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W R TYMEERY 172 ~2426. FRA AT RN, KOS5 Y08 | MRARTE | SRR 7 Toll 2 PM, TP E 4R 1Y 32k
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Elemental Characteristics and Health Risk Assessment of Heavy Metals in

Atmospheric PM, ; in a Suburb of Zhuhai City
YANG Yi-hong'?, JIA Yan®" , BIAN Guo-jian®, YU Xiao-wei’, ZHONG Chang-qin®, QUAN Ding-yu’

(1. School of Materials Science and Food Engineering, Zhongshan Institute, University of Electronic Science and Technology of China,
Zhongshan 528402, China; 2. South China Institute of Environmental Sciences, Ministry of Environmental Protection, Guangzhou
510655, China)

Abstract: To investigate the characteristics, sources, and health risks of trace heavy metals in fine particles, PM,  samples were
collected at a suburban site of Zhuhai in the Pearl River Delta Region. Fifteen elements in the PM, ; were analyzed by an X-ray
fluorescence method. The results showed that the total mass concentrations of crustal elements (Al, Si, Ca, Fe, and Ti) in a typical
month during spring, summer, autumn, and winter were (708 £213), (645 £269), (1155 £503), and (1466 +492) ng-m ™,
respectively, while the total mass concentrations of the rest of the trace elements (Ba, Co, Cr, Cu, Mn, Ni, Pb, Sb, V, and Zn)
were (271 +124), (163 +87.6), (424 +192), and (546 +183) ng-m ™, respectively. The element concentrations decreased in
the following order: Si> Al >Fe>Zn>Ca >Pb >Ba >Mn >Sh > Cu>Ti >V >Ni > Cr > Co. Enrichment factors (EFs) analysis
showed that Sb, Zn, Pb, Cu, Ni, Ba, Ca, and Co were heavily enriched, with EFs values ranging from 172 to 2426. Principal
component analysis further showed that regional transport, ship emissions, coal combustion, and the electronics industry were the major
sources of heavy metals, contributing 53.4% , 13% , 7.6% , and 6. 8% of the total, respectively. Health risk assessment results
indicated that Mn may pose a non-carcinogenic risk to children, and Cr, Pb, and Co may pose cancer risks to humans.

Key words:heavy metals; PM, 5 ; enrichment; health risk; sources
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Fig. 1 Sampling location in Zhuhai in the PRD
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JEREESRAR, REHESTOCR ORI, A S ARG SR XS T (R 1), HEE

/N W1 AR XS AR B XS:. ABFFE A Co, Ni, Cr,

EF - (crz/Csn) wmm () Pb NBEUEE G, 0 AR BB KU XF vV

(cz/can) i Cr, Mn, Co, Ni, Cu, Zn, Pb %58 & J& #1720 A

Ko, EF 550 R AR AR b i s 4 ST, AR REE A H 28R R & ADD
Cop MBI P IZ T R RS (HifE X [average daily dose, mg-(kg+d) = JIHFAN:

Ve TSR A T Y B 43 B A ng e m T Almg kg ) ADD = ¢ x InhR x EFR x ED/(BW x AT) (2)
coy B HIL R I BRI (B IRR i 30T, o WIEEEICRIRE, mg-m ™5 InhR Jy

v = A

(843 B A ngem — Fimg kg ). ZlEoegimsy  PPMHECR, w’ed™ BFR AR REEHUOR, d-a”h; ED
HUE NSRBI R ARG I RBRIFEEI, a; BW OUIKE, ke; AT RF49%

wr
RHITEE, WAL Ti. Fe 2007 AScvkBe Al EEIFIEL, d.
NBIWILR, HIURTRREER RS LT & oo 1 4 Jm KURE DAL R T 28 B H X 2 51

SFREY . STEEERN T EF <10, W% NIZIC LADD ( lifetime average daily dose) 7~ , HITHE A
RWATTR A EF>10, ARl s W

SR AR E LADD =¢ x EFR/AT x (InhR,, x Ed,/BW ., +
1.3.2  HEJREHKS InhR 0 % Ed g/ BW ) (3)

