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Fig.1 Location of sampling sites in Aha reservoir
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e B 48 5 97 47 25 51 22 (TICRP) At 5t T3 4R 41 41
(WHO) 1R R b5 b B A4 B0 Cr°' L As il
Cd Wy B0 8 R B0 & 41,15 F16.1 mg/ (kg »
d. FEFREY He.Pb,Gu,Fe.Mn ., # & B}, R 1k
W ALY NH,-N 9 2 % 5 & 4 il /& 0. 0003,
0.0014,0.005,0.3,0.14,0.1,0.037,0.06 Fl 0.97
mg/ (kg « ) (B ZE R ,2006; 7465 .2007)
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Tab.1 Risk value, risk level and acceptable level

B AE /a7t f& B A $2 32 KT
1073 S BRI A S N BRSBTS R RRT 232, WO J5 R IUH i 5 i
107 £ B8 4 v 4 O SR B B 33t it
107 5 Dk HORVE S 2 2 UR R — BOR R NATTXE I DG 0 o I B SR WA it 1 By
107 A Y T b K IR AR S0 Z I F L K
107 ~107% AT BA AT A BN TR R %2 SR B LA v
) BERENE B AR 2 MRS e R R A D SRR i

21 UEHEODMEREYEE

12 D RAE R AL B Y AR BUE Y & 2 W
F2, 12 FhEE MM TR, B Cd AR R, A 4 5
B iy (B & AR IR, B B PR 2 S s
Wi, & FE MY P& & B NH;-N 0. 60 ~
0.94 mg/L,HA ¥ 0.233~0.331 mg/L,Hg 0.1X
107" ~0.2X10" mg/L.# % 0.001~0.006 mg/L,
Pb 2.5 X107% ~4.3 X 10" mg/L, &AL ¥ 0.002 ~
0.004 mg/L, Fe 0.03 ~ 0.05 mg/L, Mn 0.03 ~
0.08 mg/L,Cu 0.01 ~0.02 mg/L,Cr®" 0.038 ~
0.147 mg/L,As 0.0002~0.0006 mg/L, 7£% %
PEVS YL Wy 94 & B P, NH,-N A Bk 21 (b 26 K 3R
B 5 R bR ) (GB3838 — 2002) Fh A & 18 T 287K I3 A
HEs AEH 2 iy Cr" & R 3] V 2K B bR i, H
fil 3 A SRAEWTIEAY Cr® " & &8 2 IV 2845 4 ; oA 10
PG e & Bk, YRR B T 2K BinifE. K

=0

B T, Cd R, Ce " HE & &2
0.073 mg/L, % fm T ¥ {H & & /& 0.0004 mg/L Y
As; AEBUEY & BEHET & NH;-N(0.72 mg/L) >
AL ¥ (0.272 mg/L) > Mn (0. 05 mg/L) > Fe
(0.03 mg/L) > Cu (0. 01 mg/L) > # %
(0.003 mg/L.) > Pb (0. 0031 mg/L) > & 1kt ¥
(0.003 mg/L)>Hg(0. 00002 mg/L) (& 2), £ 12
Pl s P9 B NHL-N 35 8 A, = J e 9 A
Crft,
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SRR b N E SR AR A S AR
AN K, 2 T2 KRS B AR A i AN W]
WS 6 4 A SRR W T 1Y) ft R XUy B A AT AR )
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Tab.2 Monitoring data for toxic substances in Aha reservoir
STAE NH;-N  sgfedy  He #EX®  Pb ¥ Fe Mn Cu Cd Crt* As
L2 0.61 0.331 0.00002 0.004 0.0028 0.003 0.04 0.06 0.01 0.00025 0.075 0.0005
AFED 1 )2 0.60 0.281 0.00002 0.003 0.0025 0.003 0.04 0.04 0.01 0.00025 0.056 0.0005
FZ 0.62 0.249 0.00002  0.003 0.0026 0.002 0.03 0.05 0.02 0.00025 0.093 0.0005
T2 0.59 0.233 0.00001 0.004 0.0027 0.002 0.03 0.06 0.01 0.00025 0.038 0.0003
JiE 2 0.67 0.261 0.00001 0.003 0.0025 0.003 0.03 0.05 0.02 0.00025 0.038 0.0003
T2 0.64 0.295 0.00001 0.003 0.0030 0.002 0.03 0.03 0.02 0.00025 0.056 0.0003
FZ 0.72 0.243 0.00001 0.003 0.0037 0.002 0.04 0.04 0.01 0.00025 0.068 0.0003
)i g 2 0.78 0.242  0.00002 0.001 0.0032 0.003 0.03 0.04 0.01 0.00025 0.067 0.0003
T2 0.71 0.241 0.00001 0.001 0.0025 0.002 0.03 0.03 0.01 0.00025  0.069 0.0002
)z 0.94 0.325 0.00002 0.006 0.0043 0.004 0.05 0.08 0.02 0.00025 0.147 0.0005
AR 2 2 0.89 0.276  0.00002 0.006 0.0041 0.003 0.04 0.07 0.02 0.00025 0.093 0.0006
T2 0.85 0.288 0.00002 0.003 0.0035 0.003 0.03 0.07 0.02 0.00025 0.075 0.0006

