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Abstract Studying on the pollution of heavy metals in indoor dust in university has great

2022 4E 5 A 16 H UK (Received: May 16, 2022).

* ERARBIEISE (42107138) , hEBALFERESES (2021M701072) R K050 A4 R 2000 5 B 3 A A7 s -l i B
(YJSIG2022XJ002 ) %M.
Supported by the National Natural Science Foundation of China (42107138), the Postdoctoral Science Foundation of China
(2021M701072) and Postgraduate Cultivating Innovation and Quality Improvement Action Plan of Henan University
(YJSJG2022XJ002).

* * JB{EEKR A Corresponding author, E-mail: htwang@henu.edu.cn


https://doi.org/10.7524/j.issn.0254-6108.2022051601

10 4 2RI : T P o WA [) B 2 D R 2 4 R 15 R i S A 254 R XUBS AT A1 3369

significance to ensure the health of teachers and students. This research takes a university in Henan
Province as the research object, and 44 indoor dust samples were collected from 3 different
environmental areas: dormitories, libraries, and classroom. The concentrations of Cd, Cr, Cu, Ni, Pb,
and Zn were determined by inductively coupled plasma mass spectrometry (ICP-MS). The pollution
load index method and potential ecological risk index were used to evaluate the pollution degree of
heavy metals in indoor dust. The human health risk evaluation model developed by the U.S.
Environmental Protection Agency (US EPA) was used to evaluate the non-carcinogenic and
carcinogenic risks. The results showed that the average contents of six heavy metals were all higher
than the background values in local dust and their contents in the dust of different environment had a
certain difference. Specifically, the average content of Pb, Cu, and Ni in the classroom, Cr and Zn in
the library, and Cd in the dormitory is higher than others. The classroom suffered severe pollution
with the highest pollution load index, and the library and dormitory were moderately polluted. In
addition, the comprehensive potential ecological risk index in the three different environmental areas
all demonstrated high ecological risk, but with different order: classroom > library > dormitory, and
Cd is the most important ecological risk factor. The overall order of the non-carcinogenic risk of
different environmental areas was classroom > library > dormitory; the total carcinogenic risk
decreased in the order of library > classroom > dormitory without health risk. Among all the heavy
metals, Cr is the most important non-carcinogenic factor and carcinogenic risk factor, accounting for
65.4% and 98.96%, respectively. This research revealed the pollution characteristics, ecological risk
and health risk of heavy metals in indoor dust in different environmental areas of colleges and
universities. These findings could provide some reference for the prevention and control of heavy
metal pollution in different indoor environment of colleges and universities.

Keywords university, indoor dust, heavy metals, ecological health risk.
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Table 1 Indoor dust sampling area of a university in Henan
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Location Number Personnel information Surrounding environmental conditions
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K Py R — ST R IG RARTEEG n AP TR L
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ADDy,., = 7

BW x AT

i, ADD;,,. ADDyy, Fl ADDy,, 43 5l /8 42 F 3R AR 5 A WP IR 5 A R0 B TR 48 A B B 24 2% 68 4
(mg-kg™-d"); C KRR E )8 5 i (mg-kg ™) 5 IRy A IRy, 730 375 T 1 & A KR 348 (mg-d ™)
FIRT 2 £5 A K22 3% (m?-d ™) ; BF RN AFE 2 G (da™) ; ED R R 4F R (a); BW R8P E
(kg); AT EK/RZFZ ] (d); PEF KR ORI HEA F (m’ kg ') 5 SA Fm 288 2 IR (em?) ; SL 7R
R IR E B (mg-em™-d™"); ABS 3278 B IRWOUSC R F, To i 299; CF R 25 (kgmg ™), HARZ UL 2.
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Table 2 Human health risk exposure parameter value

2 L&D HUYE E= BTN
Parameter Unit Value Reference
C mg-kg™ ABIFE SEE SIS AR
IRpg mg-d™ 100 [20]
IRy m’d 20 [29]
EF da’! 200 [20]
ED a 40, A7) IR T AR, T20034FE L
BW kg 60 [29]
AT d EDx365(IEEU ), 70x365 (k) [20]
PEF m kg™ 1.36x10° [29]
SA cm? 5000 [20]
SL mg-cm>-d™ 1 [20]
ABS A 0.001 [29]
CF kg-mg™ 1.00x10°° [20]

HARILER Cd. Cr I Ni HA ZUR X, R LT AT

C xR, x EFXED
CADD,, = = XXX (8)
PEF x BW x AT

i, CADD,y, Fn 0PI EEA R H ¥ 28510 (mg-kg'-d ™) ; AT NEUE A RERI T (d); HESH
& A L.

