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Health Risk Assessment on Heavy Metal Pollution in the Water Environment of Luan River

LI Yong-li, LIU Jing-ling

(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China )
Abstract ; Concentrations of the As, Cd, Pb, Hg and Cu in water samples from 23 sampling points in the water environment of Luan River and
its main tributaries were studied. Health risk assessment associated with these five metals were conducted using health risk assessment model
from US EPA. Results showed that the concentrations of As, Cd, Pb, Hg, and Cu in Luan River were 0.340~2.753 pg-L7, 1.120~4.474 pg-17,
11.610~19.088 pg-L™, 0.036~0.239 pg-L™" and 1.058~5.807 pg- L7, respectively. Among the health risks caused by the carcinogens in wa—
ter, the highest risk associated with As located at Sandaohezi( 1.85x107+a™") and that with Cd located at Jianggezhuang(1.22x10-a™"),
while both were lower than the maximum allowance levels recommended by ICRP (5x107-a™). The health risk to the individual person per
year in terms of carcinogens through drinking cause by As is higher than Cd. Among the non—carcinogenic risks, the highest risk was the risk
associated with Pb, followed by Hg, and then Cu. The non—carcinogenic risks ranged from 10~ to 107, much lower than the maximum al-
lowance levels recommended by ICRP. The health risk of carcinogens was much higher than that of non—carcinogens. The results of different
risk analysis over years indicated that in the sites which were higher than the standard value recommended by ICRP had decreased from 1985
to 1990, except for the Wulongji and Panjiakou—Daheiting reservoir system which presented abnormal growth. In 2008, health risks at all
sites decreased lower than the ICRP standard.
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Figure 1 Location of Luanhe River Basin
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Figure 2 Location of sampling sites within the Luanhe River Basin
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Table 1 Value of D; of model parameters

Cu 5 P 4 JR Wk 5 M HA A4 2R W3k 3,

MFE 3 0T LUIE 5 FIEE 4 JE i vk B i Loy Sl
As:0.340~2.753 pg-L™,Cd:1.120~4.474 gL, Ph.
11.610~19.088 wg+L", Hg:0.036~0.239 pg-L™" Fl Cu:
1.058~5.807 pg-L7'. H3 4 H 2 /K A 5% i i br v (GB
3838—2002),As . Cu A1 Cd #1355 I Z5ul 1 25K ks
U A5 A s K D RE X A B AR K BT 2K s He 75 =
T REL A /NI £ AP R A R
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xR 3 FATFRMZIZRMAMEF As .Cd . Pb . Hg
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Table 3 As, Cd, Pb, Hg and Cu concentrations of water
in Luan River( pg- L™ )

A2 EUm Yo Dimg-kg'-d!
Cd 6.1
As 15

X T AR BUE Y BT B R T, 2755
(KB ZEAT (R 2),
2 EBEMRIRKERBIERY
Table 2 Reference doses for non—carcinogens by

drinking water approach

EIE e/ Dig/mg-kg™-d™!
Ph 0.014
He 0.000 1
Cu 0.005

3 HR5HR

3.1 AR REREZSAEEBRES
P 7K & T A S K A As (Cd P Hg Fil

PRI As Cd Hg Cu Pb
TR
Eeai 2.249 ND 0.080 ND ND
[ YERES 1.704 ND 0.069 ND ND
SRS 2.753 ND 0.101 ND ND
ST 1.591 ND  0.041  3.383 ND
F A 1.652 ND 0.076 1.924 ND
A8 2.118 ND  0.097 2404  19.088
S| 1385 1592 0.070  2.804 ND
HeT IR 1.481 ND 0.043 1.637 ND
W0 1220 1289 0049 1756  15.852
ER O 1.306 ND 0.043 ND 17.606
TR T4 1.186  1.193  0.036 1716 ND
KABITr 0.878 ND 0.039 ND ND
TRITILE 0.340 ND 0.059 ND ND
JEsEY 1.429 ND 0.239 ND ND
B9 1173 4474 0220 5807 17.955
B}
NEERI B 2.633 1215 0.115 2389  11.610
LY 0.855 ND 0.058 ND ND
B sEb T sh 5 1.029 ND 0093 2265 ND
R R A 1.328 1.120  0.039 1.058  18.754
SBLE T AU 0.875 ND 0.047 ND  13.691
R apa 1.193 ND 0.079 ND 17510
S TIDR 1.061 ND 0.041 1217 ND
TG TR AT 0.527 ND 0.113 ND ND

