s fr 4
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Oy S4,S5 F1 S4 PR W T2 TR B P LY. Zn Ni R Pb 7E ST S B f . £ RAE RUK IR H 4
JEICR F R ZE R R X AT RE R T AN AT B i B ¥ QAR AL 3235 Y U (0 L) A il 249, 1o EL AR X
N, U A T G A i B 5 A TR ROTK AR B E (GB 5749—2006) AH LLEL, BR As Al Fe
1 5 i e [ SR K BRE A 2 A, HE 6 e 4 25 e 17 e S R /K R S T A AR A b 3R K 853
JFHERRME(GB 3838—2002) ,Cd \Pb \As {5 F [ 2K BRZEKR, Cu Zn 3k 3 11K bR, 1M Fe 7 S3.54
S5 i 0 W i Py R P Al e 1 S v R

FERLHEAT S AWM v, S5 B 4 J W JEE fie iy, FLUOE S3, 82 M e fik, ST A1 S4 FH2E A2, S5
0B TR AR S TR B S g i, S3 R RAE R T REHL S & MR E SR E 515
YL PEBE R TS YAl E BT IANE R, KA BRI K BARHEA 5 [R]I 7 =)
REAE R TN 1B DR 38 (8 25 0 =B 7 R RS K, 1 R RE R T AR AT 4 R MR R R 1Y

®3I PBEAIREE R TR S (pg L)
Table 3 Concentration of metals in Lhasa River (pg-L™")

bt As Ni Ca Mn Fe Cu Mg Zn cd b
SO 3049.500  2.795  5001.500  38.470  675.600  15.597  242.000  27.885 0.098 3.510
sI 26.500 2.368  31095.000 23.415  299.750 6.066  5183.000  241.100 0.048 3.229
$2 32.000 1.438  29030.000  16.090  257.450 6.214  5753.000  54.325 0.059 2.617
s3 23.000 1.787  31585.000 47.345  563.000 5.210  6460.000  131.250 0.058 2.647
4 21.500 1.355  32190.000 16.710  467.100  11.008  6665.000  135.650 0.066 2.674
S5 35.500 1.620  28515.000  52.025  714.900 8.449  6063.000  85.290 0.065 2.695

W 27.700 1.714  30483.000 31.117  460.440 7.38  6024.800  129.523 0.059 2.772

2.3 HE4gm FREM pH MY

XL RS 4 R ERE S pH {HREAT Pearson ARSCHE M T, A B A AR R LR 4. ik 4
AL N S P SR M AR EAAE R EIEMSE ( P<0.05 ) 5 Cd R EFAERE R ( P<
0.05 ) ,Zn i Pb & MERE FIAF/ERFIEMS ( P<0.05 ) KB Zn Ni 5 Pb {5 5L f71E—E 1
[FIJEIE, 0 Ni 55 Cd SRIEA IR A OFTEHE ), BRI K 225 R I AR 5740 10 5 JR T R s 1 S 7%
TRL I 7K AR S BRI , X P RS 8 Rl < J o5 i 5 pH (LA B AN A 7 8 35 A S PE A SR As M,
Fe Cu [A]2 AN FEAE R AN SN, R U5 P HAT Z U4k BIg= /KR Cd \Pb | As 35 BHIR T PR5E i v
(GB 3838—2002) I JEFREME, KM 3 FlE 4@ 1951 o A AAA KA.

R4 PIOERIEE GRS pH BRI A O

Table 4 Partial correlation matrix of heavy metal, pH and salinity in Lhasa River

As Ni Mn Fe Cu Zn Cd Pb pH & T

As 1

Ni -0.086 1

Mn 0.294 0.126 1

Fe 0.174 -0.224 0.858 1

Cu -0.132 -0.555 -0.231 0.294 1

Zn -0.503 0. 840 -0. 146 -0.256 -0.132 1

Cd 0.125 -0.894" 0.187 0.597 0.716 -0.712 1

Pb -0.102 0.907 " -0.193 -0.387 -0.243 0.895" -0.819 1

pH -0.334 -0.657 -0.148 -0.099 -0.087 -0.583 0.377 -0.781 1
F2NES -0.421 0.904 * 0.201 -0.018 -0.341 0.928 * -0.714 0. 805 -0.544 1