R T 43 A W N 7 A XU, R 3SR R ),
250y 9)
RfD

ij

HI:ZHQ,. (10)
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2, HQ, S 45 5 4 Ja I S50 e B XU 46 400 ADD; S AR B0 4@ 1 (1056 j Fh R B8R AR (1 H 35 2 58 it
(mg-kg'-d™); HI S50 SRR HE 40 R Sy 3 4 8 S0 (R XU 8 45 RID,; S 1E S0 1 4 & (19 56 il
RERIEEN S %K & (mgkg '-d"); SF WEBURE SR WFIRBARZERENRE R (kgdmg!). £H
4% JE 1Y RID Ml SF 20 L35 3. X HI{E<1, T EA JE 808 X 29 HI>1, B WA A JE 80 KU L
R H Z Fl ) o7 5 — i ) ot 2 Fh 2 58 Jr X 00 2o KU 45 40 CR 2 3 R 80U 3 4 s 25 6 XU 1H, 2
CR< 1x107° i}, g JC 85988 KU, 2 1x10°< CR<< 1x107* B, i AP AT i 32 A 35098 KUBS:, 4 CR>
13107 B, S A ARAS AT i 52 F) 2008 XU 20,
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Table 3 Non-carcinogenic risk reference dose value and carcinogenic risk slope reference value

p- RD;; /(mg'kg"-d™) SF/(kg-d-mg™)
ne FHHEA LT IN TN LTI
Element
Ingest Inhale Derma Inhale
Cd 1.00x107 1.00x10° 1.00x10°° 6.30
Cr 3.00x10° 2.86x107° 6.00x10° 42.00
Cu 4.00x107 4.02x107 1.20x107
Ni 2.00x1072 2.06x1072 5.40%10° 0.84
Pb 3.50x10° 3.52x10°° 5.25x10™*
Zn 3.00x107! 3.00x10™" 6.00x1072

2 ZEE 54718 (Results and discussion)

2.1 BEWNIKADESE E T
X85 RAE AW KA 4 @ B i dE AT IOE, Aot A R L3 4. % SRk 4 Cd. Cr. Cu., Ni, Pb Al
Zn ¥{E 53 9 K 1.45, 78.25. 56.35, 34.01, 109.44, 444.90 mg-kg ', H -1 1 11 TFE 5 BT 76 T+
F K AT S, Hob Zn B9F 38 & R S EAY 5.76 £5. Cd. Cu, Pb Fl Zn BY#E #5 R i 95%,
Cd HYEBAR R =ik 100%, Ui B S0 5 4 J8 7R 12 B N FAE & 4R K2 Cd. Cr, Cu. Ni Fl Zn #7425 R 4L
FE0.1—1, AP AEA5 52, Pb (IS S R0 1.03, 2IGRAS S, RIHFE N IK LTS E S RAFESHER.
R4 KAEESRERTELAIT

Table 4 Statistics of heavy metal content in dust

A A 2 %
TR FR(mgke) RN (mgke!) BAT(mgkg?) T, AR M
. . /(mg'kg™) Coefficient of Standard-exceeding
Heavy metal Background value Minimum Maximum . .
Average variation ratio
Cd 0.30 0.45 3.07 1.45 50.54% 100%
Cr 46.51 23.64 173.92 78.25 41.76% 84.10%
Cu 20.54 14.15 212.01 56.35 60.68% 95.50%
Ni 26.43 4.11 149.08 34.01 72.69% 61.40%
Pb 24.58 6.81 787.23 109.44 103.20% 95.50%
Zn 77.21 62.34 1306.02 444.90 64.34% 97.70%