TE: “ND" IR AR A
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Figure 3 Distribution of As and Hg in waters of Luanhe River on April, 2008
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1.328 Fi1 1.119 pg- L', Cd Hg F1 Cu tAe/ NS 1 &5
TR, A 1.215.0.115 F1 2.389 wg- L, Hirfr He
At 28K BihrifE . Ph #E s R Al i =k 18.754
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SRR R IRV R T ST Gl Al T L FIR
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B AR T 4 R R, SR /NETA B
A, — AR T T, B 25 S I AR 23 5 1k Tt
WERTHE
3.2 FEARBKMERE T EAESBEEREITM
N 3 BEAIRAS AL AR g B AU PP A L A
PORISH, ] LU H /K 2R I 4% S ik iR b

=4 WFEEY(As F1 C)FLFIEBEY (Hg . Cu FA Pb)
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Table 4 Health risk caused by the chemical carcinogens(As,Cd),

the chemical noncarcinogens(Hg, Cu, Pb )for one person annually

SRR As cd Hg Cu Pb
T
EIe & 1.51E-05 NC  3.59E-10 NC NC
KT 1.I56-05 NC  3.10E-10  NC NC
=JEF 1.85E-05  NC  4.53E-10  NC NC
PSAAHE 1.07E-05 NC  1.84E-10 3.04E-10  NC
AR 1.IIE-05 NC  341E-10 1.73E-10  NC
Bl 1.43E-05  NC  4.36E-10 2.16E-10 6.12E-09

R 9.32E-06 4.36E-06 3.14E-10 2.52E-10  NC
TG 9.97E-06  NC  193E-10 147E-10  NC
W (%) 8.21E-06 3.53E-06 2.20E-10 1.58E-10 5.08E-09
WHOME  879E-06 NC  1.93E-10 NC  5.65E-09
KEITRA  7.99E-06 NC  1.62E-10 1.54E-10  NC

KEITh 5.91E-06 NC 1.75E-10  NC NC
KEITHI L 229E-06 NC  2.65E-10 NC NC
R 9.62E-06  NC 1.07E-09  NC NC

LKL

S
NI AT 1.77E-05 3.33E-06 5.16E-10 2.14E-10 3.72E-09
DMLY S 5.76E-06  NC - 2.60E-10  NC NC
PHINATEES S 6.93E-06 NC  4.18E-10 2.03E-10  NC
KAV RS 8.94E-06 3.07E-06 1.75E-10 9.5E-11 6.01E-09

79E-06 1.22E-05 9.88E-10 5.21E-10 5.76E-09

EHI AR 5.89E-06 NC 2.11E-10 NC 4.39E-09
AT A s 8.03E-06 NC 3.55E-10 NC 5.62E-09
BT 7.14E-06 NC 1.84E-10 1.09E-10 NC

WA 3.55E-06 NC 5.07E-10 NC NC

T “NC R AR

LR RIS TR A A NSRS, 11545
R 4,

MR 4 ATLIE T, B EUE Y (As A1 Cd ) i ok
AR PTG P RS S N AR LA As Bk,
Cd Rz, 3 BRI K 54 T TE 10, As 7F
T =BT ARG R I EERRE KBS 5, Ry 1.85%107
a” I AEAR T [ B 5 59 Bl 47 2% 51 23 (ICRP) HETE 1)
K432 WS 7K 5.0x107 a7 (BB T B LR R =)
ey 2= BRI () e KT 252 7K 1.0x107-
a”, Cd RN NAEBIRES H4.36x10°a™, 5Lk T
ICRP #EFEbRE . B S48 A SRR E 4w
As JETRZK 77 A fl e AR ) =205 04, AR R
JRUG: R SR A5 T T p N 2

R 4, JEBURA LAY T Pb Hg A1 Cu I
5 R P EERRE 18 T 1 AR XU LA Ph e K, Heg IRZ,
Cu /N BATTOF AR 6 3 A AR XU 7K P-4
HYE 10727 A1 10702 ARV, [T 7 A H 5]
FHAKK B A S0 15 Y i 52 BIMa A (8T )Y
NEORF 1N X R0 AR Bk 5 5 | e i fi
AN SR N G NI E S YN £ 2 ) 5 T 0 8

M 4 T LUE H FiEoE i 4w s e, 20
/PPN 95 e At R NP NEE s Pl g vp vy < B | K2 € )
PIAAE AU , RS K22 3~4 DMEUE D . fL2F B0
Y1 As JT 5 R A EERE XU e K, BS54, X SR
NI FE 45 R —2,

