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Health risk assessment of heavy metals in the groundwater of rural area,
northern Anhui Province
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Abstract: To understand the risk of heavy metal pollution in the groundwater on human health in the
northern rural area, Anhui Province, we have collected 26 groundwater samples, and analyzed seven
heavy metals, including Mn, Zn, Cu, Pb, Ni, Cr and Cd. Moreover, a preliminary assessment on health
risk has been done by using the risk assessment model recommended by the United States Environment
Protection Agency (USEPA). The results show that the average personal annual risk of non-carcinogenic
pollutants (Mn, Zn, Cu, Pb and Ni) are 1.21x10"a"', 8.46x10"a™', 2.93x10"%a"", 8.29x10""a™" and
2.89x10 " a" respectively, which are much lower than the maximum acceptable value (5.0x107°a™")
recommended by the International Commission on Radiological Protection (ICRP) and the health risk
level standard (1x10*a™") recommended by the USEPA, therefore, basically no evident harm will be
made to the exposed population; while the average personal annual risk of carcinogenic pollutants (Cd
and Cr) via ways of drinking water are 1.44x10° a'and 1.93x10°a"', which are beyond the standard
(1x10°a") recommended by the Swedish Environmental Protection Agency, the Dutch Ministry of
Construction and Environment and the British Royal Society. Especially Cr, which is 19 times exceeded,
and is taken as the primary pollutant in research area. So the local environmental health department

should pay great attention to it.
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MREE, 2012) , HUF A E R 255 kR MoK 4 4
FOCHEEL, H YR T K O I RN SR T
FIZE )8, — 7T, MR KIETE P H 35 H
IKFRBGET PRI, 4 669 FEMHTH A 400 2
HOKARE, 110 fE=HEHok (i, 2006) , HiHb
AT LA R GRS, Bl 20
70 70 AR 570 4257 7K /4, B F) 2009 4R
1098 AZ5r 7K, = THEE K TiE—fF (hfEAN
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MR K2 IS YL, 33% MHE T K2 B2 RS
e, FEARWERE IR LT K B 3% (45 Hil,
2013) . 2013 4F, “Aige —W2s” M T KIARES
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T AR K I e 26 3 A2 L e R e b 5 i 3 N8
et (WIS, 1995) . KIMMWESERZR,
XKW 2 RE RS A EH AR KREF
(RS, 2012) o BRULZSN, EE&EEREY T
ANOEFEEEA . Bny . BOREM . B IO
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HFH.EE), W53 AR, 2010 4
ARENH 3633.5 J7 N, 4300 i 2 RA B 1Y 38%
53.5% (B NREUNM, 2012) , X PR T
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1 HHEEXESMK

1.1 HmRE

R ACRFER ]S 2013 48 5 1, HoR4E 26 4
RS, SREES A LA 1 iR, — B REHE
IR K A TR, REEAZ e H
BB VE TR ORI, BURERT 5 min 5¢
FERIKEE, SR FHAS RAE KRR VER A 3 1K,
KA %3, SRR 1000 mL, T 24 h N4
MlSEER e,

1.2 $EtRIK

KR . pH AL SR AEIIZ ML, HF M52 =
(A RE S B SE H 0.45 pm GFL 8 X T SR K FE E AT
g, SR IMALES 4l HNO, 8 pH < 2, hbH 5
MIRE SO AE T 4°CY i & H o SR F Wl o
HOGEETE (TAS-990) A &4kl T Cd, Cr,
Cu. Pb fINi HFhEHE 4 )&, Mn fl Zn R KL
Wzg, ARSIk MR, DR BRI R
93.64%. 105.84%. 101.83%. 111.92%. 95.50%.
93.15% £ 96.96%.

