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Abstract: In order to investigate the contamination levels of groundwater in the irrigation districts of the lower reaches of Yellow River
fifty-nine groundwater samples collected from the irrigation districts of Henan and Shandong provinces were analyzed. Health risks
associated with eleven metals (Ba Cd Cr Cu Fe Mn Mo Ni Pb Se and Zn) were assessed using water pollution index and
USEPA health risk assessment model. The average concentrations of Fe with 0. 496 mg*L ™" and Zn with 0. 445 mg*L ™" were higher
than the concentrations of other heavy metals. Concentrations of Fe Mn Se and Zn exceeded the relevant standards and the over—
standard rates by 27. 12% 27.12% 15.25% and 5.09% respectively. Inverse distance weighted method was applied to estimate
the unobserved points and their distribution maps were obtained which indicated that areas of over-standard heavy metals were
Wucheng country Fan country Dong’e country Yucheng city and Guan country. Health risks of ingestion of water for all non—
carcinogenic metals are higher than those of dermal absorption while health risks of ingestion of water for carcinogenic metals is lower
than those of dermal absorption. Among the health risks caused by the carcinogenic metals in drinking water and dermal absorption the
highest risks associated with Cr are seven times and twenty-eight times as that of Cd respectively but both were significantly lower
than the maximum allowance levels recommended by ICRP (5 x 107" a™") . The non-carcinogenic metal risks( Ba Cu Fe Mn Mo
Ni Pb Se and Zn) ranging from 1.73 x 10 % t03.46 x 10 ' a™" in dermal absorption and from 1. 13 x 10 ° t0 6. 06 x 10 * a ™" in
drinking water were much lower than the maximum allowance levels.
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Fig. 1 Distribution of sampling sites

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



123

223.4  hm’ 5271 2
14°C 215 d 2260 h
639 mm
323 ’
2000 ~ 2007 4.51
m’ 238.5 t 5.29
kgem ™ ? | 593 m’
23%
18% ** .
109. 2
m3.
4.1 m 681 m’
18.5 m’+(km’+a) ' 17.9
m’+(km’ea) ' 7. 32.5
m’ 25.8 mw’
4.64 m’; 28.6 m’
24.8 w’ 3.8
m3 5
25 26 . ’
1.2
2010 4 59
0.45 pm
pH EC.
(2.5 1) HNO,(1:1)
(1L )
( ICP-OES) Ba. Cd. Cr. Cu. Fe. Mn,

Mo, Ni. Pb. Se Zn 11
GB/T 853895  DZ/T 0064-93.
1.3
ArcGIS 9.0
SPSS 16.0

1.4

1.4.1
T () (2):
ADD,. = CW XBI‘;I; i ]?:r xED )
ADD,,.ion
mg-(kged) 7' ; CW
(mgeL7"); IR (Led”"): EF
(dea™); ED (a); BW
(kg) ; AT (d).
ADD,, , = CW x SA x PCB;VEXT}:(TEF x ED x CF
(2)
ADD,... mg-(kged) ~'
SA (em’); PC
(cm-h_l); ET (h'd_l); CF
(mL‘cm'3) .
1.4.2

( Bay Cu. Fes Mn. Mo Ni\ Pb, Se  Zn)
(Cd Cr)
(3) (4):

_ADD .
= o x 10 (3)
R
; ADD
mg*(kged) ' ; R
mg*( kged) ' ; 107°
RID .
R = ¢ x LADD (4)
q mg*( kged) ' ; LADD
mg*(kged) ' .
EPA
28 29 1
2
2.1 11
11
2. Zn 0~22.21
mgeL"~' Zn 22