VE: 1 BRI BT LM X M6 A 7 4 17 B (0
Note: the background value is the background value of heavy metals in surface dust around Kaifeng City®”

WeAh, B KR Bhil K R . BRI KR SR S A R E N KR 4R
EHPEAT Eege (& 1) . 259232, A1 L T K8, AR 5T P, Zn A1 Cd & 20 i, 4500 KA 2,18 1.53,
2.59 1. S8R ML X AH EE, ABESE Cu, Pb Fl Zn 25 5t O i, 20 ) 0 35 HLIX Y 1.86. 1.96., 1.45 5. A<
WF5E T e 92 AL H X B Cd 4b, HA T Cr. Cu. Ni, Pb Fl Zn 1 F3 & RE T AR (H S5 ESR
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P ZKOF48 2 W) b LR B DR AR Lo, AR B 5T E 4 R 38 & s I 9 1L, Cd. Cr., Cu. Ni, Pb #l Zn 43
SMEF ML 2.69, 5.32, 5.32, 4.90, 1.89, 7.79 %, A 5% Cd F-3 & &5 F K, i Cr, Cu, Ni, Pb Al
Zn A3 E R 60.7%. 15.9%. 47.4%. 40.5%. 51.3%.
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Concentration of Cd/(mg-kg™!)
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Concentration of Cr, Ni, Pb and Zn/(mg-kg™)

-200

1 1 1 1 1
-2
Taiyuan Foshan Southern of Henan Northern of Henan Chongqing

1 Al b s o 4 s 3 i 22 (A
T B R IR T A DT B XS L R BT BRI SF 0L i) SRS KAy AL (RT ey, JFET ., #EEE T | i
T EEBATT RN T ZRIE R IR RIS GEBE 38 IR AR | Bl LU AT 2R i AL IR AP0 B AT T S8 2 A R A2 F < P-4
. P B FC A T T 5 e R AT S T A ) 25 (L

Fig.1 Difference of indoor heavy metal content in different regions

Note: The data were obtained from the average content of heavy metals in household indoor dust in Southern Henan (Zhoukou, Nanyang,
Dengzhou, Xinyang, Luohe, Pingdingshan), Northern Henan (Shanggqiu, Kaifeng, Hebi, Puyang, Anyang, Zhengzhou) !, household indoor
dust in Taiyuan ", indoor dust in a university in Foshan ?”, and urban household indoor dust in Chongqing **. The values of figure are the

differences between the heavy metal contents in other cities minus the heavy metals in this study.

22 JRAE SRR E N A IR AR IR

I 44 AR R 03 A TR (L) L B (C) | 154 X (Dy. Dy De. Dp) 3 AN X, Jd i
XFEAS X, 6 A 5 Jm 22 e Ve o AT R X 5 e AT o0 AT, A R AR 5 RIE] 2. 3 AR [RIIAEE & N 22 Sk
SAAT R, Cr & i 7E B A0 AH —18 S s —1a & 8 DL S Pb Fl Zn & 76 R 5 18 i i AR AR AE I
FEZEF(P<0.05), Z53 & T Cr o R e B IR M A IR 2 B 8w, Pb Fl Zn #2170 &
PR RIRE S5 R AN R DXSCRAE S S ) B 4 05 e i DU AR e — e 22 57 P, 15 & X Cd 1y-F
Yo m TR A, M Cr (& 88 63.65 mgkg !, &b FHAK/K . Cu 78 HA R 4548
-2 5 55 3k 98.55 mg-kg ™! AT 56.72 mg-kg ™!, Cr &y 95.07 mg-kg ™' F1 121.78 mg-kg ', 5 T15 4 X
- 35 5 f . AR Zn B9 52 717.24 mg-kg ™, 4300 R i i X RIBA R G 1.76 F1.87 5. Pb 9 f it
FEASA DI /IR Ay« B2 > i IX > 3

x5 EAHE . B ME SRS WK E 4R B R

Table 5 Significance test of heavy metals in indoor dust of library, classroom and dormitory.