2 ZR5WR
2.1 MRERS R

WAL E, MR K 7 R 4 JE s K 2
W RAFE S8 T3 1,

HELIAUEN, LESRETEFHEX
INK IR R Zn>Mn>Ni>Cu>Pb>Cr>Cd, 5 4 i ik
FH/K BAEFRAE ( GB5749-2006 ) AHXFRE, NWISRAE
JiH Mn, Zn, Pb FlI Ni PURNE 4 8 & G MR
%, AR N 11.538%, 3.846%, 3.846%
1 15.385%, HF5EIX KA Cu, Cd Fl Cr 1Y & &
TG MK T GB5749-2006 il USEPA 1k FH /K Tt febrife
Mn . Zn Fl Ni {5 2 FBE % T GB5749-2006 Fil
USEPA X H/K Bi st brif; P ¥ & b T
GB5749-2006, ¥ LPAe.
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Fig.1 Location of the study area and distribution of sampling regions
£1 WFKESEEESI (mgL")
Table 1 Statistical summary of heavy metals in groundwater
TTE Mn Zn Cu Pb Ni Cd Cr
o ON| 0.2480 1.0892 0.0208 0.0147 0.1168 0.0029 0.0087
e/ ME 0.0010 0.0026 0.0000 0.0009 0.0006 0.0000 0.0001
SEH{E 0.0346 0.0519 0.0030 0.0024 0.0118 0.0005 0.0010
PR 0.0559 0.2118 0.0050 0.0029 0.0273 0.0007 0.0020
AR 11.538% 3.846% 0 3.846% 0 15.385% 0
GB5749-2006 0.1000 1.0000 1.0000 0.0010 0.0200 0.0050 0.0500
USEPA K FHZK Bt i A v 0.0500 5.0000 1.0000 0.0150 - 0.0050 0.1000
2.2 EcRRRREITM 22,1 PR

fid B XU RS TF 1t ( Health Risk Assessment,
HRA ) , H T FIPEAL — A B S g g 5 [
IR TIFE T AT REE, R AR5 PR TS YL Bk
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{42 80 4EfRE 4>, USEPA #57 TR Z k¢
SO FIHESRHE m A, I ELUR R LS VAN HE 34
PP R fad % . BErEvPAh . REETEM LK
B RAE ( H3B22, 1997) o a7 E PN T K
e S5 JRURS: DA 10 SE A I B AR ], AR 3 B0 T G
Y15 AR BUE TS G Y R XU AN, (R AT
W B PEM AR B S 22 5% . USEPA TEfiFR X
RPN R 2 . T, NIR 2 PR STk
WU 32 o AR SCR FH USEPA it B JXUSS PEA/ A 7
WERRYOK B RAG T NRE B 1L, JF I TR
KU P o

b2 B0 Y 5 1k 27 R BUE P S ok g 1
FEA B A A R XU 2 B e BN S (1) A
& (2) &,

1= -Dg,
R;ZM (1)
D x10" @
R'=———
J R‘fD/ XL

B, REFN R G35 AR BUEY) | Fif
B Y j 38 o ROK & 7 T A B X
Wi, a's D, Fl D, 4y B k220 Y | f2EES
) j A OK AR I B R B )RR R R &
mg(kg-d) ' exp JEHE L e WIRMIEEREG ¢ M
A2 B0 TS A |l ROK RS R BUR SR IE AL
mg-(kg-d) s RfD, Ak AEBOEY) j 8 Ik K &
RIS HHE, mgked) ' 5 LN 4,
WUE R 75 CEBEE SR, 2013) , a,
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YOKIBAR M BN H ¥ 588 R & D, ok D, #%
AR (3) HE.

wxC, ;
D=, D7~ 3)

X (3) L, wol HEROKE, AL — B E
22 L-d"; C N5y i YoKiie ) ik,
mg-L™'; C R V5 e ¥y j AR OK & 18 B 5 i Uk
mgL 5 A NABIR MR, MK 70 ke,

TR Z2 PR 4 P A B 1Y) i RS AT
A, PRSI AR, FERIAT S ES)E
RAEWNL Iy . Sk B DL AE IR B brAE )
R (Foik, 2010) . (RBEE SR TG 4t A4
P A fe AR B BN R Ko, Ml K
& SR TS YA 1 RO ERAR P A I P R 1 T XL
R Ay i ROK S AR BB AL F B Y T U B B0

KU (RS) Siad thokis s S e AR T 39 e
R BBUERES: (R) Z 8, A8
Ry s=R+R" 4)

m k.
RCZEIRI“, RHZ;R/W (5)

222 SRR

RS RE DT ST NI (TARC ) FIH R T A 4H 2
(WHO ) Z5A %Rl Cd il Cr AMAL2E8UEY),
Mn. Cu, Zn, Pb Fll Ni Mfb2FAEBUEY . [FRT,
B 5K A XS EULE 2,
223 ZERHr

