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Abstract: The concentrations of nine metals (As, Cr, Al, Cu, Pb, Zn, Ni, Mn, and Hg), in 23 water samples collected from four
main types of water (well, surface river, subterranean stream and blue hole), in the Huixian karst wetland were determined and
analyzed to investigate their distributions and health risks. A multivariate statistical analysis was used to study the distribution
characteristics of the metals. A human health risk assessment model was developed to assess the health risks. The results found that the
mean concentrations of metals in water from the Huixian karst wetland were in the order: Al >Mn >Zn > Cr > Ni > As > Hg > Cu > Pb.
The maximum concentrations of Hg (1.08 pg-L™") in the well water, Hg (0.78 pg-L™") and Mn (259.00 pg-L™") in the surface
river water, and Hg (0.47 pg-L™") and Al (300.00 pg-L™") in the blue hole water all exceeded the corresponding standard limits.
The metal concentrations in the subterranean stream samples were all within the regulated limits. For the nine metals, the well water
and the subterranean stream water qualities were better than those of the surface river and the blue hole. The results of the multivariate
statistical analysis showed that the concentrations of Cr, Ni, Cu, and Zn in the well water were mainly related to the regional geological
background, while the concentrations of Al and Pb in the blue hole water were mainly affected by pyrite mining and residential
activities. The concentrations of As and Mn in rivers may be affected by tourism activity, aquaculture and river sediments. The results
of the health risk assessment on water through the drinking and skin penetration pathway indicated that the total health risks order was:
well > subterranean stream > blue hole > surface river. The total health risks values of well water as drinking water for adults (6. 11 x
107 a™") and children (6.67 x10 % a™") exceeded the maximum allowance level (5.0 x 107> a™"). Cr was the main metal element
that causes carcinogenic risks. For drinking water safety, the concentrations of Hg and Cr in well water should be controlled before
drinking.
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CF 3 /& & B8 . A T ( conversion factor ),
mL-+cm .
1.3.3 /KA S EERRE KU PR

4@ L E K PC, SF Al RID & % {H if WL %
105207) K o G R A2 e 1

BRI 107238 5 B permeation constant) ,emeh ™' SRR KR G IRIER SRR R, B
ET 7R 7% #2 5 [8] ( exposure time ) , il N\ 5 525 550F Ky R, = Z R (9)
0.6333 h-d™', JLE B EE IR H0.4167 h-d ™'

1 RERBTHIEALSRIE

Table 1  Values of parameters related to the health risk assessment

LRI PC SF/(kg-d) -mg~! RfD/mg- (kg-d) ~!
‘ B x10*/cm-h ! TR &R FIRABEE TR &R BURAB 1%
. . 3. . .
s 1.8 L5 66 0.000 3 0.000 123
Cr 2 41 41 0.003 0. 003
Al 10 — — 0.14 0.14
Cu 0.6 — — 0.04 0.012
Ph 0. 004 — — 0.001 4 000042 =
e
AESUE  Zn 0.6 — — ' 0.3 onp¥ )
Ni 0.1 i — 002 0.0054
Mn 0.1 (= — 0. 046 00018
Hg 1.8 — — 0/000 3 70.0003
1) " Iy T 2 baf i , , |
i | ] % ¥ 1 F -
1.4/ HORGA ik Sy o (O FOK PR B AR ) (GB 3838-2002 )1

%WHMJ®MNE%ﬁﬁﬁﬁ%ﬁ%ﬂﬂﬁ
=1 ,%UFFJ SP$S 22 Xt K i k47 Spearmlari‘ ﬂ‘ﬁ?‘é} e
THF BRI AT B4 715 K A v 4 G 22 il A 71
SR B R PH 2 G HE DA VP e Y
S LR N R A e U PTA i FR T Jie A BT
TR e HE KR SRAE 40 A 7R B H MapGis 67
2, 4 JE U 43 A B Origin 9. 1 2.

