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(0.126 pg + L7') > Hg (0.013 pg+ L™ H> Cd
(0.012 pg « L7, 5 F /K i &2 b5 ) (GB/T
14848 — 2017) [l ZE 45 fEAH Lb L W 7K B 42 8 Wik B2 34 oK
ABAR BT RAVE N £ o 20 AR 38 AR OFH K KR DA R Tl
P FHK . H 4Rk TS S RO Mn>Cd>Pb>
Cu>Hg>Zn>Ni>As>Cr, Pt W #F 5% X 3R 7K
M 4 B AE S RE R AR 5 i 2 22 R, U
J& Mn 1 25 5 5 K eV B (0. 040 pg » LD 40 AR
FEF K U B 127 FE RN 147 FE R T B W E
(52.098 pg « L™ DA ARAEFKE 17 K85, 0 E A 22
1302 5, XATREREH T B S )2 A vy s e, i 1



BoRE, B, KR, HEE,PER .S, L BE. RNART XENKESEE S HIHFERFEIENRN

HEPCREB S EERARKRER ERESEN
EHHA R,

Kruskal-Wallis 56 2% B , A 7K 3933 7K Cd.,
Pb.Cu.Zn ¥ 8 3 & FF /K3 (P <<0. 05) , F 7K 1)
FRE AR 7K e Mn ok B 35 @ T F K (P <<
0.05),3 /KA XA CroAs . Hg Ni IR EH L E
F2F(P>>0.05) ., WA K &3 7 COK & 4 8 i

W E BRI A1) < Al 7K 30 = 2K 0 =7 ok 3, X
GV SR T Ay R vk A T B 2 e i 4 R A
— 2, FE DR AT RE 5 A IR B AR BR A A LK SR
O LA R ST K 0 274 1 AR A 5% TR R
A TE RS T R e T L AR R R RTE K %2
RN IS A IR VAP S VESS | =S S8 NP1
JK 1 T 4 JR VIR JIE Pkt TR AR T R A

F1 ARKEEEKRE (pg- L")
Table 1 Concentration of heavy metals in cave water (pg+ L™")
F K K 7K Y fi
i Wet season Flat season Dry season w AR R FrfERRE *
Total . i <
Heavy ) Coefficient of  Standard
metals T [ I T [ I T [ P avei‘dge variation (%) value
Range Average value Range Average value Range Average value vatue
Cr 0.105-0.551 0.297 0.125-0.529 0. 309 0.110-0. 648 0. 373 0.327 42.83 50
Cd ND - 0. 006 0.002 ND- 0. 007 0.001 0.005-0. 146 0.032 0.012 201. 54 5
As 0.045-0. 237 0. 140 0.061-0.124 0. 091 0.049 - 0. 281 0. 147 0.126 47.01 10
Pb 0.003 - 0. 041 0.013 0.002 - 0. 025 0. 005 0.081—1.965 0. 641 0. 220 185. 80 10
Cu 0.008 — 0. 338 0.114 0.010-0.142 0. 061 0.083-1.395 0. 307 0.161 163. 30 1 000
Hg 0.006 — 0. 080 0.018 0.004 - 0. 056 0.014 ND - 0. 061 0.008 0.013 121. 29 1
Zn 0.059 - 0. 332 0. 144 0.041-0. 237 0.134 0.123-1.532 0.592 0.290 114. 63 1 000
Ni 0.101-0. 495 0. 265 0.133-0.528 0.274 0.071-0.482 0.188 0.242 54,42 20
Mn 0. 096 —52. 098 3. 540 0. 040 — 0. 205 0. 087 0.050 - 1. 061 0.325 1.317 562. 69 100

TE :ND 7R AR % 7R (b T 7K BT b A5 ) [ 2548 M (GB/T 14848 — 2017) KA
Note: "ND" indicates that it has not been detected." * " is the limit of the Class [l standard (GB/T 14848 — 2017) of the Groundwater Quality