FUFIZEIE EPA SRERRUENT PM, o h G RaITg SR, A5 AR (2).
*1 EREXKEEESHEE

Table 1 ~ Exposure parameter values for the health risk assessment
2 UL LIS i
Filis /g
InhR/m* -d ! WP 338 3% 16.6 13.5 8.6
BW/kg R R E 67.3 57.5 15
EFR/d-a”! T I 365 365 365
ED/a TREEAE R 30 30 6
AT $U9/d 4 1 1] 72. 4 x 365 77. 4 x365 18 x 365
AT dEE0E/d V- 35 2 R i) 30 x 365 30 x 365 6 %365

FEBUEICR, MPEHRE R ITERL SRR factor, SF) A3 R HBURKE. THEAAN.

fal RBCHQ, TR AN ILCR = ADD x SF (5)
HQ = ADD/RID (4) R, ILCR WAL RSO R, R \BHRIE &

A, RID HSHFE, M HQO<I K, K&/ ek AHER,; SF ABURRFREF. 10 MEE IR &
A LLZNG s HQ > 1 B, AAfEdEEuE K. X T 80E FTSEF M NI, Co. Cr. Pb IEUERIRA T L%
JUE, W H R T T LA Y B AR N T (slope 217

R2 RELERESENE, BEMEET

Table 2 Reference doses and slope factors of the trace elements

TLH \ Cr Mn Co Ni
RID/mg- (kg-d) ! 7.00 x10 3 2.86 x10°° 1.43 x10 3 5.71 x10 ¢ 2.00 x10 2
SF/kg-d-mg~! — 84 — 9.8 0. 84
JCHR Cu Zn Pb Ba Sh
RfD/mg- (kg-d) ! 4.00 x 10 72 3.00 x10 ! 3.50 x10 3 2.0x107! 4.0x107*
SF/kg-d-mg~! — — 0.28 — —

Z(Al,Si, Ca, Fe Ti) BRBEWKELE. B, &,

2 #R5i1iE
ARSI KR A B 52 ) (708 +213) (645 +269) |

2.1 FEIHITHRIGYRHE (1155 +503) F1( 1466 +492) ng-m >, 2355 HIC
2.1.1  FEZTHICE R BEACE R =15 AR U RFAIE REBRI 72% | 80% | 73% | 75% . S HTEILR

W], BRI PM, (15 FOCRZETT WER/NF R .Si> Al >Fe >Ca>Ti. JREESR
MR A RS TS R L 3. NI, #7e ot JEZE(Ba, Co, Cr, Cu, Mn, Ni, Pb, Sb, V. Zn) &L



1556 7D 53

B 40 %

ik BEAEA B Bk, &MU BE 53500 (271
+124) . (163 +87.6) , (424 £192) F1(546 +183)
ngem >, S0l i TR BT E Y 28% | 20% | 27%
125% . #5IREICEWER/NIF K. Zn > Pb > Ba
>Mn >Sh>Cu>V >Ni>Cr>Co. ik 10 FfiyEHE
FEH/ILET Co, Cr, Mn, Ni, Pb Fl Sh &£ EH
EPAIANEMA FEE AR, H Co, Cr, Ni Fl Pb
G4 PG RESBEMINE N EUEESE TR,
U E 4 JEICE Co, Cr, Ni A1 Ph {157 34 2 vk &
AR (1.6 £1.7) (5.6 £3.1) . (7.2 £3.3)
(59.3+45.6) ng-m >, 5l HIREREESEITE LD
ERWER 0.4% . 1.6% . 2. 1% F1 16. 9% .

BT Cr4b, Mn, Ni, Pb, V&4 FUR R HEL)E
BYX{E 4 /N F WHO ( World Health Organization ) 2
FRRAE S A2 BT ARUE) (GB 3095-2012) (W,
23). HTAMFRMAAN Cr KA Cr ¥R B IE
Cr(VI), Cr( VD) ATARIE R AR Cr( V) FLEL Cr

LA (0. 13) BEATAG R AR A Ce (VDD
FIHe A 0. 73 ng-mf3 , WEE TR R
7EY (GB 3095-2012) Cr( VI) 4E ¥ %k BE & % (i
WHO 78 XU 7K - 1: 100 000 B Cr( VL) f4 R {8 2 5k
(0.25 ng-m ™). AIFIERIGE RS Cr 15 Y LA™ .