2 ZER5itie

2.1 ARS8 TR R RRAE

SANE TR 4 FhRALK R 9 R4 BT R As,
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2, 9 Fh &R IuE MR BEET 9 Al > Mn > Zn > Cr
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Zn, Ni, Mn Fl Hg f5 G 1IEA 0, KB As |
Cr, Al, Ni, Mn fl Hg f7& IE 500 . K2 2 b f
FR K 1) 22 ZEKUE, HK AR AL He 19 B KA
1.08 pg- L~ EE (M T /K BTitrifE) (GB/T 14848-
2017) % T 28 7K ¢ AR 3% Ak R K BAE B vfE) (GB
5749-2006) P BREE 1 pg L', MARE SN 1. 08
£ HBR N 11, 11% . WAE S RZECE , K L Mn
5 ZACH T 1009%, BEHI K b Mn Y BE 2 A7 B Ry
SHL, As, Cu A1 Zn 78 5 REI KT 50%, =W
XU 4 T UK B A0 A B R A I MR T K R A
DU %) T A 4 o0 28 Wk B 3 R b ¥ TRUK AR TP Hg
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50% . I K AL He A1 Mn 33 H 80 3 ( b 3
JK I AR bR EY) (GB 3838-2002) 00 I 2 7K Fig 14
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FEE05 53R 7. 80 il 2. 98 fi%. MR K i Pb (748
S RBOHT 509%, ok AR IR W E 4R ot
FIA R RZBEIIT 50% .
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TR R4 R HAR. B Cr Il Hg, B & B LR85
FRESBIL 50%, 2 AR FE B K A4 6] 22 Fh 45 JE Tk
FEYARATAE— B 22 5. WAL, Sl A 1 18 Kk 4
Hg 1978 55 R B0 AK (19.22% ) , i B Hg FEAN[R] 2
TR AR RV JBE AH 25 AN (Bl T K i
K bR ofE I 26K Hg B BR 2 8 20 58 0.1
pgL7UAN T gL, DATTT 5 B0k 3R K At R K
Hg BBARE AR, f 2 a5 78 4 Fh2E Rk
R4 B ICE M, AL F Hg 195 15 4% B 43 591 76 Hb
TR KNG K i, FRK P AL He B
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Table 2 Characteristic of metals concentration in the different types of water/pg-L ™!
KA itk As Cr Al Cu Pb Zn Ni Mn Hg
SN[ 1.36 4.46 35.20 2.37 0.14 8.77 3.92 20. 30 1.08
e/ ME nd 0. 67 nd nd nd nd nd 0.98 0.56
HoK EHIE 0.53 2.83 22.33 0.91 0.14 3.87 2.08 5.54 0.71
’r‘f‘{ﬁ% 0.34 1. 00 6.87 0.57 0.01 2.39 0. 84 5.54 0.14
BREB/ % 64.59 35.51 30. 75 62.45 5.26 61.86 40.29 100. 02 20. 52
S ONIER 4.01 2.26 164. 00 0. 66 0. 87 3.07 1.44 295. 00 0.78
e/ ME 1. 04 1.67 16.20 nd nd nd 0.49 39. 80 0.50
Hi =K EHIE 2.32 1.98 63. 81 0.42 0.34 2.79 0.94 128. 81 0. 65
brifi2E 1. 04 0.19 44, 89 0.13 0.21 0.13 0.29 90. 76 0.08
BREB/ %  44.93 9.72 70. 35 30.28 60. 36 4.82 30. 87 70. 46 12. 80
S ONIER 1.32 2.50 170. 00 0.12 0.38 nd 2.63 66. 30 0. 66
/M 1.12 1.95 51.20 nd nd nd 1.51 43. 40 0.57
Rk F-HIE 1.20 2.24 101. 40 0.11 0.27 nd 1.97 55.03 0.61
brifE 2 0. 09 0.23 50.23 0.01 0.09 \ 0.48 9.35 0.04
5 RB % 7.36 10. 07 49. 55 7.83 35.43 \ 24.29 16.99 6-36
o ON i 0.26 3.03  300.00 0.41 0.94 1.80 2.01 53720 P 47‘
fe/ME 0.92 .42 _123.00 nd 0.10 | nd 1.09 2561 " 0.46
TNV S 0.59 2.23  ;21.50 0.41 0.52 | [F1.80 1.55 27.91 ‘9.57
=S = / aF VAR |\ W vy 4
AR RB %  / / /f e / Ay 4
A 4.01 4.46 | 300" (')o__;, 2.37 0/04. 877 1J3.92  295.00 4408
Lol ,.,"f;“’f‘ﬁ nd 867 L m‘f nd od /@ And 0.98 046 _
il K Ik f $ﬂj{ﬁ 1~32._J, g,, 36;/ 65 32 0.57 0.%.7' 3.18 . 1.57 62.18 ~==0.65 =
i N 1.08., o.h79 67 59 0.46 0224 11755 0.80 80.02.4 012
B RFRE % 81.41 33.24 1103.48 81.73 81.08: 55.13 50.70 128.70 19. 22
W KR BEPRHERRAE o= 10 50 o 00 1000 10 #1000 20 100 1
iﬂ%@ﬁﬂ%ﬁﬁ%ﬁ@fﬁﬁ{a = 50 50 | - =1 000 50 1000 L 100 0.1
Y i#ﬁﬂﬂgiﬂﬁrﬂﬁ{a ‘ 10 50 4 E'_('za--' 1000 10 1000 20 100 1
1) nd FoRRAM I ; “—" RICHBI S HARMEME; /7 AR BARFERR IR AR