R B fe BRE XU DA B, BT SR K 26 4~
SRR SNAT R8s, TR A BUE Y AL
B W 0 TR I R A B A 5 1T 34 A AR XU R
SR, R 3,

K2 WPOKFRRFRBE THISE g, 71 RD, {H
Table 2 Values of g; and RfD; of model parameters via drinking water

{22 8o ¢ (mg-(kgd) D A8y RD, (mg(kgd) )
cd 6.1 Mn 1.4x10™"
Cr 41 Cu 5.0x107
Zn 3.0x10™"
Pb 1.4x107°
Ni 2.0x107°

W 3 ATLVE Y, WFFE XL /K rha RS0 TS 4
¥)Mn, Zn, Cu, Pb HI Ni il HKERA A i
S KU SE 2B 45 1 R 1.21x10 ™™, 8.46x10 "™,
293x10"%a", 829x10"a" F12.89x10"%a™" , X (&
SN B HE T MK R Po>Cu>Ni>Mn>Zn, 2%
FEEE (2011) XM 3= Bk R 7K U & 4 Ja
FEAERF, VYL N R AL =K B 0 4w
JUZE Pb HHE KT Cu, HAKIEIEE R,
FHYEAE (2010 ) X EFEARE AR #1005 4 fa e
WP BF T 45 R R, AEE0T5 049 Pb. Cu
Zn fIT5 A AR KU 4351 2.02x10 % a
6.65x107a"" 11 3.82x10 " a™", XUB& 2 g M = BIIK
WK R Po>Cu>Zn, A5 R E0EH %) 3 XU
HEEHTF 107~10" 2", LT E PR GBI
14> (ICRP) #fEFEAY I KAl 4232l 5.0x10° a ' Al
USEPA 7 (1 gt B XU S bm e 13101 a ", FEAR
NG N} T R NFEAE ] A5

15 Y Cd A1 Cr 3 3 ik FH /K s 728 1 it B
XU S48 43 9 R 1.44x10°° a™ 1 1.93%107a ',

WA B3 ICRP Fl USEPA 1 ekt B XU 25 2% b o
MBS (2009 ) XF I TTIR FHAK AT 25 SR R0, BA
AT 7K B 25 SR s B0 0 o 1 XU /N K R By
Cr>Cd, SAMFRGER ., FII-Ei EEKEH
09 ) 5T 7 A A B XU ) AR gl 10°~107"
(FEZE 5, 2006 ) , = FASFFE 0 (B XU i 2 o
AL, AHFFE R Cd F1 Cr iy {a HE XU 45 20 1 ©
I B LA EE OR B | far 2% AR PRBE R 0 [ 2
KIS B RS 2 4% (1x10°a") , H.Cr
(R fE XU S8 1 19 1%, M EB5 ey, N5l
R DA I EI, FERBUHN R TR
2.3 AWEMSH

ASCALZEH T Mn, Zn, Cu, Pb, Cd. NiFl
Cri TMESR, WA % EILMA A FEY XS
NEF=A R faE, I ARBREREIIRA—, 5
BT EBOKEAER, WA EHARERR
Can B R A ), X SChr bR ARAl T H 4R &
I E R (R2%EAE, 2010) . HFSER
It RfD; 2 L) 3 R S50 A R I X A 27 A 1Y
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Table 3 The health risk and total risk caused by the carcinogens, the chemical non-carcinogens by the drinking water pathway