Standard
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Table 2 Comparison of heavy metals in cave water in Songtao and surface water outside the cave in Guizhou (pg+ L™")

%bﬂi@ﬂ? Cr Cd As Pb Cu Hg Zn Ni Mn Data
ater name
sources
A B 7K 0. 327 0.012 0.126 0.220 0.161 0.013 0. 290 0.242 1. 317 Zfib}}ﬁ
Cave water of Songtao This study
AR AR - - -
Chishui River 4. 88 0. 53 1.29 3.39 6. 31 0. 35 [30]
b VERT] _ _ _
Wuyang River 1.28 1. 054 0. 847 19. 15 22.47 1.02 [31]
ZLHH) . _ _ _
Hongfeng Lake 0.734 0. 207 0. 020 1.003 23.6 0. 029 [32]
W 51 H T X F K
Surface water of 0.39-1.25 0.14 2.63 0. 62 2.76 ND 31.4 - 6 371.17 [18]
Yanglizhang mining area
AR X oK
Surface water of Baiyanxi 1.58 0. 088 1. 09 1.71 3.42 ND 11.63 - 3 045. 22 [18]
mining area
FERSIH T X Hh R K
Surface water of 0.47 0.019 1.62 0.37 0.87 ND 24,11 - 221.11 [18]
Zhailanggou mining area
POIE AR X R K
Surface water of Xixibao 0.37 0.26 1.05 0.35 1.52 ND 16. 85 - 19 701. 77 [18]
mining area
AZA AR IX i K
Surface water of Shan- 0.79 1.48 4. 69 475.51 3.71 - 171.58 - 84.17 [33]
shulin mining area
J& W X H R K
Surface water of Houhe 2.01 0. 43 8.12 18.48 4.89 - 46. 98 - 86. 02 [33]
mining area
T ND 7R AR K L — 7R R A ) B 40
Note:"ND" indicates that it has not been detected," — " means there is no reference data
2.3 #m#EENKESEREXYE FEIWFE 3, Cd—Cr.Cd—Pb,Cd~Zn,Cd~ Ni,As —

W 7K B B 45 JB W JE Spearman AH ¢ P 43 #r 2% Cu.Pb=Zn.Zn— Ni JLZH JC & Z |8 FF 75 # f. 3 1IE A0
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KRFR(P<<0.01), HXREIHAE 0.6 DL I, Zn —
As.Zn— Cu Z M fE1E W 2 1E A5G O& & (P <<0.05),
FH S BB 918 0. 535,0. 524, 3 B X 4657 2 ) 1 2
Vi) 5L 8 4 3 ] 1) 49 Joi ok 1 8 b R 2 e M AR A O
JoHJE Cd—Zn As— Cu Z A1 H) K &R e W&V, &
ZHILR MK, AT Cu 5 Zn As fF7E B3
EMEKE RN B EEH LR, ZERN Cu.Zn, As
R 2R T 2 5 AT R R AR Y IR R
%3 AAKESEBZEMNBEXLREN

Table 3 Matrix of correlation between heavy metals in cave water

FORMWE Y ARBIIIR7OK pH AR 7.0- 8.3, 2
#AK, Hg—Pb.Hg-Cr.Hg—-Cd.Hg—-7Zn 4 @H
JC R Z B AT & M SC B i 2 (A DG C & L 1
AT Z T A 5 AN ) B3t BR Ak 27 4 P 22 B R, Min
5 HA B 4 8 2 a] 1 A OG5 L K& Mn — Cr,
Mn—-Cd.Mn— Hg.Mn—Zn 4 /70 % 2 [a] t 3¢ 2 %
B/NT 0.1, UL W] Mn 5iX 2650 R Z [ T AHH R R IR .