H:1LNH;-NREY He JE KB . Pb.F LY .Fe.Mn,Gu,Cd.Cr®"

VAs RS BRAE 23 512 0.01.0.006,0.00001,0.001,0.0025,0.001.0.

03.0.01.,0.01.,0.0005,0.004,0.0002 mg/L; 2. K A% 6 I BRAE 19 B0 4% 0.5 AL BE S 51158 QUL in 4§, 2012) .
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Fig.2 Mean concentration of toxic substances for
each sampling section
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4, BREET O AIK)TBUK 13X 2 A R R W X L #E
T LAY B XU B 2 1,40 X 107 /a A1 1.33 X 107 /a
Hb oAt By T 3 2SR K N RE R £t R XU BE 34 7R
107 /a B G0 HH 25 T WA B V& 3 N ) XU BIL %, 1]
PLZ WS A 8 (W25, 2010) . 3% 26 B /K JE hi% 26
15 YL FE 6 AR AR Y AR 3o 18 P 1 RO AR
I 4T M B A W L

7K P A Tl A 00 ) P T B XU 2 AR Ak i
ANKRBIE L ZE 101 /a 8 107 /a B2, Hrb, ik
YA Cu X IR IK HE 7 25 B £t B RURS: B2 2 (8 R & s
A& 107 /a Bl PE T X S Flos o, HiAth 7 M
L) 1 BRI R 3 8 B S AR 107 /a B 107 /a R
S, AR SO R XU BE A R/ INHE AR O LAk
¥)=>Cu>Pb>NH;-N>Mn >k >% 1L ¥) >Fe >
VERB . AL W 0 fa B XURS: BTk % 7 38. 7%, Cu
5 24.8%,Pb § 19.0% ,NH;-N (5 9. 0%, Mn,Fe,
Hg G W X 4 Flis G ¥y i B tb 2 A 5] 1026 (&
3o DU FE R XU b ] 35 6 B L Rk ) o e E Y
A B0 ) £ B XUBS: DTk U, R Cu,