T = o 95% EAF XA

2.4 BRI T <5 (R XUBS T

AR B LB AN AR RS B, W] ATt 2010 4437 g40] 0 s A% 5 e el aod AR /K R B ik 42 fih ik A2
JIT R R KR , T R LA S R 6. N3 S FISk 6 W IR (e B sE M B G R 15 Wb, 15 91
X 5 B IR A i A A R A Ak o T 4 9 7 B /N e e K IR AR I J 9 18 3, 0 P 0 A e
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JE T BN AR IRV EEAE BUE P 80 4R KUK 2—8 DRSS M & B UE i BUXUKE O 4. 88 x
10™%a ™", B T 24 AR BORIR B0 LA B 0 B S R B R T 452 KU KT 1 x 10 7° ™! {HAR T 95 [ 36
BEORE (1 107" a™ ") FE PRAEGT B 52 5 22 (ICRP) SR K AT 2 MUK (5 x 1077 a ™) | T AR K B
fes FHREE N 1.22 x 10 *a ™", J& ICRP A7 ) B K mT H232 RURL KT 1 24. 4 % SR BB LR R) o 22 235
FUEREEH A 10 55 R T He 32K OF- 1 1220 £, oAb B0y Cd BE XU TE x 10 7 50t 9, i m T35 ]
B Y] Zmg KK (1 x 1077 a™") | Peia KURLIE F- 3552, 17 As A fEEHE XU K P 7E 1. 90 x 10 ™' —
3.13 x 107 a™" & T IR TR XU B, ELX A AR A 75 (1 B XU STk 99. 60% , A L P
AR E N G FEABETE R TR P RO AL A E0 ) As 1 Cd s R AR L As e, 3
S4B SHTABRF A S8 AEBOE Y R0 f R E R L Pb fk, L Cu, B AT14R 1
HIZIAFE NI MBI 41. 19% F130. 91% , Zn L5455 I W7 01 7 5 |2 0 s DXL 1k e XL 49 vl 220 . 5
O BFSE TARAR LA, Cu B e B XU IR T B A T2 11T, ) F 6 125 T BARAT K. Ph - 24 LA
55 R 38 B VAN LI AR Ak T [R] — B 2, (LB B o T R AT /K P R TR A 8 5 K. Fr LA
Ph A1 Cu JIr5 1 A4 B KUK o AN BE 20, 5 102 Pb Y5 L.

RS By BRSO Y TR A E 1A AR (a )

Table 5 Health risk induced by chemical carcinogens and non-carcinogens for one person(a™")
sl 2 3 s4 S5

POKREE  Peia MU POKMEE YRR POKREE  PERME POKRKUE DRI POKMBE PR
As 2.3%x107* 9.34x1077 2.8x10™* 1.13x107° 2.03x107* 8.10x1077 1.90x107* 7.58x1077 3.13x107* 1.25x10°°
Cd  1.74x1077 0 2.14x1077 0 2.10x1077 0 2.39 %1077 0 2.35x1077 0
Cu 7.22x1071% 2.85x107" 7.39x1071" 2.2x107"2 6.20x1071° 2.45x10° 1.31x107° 5.17x10"2 1.01x10™° 3.97x10~'2
FEEUEY Zn 4.77x107°0 1.89x10712 1.08x1071 4.25%x1073 2.60x107 1.03x1072 2.69%x107° 1.06x1072 1.69x1071 6.68x107"3

Pb 1.37x107° 5.42x1072 1.11x107° 4.40x10™2 1.12x107° 4.45x10" 1.13x10™° 4.49x10""% 1.14x107° 4.53x10~"

MFZ 6 AT LI Y 2% I W 1T A7 35 5 e ) P A B 1 5 19 G XU 3% AR I/ NHES O 2 S5 > 52 >
S1 >S3 >S4, 15 4 Jg LR BE WP AN — 250, FLAR e T RSS2 fh 345 35 DR 75 ) i 4 IXURS: 22 A i 34
FH— 0, IR PRSE fE FE f T 1) B KU, 228ty As IXRHEE N TR B0 ™ A= 4% EPA X S50 W) 5l 1252 1 KUBS:
TR R A fE 5 4 a0 D SRS 0 51 PR R 0 R, LR, B v > 10 ™, B LA W 35 ) XU, 1o 3| R B
W FNPREE VA BT T A O