Cr Cd As Pb Cu Hg Zn Ni Mn
Cr 1. 000
cd 0.632" " 1. 000
As 0.041 0. 426 1. 000
Pb 0. 368 0.647" " 0. 476 1. 000
Cu -0.226 0. 306 0.750" " 0.388 1. 000
Hg -0.568"  —0.556" -0.435  -0.688" "  —0.285 1. 000
Zn 0.397 0.750" " 0.535" 0.721" " 0.524" -0.538" 1. 000
Ni 0. 462 0.676" " 0.368 0.474 0. 468 -0.438  0.650" " 1. 000
Mn -0.024 0. 050 -0.229 0.165 -0.126 0.091 0. 000 -0.388 1. 000

o VRIS % AR HIFRIRAE 0,05 A1 0. 01 KU | 5B R &

Note:" * "
2.4 WMERENKEEETLEIEN
2.4.1 EE£BFTEELTH

SR FH N M 20 255 B 8 B0 IR K B 4 8 TS e 3
ARIEH 45 W36 4. 3 NIk I i 4% Fb 4 8 2R
N5 8 8 A . Pb. Heg  As Ni.Mn ¥ 2 575
P STk K L EIT A E AR T E 1 T Y AR 8
BEF 1.0, b FiE 1K F . B Mn 76 558 KU A5 6
7 E K T T5 Y 48 B = (0. 521) , {H %R = K
*4 ANKESBSREEITH

and "% %"

mean significantly correlated at the 0. 05 and 0. 01 levels (both sides) ,respectively

Mn -2 75 YL 8 B0 M 0. 136, (KT 1. 0. 4%
KN Z5 G 05 YA BOGMEF - B B XU A1, il 7K 30 1
SEA TS Y AR B0 T A RT K 9, 18 A AR X
KB 4 JE 15 YK T E KA K. {35 A
7 75 KB 255 15 Y A8 B4 I T 0. 7, 4L T T K
o BRI AR BT DX SR R 2 A R TG Y N T
WK,

Table 4 Comprehensive evaluation of heavy metal pollution in cave water

K1 B[R 75 YL 48 2L Single factor pollution index (P;) ENCREE S
17X W § Comprehensive
Cave ater pollution

period Cr cd As Pb Cu Hg Zn Ni Mn index (P, )

it XU F= K
Liangfeng Wet 0.007 8 0.000 4 0.007 2 0.000 9 0.000 1 0.018 0 0.000 1 0.0130 0.136 0 0.097 2
cave season
-7k 3]
Flat 0.008 8 0.000 0 0.007 8 0. 000 3 0.000 0 0.014 4 0. 000 2 0.012 6 0.000 9 0.010 8
season
i 7k 393

Dry 0.008 6 0.005 3 0.010 9 0.069 7 0.000 1 0.002 3 0. 000 4 0.006 1 0.004 3 0.050 0

season
Tl F K
Xia Wet 0.005 0 0.000 5 0.014 7 0.001 0 0.000 2 0.0319 0.000 2 0.017 7 0.001 2 0.023 3