PO RSB P75 e Wy 7 A i fi B DRI 235 S, BT ey
TR PR ARAR TR AT 77 £ 1 e K ft R s 3 DRI R 2
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Tab.3 Carcinogenic risk caused by drinking water
. , o KR
b2 E0E Y N -
AFER 1 L KBk A AFER 2 ¥iE
RUAT 55 1 1.05X 1073 6.29X 107 9.60 X107 1.45X1073 1.02X 1073
Cré+ A A 9.94 X107 5.92X 107 9.04 X107 1.37X1073 9.65X 107
JL#E 3.53X107° 2.20X107® 3.24 X107 4.66><107 3.41X107
BUAE T3 2.58 X107 1.61X 107 1.27 X107 2.95X 107 2.10X 107
As RUAE 2 1 2.52X 1076 1.51 X107 1.01X 1076 2.52X107 1.89X 107
JLE 1.00X 107 6.00X 107 4.00% 107 1.00X 107 7.50X 1076
BUAE I M 1.06 X107 6.31 X107 9.61X 107 1.46 X107 1.03X1073
R¢ RCAT 2 9.96 X107 5.94X 107 9.05X 107" 1.37X1073 9.67 X107
JLE 3.54 X107 2.21X107® 3.25X 1073 4.68X107® 3.42X107®
T4 FHEVRKEEERMERREERXKE a’l
Tab.4 Non-carcinogenic health risk to individuals posed by drinking water
SRR ROK
 NH;-N By Hg P R 1y Ty Fe Mn Cu Rn
N
Nz;s"%ﬁ 2.26X 10710 1.71X 107 2.06X10711 1.19X 1071 6.72X 10710 2.48X 10711 4.33X 10711 1.25X 10710 9.77 X 10719 3.81 X107
. e 2.12X107° 1.61X107° 1.94X 1071 1.12X 107 6.32X 10710 2.34X 107" 4.07 X107 1.18X 107 9.18 X 10710 3.58 X107
JLEE 8.43X1071° 1.71X107° 2.06X107 1.19X1071 6.72X1071° 2.48X 10711 4.33X 10711 1.25X1071% 9.77X 10710 4,43 X107
B B PE 2.34X1071° 1.57X107° 1.43X1071 1.20X 10711 6.98X 10710 2.09%X 107" 3.61X 10711 1.11X 1070 1.05X 10 3.74X 107
ok 2.52X10710 2.20X107° 1.47X 1070 1.34X 1071 1.13X1071 6.56X1071° 1.96X 10711 3.40X 107! 1.04X 10710 2.78 X107
Ly JLE 8.74X1071° 5.84X107° 5.33X 1071 4.47 X107 2.60X107° 7.80X 1071 1.35X 1070 4.13X 107 3.91X107 1.40X 1078
KIT B 2.72X10710 1.44X107 1.59X 10717 555X 10712 8.00X 10710 2.35X 10711 3.81>X 10711 8.93X 10711 8.81X 1071 3.57 107
Bk Lt 2.55X10710 1.35X 107 1.49X 1071 5.22X 10712 7.52X 10710 2.21X 10711 3.58X 10711 8.39X 10711 8.28X 10710 3.35X 107
i JL#E 1.01X107° 5.38X107 5.93X1071 2.07X 1071 2.98X107 8.77 X107 1.42X 107 3.33X107° 3.29X107 1.33X 1078
A B 3.30X10710 1.76 X107 2.82X 107" 1.64X 107" 1.01X107° 3.31X1071 4.80X107" 1.89X10710 1.29X 107 4.71X107
- L 3.10X 10710 1.66X 1070 2.65X 10710 1.54X 10711 9.51X1071° 3.11X 1071 4.51X10711 1.77X 10710 1.21 X107 4.42X107°
JL# 1.23X107 1.76 X107 2.82X10711 1.64X 10711 1.01X107 3.31X 10711 4.80X 107 1.89X 107 1.29X107 5.61X 107
¥OH 5.04X107° 2.17X1070 1.48X1071° 1.54X 1071 1.07X 1071 8.82X 10711 5.63X 107 1.66>X107° 1.39X107 5.60X 107
Cu | P R e R XU BE AR T L ZE A4 55 1 s
M; S =i N o | |
ot F]II Gp. 78 2 KT Y b AR B M b LY
o ¢ ALY R
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I 2 H{l;z ff) 260495,273542,366856 fif . i T AE B 5~ 6
29 ER . N \ e
55 M ARG, 33 B AT A K R K N TR R s A
) T e ¥ a P P
i | AU 1 32 05 e W Ak 2 B L AR BUB W R 5
= =
R I L 1 ) 2 2 oLy 1) = Nl
0 10.0 20.0 30.0 40.0 W g HA . X AE R F BUE Y TS Y TE L 1
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B3 dEBEY R TR KU Sk &
Fig.3 Contribution of non-carcinogens to individual

health risk
2.2.3  KEFVEM MR SR BT RS OK KR
Hh Ak 27 B0 W A AE BUR ) 43 I 3 SRR T 1E B
T AE R B AE F XURS: B S KBS DL 4. L AR B
PRI 2o A N A B R XU BE 43 Sl 2 3.42 X
10%/a,1.03X107/a 1 9.67 X 10" /a, Bl E4F 4 T 1
JLEE AR 55 1 DRk 2% K 2 18 7K T A2 310 4 5 fe
SAET 0 ANEOE 35 AAT 11 N, 1 & 7 A AE Zo vk
=10 N, 3B AHEH, JLEE 32 2 A9 i R o 3 ok,
At R e R XU, B e v o v T AR B M UAE