2.2

Bl Zoeseit oA

2.2.1  AHCHESMT
Sl T b 7K A4 o 43 J8 JC FR ] Spearman AH

PS 3

IIMTAERILEE 3. pH XK A b 42 J Do R I

AR AE Ni B FEMAL(P <0.05), X 5K&E

Mn. Cr 5 Ni. Al 5 Pb #l Cu 5 Zn 32 50 1EHH
K(P<0.01), 7 X248 70 K 9 9 22 [1) B A &

G ] (9 ) SR DR S A A ) i R s

s 5

Cr. As 5Ni.Cr5Al, Cr 5Mn.,Zn 5 Mn fINi 5
Mn 52 BERFF(P <0.05) , Ui X 264 8 T %

P pH(6.8 ~7.5) MM KA EAR —EXFR. As 5§ WMWZERRFSGER R BA —E 2 5.
£3 Jk{k pH 5£EtEH) Spearman 18X R
Table 3 Spearman correlation matrix between pH and metals in water
SHFIH (n=10) pH As Cr Al Cu Pb Zn Ni Mn Hg

pH 1. 000 -0.178 0. 364 -0.082 0.117 0.076 -0.021  0.443* -0.307 -0.004
As 1.000 -0.425" 0.243 0. 136 0.097 -0.290 -0.447" 0.834™ 0.223
Cr 1. 000 -0.438* 0.292 -0.044 0.286  0.799 ** -0.488" 0.311
Al 1. 000 0. 047 0.701™ -0.266 -0.248 0.438* -0.340
Cu 1. 000 0.272 0.587 ™ 0.404 -0. 101 0.259
Pb 1. 000 -0.064  0.169 0.278 -0.171
Zn 1.000 0.183 -0.432" 0. 098
Ni 1. 000 -0.497" 0. 195
Mn 1. 000 -0.135
Hg 1. 000

1) = s FOREAFEE RN 0. 01 B MR W WY 5+ Fom BAREL COW)0. 05 B, A SR W25 Y



1134

PR,

S A K A G B T ER A 5 A R KR

4953

T

Sk

Hueinrk

LIRS

3RS

200

150 |-

e g L

100 |-

50

Hak

Hu ek

RIEA R

Rk

of metals in the different types of wate;

=

r§4 m%#ﬁﬁmizmﬁﬁﬁﬁ

HE21EI S

/7 B2 AREEAhE RFHREARSLE S
= hg 2 Drstffbunoh characteristics of méans ao‘ﬁ‘cen la'tlon

