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Distribution and Health Risk Assessment of Heavy Metals of Groundwaters in

the Irrigation District of the Lower Reaches of Yellow River

ZHANG Yan''*, LI Fa-dong', OUYANG Zhu', ZHAO Guang-shuai'”, LI Jing', LIU Qiang'

(1. Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research,
Chinese Academy of Sciences, Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)
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 x107> a™"). The non-carcinogenic metal risks(Ba, Cu, Fe, Mn, Mo,
Ni, Pb, Se and Zn) , ranging from 1. 73 x 10 ™" t0 3. 46 x 10 "' a™" in dermal absorption and from 1. 13 x 10 ® 10 6. 06 x 10 * a " in
drinking water, were much lower than the maximum allowance levels.

Key words : groundwater; heavy metal; irrigation district; lower reaches of Yellow River; risk assessment
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Table 1  Values of PC, ¢, and RfD; of the health risk assessment model parameters
Sl PC | “ S PC | Je I % RID, ><710*3 R K5 RiDii<10’3
/cmeh /mg- (kg-d) /cm+h /mg- (kg-d) ~! /mg- (kg-d) 7!
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
R2 SIHERMTKPESESERITE
Table 2 Heavy metal concentrations of groundwater
. PYNI] i/ ME FIE AN " i (D b %%
= /?nigj-(g’l /j:g{f‘ /?n:gfjg’l /:g?EL ! ERFH t]r;l{gﬁ{f’l zﬁﬁ//i\g/jc}:
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) P T KBRS B 2SR (GB/T 14848-9) LI FREEME(L Il , 32208 I T2E TR IR ACOK IR B T, 4l K

434 :0.496 mg-1L " Fl 0. 445 mg-1.7". HiF K
1 Fe JT 2 7 ¥ Uk BE & T A R 09 bR HE (0.3
mg-L7") i H A E 4 & 70 2 10 - 35 e B 24 T A
N IARIEME. AR S RBCRE , H K 4% 4
JE& W Cr, Cu, Fe, Mn, Ni, Pb fll Zn & &#4AF
S RBOEIE 100% , 54 8 W 5E T kAR B AR S R
BAE10% LN, UDEIAASR AR &R & R AR R
KER.

X b ] M R K R85 T 2R AR ME, Ba, Cd
Cr, Cu, Mo, Ni 1 Pb TCHFRIE 1M Zn ., Se. Fe.
Mn HELHEFREL S, Zn FI Se 47 /3B 40 FE 5 br , HE
FREAT 9K 5. 09% F1 15. 25% ; Fe Fl Mn Y HEFR R
i, BN 27.12% . Uk B BTN R 5] BEHE IR IX Fe
A Mn 2 B 250, NG R E AL R 2 A
5 T, — VA A X5 DU 28 LA TP S A KR R
5%, 2RV AE R HOR W I i itk A T 7K, 23K
oMb DXCH R KRR . S — R T
— g ARG K AL T K SR T R iRk
B R T K b — SR 20 1) S AR T A 4T 7K
Hk AT

2.2 HERA R FEIE

M2 ATLUE Y, SR K Fe J0E B E bR
HEMH (0.3 mg-L~") WA A L, AP IX 44 1/3
XHL T 7K Fe 1554 5. 2SI K& , PE g i X
Fe 7 g A of [ AR EAE, 1T A JLHE X LT 7K Fe
TEY . KRR KGR HE M =, g &
e HAR K5 KA V5 e etk A KRS 8. 750
T} I Yt s B K T e 1) o — Rk 15 B
T RE R R PR PEAR =, 230 1 JZ 1 Y Fe Fl Mn,
e AL T KD, Fe S AR 5 — AR H 2
P T2 B 1 b 0T 2% PR3 I, K 2 A Ly 1R
AR, A )RR R R Y kR K Bk
WARER] T —E M EAD . KA Z 08k, 5
DA B S st HE AR A NI 0 T B B 0 o R 12
JBk, AT R 6 . BFD RS L O LT, BE R
ks REREAL | S

ARWFFE X Mn 57 5 8 Y X0 32 28 A e
T, TG | e ] B AR A A X e, TR
F 5 | FH B 59T, T S Yol R BB T, BT A 35 K R A T
TR
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Table 3 Health risk caused by the carcinogens and the noncarcinogens by the drinking water pathway/a ~'

o o AEBUE Y T
Cd Cr Ba Cu Fe Mo Ni Pb Se Zn

7.60x107° 5.26 x10°% 2.75x10°% 1.13x107° 6.06 x10 % 7.88 x10°% 4.23 x10°% 4.35x10 % 1.86x10°% 3.60 x10°% 5.44 x10 8
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Table 4  Health risk caused by the carcinogens and the noncarcinogens by the dermal pathway/a~

1

o o AEBUE Y T
Cd Cr Ba Cu Fe Mo Ni Pb Se 7Zn

9.84x1078 2.72x107°1.20x107"21.73 x10 "33.47 x10 "1 3.46 x 10"'°1.70 x 10 " 1.23 x 10 ""21.90 x 10 "3 3.75 x10 """ 1.25 x 10~ 1°
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