i L E80= B .
Fibdm s pEyEN s
Mn Zn Cu Pb Ni Cd Cr
S1 423x107"°  4.17x10™* 1.33x107° 2.30x107° 1.34x10°  5.48x10°  8.72x10° 9.26x107°
S2 4.40x10"°  2.14x10™" 1.32x107° 1.92x107° 1.68x10°  6.31x10°  1.37x10™" 7.74x10°7
S3 1.12x107"°  4.17x10"  535x10""  6.87x107"°  535x107°  1.59x10°° 1.34x10°° 2.93x10°°
S4 8.03x10™" 1.16x107"  2.32x107° 477107 1.37x10"  8.29x107 1.34x10°° 2.17x10°°
S5 2.17x107"°  4.17x107% 378107 8.34x107°  1.37x10"  1.24x10°° 1.34x10°° 2.59x10°°
S6 8.66x107"°  6.64x107"%  2.11x10™"  4.62x10™°  1.37x10"  1.52x107 1.34x10°° 1.50x10°°
S7 1.43x10™""  6.64x107"7  1.18x107"°  4.68x107°  6.41x10™""  1.37x10°° 1.34x10°° 2.72x10°°
S8 1.05x10™"  2.14x107" 1.18x107"°  4.16x10™"°  8.09x10™"  8.53x107 1.34x10°° 2.20x10°°
S9 220x107"°  2.14x107"" 3.45%x107° L.11x10°  4.17x10™  3.43x10°° 1.34x10°° 4.78x10°°
S10 4.89x10™"  1.16x10™" 2.02x107° 5.14x10” 2.86x10°  8.61x10°° 1.72x107* 1.81x107*
S11 2.44x107™" 1.40x107"  2.11x107™" 326x107°  1.37x107""  3.58x107  9.41x10° 9.77x10°°
S12 1.43x107" 4171077 2.11x107" 4.05x107°  1.37x107""  1.40x107 1.34x10°° 1.49%x10°°
S13 3.49x107%  1.90x10™"  3.29x107°  3.45x107°  1.37x107""  1.01x107 1.34x10°° 1.45x10°°
S14 6.98x10™"%  6.64x1077  3.73x107"  9.78x107°  1.37x10""  3.61x107  3.36x10° 3.40x107°
S15 2.62x107"° 1.77x10°  6.97<107"  4.94x10™°  2.15x10™°  1.69x10°° 1.75x10° 1.92x107°
S16 4.89x10™" 1.90x10™"  2.15x107"°  4.74x107°  137x10"  6.71x107  4.03x10° 4.71x10°°
S17 3.84x10"  6.83x107" 1.67x107"°  4.99x10™"°  1.37x10"  1.01x107 1.34x10°° 1.45x10°°
S18 1.75x107"  2.14x107"" 2.15x107°  7.86x107°  9.77x10"  5.87x107 1.34x10°° 1.93x10°°
S19 237x107" 4.17x107% 5.35x107" 4.02x107°  1.37x107" 2.89x107  4.03x10° 432x10°°
S20 2.79x107" 2.14x10" 6.97x10" 5.13x107°  1.37x107" 5.16x107 1.34x10°° 1.86x10°°
S21 1.75x107" 1.40x10™" 1.18x107"°  3.65x107"°  1.37x10"  3.10x107  7.11x10° 7.14x10°7°
S22 6.63x10™" 1.90x10™" 151107 431x10"°  1.37x10"  7.66x107 1.34x10°° 2.11x10°°
S23 8.00x10"  6.34x10"  6.97x107"  4.68x107°  1.37x10"  2.56x107  4.03x10°° 4.29x10°°
S24 8.73x107"  1.90x107"  4.86x10™"  3.92x107°  1.37x10"  3.34x107  6.73x10°° 7.06x10°
S25 1.43x10™"  1.40x107"  5.35x107" 3.92x107°  1.37x107" 3.97x107  1.34x10° 1.74x10°°
S26 2.10x10™""  4.17x107%  6.97x10"  4.66x107°  1.37x10"  5.99x107  1.34x10° 1.94x10°°
¥t 1.21x107"°  8.46x10™"  2.93x107"°  8.29x107"°  2.89x107°  1.44x10°  1.93x107° 2.07x107°
4 ZHig S 30k

(1) o X F KA, BuUmis e Cd fil Cr

R NRBURIM . 2012-05-28. fAtA%A [EB/OL]. http:/app2.
ah.gov.cn/showcontent.asp’newsid={EAF575FC-38 A2-43F4-

ok N A i B £ 35 0 A A IXURS: IR &8 2 T AR 20 S
Y Mn, Zn, Cu, Pb Fl Ni XK.

(2) BUETs 35 AR B0 15 Y i fe B AU

A8E3-6F2E6D83C270} [The People's Government website
of Anhui Province. 2012-05-28. Wanbei Overview [EB/OL].
http://app2.ah.gov.cn/showcontent.asp?newsid={EAF575FC-

SRR ML ICRP 1 USEPA (R Rif, (LU 75 38A2-43F4-A8E3-6F2E6D83C270}.]

Q%% Cd %ﬂ Cr E@@%NF&%%%J&T%&%%% LR GEHHR . 2013, 2012 AR Kk RIS [R]. [Anhui
B A BT PR [ R b2 A Provincial Bureau of Statistics. 2013. Development report
#E, N EACHEET TR, JEHsEXT Cr /1 of Anhui women in 2012 [R]. ]
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