2.2.2 HFmgksrir

X2 Il v 0 K A T 4 g OT R AT KMO
(Kaiser Meyer Olkin) 1 Bartlett BRJE FEKG 55 , $& U7
B FH 4343 M. KMO F1 Bartlett {87351 4 0. 585
F10. 000, 38 & 34T 3 o K F I 8ai 73 . 55 T4
TEER T 1, Fl IS 2R W36 4, far 4053 B 46 R A5 21 3
ANEEARF AR 78. 712% 7 22. K S
A, Cr, Cu, Zn FINi A% 1 K5, Al, Pb F1 Hg A
552 I, As Al Mn N5 3 KT
2.2.3 AT

SR MK A % 4 B T R R R L
3.BREE 2 40, e & mon R B R 5T
WS R —E B 2 P He AR A —2K, 5
Pb Hl Al SCRIEANEY]. A 4 AT 25 AT
aﬁmcwﬂnm%%ﬁm%mw%W‘
— X A BT %EPEI’JEMEQ% -
). Mlht./'“mi,@:zkﬁiﬂlﬂ/ﬁ}%m%/i%r“x%ﬁl?%i
e Al uﬂl?—fiT}ﬁﬂ??Eﬁk(ﬂ% ﬁ%
Eﬁww%%ﬂk*ﬁmu&mwﬁﬁﬂ%ﬁﬁL
NN E‘E(ﬁ@#ﬂ%%“u Cr. Ni. Cu %H;Znﬂ&
F&m%ﬁﬁﬁ%ﬁfﬁﬁﬁ%ﬁmxﬂﬁkﬁﬁ

BRI, Hﬂﬁﬁtﬁﬂﬂ?ﬁi%ﬁﬁﬁ? IEI?
FAHCITRL % B&E&FEP A Cr, N1 CGu %H,.Zn

7 | ' e Table'4  Variance accumulancfh of-metals conc entratlon in the water
&QMA,ﬁ‘ ETEERE F * ,fﬁﬂ?ﬁmﬁk FFRF-J7 IR A
F s A5 5/ % Rt/ % i A5/ % Bt/ % &1t AR5/ % Rit/%
1 ."I: ‘ 3.360 37.336 37.336 3.360 37.336 37.336 2. 862 31. 801 31. 801
2 2.190 24.331 61. 668 2. 190 24.331 61. 668 2.214 24. 604 56. 405
3 1.534 17. 045 78.712 1.534 17. 045 78.712 2.008 22.308 78.712
4 0.903 10. 030 88.742
5 0.538 5.973 94. 715
6 0. 200 2.227 96. 942
7 0.119 1. 320 98. 263
8 0. 081 0. 898 99. 160
9 0.076 0. 840 100. 000
&S KEREBTRERD T WY 2 I RIS U8 AL T K A5 K Cr ) Ni
Table 5 Principal component analysis of metals Cu fl Zn %QJ‘E“)E, 1¢ﬁi‘m%7k[—§_}:5] A % 1 /ZA\W%
concentration in theh;;l;er j}:g;’éﬁﬂ:ﬂﬂﬁjﬁb% Al ﬂl Pb ﬁ%ﬁﬁ% E/‘Jﬁé)ﬁ j}:
ST 1 5 ; B ATAEBLERAT N W AR S S i K b ke
O TR R T A AL A KT ALAD P 7t
Al ~0.057 0.937 0.072 RANHURI A AL RIS AESEDY BB R B
2 00 oo 005 WA TEIRAT R R (pH =5, 16) B EK
o o 2 AT R ) 4 TS B e -4
Ni 0,795 0,006 0343 PR Y Al FEL B2 IR ™ B0 5, s
Mn ~0.214 0.046 0.934 HEATE K. I 5 2 A F 82 NGS5
Heg 0.276 -0.675 0.122 M. As I Mn ¥R BE AR A AE A 222 H2 . H3 | H4
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2| R S DXYAT AT Y Min e B 3 v 9 — > 2 R A
H4 F1 H6 F3 A5 78 W 1 ] v T i i B 3R] Y] v i 4 A1
TR AT I, CA IR s P4 ds As 78
W Z R &80 R M BEAR ), As Rl R B
FFNER B0 (4 L 43, Min S22 /K 7 FR 0 I 2 70 1Y 2
B BRI T As FI Mn & &R BE SR TS
R FRIEA G, HLAh I R AR ) Mn 2
SEMRTT T K A Mn 3¢ B8 T g i — AN SRR UL DR
53 AN FREZ NG SEZm. SLAh, R Rk
G, HE JERI K R34 H B [R) R B ) He #B AR, 18
KA He EZORIGEHEHL T 5 . i AR
AT FRE PG 3 KR e 35 L BAS [
FERY He V55 FR AR IR PR RAE Y ixxt &
Al R MK A He e B — 2 s . [l i, k.
HHEINE T MR AR TS U8 1Y L 58 He a4 K
TR Hg Y. -
SANETEE D 4 Fh AR R A48 A0 4.
B SG53 SN ST I, 07,06 ¢4 I8 (J2 )3,