33 FARBARMERRERELE As BREXETK

MR R 8 22 R S B8 . 43 HT T 1985
11990 4FEFIAL2E BT As FIl Cd AN NAERUR: . ansk
5 fi7s , As Fl Cd A AR B XU 52 1 35 Ik
X5 3T L AR PR IOR B PR B T R A G, K
XK TR BRLLAFRHERL, I A5 T 2K E 544
Tolk Ak ME 4 0TI, 1985 4F e i - 2
AEZE KA ZE A ST ICRP AR,
BRAE =BT, 355 13.4x10°, HAR ML T bR,
JE DX A1 S L, B/ INARIATYA) 65 F IR SEdm o1, L
A% SN T X s R i TCRP ARt , i Z0A) R
Kik#| 33.3x10°, JF H WK T T, 1990 4%, £ 5
TEWURRE R OEIX . KBTI BT 208 T, i
EEE TR F] 28.0x 107, W& 52 LI K JEFI R BT T /K A
BRI LU 5 | FH R v 791 e 1 o 4 e R P 2%
N ™ B e . S, ZNESIT A T R
BB T TR, A B T BT, R4
To] T MR AR V] S e 5 T ICRP FRife, O H K
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Table 5 Health risk caused by the chemical carcinogens As for one

person annually in different years

As
RFE
1985 1990 2008

i
Ee S 6.72E-05 5.38E-05 1.51E-05
K 7.39E-05 1.35E-05 1.15E-05
ES RS 1.34E-04 3.36E-05 1.85E-05
B KA 4.04 E-05 9.4E-05 1.07E-05
AR 2.69E-05 5.38E-05 1.11E-05
RS20 2.69 E-05 227 E-04 1.43E-05
eI 0 2.80E-04 9.97E-06
BRI 0 2.47 E-04 8.79E-06
TR 0 0 5.91E-06
KBTI 0 2.67E-04 2.29E-06
LS 6.72E-05 1.35E-05 9.62E-06
FEIE 1.35E-05 1.35E-05 7.90E-06

S
JNESRTE B 0 2.02E-05 1.77E-05
YT % v 2.01E-04 6.73E-06 5.76E-06
BT R 2.34E-04 4.04E-05 6.93E-06
e AR 3.33E-04 1.35E-05 8.94E-06
BRI R U 1.67E-04 5.38E-05 5.89E-06
AT £ 1 2.01E-04 2.02E-05 8.03E-06
VAT SEI 0 5.38E-05 7.14E-06

T3 2008 AR pE A I EIER I, Rk LD
PRV FBOFER, As B9 NAFRI RS 2K T ICRP A5
HE, RS As WREE 73 —30

35
W 1985

307 @990

& 2sp 02008

fuzo

<

ke

ﬁ 10

< 5

0

NP & o N D s o8 K
O - W S U K ¥ X
F R OB 2 53 & E = 4
< e =

4 g

(1) BT 30 R 2% = S S A R A W T 1 o 4 s M
DA As (Cd AT Cu S A AT I PHA T A K bR 1
{2 Ph 757 K 1R 10 30 L 4y 00 A 15.852 Fil
17.606 g~ L™, W v T 7K P8 J2E DXy $A 71 11 20K b
HE(10 pg- L) ;s Hg 7€ 5 AN i ad I 2K FibrifE (0.1
pe- L), HP R ELS SR s NAATA 5 F-> T T >
AT LR X AT N 0.0070 we L7 #E T
I 27K FibmifE (0.05 pg L) BRIEX AN, — B+ i &
SRR = T30, B S e AT X 5
PRFF 7 , A 54 AR URAA 32 B T AL kT 28
o Al K BEFRIESR K He A1 Pb /R A5G
FEHITE 4

(2) TRT T R % 32 S g W 0 DB 1T 719 As L Cd
Pb Hg Fl Cu Ir 51 14 AR RE 341/ F ICRP #E
TEMIBRUE(5%107-a™) . BUEPIH As A1 Cd fT5 A
AN N3 RS 8 32 1 T AEBU@ P i Ph Hg F1 Cu,
S AR R f T B R A2 BUR P BT As, HAS
NAER RS B FCIR B 1.85%107a”, LK HLAE Jy 1 22
AP f R XU A5 B R A

(3)1985 4F-F] 1990 4%, F9i ¥ ZK 1 3K A I |
AT TR B A o R R BRI, 5 A ) fe
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Figure 4 Change of health risk caused by the chemical carcinogens As for one person annually in different years
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