AR LER, 2t Z AR E SR
JEER (KR Ni, Co F1V Ah) # BB KA ZR A A
THEZMAH | IS PM, ik B ZE T8k
FRAE—0) . X R T AT BRI X 7 5 Py i
SR, R ZE T EAZ R B R T e R
M (UL 2). EAEENE, BURESE TR
Co B IR F ey, HUKCNABRIAH | B
RUH e fif, £ E 8 A 0] BEA77E Co MUHRIA K
U8, AREE— 5T Ni flV FHZ i A ks g2
FTHEEHMAH, FEERT NV ERESE
Y ] A7 R V5 Y IR HE L s, E—25 1 S B
2.2 5.

x3 HFBHBEXASKPM, ;HITHERE/ng-m ™

Table 3 Elemental concentrations of the PM, 5 from the suburb of Zhuhai City/ng-m~

3

S FFEHMAA B A kR H K7L H AEHME WHO Hf%i:’ﬁ
(n=30) (n=32) (n=31) (n=31) (n=124) S R {22 BRI

Al 223 +87 256 + 144 349 +181 405 +220 309 +179 —b —

Si 226 +88 202 +114 417 £163 525 £223 342 +205 — —

Ca 86.9 +27.3 77.2 +28.0 143 £61 179 £110 122 £78 — —

Fe 158 +68 99.7 £53.1 262 +128 330 +120 212 +132 — —

Ti 13.4 8.4 9.6+5.6 21.1+11.3 27.1+13.1 17.7 £12.0 — —

HSETC R SR 708 213 645 +269 1155 £503 1 466 +492 994 +514 — —

Ba 42.2£23.7 41.5+22.0 55.8 +30.2 54.5+33.9 48.5 +28.3 — —

Co 1.5+1.6 2.3+1.9 1L.Ox1.1 1.6+1.8 1.6 1.7 — —

Cr 4.3£2.6 4.2+2.8 7.2+2.9 6.8+3.2 5.6+3.1 0.25% 0. 025

Cu 10.9+9.9 6.7 6.1 27.6+18.1 36.2+12.5 20.3 £17.2 — —

Mn 21.5%11.7 16.7 +10.0 31.1+15.8 42.4+13.2 27.9 +16. 1 150 —

Ni 9.3+2.6 5.3+2.5 7.0 £3.3 7.4£3.6 7.2£3.3 25 —

Pb 40.6 +22.3 20.0£13.6 75.4 +42.0 101.9 £44.2 59.3+45.6 500 500

Sh 22.2 £15. 1 19.5+15.7 23.4x14.2 22.4£15.3 21.8 +15.0 — —

\ 22.0+9.6 5.3+4.6 11.0+9.3 10.2 +£9.2 12.0+10.3 1000 —

Zn 96.3 +69. 3 41.6 +49.6 199 =106 263 106 149 £122 — —

IR IO R 271 £124 163 +87.6 424 £192 546 +183 351 +211 — —

TLE BRI 978 +308 808 +319 1580 678 19 49 +720 1334 £709

1) “—" FoRpRE P %A AR B BRAEZER ; 2) I WHO 34 X Cr ABRMEZESR , BEab 4y WHO Xt Cr(1IV) 7E KUK 7K 1: 100 0005 9 BR{E 23K 5
S 3) P EFREE 25 SRS ATRE (GB 3095-2012) RS A FAE (2 % A B 1 vk BE

%4 AT, BRIGTHT RS Fe, Ca, Zn, Mn, Cr
FEICHRT- i vk B W AR TR E T, Pb
M Cu FFIC RS H BT 20 A 8. EHAEZWN
S, B PM, P Ni SRR EA R E S T
ML BB, BB R B SR BT PM, R
4 Ni G 3% S Y I b DX A HE B B A i e
X A Bk — A 1 T b DX 32 3 B . ) A AT YL DR
s AR