JLR PP - b PP -1 BRIk Ko7 1%
Element Library-classroom Library- dormitory Classroom-dormitory Inspection method
Cd 0.687 0.451 0.208 LSD
Cr 0.053 0.000 0.005 LSD
Cu 0.326 0.568 0.177 Tamhane
Ni 0.880 0.911 0.589 Tamhane
Pb 0.487 0.000 0.778 Tamhane
Zn 0.260 0.007 0.916 LSD

e N < S R R LB A A, A2 BTG 3 B 52 ), 3 5 ) Ll i A2 | A R T A AN T
ARGUAR SO FEARFE 1Y) 6 F KA 42 )& Cd. Cr. Cu. Ni, Pb Fll Zn (73 & & W m T1%
W OT ) R A 4w 75 5.
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Hor, A RE R N A B AU R T Y SR, 2 AR B2 B, T Cd. Zn, Cu, Pb F1 Cr Il 524

M SEAR 22 H0R, BEBTEX JLA o 4 Jm 28 A B o 52 SIS () A5 B2 1 R RS2 ). 3 o % 6 R B 46 R AR OC

PEHEAT 0T A BL(3K 6), Cr-Cu Al Cr-Pb Z [A]/7 76 2. 35 A IEAR 5 (P=0.05) 5 Cr-Ni, Cr-Zn Fll Cu-Ni Z [A]4¢

TE 22 I IEA 5 (P=0.01), Cd JUER -5 HABIT IR BA AR5k, RIIZALE KA Cu, Ni il Zn Al fEA A

LAY R IR, Cr F1 Pb AT BEA A LAY R IR, ARHE R 7 F R A vl 0, 3 A U FFEE R T 1, fif e B

O 74.16%, P, FEHC3 AN T S5 1 2 Ao B0 9O Cr Al Zn, For Zn S B R 75 SHE Y

5.76 A, I Hom T IT 35 24 bel s 2 AR, v LAHERR A SR I8 A BIF5E R B, 223838 i 25 3 1 Zn 1975

LB Cr Ml Zn HATAICNE; 380, NG 7 2 25 Sl B B, HL o3 A e N G 2l 0 35 2 5 R FL, 220

R s A B B B, S W Cr M Zn 1995 e vl BESR IR T 5238 . 5% 2 2 o0 BT B0 Y 2 Cu A

Ni, 2RSS & I Cu 2RI T 2 I B TRORE, AU LA T ENHILAE FH 250 M A & B 47 = IR 2

AT E OSB3R, I H A AN PR A5 U0 22 R T ORI, 1o BB A TR A ARk B8 XUAR RIS 7 38 1 28

PR AR HE 4 Ja 1 5, RS, Cu 11N Y5 34 0] BE S SORIET LIRAE g ARG 3l 26 3 o #fir 26

XHEH Y /2 Cd HlPb TR, A WFFE & BN % BRI 9 Cd F1 P ¥ B TR R N 16 & L 3L

PR AN A B AE PR AR X B — (BN RS R, BAFTE R R s QT ERAIL . 181 H 404 Bl 4 LA e ik

£ 8, XS o R A BB R, 51 kS 4 A . R L, Cd T Pb (1475 Y R TR 2 B R DA B (T R
FEIEA R YA I

F 6 FENKATESEIEN Pearson HHIE R EL

Table 6 Pearson correlation coefficient of heavy metals in indoor dust

JLE

Element Cd Cr Cu Ni Pb Zn
Cd 1.00
Cr 0.03 1.00
Cu 0.20 0.31%* 1.00
Ni -0.05 0.39%* 0.40%* 1.00
Pb -0.14 0.36* 0.07 0.28 1.00
Zn 0.09 0.54*%* 0.04 0.04 0.16 1.00

TE: * 78 0.05 KGRI _E AR, ** £20.01 K- (UI) b 22475
Note: * is significantly related at the level of 0.05 (both sides), * * is significantly related at the level of 0.01 (both sides)