F6 A ETTYYITEIERESE F B N (a7")

Table 6 Total health risk induced by both chemical carcinogens and non-carcinogens for one person (a™")

i) o Aﬁ&% o o jtﬁ&% — TR RS e AU SRS
PRIK IR e KU R IR VETE RS

St 2.34x107* 9.34x1077 2.57x107° 1.02 x10 " 2.34x107* 9.34x1077 2.35x107*
2 2.82x107* 1.13x10°° 1.96 x10~° 7.75 x10 12 2.82x107* 1.13x10°° 2.83x107*
S3 2.03x10~* 8.10 x1077 2.00x107° 7.93 x10 1 2.03x107* 8.10 x1077 2.04 x107*
4 1.90 x10 * 7.58 x1077 2.71x107° 1.07 x10 " 1.90 x10 ~* 7.58 x1077 1.91 x107*
S5 3.13 x107* 1.25x10°° 2.32x107° 9.17 x10 " 3.13x107* 1.25x10°° 3.14x107*
Bk 1.22x107? 4.88x10°¢ 1.43x10"8 5.65x10 " 1.22x10 73 4.88x10°¢

TG L | BRI KU S0 2 — R AT 7 8 (Ll T B IXUR S A% S 7 7 e ) A T
SV, AIEORYIHRIE R 5% 0 I AT R o0 A (e f 5 ) RO A%, ¥ 4575 T ¥
FRRABISL.
3 4tip

(1) PLE= I S AR S R, SR AR 5T, 32 51 N 2 fld5 . Cd \Pb As TP S8 T (MR K 3553
JEEARE(GB 3838—2002) [ FKFTER, Cu Zn DO F LT I FOR 2R,
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(2) 33 Pearson AHSEHEM AT AT, 8 FREE G IR &5 pH ELMIIYAAFAE R FE N, Zn Ni 5 Pb {53
FAE—E WIRIIRTE, T Ni 55 Cd SRPEATE. As Mn Fe ,Cu [WEIAFAAE R ZAR RN, RN YA Z UL

(3) 5 B3 3ok B JPRA fih Ja A o N A o o 3 e 1 s 3 8028 /N 3 5 PROK s 42 BT 3 R s 7, X
TR X AR R A T 1) I AR IS, EE AR S50 4 1) 4 AU K- i 2—8 AR 2. o Bum ) Cd B R
5% 7T 228 XU AACF- 115 Ass Xof XU T k3 99 60% |, J8 oA AU, ke S5 A7 PG B i Xt 2. AR B0 ) P
1 Cu Jfr 52 A S HE XUBS: o AN REZZ AL, FLE 4 RV <G J T RASE/IN. 3 5 T0 AR v 5 S 5 | R ) ft B RS
FEX T EPA HEREAARAE(EL, FAT 25 (0 UKL, 5 S PR 0 R BRI A8 B 1] i) S
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Pollution analysis and health risk assessment of
heavy metals in Lhasa River

LIU Feng LI Mei ZHANG Rongfei CUI Yibin™

(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing, 210046, China)

ABSTRACT

Partial correlation was analyzed based on the concentrations of heavy metals and water quality parameters
of Lhasa River. Health risks associated with heavy metals in drinking water were assessed primarily by health
risk assessment models. The results evaluated using the limit values of drinking water health standards in
China (GB 5749—2006) showed that Cd, Pb, Cu, Mn, Ni and Zn did not exceed the limit, while As and Fe
were severely over the limit. Correlation analyses demonstrated that there were stronger associations among Zn,
Ni and Pb, and their good correlation suggested common sources. Ni and Cd were from different sources, and
As, Mn, Fe and Cu had multiple pollution sources. The correlation between concentrations of the eight heavy
metals and pH was not significant. Compared with ingestion exposure route, the harm caused by contaminants
exposure through dermal contact route was far less. And carcinogenic risks by carcinogens were 2—=8 orders of
magnitude higher than non-carcinogens. As was the main risk pollutant, since its contribution to total risk was
99.60% . It is suggested that Lhasa River should be of concern by the environmental monitoring and
management departments, since its total health risk was severely over the reference value recommended by
USEPA.

Keywords: Lhasa River, heavy metal, health risk assessment.