cave season
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g4
Continued table 4
K B[R 75 YL $8 2L Single factor pollution index (P;) %%ﬁ%%ﬁ
il 7T W g Comprehensive
Cave ater ] pollution
period Cr Cd As Pb Cu Hg Zn Ni Mn index ( P, )
-7k 441
Flat 0.005 2 0.000 0 0.007 1 0.000 5 .000 1 0.028 2 0.000 1 0.016 0 0.000 7 0.020 4
season
iK1
Dry 0.006 5 0.0057 0.0196  0.036 2 .0010 0.0000 0.0010 0.0189 0.002 5 0.026 6
season
K F K
Shui Wet 0.0024  0.0001 0.0195  0.0023 .000 1 0.0093  0.0001 0.0084  0.0012 0.014 2
cave season
K
Flat 0.003 9 0.000 0 0.010 5 0. 000 3 L0001 0.012 0 0.000 1 0.009 7 0.001 1 0.009 0
season
ik 9
Dry 0.0050 0.0044 0.0117 0.0838 L0002 0.0025 0.0005 0.0082  0.0059 0.060 0
season
HEF F= K
Lianjia Wet 0.003 7 0.000 5 0.009 8 0.000 4 .000 1 0.016 3 0.000 2 0.007 2 0.002 6 0.011 9
cave season
K
Flat 0.0048 0.0000  0.009 1 0.000 3 .000 1 0.0105  0.000 1 0.009 1 0.000 6 0.007 9
season
MK 1
Dry 0.0056 0.0012 0.0157 0.0123 .000 1 0.0351 0.000 1 0.004 6  0.0014 0.0255
season
:F{[ﬂ 4:7J(/H>;q
. Wet 0.010 2 0.000 9 0.0211 0.002 2 L0001 0.012 1 0.000 1 0.020 1 0.002 6 0.0159
Qian cave
season
K3
Flat 0.0074  0.0008 0.0115 0.0011 .000 1 0.006 1 0.000 1 0.0215  0.0010 0.015 7
season
i 7K 1
Dry 0.0112 0.0160 0.0169  0.1170 L0002 0.0000 0.0010 0.0103 0.001 7 0.083 8
season
MIME
agsrtaa;e 0.0064 0.0024 0.0129 0.0219 L0002 0.0132 0.0003 0.0122 0.0109 0.0315
value
2.4.2 E2B/ERERNEFMN FHAK S de b ] — 8, 5 AN 7Ch Cr BT 8O B4R 53

AL E TG YY) CroCd, As BT 00y filt e XURS 3
BBl BAE B R4y R 2,99 X 10 ° = 7.60x10 ° a ',
6.72x10 °=6.94x10 *a ',4.99%X10 7 —9.55 X
10" a S MAE L MEAN I 2.62X10°° —6.68X10 ¢
a '.5.90X10° —6.10x10 % a ',4.38 X107 —
8.39X10 " a '; JLE BN 3.58 X 10 ¢ —9.12 X
10°° a', 805 x 107 — 832 x 10°° a ',
5.98X107 7 -1.14X10 % a ' (£ 5, ML FH,
B AT e W T B i BRE XU g Cr=> As™>Cd, X
550 75 8 KD AT X R R R AR
K AT A S K TR T R kL AR X Ak

PE L BUAF 2 PR 0L B B £ BRE RS B SR A ot 5 [ PR
PRy B e RT3 2 B (1.0X 10 " a '), fH
Byl 70 R R 4y B SR B LR AR A 22 iR
FVER 5% 0 #2800 B Kol #2532 XUB (1.0 X 10°
a D — g L A O KR 107 —
107" a ' RORAEE T AE KU . R L R K 0 ik
JHAS T Ak B A4 31 7K 23 #7781 78 35008 KU

A BUE AL T5 ¥ Pb.Cu.Hg.Zn Ni,Mn i £
B 4a e UG R v 7E 1070 — 107" a b HER /MR F
Pb>Hg>Cu>Ni>Mn>Zn, 5[] X4 F ik
FHZK B B9F 5 45 0 A0 B, A BT DX SR iR 7K Pb,
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Cu.Hg.Zn Ni,Mn 5] () fdt 5 XU 1 4 (8 £ 24
10 ¥ =10 " a 'L Pb B XU H /N T A ST, Cu,
Hg Ni.Mn B XS5 AW 58 AH >, 100 Zn (9 KU 6
W = T AR

BUAE B3 PR Lo kL L B Y £ RS KUK 43
3.81x10 °-8.63x10 °a '.3.35X10 °—7.58X
10 °a ' f4.57x10 °=1.03x10 "a ', 54X
o e R XU RS HE R O T > B KU > R R >
G807k . DN 4 JA O 3R X £ R S XU Y T ik
BB E S B IR T A r A e XURS: (2 2 JE B0
4 0 R I A 0 R RURS (Y 10° % . R {t 52