2.1.2 EEHRTZ

R ] i R T R AR KR
SRR, ol TP HARRUE AT R R X KA
R oe R AT TRk AL BB TR, 3k
SR N PM, ;# Sb, Zn, Pb, Cu, Ni, Ba, Ca,
Co. V., Cr, Mn, Fe, Ti% 13 FocRMEENT (K
3). BHELT, 4 EF KT 10 BF, $EHIZ0R &
W, EESRET AN mE 3 arEn, K
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Table 4  Annual concentrations of major elements in PM, 5 in Zhuhai and other cities in China/ng-m~

2 EKEWMEXREABK S0 m b4 NEFHREAN T2 h FEPITEEER

Fig. 2 Analytical results of 72 h air mass back trajectories arriving at 500 m elevation to the

suburb of Zhuhai city in the typical months of the four seasons

HETSENEEHTASPM, ;FAEETEREFHE ng-m ™

3

kT Ay Fe Ca Zn Pbh Cu Ni Mn Cr Sh SCHk
B ifg 2014 212 122 149 59 20 7.2 30 5.6 22 EN T
It 2014 353 195 225 77 37 4 34 9 20 (5]
Jeat 2009 ~2010 1490 2420 320 140 40 10 70 20 — [24]
K 2009 ~2010 2020 3280 750 220 140 10 100 10 — [24]
HFEE 2009 ~2010 1840 4270 680 300 40 10 120 10 — [24]
R 2009 ~2010 1328 3008 236 59 15 9 66 9 — [25]
I 2012 ~2013 1680 4300 290 158 25.3 4.8 97 7.9 — [26]
HH 2013 ~2014 507 820 268 51 127 3.9 67 55 — [27]
& 2014 900 1850 280 100 30 — 70 10 — [28]
AR 2009 ~2010 — — 321 — 5.1 138 18 11 [10]
RN 2015 910 800 510 63 31 12 53 38 — [29]
HA 2015 1661 1566 327 137 83 3.1 48 40 — [17]
o NREESEEENTFHREAENMA G TEESE
- 3
oo [EE ol CENE WAL R | 5 R VR R R AR AR — 3,
= & NN N .
o &% FOHRRA Z2 iR BN Ry ¥5 Y P56 BRI R SR 5
& / SIBIIS M LW . Sb. Zn, Pb, Cu, Ni. Ba,
& Ca, Co JUZR U Z= Mt AU J /Y & £ P 7 ) KT 100

Sb

Zn Pb

Cu N;

Ba :
B3 EREHBRAS PM, FTEMNEERETF

Fig. 3 Enrichment factors of the elements in the PM,

[
'l
i
'
i

Co V Cr n I

&

from the suburb of Zhuhai City

(AEBHNEE R 172 ~2426) , RIX 8 FotR &
EHEHE. VERRMAFENTF KT 100,
Cr, Mn Bk J & E R F KT 100, HALZESy
B H A 10 #1100 Z[A] (V| Cr #1 Mn 54 H -+
PUEA 9N 117, 87 M1 82), WV, Cr, Mn &
EHHEHE. BENE, REAEESE TR
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B 40 %

Pb, Ni, Co, Sb &R E ¥ &, 2 A\ KK
M) 352 Ay B b
2.2 HEJEKIESH

R TR0 T AR BRI KRR B AR 1T e
U5, AR 3o o AR B ARAT 4 Fh 25 Gy
JOWES) 4 DERSHT B RS T20
81% , W 4 25 Yilin] LRI Hh fif B¢ AR 2
SIRTTRERTE. T 1 R T 221 53. 4% ,
HAp g m ot £ Lk 8 4, 43l Si, Ca, Ti,
Fe.Zn_ Pb, Cu, Mn. HH Cu 1 Zn EZRIFETHL
SR RAHE . Fe R & Tk e P &
BRI T AL AR A A R RS A HE
i W H Pb 5 Cu 1 Zn AHSEMEM W E (P 5
Cu: R=0.90, P<0.01; Pb 5 Zn: R=0.92, P<
0.01), B =l GEILVR, >k [ T3 M Tk HE

B Si, Fe, Ti HHI5EICE, EZKA T HIRKIE,
RWET B3R 55 {ARVR . Mn 09 R R R
FALFRIRIE | 2 JRIR H R T Im T 7 Y SR s —
PR ASRORIE R B Y. 45 A M
KMEHTAIAL, Mn 55200 FK Fe, Ti LK AR
JENFEM Ph, Cu, Zn HEWBFEME, HHXR
BEK(RHKT 0.7, WE6), £ Mn LK HE
ZEI AR A SRR FE A 5. X5 2.1.2
T Mo SCEMEE W T (EHEN T 10 ~ 100 Z
|, A—E RS %) FEMAF. i, W71 s
R T G 2R VAR A S R A MR ] R A R Y
TRARAE, SR A2 3 — 2 B AT KUIm) 5 ma) (18] 2).
gEbnl UL, SGlHE . &Rk AR BRI IX
S 16 AR 2 s YR R 1 B Tk, LR R

BTTHR .