19 IS5 RN — AR Al oK i B Tm T,

FARTR s, A 5 (VR R, FE BTk
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UK IR AT RE % ALK B 2cHe. D1, HO | D2, HT Al
HI1 R —2, iR KRR AR AT 20, W6 724
AR (D2) 2R E( D) I R Ak Mo 3%
K, 43 SR m 4R Ta) e R ( HO A H7) K Ja) ]
(H1) A Tt B Ak i 5 428 T 222 S L I 4

I (D2 A1 D) RAAE—L , Ud I R T el |
Ui 2 i K AR s R 4 B e R R AR TR K
AZEVE . TR T b i ( HA ) R I (H6 ) B AE—
L S e SR T v R K RS2 3 T i SR R
L R1 AT H2 B R Ry —2 R AN S e BT R
SMARFHIE S K S BARAKZER. EAEE(RD)
AL MR f s, R REAZ SR S R R 2T P R T e
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Fig. 4 Clustering tree of metals at the sampling sites



11 4 BTEE . AR HK RS R T3 400 SRR R I 4955
x6 ARAEBKGEREETLESFNERAKREMERNSREFEHABERERNE"D /2!
Table 6  Per capita annual health risks caused by metals in the different types of water though the drinking
and skin penetration pathway, respectively/a !
. FHk e K ik TRTEIK
&ETER - — - s - oy - —
J) B H 1) i)
YN JL A JL [IUN JLE LN JLE
S As 4.19x1077 4.58x1077 1.82x107° 1.99x107° 9.40x1077 1.03x107° 4.64x1077 5.06x1077
Cr 6.07x107° 6.62x1075 4.25x107° 4.63x107° 4.80x107° 5.24x10°5 4.78x107° 5.21 x10 %
Al 8.35x107" 9.11x107" 2.39x1071 2.60x107'" 3.79x107'" 4.14x107'° 7.91x10°"° 8.63 x10°"
w Cu  1.19x10°" 1.30x10°" 5.46x10°"2 5.95x10°'2 1.43x10°'2 1.56x10°"2 5.37x10°'2 5.86 x10'2
fE Pb 5.24x107" 5.71x10"" 1.27x107" 1.39x10°'° 9.91 x10""" 1.08x107'" 1.94x10° 2.11x10°1
1/;3 EBUE  Zn 6.76x1072 7.37x1072 4.86x10°2 5.30 x10 12 / / 3.14x107"2 3.43x10°"2
= Ni  5.44x107" 5.94x107" 2.45x107" 2.67x107" 516 x107" 5.63x10™" 4.06x10""" 4.43x10~"
Mn  6.31x10°"" 6.89x10°" 1.47x107° 1.60x107° 6.27x107'" 6.84x1071° 3.18 x10°1® 3.47x10°1°
Heg 1.23x107° 1.35x107° 1.13x107° 1.24x10™° 1.06x107° 1.16x107° 8.12x10°'" 8.86x10° '
BEREXEE  6.11x107°  6.67 x107° 4.43x107° 4.83x10™° 4.90x107° 5.34x10°5 4.83x10°° 5.26x10"°
S As  9.54x107° 6.70x107° 4.14x107% 2.91x107% 2.14x107% 1.50x107% 1.05x10°% 7.40x107°
Cr 6.29x1077 4.42x1077 4.40x1077 3.09x1077 4.98x1077 3.49x1077 4.95x10°7 3.48x107’
Al 4.33x107% 3.04x107" 1.24x10°" 8.68x107"% 1.97x107" 1.38x107" 4.10x107" 2.88 x10~"
% Cu  1.23x10°8 8.64x107"* 5.65x107"* 3.97x10™" 1.49x10™™ 1.04x10"" 5.56x10:1 ~3+91 x 105"
7 e
A Pb  3.62x1075 2.54x1075 8.79x10°5 6.17x1075 6.85x10=" 4.81 x10™" 1.34x10 " -9539'x10 "
ﬁ;; FEBUE  Zn 6.31x1077 4.42x1078 4.54%10°8 3.18x10°" / g |/ 2.93 x10 7177 2,06 x [0
7 Nii 104x107" 7.33x107" 47001 3.30x107" 9.90 x 10 ™ 6.95x107 7.79 x10°™ _.-“5.4z_,x}0’14
E 1 1 s
Mn  8.36x107" 5.87x107" 1.94x10°" 1.36x10""" 8.30x107"? 5.82x107? 4.21 x10~'F" 2495 x 10,2
Hg  1.15x107" 8.08x[072 1.06x107" 7.42x107 9.88x10°2 6793x10°2 7.57x107 5,31 x107"
pi¥iads 3N 3/55.%1077