W 2ok A TEUE E S RILR X SR Z U4 R
IO BT g IR 1 23 i) 43 A W T A 5T
M DX RUBS A SR o R SR Core i B A KU F) - 3
TUBR AR 86. 7706 UL, Cr AR Sy 1 50 IX A
Jofe il A E R A . AR 28 AN A2 21 Y
il FRE XURS: R B JL 28 52 2] 1Y felt B XU o s 5 AR 55 1
W2 AR 2 PR AR 330 5 05 v 2 A I 5 45 2R —
B, UL EXN E R R USRS TR EA S
ZENHERAEE, THES JLE AR/ B IR
TR 52 B8 3 BARA 5% . PRI i 5ik %o L 28 AR K 22
A R A R A B

RS ANKESBEURKEEMBNNATHERENEMNERINK (a ')

Table 5 Average annual health risk and total risk of adults and children from metals in cave water via drinking water (a™ ')

PN i /¢ - . . . pEprNia
Crowd Cave Cr Cd As Pb Cu Hg Zn Ni Mn Total risk
ﬁﬁﬁtﬁ I?Trf;[‘fie@ng 6. 65X 2.24 % 4.99 % 6.52 % 4.74 % 1.49 ¥ 2.91x% 4.08 % 1.30 X 7.17%
~1d -6 -8 -7 -11 -12 -11 -13 -12 -11 -6
males cave 10 10 10 10 10 10 10 10 10 10
TR 4.39% 2.45X% 8. 00 % 3.46 % 3.30% 2.58% 5.92 % 6. 76 % 4.04 % 5.21 X
Xia cave 10°° 108 1077 101" 101 101" 1071 101 1071 10°°¢
KR 2.99 % 1.77% 8.04 X 7.94% 1.17% 1.02% 3.13% 3.38X% 7.49% 3.81%
Shui cave 10°° 1078 107 10 1 101 10" 10" 10 101 10°°
YR 3.73% 6.72 % 6. 68 X 1.19 X 6.52 X 2. 66 % 1. 64 X 2.69 % 4.28% 4. 40 %
Lianjia cave 10~ ° 10°° 1077 101 10 107" 10" 10 1071 106
T3 7.60 % 6.94 % 9.55x% 1.11% 8.80 % 7.82% 5. 36 % 6. 69 X 4.89% 8.63 %
Qian cave 10°° 108 1077 1071 10 10 1071 10" 107" 10°°¢
Aﬂ‘”ﬁ 5.07 X 2.81% 7.45X% 6. 03 % 1.29 X 1.70 X 3.79 % 4.72% 3.01% 5. 85X
e oge 10°¢ 1078 1077 1071 101 101 1078 1012 101 1076
value
ﬁiﬁﬁhﬁ I?‘?ﬂfj 5.84x 197X 4.38X  5.72x  4.17x  1.31x  2.56X  3.58x  L.14x  6.30X
“ -angteng 10°° 1078 1077 10" 1012 10" 101 101 10" 10°°
females cave
TR 3.86 % 2.15% 7.03% 3.04 ¥ 2.90 X 2.26 X 5. 20 X 5.94 X 3.55X 4.58x
Xia cave 10°° 1078 107 101 101 107" 10" 101 101 10°°
7K 2.62X 1.55X% 7.07 % 6. 98 X 1.02 X 8.95 % 2.75% 2.97 % 6.58 X 3.35%
Shui cave 10°° 1078 1077 101 107" 10 10" 10 101 106
% 53R 3.27% 5. 90 X 5. 87 % 1.04 ¥ 5. 73 % 2.33% 1.44 X 2.36% 3.76 % 3.86%
Lianjia cave 10°° 10°° 1077 101 107 10" 1071 1071 1071 10°°
T 6. 68X 6.10 X 8.39 % 9.72 % 7.73% 6. 86 % 4.71% 5. 88 % 4.29% 7.58%
Qian cave 10°° 108 1077 107" 1071 10 104 10 101 10°°
Aﬂ‘]ﬁ 4.45%  2.47X  6.55x  5.30x  1.14x  1.50X  3.33x  4.15X  2.64X 5 13X
Velrage 107° 1078 107 101 101 101 101 10712 10 1076
value
L L?‘f’ﬂfﬁ 7.97 % 2.68 % 5.98 % 7.81% 5. 69 X 1. 78 % 3.49 % 4.89 % 1.56 X 8. 60 %
Children 1angleng 10°¢ 1078 1077 101 1071 101 101 1012 101 1078