RT ORISR SR I T

Table 7 Factor loads of different heavy metal contents in principal components

L T J 32 h o AT
TR Principal component analysis load after rotation
Element H—FR4PCAL 9 EMSMPCAL %= B MSIPCA3

Cd 0.148 0.144 0.839
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gk
. TiEH% I Aoy A
JLE Principal component analysis load after rotation
Element 45— FWAHPCAL 45— FMAPCA2 4= FIAFPCAS
Cr 0.785 0.403 -0.123
Cu 0.055 0.818 0.283
Ni 0.092 0.810 -0.261
Pb 0.377 0.281 -0.592
Zn 0.912 -0.117 0.086
FHIE(E 1.623 1.600 1.226
BTk R % 27.054 53.72 74.156

2.3 JRABHE RIS Y RN

SR S Y G fof 18 B0 R R IR AR 6 Bl 4 15 e DL B A TP, T AR 45 R o5 ¥ Y B for 8 B0 K
H R 4.45, Fe/IME R 0.69, “F-IIME R 2.69. K FHT5 YL A far 5 0L XT 44 AFE R T 402, 25 R K 3. 7
A4 ANFRES T A3 ANRE SRR RE R 75 . A 50% BORE SR T b TS YL, B TS Y 0 RE SN
29.5%. FRAJE X 35875 Y 7 fif 48 F0A T H A S R ) X 5 G (R fr A8 500K 2.52, J& TP BT YKo

3 3 ¥ G B for P HR AR A A A XS e G e AR ROk - BeE R (3.07) >R AT (2.78) >4 47 IX.
d(2.54)>1i 47 X b(2.46) >15 7 X c(2.35)>1i 47 X a(2.05) . & 515 15 45 X 9 15 Y 1 fof 75 B35 16
2—3 Z[al, J& T BETE g N BE R TS Y i Re B0 3.07, J& T E B TS 4. v] WA B XA TS YL 0 far 1
AR T AR E A0, o BB Ts Qe A 18 500 R 16 & X a, by ¢ ATd 1Y 150, 1.25, 1.31,
1.21 %, T5 e R B AH 22 0K

Tois e BREGY o BETG e BEGR
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Fig.3 Classification map of pollution degree of various points

2.4 KA S JREEAE S KB

AR SCLATT 34T 3R K A HE 4 S S AEAE S AR, A ORI IO 24 5 4 T v e A A8 AU
AT, s BAIGTHE AE KU 8 Z0(E (Er) FHHE 42 ) 25 5 W2 KU 158 BU(E (RD £5 2R LI 4. = i = N
F IR A T 6 FhE 4 JE A Er SEXIE KN R Cd(145.09) >Pb(22.26) >Cu( 13.72) >Ni(6.43)>Zn(5.76) >
Cr(3.37). Cd JC & Ay BAI5 AR 25 XU 48 £ W1 0 5 T 0t S Ah i 4 Jm , X256 W AE AR 28 XURS: 19 BTk
73.79%, 2 f5e AR AR XU DR . AR R A I 5 04 Vs E A A U 4R B0 A A i, Cd SRy s AR A U,
a5 PP & JE AR AE S AR IR EE N A BT R A, Cd IR Er [A1E 15 & # 5 &, Cr Al Zn JTE 1Y
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Er {H 76 P 508 5 =1, Cu. Ni Ml Pb ST 1Y Er {HAE ZUF R R . SRR, L8 e A S IS 8 BUR /I
HEFERE (200.90) > 505 (197.95) >15 4546 (196.63 ), 147 4 %58 v A 25 KU
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Fig.4 Potential ecological risk index of different environmental functional areas

TEARWIFEH, 6 P G R AELUARE | 1 SRR B LA W W25 5. 285 AR S KR 48 B/
B P A > R, KO A AL e R o R i B IR R T, NG S
WA I B A 2T L AR B B R BB, R N B B, A 4 X R 2R R R B
Yy, NG ah A A DRI, S i 5 4R 4 RIS S D AT BB N B3 Bl o),
2.5 JRATE G A N KU A

