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Abstract: [ Objective ] The water quality and health hazards regarding heavy metals in drinking water sources
in rich ore karst areas were studied in order to improve environmental control measures of water sources,
thereby providing a theoretical basis for local drinking water health risk management and a reference for
controlling and preventing accumulations of heavy metals in water. [ Methods ] Drinking water sources in
Bijiang District, Tongren City, Guizhou Province were taken as an example. Conventional water quality
indicators and the content of heavy metals (Fe, Mn, Cu, Zn, As, and Pb) were monitored from January
2018 to June 2020. In addition, a water quality fuzzy evaluation was carried out by using the relative membership

degree and grade eigenvalue, and the single entropy weight method with the clustering weight method. The
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content characteristics of heavy metals and health risks in wet and dry seasons were evaluated by using the
health risk assessment model recommended by the U.S. EPA. [ Results] Water quality of drinking water
source areas had reached class [l of improved fuzzy synthetic evaluation. The main excess factors were total
nitrogen and total coliforms. The maximum values of Fe and Pb in the surface water sources had exceeded the
class [l water standards. Fe, Zn, and Pb mainly came from mining and industry, Mn and As mainly came
from agriculture, and Cu mainly came from agriculture and traffic pollution. [ Conclusion | The water quality
evaluation results based on the combined weight and optimization of fuzzy synthetic evaluation were more
credible and reasonable than the conventional model with a single weight. The carcinogenic heavy metal As
was the main element causing health risks. Children are more susceptible to heavy metal hazards than adults.
It is necessary to strengthen control and governance of health risks from heavy metals.
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Zn,Pb Ml pH {H 2 [0] £ 5 4 2 3 A & P Mn, Cu 1
As Z A ¥ 5 W E M M, NH -N 5 CODy, Z 1713

A O s LA AT A R o, EA SR B
B2 98 79.063% 1 76,194 %, 5 — F A 43
(PCO¥) M Fe, Zn,Pb, pH {H. 5 5 f# B T B 05 2210
35.935 % F1 30.266 % , 46 — F M4 (PC,) ¥ A Mn.Cu
L As. o Bl RBET K7 2219 25.087 % F1 26.035 % . 4
= EBA(PCHI R NH{ -N #l CODy, 43 5l B T
M7 251 18.041 % F11 19.892%

Pearson M S&PE 2T 5 3 B 4343 B ¥ 5 45 J8 R R
BE A8 bR 1 43T 45 SR AR — 0, 1T i b #0022 K
FH 7K U8 v o 4 1 ok U

®3 BIRFAPESESHERTHEXXRER

RN Fe Mn Cu Zn As Pb CODuw, NH; -N pH &
Fe 1 —0.099 —0.022 0.849" " —0.132 0.826" " 0.042 —0.083 0.713""
Mn 1 0.614" " 0.229 0.688" " 0.001 0.176 0.209 —0.050
Cu 1 0.127 0.480" —0.058 —0.210 —0.039 0.021
Zn 1 0.096 0.890" " 0.260 —0.027 0.466"
As 1 —0.118 0.063 —0.070 —0.014
Pb 1 0.321 —0.060 0.356
CODw, 1 0.560" —0.050
NH/{ -N 1 0.119
pH & 1
F4 BIRHKHESEENREEGHEXXRER

Et=g D Fe Mn Cu 7n As Pb CODw, NH, -N pH &
Fe 1 —0.086 —0.055 0.801"" —0.196 0.818" " —0.082 —0.106 0.734" "
Mn 1 0.649" " 0.179 0.550" " 0.018 0.153 0.216 —0.028
Cu 1 0.117 0.465" —0.052 —0.134 —0.087 —0.002
Zn 1 0.053 0.962" " 0.251 —0.031 0.451"
As 1 —0.037 0.280 —0.008 0.018
Pb 1 0.303 —0.019 0.420
CODy, 1 0.550" —0.053
NH/ -N 1 0.129
pH 18 1