K5 HKBETHIRASPM, sHEBLRATEREEFHEER

Table 5 Varimax rotation factor loading matrix of heavy metals in the PM, s from the suburb of Zhuhai City

g FEHF1 FEHTF2 FHF3 FEHTF 4

Al 0. 657 -0.151 -0.078 0.126

Si 0. 946 0. 004 0.035 -0.002

Ca 0. 897 -0.056 -0.115 0. 030

Ti 0.876 -0.112 0. 305 0. 089

v -0.212 0.913 -0. 069 0. 064

Cr 0.627 -0.033 0.516 0.171

Mn 0. 869 -0.129 0.074 0. 068

Fe 0. 959 -0.037 0.171 0. 064

Co -0.029 -0.005 0.114 -0. 889

Ni 0.023 0.920 0.233 0.014

Cu 0.938 -0.059 0.074 0. 066

Zn 0.958 -0.008 0.132 0. 081

Sh 0. 004 0.114 0. 888 0.017

Ba 0.165 0. 083 0.342 0.584

Pb 0.944 0.012 0. 050 0.025
TR/ % 53.4 13.0 7.6 6.8
R oTEk R/ % 53.4 66. 4 74.0 80. 8

1) BT R B TR B

T2 R T B 7 2210 13. 0% , Hovp 3y 43¢
P TCE R Ni FIV. A S S AT R 7 b
MIF(R=0.74, P<0.01), XA W& e LA 1
FRE. AT BoniE | 53k 45 X K< PM, |
NS VI R RIE Ni S5V R T
T X AR HE A bR TS e Y (AR R
N5V A H P35 R R B T
B3N A (5 RE e 3 AR OF
PR B 1. 4 A5 2.5 %), X Al fE S Bk B
AT KA D 25 AL (LT 2) A2 31 B KT A
TR 1 30 TIT RN R0 7 8 %) A 05 U 0 i 326 52 T
5. UL IR T 2 32 R AR T e TR HE Y

AR

RT3 R T T 2209 7. 6% , 3541 5 5 1) I
2% Sh Al Cr. 7EFRE Sb FE kU5 THAME (62% ) Tl
BOEBIEHE(27% ), Al YRR (b5 75
Yyl BEAb, Cr VR TR AR ot R LA Bk
FLAE . A EUREAE Tl HERL > 225 B SR TR
HEWT , N5 3 22 S BRI HE A% 52 1

AT 4 580722 6. 8% , B = 1 IJCE N Ba.
1ZIC R PRI Tl S8 BNl oo Tk I5 e, % R
SR AS M A KA 1 oMk el BR] e HE T IR 1~ 4
F2 B i H AR ML HE R A S e 28 AT
R = A28 IR BRI RS PM, R E AR i Rk
TGN XS A5 g | A ARTS Y HERL . RIS e
HERC L Tl HEL.
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®6 TERMEXMESY

Table 6  Correlation analysis of the elements

Al Si Ca Ti A% Cr Mn Fe Co Ni Cu Zn Sh Ba Pb
Al 1.00
Si 0.50" 1.00
Ca 0.36™ 0.73™ 1.00
Ti 0.40" 0.77™ 0.55* 1.00
vV -0.21 -0.24 -0.08 -0.27 1. 00
Cr 0.27" 0.53™ 0.39™ 0.64™ -0.16 1.00
Mn 0.38" 0.70™ 0.5 0.83™ -0.23 0.56 " 1.00
Fe 0.44™ 0.8™ 0.66™ 0.91™ -0.22 0.62™ 0.87™ 1.00
Co -0.04 0.03 0.01 -0.05 -0.10 -0.09 -0.11 -0.02 1. 00