(1) Ak B0 fa He XU A

AR 2 3 0Tl e A 3 PN IR 28 3 il 2 S A A ) AR B30 RS 1S AR B30 AU (9 18 4, 45 2R WL
8. B A A R R P A5 A Y S Al U B AU 45 2L (HID SR/ R Cr>Pb>Cd>Zn>Ni>Cu, HI {E34/) AR
HEAE 1, RWITCAR BUR MR XK. IR R B 5 AR, SRR A Ay S HI(E > T 1R AE>IF &A%, Cr X)
3 PR A A HIE TR A . Bt 6 FhEE & J8 HIfE R/ A Cr>Pb>Cd>Ni>Cu>Zn, HI fE/) T 1;
SHIE B 2 55 0% 42 R/h T 1R A >R Kk A2 >0 & 48 1 & MR A9 & R HI(E K/h R
Cr>Pb>Cd>Ni>Zn>Cu, HIE /N T 15 & HIUE 19 5% 8% i 48 K/ O T+ 1 48 > Bk i 42 >0 10 42

R 8 AIFIR A N K AR S R AR EUE X

Table 8 Non-carcinogenic risk values of heavy metals in dust from different environmental areas

RI

B GRS HoERE T db
TR Library Classroom Dormitory

Element  HQu,  HQuw HQu  HI HQue  HQuy HQu  HI HQue  HQuy  HQu  HI
Cd 1.20x1073 1.77x107 6.02x107° 7.22x107° 1.05x107 1.55x1077 5.27x10° 6.32x10° 1.42x107° 2.08x107 7.09x10° 8.51x10°
Cr 3.71x107% 5.72x107%9.27x1072 1.30x107" 2.89x1072 4.46x107* 7.24x1072 1.02x1072 1.95x1072 3.01x10™* 4.88x107? 6.86x107*

Cu 1.30x107°03 1.89x107 2.16x107* 1.52x107* 2.25x107 3.29x1077 3.75x107* 2.63x107 1.06x107° 1.55x107 1.77x107* 1.24x10°*

Ni 1.68x107°  2.4x107 3.11x10™ 1.99x107 2.34x107° 3.35x107 4.34x107* 2.78x107° 1.34x107° 1.91x107 2.48x10™* 1.59x10"*
Pb 1.31x1072 1.92x107°4.38x107° 1.75x1072 5.11x107 7.47x10°° 1.70x107* 6.81x107* 2.69x1072 3.93x107° 8.97x107 3.59x10°2
Zn 2.19x107° 3.21x107 5.46x107*2.74x107° 1.17x107 1.72x107 2.92x10™* 1.46x107 1.20x107 1.77x107 3.01x10* 1.50x107*

SUHI 5.66x107 5.75x107* 1.04x107" 1.61x10™" 8.68x10* 4.54x10™* 9.58x107 1.83x10™" 5.14x10723.06x10* 6.56x10> 1.17x10""

TR A8 S R B B IR 6 T 4 Jm 1Y 3 BRI AR 0 HQ (E AN HU(E X /N T 1, RUIAFFTE AR B fid
BRI . AN [) B2 g i 42 19 HQ (B, 6 i 5 Jm 28 IR AR B AR (EL X B /)y, Cd # Cr AR EU XU
(B2 8 iR A2 B JBR>T- 1 >IFI; Cu, Ni, Pb Fl Zn T > IR>IF K. MR A5 2 NE, 1% AR
Yy T 58 HUAE RN R A > A3 > 5, HUER/NT 1, SEARIEAS A S i @ e /e 3 . Cr ons 19
Xt HIESTHRAE LR G R I T i A2/ T Po LR, 1R BB AN [F A5E XA stk d fre oK, 283 Cr i)
REAF T T ) AE S0 UK.
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(2) s U A