40T 710
Ox
=

95
f=1

= Wr ;
= 0.6 =
220 =
= 04 &
& 1.0F
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Drinking water population
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Fig.4 Risk degree of non-carcinogens (R" ), carcinogens

(R¢) and the overall risk (R ) to the three populations
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2.2.4 A RMEHNBERRELNE  BIIGKE 4
AR BEWT X 3 A TR AR K N B 3 B A it B 5 3 B
JRURS UL 5, 4 A SRR T 1% B AR 53 M ok L3
) et R KBGO e — B L B R AR D 2> A
FEE 10K BOK B>t . AFE I 2 1 i BB
PR d5 s 3 & 1,46 X 107 /a, 1.37 X 107 /a #l
4. 68X 107 /a, 5 USEPA i1 ) $5c K 0T 32 32 KU
FE R — B ) b 3K A RO A B M R o A
25 PR PEAN B o RS B

A4 A SR W 1T 49 2 X L B s 4 it R A KUK
s RURS B i KL TE 2,21 X 107° ~4. 68 X 107 /a, i 5
T USEPA MHE#H 1.0 X107 /a, X B4E 55 1 1% 1
P18 5 DAL 2 A P B4 XU B vy s BROK T
Hts T ANECR S R B P A R A XU, AR T
& e I 1 AR 3 v R, BBOOK R v g A
FE RS PEGON o X A L e s S ) e R DR 1 1 i
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Water Environment Health Risk Assessment of Aha Reservoir
ZHAO Yu-zhong', GUO Yun?’, YANG Cheng®’, WANG Zhi-kang’, XIE Tai-ling’

(1.School of Ethnic-Minority Medicine, Guizhou Minzu University, Guiyang 550025,P.R.China;
2.College of Eco-Environmental Engineering, Guizhou Minzu University, Guiyang 550025,P.R.China;
3.Two Lakes and One Reservoir Environmental Protection Monitoring

Station in Guiyang, Guiyang 551400,P.R.China)

Abstract: Aha reservoir, a typical reservoir in the karst area of southwestern China, is an important drink-
ing water source. Good water quality supports the healthy development of local residents and is important
to the local economy. In this study, we evaluated the potential health risks of chemical carcinogens and
non-carcinogens in Aha reservoir (adult males, adult females and children) from drinking the water, ai-
ming to provide a scientific reference for pollution control and water environment risk management. The
levels of chemical carcinogens and non-carcinogens were determined at 12 sampling sites along 4 monito-
ring transects: (A) reservoir inlet 1; (B) water plant intake; (C) reservoir center; (D) reservoir inlet 2.
Chemical pollutants measured included arsenic (As), cadmium (Cd), hexavalent chromium [ Cr(VD) ],
mercury (Hg), lead (Pb), copper (Cw, iron (Fe), manganese (Mn), volatile phenol, cyanide, fluoride
and ammonia nitrogen (NH;-N). Health risks were evaluated using the environmental health risk assess-
ment method recommended by the United States Environmental Protection Agency (USEPA). Results
show: (1) The total health risk of toxic substances in the reservoir to adult males, adult females and chil-
dren was 107, the highest risk level listed in the evaluation standard. Children had the highest health risk,
followed by adult males and then adult females. (2) Both total and individual health risk posed by chemical
carcinogens was five to six orders of magnitude higher than those of non-carcinogens. (3) The health risk
of Cr(VI) was highest (99.8% proportion) and it was the primary contributor to health risk in the reser-
voir. (4) The degree of risk posed by health hazards at the four sampling sections was consistent for the
three populations, following the order: reservoir inlet 2>>reservoir inlet 1>>water plant intake=>reservoir
center.

Key words: chemical carcinogens; non-carcinogens; health risk assessment; karst area; Aha reservoir