cave
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gRS
Continued table 5
N T 7T < . . . A
Crowd Cave Cr Cd As Pb Cu Hg Zn Ni Mn Total risk
T iR 5.26 % 2.93 % 9.59 % 4.14 % 3.96 %X 3. 09 % 7.09 % 8.11% 4.85X% 6.25X%
Xia cave 10°° 1078 1077 101 101 10" 1071 101 101 10°°¢
KR 3.58X% 2.12% 9. 64 % 9.52 % 1.40 X 1.22 X 3.75X% 4.06 % 8.98 % 4.57%
Shui cave 10°° 108 1077 10 1 101 10" 104 10 10 10°°
J%%ﬁ 447X 805X 801X  1.42X  7.82X  3.18X  1.97X  3.23X 513X 5 27X
ranjia 1078 107° 1077 107" 10712 107" 107" 10712 107" 1078
cave
TR 9.12X% 8.32% 1.14 % 1.33% 1. 06 X 9.37% 6. 42 % 8. 02 % 5. 86 X 1. 03X
Qian cave 10°° 1078 10°° 1071 10! 101 1071 101 1071 10°°
Aﬂ‘]ﬁ 6.08 % 3.37x% 8.93 % 7.23% 1.55X 2.04 % 4.54 % 5. 66 X 3.61% 7.01 X
verage 1076 1078 1077 1071 101 101 1078 10712 1071 10°¢

value

MASBIETE 1 45 3 Al AR S G Jw (i
Cr) BYR e BEA A7 A2 AR . B & s 75 Qe 25 5 VR i
L L /S oe ER T N S (S I S 5 5 N € .
J ARG B =2 J  JF it o IR A e 1 3 [ 2 5 e 46
Il BRATLAS 9 5 K AT 4 2 MR (1. 0 X 107 % a ') i
N EZNERBED . BT RASILE BES Lotk
AR ST o B > 545 AN [] L 7 R AT Akt B KU, 3 4
A NFET S D)5 SEbr . P, 2R BB K RO K
R A Al R IRUBS: BF Ao 91) AOK 5 s I SR B2 3 AR o
Ko A R DXUISE V- -5 AL K S5 D A R 45 5 I B i
JE T i R K B9 22 2R B0 A7 Bl T 05 TR K I
K S5 B 7 5 AU 7 B

3 Fig

WS¢ DX 7OK 4 Jm W R 29 {6 9 Min (1. 317
pg e L) >Cr (0.327 pg+ L") >Zn (0.290 pg *
L') > Ni (0.242 pg « L ') > Pb (0.220
pg e+ L 1H>Cu (0.161 pg+ L ') >As (0.126 pg *
L ')>Hg (0.013 pg « L ') >Cd (0.012 pg *
L0 A (R K B b o) T 2K b v, 7E 3 4>
KIS I DR 5K R 4 e e A 3 3 Ry A 7K 4 1
T A A W 7OK E 4R SRR T S
Z A A b R oK . 5T XA 78K Cd = Cr,Cd — Pb,
Cd—Zn,Cd — Ni,Cu— As.Cu—Zn.Pb—Zn,Ni -
Zn As— Zn JUH T [8) B A S [6) 19 ) 57 >k 5 5 Bk
2R MEATE . Hg 5 Pb.Cr.Cd. Zn Z [0] 5 IE AN [
BB ERAL R 22 ORI S GE5 1E BOA B ST
SR T AR DR 7R AL T T K A e XU