6739%x1077 4.48%1077  4.81%10°7 3.38x1077  5.19x10°% 3. 64 x 1077 | 5.06 x1077

D “{.I"?’%/%%'ﬁﬁgéi; %?%ﬁ%mﬁﬁﬁﬁq%ﬁﬁiﬁ%@&;é
5| b L R\ 34 A DA St TR 4
%F%ﬁ%mmmﬂ%%%kﬂﬁ%ﬂ@%zdx
107" a 357 HOLZE T K 5 8 A 2 34 (e X,

o A T KR KK e £ L

JL A PR 5 T 5.0 < 107 o (e
IR HAAAE R K I, R 200k LA 1 ]
BAEE. R RABERRE, 4 FERUKF 9 Fh4 )80
TR A AE 35 B i BRE XU KNI Sy, BN« K
(6.39x1077 a™") >H FK(5.19x107a™") >
TRVEK(5.06 x 1077 a™") > HiZ /K (4.81 x 1077
a )y JLE. K (4.48 x 1077 a™') > Hi Rk
(3.64x1077a™") >WEAK(3.55x107a™") >
K (3.38 x 107" a™" ). WAL E L X kA B
IR T | A AT 1 S M R RS {4 T 7 10 7 B 2,
P F 5.0 x 107> a™", Rtk kb 4 Jg@ oo Ko i
IR B IEENT NBEIE AR REM B A . Aok
BB GE IR K 842 5 A A 35 fat R XU I
FILE, WE B e A B i 1 5 | 19 A 24 5 i R XL
W 1)L, X EE S AEAI SA | BW FET 2
BRI ZE A K.

SlEA R AR T HEBUE 48 TR AL, Cu,
Pb. Zn, Ni, Mn Fl Hg 5|2/ B 1L EE A 35 fa B
KU Hh i e BARA T 1075 ~ 1070 MEUE &R As
F Cr 758 A BN L 3 A7 157 4t e XUy 0t 2 A Ak
AT 1077 ~ 1077, 51 AL EE AR 2 8 il XU

&
-

fﬁ%ﬁﬁ%ﬁ@ﬁ%%@ﬂmw#ﬁﬁéﬁﬁ”
%R AR KRNI Cr > ASyCr 51
f I LB AR O R FEE L As 30 1~ 2 %K
TR, Cr 25 | R AR 1 B0 (g Fe AU 1 32 22 R 73X
SIS A0 TR R 300 b DX H T 7K ft B XU B
FEAE RSN 5 3 AR VT K R 4
R B XU BT e 45 SR AR 7 2l 3 1 K s
(1) Cr LUK FHK & 48 5 | RS 1 s N T L 2 3508 AU (L
BIAb T 10 “Hom g, FERAE oK, 5 1E R
JUEE A 4 30 KBS (12 5 T ICRP B 1 d5c K] 422
ZRBSAE 5.0 x 1077 a ™" R, HoK o Cr 78 K
PRI F Y 5 | F.