HRHE B0 AU 222, TR R A EE 2 N Cd. Cr A Ni (9 3 0 8 4 Ja8 Xof 2800 27 A= i B0 XU 48
O B0 XRS5 K, S5 R LI 5. i AL i B0 FE B O R Cd. Cr M NGB B0 AU (L /N T
1107 BYARHEAEL, 2 W] JCEUE KU . AN TR 2 N BRI, 125 14 5 B0 IRV (R /N O PR A A > pe>
fid frs th T BT B ER AF IR i Tk, DR, B TR 3 AN [R]85 9 B0 KU (2 & T2 A,
{EL X T B0 ARG . P 0 L e RN i i R G 3 R R 4 i 0 3R B0 XUBR 48 HUfE (R) R/ Dy Cr>
Ni>Cd. Cd TG R EHHEF J i i > B AR>Hr#; Cr oo R RAEHE B BIR>20s 16 5 Ni U R
RAEHEFF Sy B R A>T 5 B, UEHTANR] 0 3 TN [R) P58 4 1N A9 B30 KU e E A7 7 22 5.

18%107 [ la A NN
L: BB Library

1.5X107 | C: #5tkClassroom

. D: 154 #Dormitory
13%107 7

x

9X 1078

6x1078 -

3X108 5

L-S;;:iam L-T;;cher C-Student C-'f;;cller D-S;;dent D-';c;a;cher
Bl 5 ANIRIPRIE 5 AR A8 B A4 4 T 0 XU 1]
Fig.5 Carcinogenic risk map of heavy metals in dust of indoor teachers and students in different environments

3G MICER R R /N T AR, UL 3 37 B A e 4 Jm Jo B0 KU IR 19 28 N IR 2R 45
JBICHR A2 MU G, (H 2 Cr JCER AT REAFAE I T TR B0 AU
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EAMFAERY — B0 WA NG, HIUE RN A B b B> 10 45, B 2808 KBS (/N 181 4
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A5 TSR, 3K AL A A B N IR AR T 4 S 7 A B A . T A AR RN R I A el A P A T
6, AP RO A T AR 42 R AR AR AR B A . VR R S A 0E AR Y Cr AR 5 N e 1
NI S 5 2 A B 5 A AR, DR P A U I B A AR B Cr, Cu Y 854 3853 v 115 8 DX T Cr Jo &
Xt A S5 RIS 500 RS 19 ST ik A K, STRRR I3 BIIA ) T 65.14% H1 98.96%. PRI, 1 5 4k (14 41 Ui X
I g XU 12 /N AR bR, A ) B 2 A 18 = 350 R S0 XU i 40 0 i A= ) A it B v AT 1
e E .
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& B IT R BEZS TN B & 5 N 1M 1E S8 a F1 b A TAAR, SRALRR B SE AR XTREAIR, HIABEH 52 2.
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PR A2 B 4 o B A — R RS A A AT s A BRI, (RIS L TRRL AN A AL, R e A B
SFNBDWHEAT. S5O0, BUAEAE N BON A2 A EIRAYI I, NGRS, B R A, i BEAE J7 3K
R R R e U

3 %512 (Conclusion)

(1) ZZE N KA Cd. Cr. Cu., Ni, Pb Fll Zn [1-F-38 7 £ 385 i fd ey , 2 1% b K 20 76 43 J& 5 e (E 1Y)
4.80. 1.68. 2.74, 1.30, 4.45., 5.76 fi%. & Cd 4, 1 & X H Al 5 Fp oo R AL T A= AE 518, Pb. Cu Fl
Ni AI(EAE A e, Cd. Cr Al Zn P{EAE B H fe .

(2)3% M 2 N IR A2 15 e 071 far 18 B/ N R 20 B> B AR A>T 7 IX A>T 47 X b1 7 X o> T 5 X a, 2
SRR T BT g, AR AN b BTG G

(3) LR A V1 AL B XU 18 BN R B MR AR A>T & 8, BRI AE B XU Cd TR X EE &
TEAE S KU B TR 73.79%, S2 i 3 A A 25 KU IR 1~

(4)E WK 6 FhE &8 R R B ER B 3 DRI FABEE N I HQ (E A HL(EXI/NTF 1, AFEAE
3 S0 fdt BRE AU 5 208 H & )8 OT R Cd. Cr Fl Ni BB B0 KBS E X280 T 1107 BYARifE(E, o2 X
. Cr St 3 22 A AR SO XU 1 (65.4% ) e XU 7 (98.96% ) .
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