A B, Cr T 2500 il B JXURS: 4 3% | 52 R P 25 5
KT U (1.0 X 10 ¢ a~ D), BB K W14k FH A
T A 31 1 7K A TE T B0 AR L R XU
BERABEESE. L P Cr W ST R R K
(86.77%) N AE N EH IS Y. NRARERZ
) 10 i BRE JRURS: Sk L 3 = BCAR T 1 = B AR L L IV i
XoF JLFE R FH 7K %2 4 110 42 il /g B

LA KT BARMHES X IE /OK B T E TR
R S AF G S kR 475 2 A v AE 3O AR
BT D A A A BT B e 55 1, — BT E) T g, R
MR KRR = GE S R A s g, HoME
BB L TS s 5B 1 81 AN 1 A O | SR G A
i TR 4 JE AL B AR R BRI 7K % A AT
O m N IR S AL, B2 Ja R B T A Aok
LA TIPSR EEAE . OF
MAROK AR . A BT R B 38 i oK 5 i #4425 1K
FH K v EE 4 T 5 | A A A R XU e 1 2 K 2 o U v
P A o SR RR FH K 2 5 0k v 1k IS B K
FHI 7K, o H e )L 3 R 8 R 28 3 Ak H R 7Tk,
QB 115 4%, LR3I OK SR . H— sl FE i T
b A A R ORI S . TR R T A B
HEAT R BT, 8 bk NV 388 TF 3 5K R Hb L B 2 b H S
K RS T 0 R AR A e R
TR 7K TE G . A8 TR 7 B T L Bl A T A
TERE A2 B AR AT Lk 25 FH =t 1) & B 25l 3
P2 AU A A R R R R, =G
PR AL B AR RS YRR T 50 S A A b R 5 AR TR R
Wy b B it L 5 B HEAK R RUR K I . @ BT 7K IR
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Distribution Characteristics and Pollution Assessment of Heavy
Metals of Cave Water in Mining Area in Songtao County,
Guizhou Province

XU Chengxiang, LEI Lisha,ZHANG Siqgiang,DU Weifeng, HU Bilu,ZHUO Rui,

LONG Huiyuan
(School of Life Sciences,Guizhou Normal University, Guiyang . Guizhou,550025,China)

Abstract:In order to understand the heavy metal content and pollution status of the cave water in Songtao
county mining area,and to ensure the safety of the residents drinking water of cave,5 representative caves
were selected as the research object in this article. The contents and distribution characteristics of nine heavy
metals in cave water at different water periods were analyzed and detected. And the Nemero comprehensive
index method and health risk assessment method were used to evaluate the heavy metal pollution of cave wa-

ter. The results showed that the average concentration of heavy metals in the cave water of Songtao mining

area was Mn > Cr>7Zn > Ni>Pb > Cu> As > Hg > Cd, which did not exceed the Class [l standard of
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"Groundwater Quality Standard". The concentration of heavy metals in cave water is the highest in dry sea-
son. Spearman correlation analysis showed that the Cd-Cr,Cd-Pb,Cd-Zn,Cd-Ni, Cu-As,Cu-Zn,Pb-Zn,Ni-Zn
and As-Zn groups had the same material origin or similar geochemical characteristics. The results of research
by Nemero comprehensive index indicated that the water in the cave was at a clean level. Health risk assess-
ment showed that the health risk caused by Cr exceeded the maximum acceptable risk (1.0X107° a™"),such
as the Royal Society of Britain,indicating that long-term drinking untreated cave water would produce a po-
tential carcinogenic risk. The total health risk mainly came from carcinogenic heavy metals,among which,Cr
had the largest average contribution rate (86.77%) and should be treated as a priority pollutant. The health
risk of children is higher than that of adults. In general,the cave water in Songtao mining area is suitable for
drinking water at present,but if it is drunk for a long time, there will be a carcinogenic risk. It is recommen-
ded to treat it when drinking, such as filtering it with purifier before drinking. Children should try not to
drink cave water directly.

Key words: heavy metals, health risk assessment, Nemero comprehensive index, cave water, Songtao mining

area
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