TEVRKAE B S 5 T, 8 W SR 42 JB oo 3R 58
e B 55 RH B FR 7K S PR E R A T LU 3R, XA T g 55 1k
TR A FE SR AR 4 S T AR A Y
FONARGIRE  SAE R K bR 0 4
J&IT R ALK He, MKy Cr & KMk 4.46
pge L7 IE T (CHL R K BT & AR 1) (GB/T 14848-
2017) 2 H1 A 3 AR O K BoA= bR #EY (GB 5749-
2006) "2 H5E BRAE 50 wg- L', {8 e KUK TE A 45
o, Cr Sl i O K& 42 5 | A B AT L 2 S £ B XL
B EZE R, H Cr il KSR 5 R s
(6.07x1077 a™" ) FIJLE (6.62 x 1077 a™") HJw Al
ST T R A KB 5.0 x 107 a 'L (KUt
FEARMAETG Yt 58 v | 276 5 %5 7K DT 45 SR i ft
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UL A5 R A7 T A T S R K AR PRI {5
TE ) R RS B By 42 SR s RS2 it 7K 35 ez 5 05
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A, Sl o 6 3t K A i R XU S A7 285 SR A7
TE— B FRE AN 8 1, AN M R BT W 7 1
5B TR MR PETEAN R 2 RUK A rh R ] b S B K A
AT AN S0, T2 B2 KA S A TR 2 P4k
SN 5t R IXURS: TP 5 1 3 i 2 M AN 1 R 1
XA RIAMALE ORI B EAFE 22 7 A R

3 &ig

(1) T PAEAlE 7R 4 FhEAUK 4R T Ik
FENGF A : Al > Mn > Zn > Cr > Ni > As > Hg > Cu > Pb.
KR4 B 5 YA Hg, Mn F1 AL Hod 7K b Hg
FEER, KR EEBARTEECK 1. 08 1% HBARR N 11. 11%
HERKH Hg 1 Mn AR , e KU B A5 07051
7.80 12, 98 175, HARANy 100% 1 44. 44% 5 FERKH:
He A1 AL BEbR, BRIV B REBRA 543 51 4. 70 #1111, 50
5. NEAlKIR P & BT R AR , NI K Fi koK
o S e b T K R K. N | N

Y

SRR, Cr. N o B ol s

P R IOK o i sty F R G RS S
A% AURY P HEE B R Sy B T

RS FE T K o, vk s RO B 12 0
BTSRRI T8 S 5 T AR MustjE—

7 T A PRS2 5% 3 R S B S 53— T
SR T SE Y U AR 8 5 KR He W2 RS M
AT S5

(3) AR D 4 R Rk P 9 B4 JB IE %
ST 3 T K A R L R A8 e e ot AR L 22 75 i
(IAF1) S KU I H < K > 3 R Tk > VA L
7K > MK, HEAK b4 i o 265 s ik KGR AR
W (6.11 x107° a™" ) FIJLE(6.67 x 1077 a™") 5]
T AT 18 S5 1 B JXUR {1725 T+ TCRP A0  (19 J5 A T 42
Z R 5. 0 x 107 a ™" HK MR AR K 3624
Ji R AT — i VR RURY . Cr 22K /K i 2 B i
F R L B4 20 XU (14 b T 10 5 U4
SR | FRAT PRI KUR 1 32 B PR T, 187 2405 Cr 4 )
ARG AN T G4 R T

(4) Z50r 2ol 15 M R TR 25 0 7Kk 4 Jgi 7T
5 YL AR R R RURS PR 45 5, Heg . Mn T Al J&
Sl B K A B AR 4R T Cr 23]
AT S0 e I XU 50 5 1 4 B e 22 A FH
KB A RE R XHEK Y He R Cr HEF74 ]

S T TR B v b TR 5 T K % L
RIS 50, H B2 55 B BB ST B R RS 50 S Bk
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