:Fe >7n >Ba>Mn
>Mo >Se >Cu>Pb>Cr>Cd Fe 7Zn



124 34
1 PC. ¢ RID;
Table 1  Values of PC ¢, and RD; of the health risk assessment model parameters
PC q PC RfD,; x 1073 RD, x 10 ~*
/emeh ™" /mg+(kged) ~! /emeh”! /mg-(kged) "' /mg-(kged) ~'
Cd 0.001 6.1 Ba 0. 000 004 14 200
Cr 0. 002 41 Cu 0. 000 6 12 40
Fe 0.000 1 45 300
Mn 0.000 1 0.8 46
Mo 0. 002 1.9 5
Ni 0.000 1 5.4 20
Pb 0. 000 004 0.42 1.4
Se 0. 000 6 2.2 5
Zn 0. 000 6 60 300
2
Table 2 Heavy metal concentrations of groundwater
1)
/mg'L_] /mg']fl /mg'L_] /mg'L'] /mg'L_] /%
Ba 0.738 0. 001 0. 150 0. 108 71.7 1 0. 00
Cd 0. 002 0. 000 0.001 0. 001 92.3 0.01 0.00
Cr 0.018 0. 000 0.001 0. 003 448.3 0.05 0.00
Cu 0.016 0. 000 0.001 0. 003 231.2 1 0.00
Fe 8.239 0. 000 0. 496 1.502 303.1 0.3 27.12
Mn 0.872 0. 000 0. 099 0. 177 179.5 0.1 27.12
Mo 0. 025 0. 000 0. 006 0. 005 84.2 0.1 0.00
Ni 0.021 0. 000 0.002 0. 003 147.2 0.05 0.00
Pb 0. 008 0. 000 0. 001 0. 002 250.3 0.05 0.00
Se 0.018 0. 000 0. 005 0. 005 94.7 0.01 15.25
Zn 22.21 0. 000 0. 445 2.893 650. 2 1 5.09
1) I ( GB/T 14848-9)
£0.496 mgeL""  0.445 mg-L~". 2.2
Fe (0.3 2 Fe
mg*L™") (0.3 mg*L™") 1/3
. Fe
Cr. Cu. Fe. Mn. Ni. Pb  Zn Fe Fe
100%
10%
I Ba. Cd. Fe  Mn
Cry Cus Mov Ni Pb Zn. Se. Fe. . Fe
Mn Zn  Se N
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Zn 1 mgeL™ ( 0. 002
Zn Zn mgeL~' 0.01 mg-L™")
( GW20)
Ba
Zn *
Cu (
0.016 mgL™' 1 mgeL™")
0 Zn Cu
/n
Cu %
Zn ¥ Zn Cu (GW2)
Se 0.01 2.3
mge* L~
(
G308 3) ( 4)
Cr Cd
Se . ( 2).
Se
Se . Se . Fe
Se . 6.06 x10 *a™' Cu
Crv Ni  Pb L.13x1077a™".
Mn >Fe >7Zn>Ni>
Mo > Se > Ba >Pb > Cu.
Mn 3.46 x10°"°
GW2 a”' Cu .73 x107°" a™!
Mn > Mo >7n
Cr« Ni  Pb > Se >Fe >Ni >Ba >Pb > Cu.
. Mo
( 0. 025 Cr Cd 7 28
mgel™' 0.1 mg-L.7") ICRP
(GW51) ( GW37) (5x107a™").
. Cd
3 Ja~!
Table 3 Health risk caused by the carcinogens and the noncarcinogens by the drinking water pathway/a ™'
Cd Cr Ba Cu Fe Mn Mo Ni Pb Se Zn

7.60x107° 5.26x107% 2.75x107% 1.13x107° 6.06 x107® 7.88 x10 7% 4.23 x107® 4.35x107® 1.86 x107® 3.60 x10 % 5.44 x10°8

4 Ja~!

Table 4 Health risk caused by the carcinogens and the noncarcinogens by the dermal pathway/a ™'

Cd Cr Ba Cu Fe Mn Mo Ni Pb Se Zn

9.84x107% 2.72x107°1.20 x10 " 1.73 x10 " 3.47 x10 "1 3.46 x 10 " 1.70 x 10 "1° 1.23 x 10 "2 1.90 x 10 "1*3.75 x 10 "1 1. 25 x 10 ~1°
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