o ToRINEE E MK (p<<0.05) ;5 % » FoR ik B 8 M KFE(p<<o.0D),

x5 BIRFEFHWMEFESRESHNEERNERSBEFHE
s 47 FKkM Hi7k 391
PC, PC, PG PC, PC, PG

Fe 0.951 —0.134 —0.191 0.934 —0.226 —0.159

Mn 0.055 0.926 0.108 0.047 0.890 —0.236

Cu 0.006 0.774 —0.329 0.000 0.630 —0.584

Zn 0.938 0.178 —0.032 0.937 0.150 —0.043

As —0.045 0.839 —0.109 —0.035 0.735 —0.084

Pb 0.911 —0.066 0.037 0.937 0.011 0.081

CODwa 0.266 0.122 0.865 0.195 0.451 0.774

NH; -N 0.041 0.140 0.827 0.028 0.343 0.738

pH {H 0.668 —0.053 —0.142 0.694 —0.077 —0.071
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TE45 — 85> PC, ", Fe,Zn,Pb Ml pH {8 75 4
W 28 LA W 3 A O BB Fe, Zn Al Pb 7EAF 52 X
IR AT g A AR s B R B e A, B
pH (AR AT HES4 M % Fe.Zn F1 Pb 78 KK b i 3T B F1
AT N, WX Fe,Zn Hl Pb W bR ME 2 M8 T
Hifth 5 4 & K. 8] Fe,Zn #1 Pb > fi 8 A1y
A 85 3 PR 4 JE 23 8] 43 A REAE R DA s S i 1) 52
PRl (B 1), B EE Y Fe, Zn Ml Pb £ 0 4 T =
Yy bF Bk Sk 0 RC R DX 8k 30 8 X dak A o o0 A A HYRER
PEABLT MR ), o S R = %R, AR
W], Fe,Zn Ml Pb 5 TlL 3% sh a5 I 2, 4 )@ HF
RAR AR B SR YN S &K B A+
BRI K . H Pb B0 SR 7E 6 el B rh B 5 i
AR RS TR B REE a0 & Pb Ry A nT

RAVTRE A M Fe 7K A v, X KA 7= A 35 g, e D 4
Wr Fe,Zn F1 Pb 2RI T R4 A1 Tl 7% 3 . X 5 7
HET A5 Y Zn, Pb EEORIE TR 48 Tl is YL ik
MBI FE 45 A — B0, 22 424600 X 23 il v 1 b K A o
A ERIIEW AT T 45 R A B Pb F 2k A
TR R, X 55X P Yk W AH L, X i
AEUPUXTE VLI Ph AR PR A 5 W B Pb 32 R A
THRERAMEBNGE AT KW sg il {s g, X F 2 A
PO RAN R AIONERIR IR 3T R STER P F ol o Y5 R 21
7R 118 SR A5 W T 30T, L AH DG BIF 5 3R B 32 3 0 g
H Pb I E,
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WFEF B . As J2 B 5 500 R Al % HOR) 1Y 32 28 B4
Mn & 7K 7= 35 56 i BT #8700 /9 32 2437 Mn, Cu
F As 1% B3 2 A% 25 R AR AT it FH A0 A 2552 L A HLAk e
4y i FH B AT 2k 88 m 38 v Min, Cu F1 As A S &
oL IR R AR 25 T AU HE As 1 R, AM B
B e S TP R R PR R A A0 B U AR T
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TR TR A b R AR b B K AR Cu MR T
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1) SF U 55 BF 5% X — B0 H R W VR Min B 2Ok
JETH =R, Cu EZORIE N AR, X R EER
VLR Cu (943 A5 A % 147 H OG0 . AL A i 24
AR 2 43 A TR AE R, S BORAE fih Mn ¥R
L TH MR Sl

T = F i PCy W1, CODy, 1 NH; -N 7 44
PR 5 B35 M e, A 1 2 0F 58 & B, CODy, A
NH/-N FZ ok T A filan, B/hE
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) CODw, KR SEAT BT KB 8 ¥ 2RI T
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A 8 DX B VB S DX 3 53 A A Sy £ v sk 4 X R o 3
2y R B X, BRI B B AR X S X
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NH, -N 5% 5 4 J& #H 6 A K, 36 8 4 8 ok I8 T
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3.5 EEEWEEREITEMN

BIFFREW R XN L LR P ES R
PR Y0 T AR I K BT M A L 25T XK K
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o XL 11 Dk AR B A K, TR BT R R . Zn, Fe X1
AT 2 G 00 i B XURS: o7 k4 K, 78 F KT Zn
X3k 3 A DX sk A fie BRE XU BG: BT R L 51 43 S 29 25 %4
35%,35% - Fe M 5 RIS 51wk L 5] 43 0 29 24 45 %6
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182 7K R E %42 %6
ko6 BIXREHWZELEEHEENKE
) 4 R AR Y (E R AR
B AR - : — , 7
Fe/ (107" «a™') Mn/(10 " e a™!') Cu/(10 " e a ') Zn/(10 "M e a ') As/(10 % «a ') Pb/(10 % «a )
5PN 4,75 5.07 9.88 9.33 6.71 8.69
FKH .
JLEE 6.06 6.47 12.61 11.91 8.56 11.09
A 3.43 2.96 7.56 6.01 3.39 1.01
A 7Kk 3 . _
JL#E 4,38 3.77 9.65 7.67 4.33 5.12

M7 Hal LA LA S B R K 0 R 4 B XU
(B 3 R T A K X 5 KR BURY As IRE & T
Fili K AT O 5 2% 46 Jm L2 )4 R XU F by A Y
1.276 4%, R WL #E A BT WA 5) % 3 5 G s 15 Gt
AR B4 Bl B 2 ) L 3 5 R T AR AR X I AT R PR A
S5 — 2, PR s L BEAROK 22 A4 B, BT DX AR

g it R DR L 114 DX 38 o0 A A7 A 22 5 2K 00 0 < 0L
B> HIF = BU 2 = I = H AR B> AT 8 > = 4 3 >
bR =W A0 =X T A R S S 2> 3008 > 1 >
FRESHARN > Z g >Rk > B> 0 >R
L1 PRI AP 3008 R A DX 3T 550 T e B DRI L 22
i EESBURYIR As WREERRA K,

KT BIXRFEFHAEEXEEHEBENKEE 10 °/a
o Rt [X ol 4T 47 4 i XL 1
’ WA JT 8% = %k L= NIl HAREE W# 1 IR
o LN 1.96 3.75 3.68 2.44 7.02 0.97 5.10 16.61 15.68 5.55
e JLE 2.50 4.79 4.70 3.11 8.96 1.24 6.51 21.19 20.01 7.08
. PN 0.91 1.59 2.05 1.94 4.50 0.83 2.33 5.51 7.87 5.41
e JLE 1.16 2.03 2.62 2.48 5.74 1.06 2.97 7.03 10.04 6.90

Bt X ST AR K R ) R <G R Al B XU A T
VEAT G Zt— L W 58 3 . 8 i POK & 42 3 B ) 4
o A BRE DB G2 SC R T B R ik R S HC AL &
P BT AR 58 A 4 e KU T4 H AR 29 Bl aof

TR 8 A% AT RE T At B XIS, 19 o < R oK B4 B Ik

fih PO R A A AR B A A LA S S e T R R A )
A7 SR F) i R DRI o A O T A5 fedt o XU D AFK . 52 7K
A A B 52 0 A ] 286 28 B KA v B 4 J OT R B9 4y
AT 3o KRR R 2E 4] 23 77 30 Rl e
KAEERE T BT Y L ) A8 PR R AR S B A T R g 2
) 3 At B IXURS: S A0 295 2R S PR 7 2R 5 ~F 15 PR A
55 )5 JBE S5 7 T L2 S B — R B 22 5 L R WA A 4
Ao BEAh AR AR 3 ) K — e 2k A R K T A B
PO L H 4 T v AR T REAIR T K AR K U K
R DL Jt D5 # R RE it A 45 SR A T i 22 5 AR
Sla it —p5e,

4 5

(1) AR SR AL B E 48 P AL 51 A X ) E
AR AE X SR J BE S 1 KBS PR 8 s 1) B B O
Z5 8 GO R AR AL P R /Nl S K 5 A 5 A S A BT
M a8 R TIOR8 LA 8, T LR T BDBNT AR O7 ik
65 b1 KO0 RS B Y [ SR o . AR — AU 3 L A
BB B PEA 45 R A T e A AT PR AR B X R A
FEARAE I U TR

(2) BIFFE DX OF 7K U5 b R OK BT 46 s ml 3k 3 I
FokpriE, LT KKy 3.6 FhviE 43 )8 T R P W
BAK . Pb Fl Fe Wi RIEAATERAR IS . FEOKBUE
N+ 2GSRBS KGR, D E s M
IR X,

(3) R IKIFMN S B Fe,Mn,Cu 1 As & &2 3% i
e T H R K PEA 5 T T K PE A S Zn, P 5 i
38 1 T b R OKIE M 2. Fe, Mn Ml Cu 76 4 K 1 19
G JE Wk R R TR K A R R B L T Zn,
Pb Fl As 75 F /K 09 () 0 43 J& vk BE w5 T 7 Al K 01 Y &
SR UPE . PRI A Jm ok R ROR PG B 2
£, Fe,Zn Fl Pb FZRIETH 7 FF R S HAR O Tk
W3, As Al Mn F 2R I TR 1% 3, Cu 32 2k 5
TARMG S S 1% 2. 4RI T A HG 1Y
ATREMEE/N .

(4) Al O 4 R A HE XURS (2 /T 1,00 X
10°° /a, MU K- BN g T 42 52, A0 VAT B L = 35 1
X IR T Aot A FE Zn, Fe, 2 R0 AR X 4875
PR A 3 Mn; BUR H &8 As J& B2 7 A R
W TR HAR R A (2 EBUE B4 /iy 10 ~
10" £, JLE LN 25 5 32 3 fa 3, i X JL 3 2R
KA S, A KR E G R SR
DA 6 7 DX 8] 08 DR /N 2, = 7K 30 28« 3003 =
V> BUE I > A AR P> ST > R g P> 5k >
WA =500 W Al 7K 30 R AP = 3008 > 1 i > B0 & >
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