Ni -0.10 0. 00 0.13 -0.03 0.74™ 0.05 -0.11

Cu  0.42" 0.83™ 0.67™ 0.83™ -0.27 0.57* 0.80"
Zn 0.43™ 0.85™ 0.66™ 0.88" -0.21 0.64™ 0.85™
Sb 0.00 0.12 0.03 0.29* -0.09 0.26™ 0.18

Ba 0.15 0.31™ 0.25™ 0.36™ -0.10 0.28™ 0.21™
Pb 0.39™ 0.82" 0.61™ 0.78™ -0.26 0.55™ 0.76 ™

0. 00 0.02 1. 00
0.89™ -0.06 -0.06 1. 00
0.95™ -0.04 0.01
0.20 0. 00 0.08 0.19 0.19 1.00
0.32" -0.13 0.02
0.85™ -0.05 -0.04

0.94™ 1.00

0.29™ 0.34™ 0.03 1. 00
0.90" 0.92™ 0.22 0.28 " 1.00

1) * % FR a=0. 01 K b, MSCHEREE ORISR ) 5 MHFOR R B R

2.3 EAJE Mg XU o b

I FHSEE EPA 7 0 i BRE XIS TF A1 452 184 X6 R
SPM, FE 48 (4% V., Cr, Mn, Co, Ni, Cu,
Zn, Pb. Ba Fl Sb) #ATAEEUR XS AN, Hor
Y EUEEE 4B Cr, Ni, Co Ml Pb #E4T T B0 fidt Fi X
R pEmr. AR 30 4 )8 10 2 5 XU R A HQ AT EUE
LB R BN ILCR A4 R E 7.
AL, WEIIE] ) BRJL#E X Mn JCR B HQ Fb, H
‘BTG E AR LB ) fa e XU R 2L HQ $5911%

T EPA B BRAE 1120, 158 B HC Al 2o XU B/
Mn JCE L B 82 R B0 1 1CRTF 1), &Y
Mn 4 JLRCAFAE — s JF BOUR MBS K393 fih Mn
T 51 2 AR 4 AR £ A A 28 i 2R T il
2.2 AL, Mn SEZOR IR TS AR, R 2
T X S PR A A, TR PR o gkt JL B AL B 4
RAME#ERR. SakIF, K2 EIER
A8t R DXL ot AR I ) B 52 i MR U L 28 > AT
I > ARtk

RT HKEBWBEREPM,  PEBEECEREENR AR ESRBERERNKRE

Table 7 Exposure risk coefficients of non-carcinogenic metals and carcinogenic heavy metals in atmospheric PM, 5 from the suburb of Zhuhai City

- fE I 24 HQ 2o R BUE X ILCR
L RAE T HE TRAE L TE L TRAR T TRAF L
A 4.2x10°% 4.0x10°* 9.8 x107*

Cr 4.8x102 4.6%x1072 0.1 70 x 10 ~° 63 x10°°
Mn 0.48 0.45 1.1

Co 6.9 x1072 6.5%x1072 1.6 x10 ! 2.3x10°° 2.1x10°°
Ni 8.8 x107° 8.4 %1073 2.0x10°4 0.9x10°¢ 0.8x10°°¢
Cu 1.2x107* 1.2x1074 2.9x1074

Zn 1.2x107* 1.2x107* 2.8x107*

Pb 4.1x1073 3.9x1073 9.7x1073 2.5x107° 2.2x107°
Ba 5.9%x107° 5.6x107° 1.4x10°*

Sh 1.3x1072 1.3x1072 3.1x1072

HUEHE LB Cr, Ni, Co 1 Pb X 4E B EFI &
PR 2 = B0 XU TLCR {E7E 8.1 x 10771 7.0 x
107 Z B (W3R T) , #kEFHEFKIKIE Cr, Pb, Co,
Ni. K b, Ni %y ILCR fH /N, H ILCR HK T
USEPA ) — Al 32232 KUK /K 1.0 x 107, B Ni
XF N 5 A B0 XU /N ] 208, Cr (5570 x
10°°, 463 x10°°) i ILCR {E &, HHE 3 fE
SREE T ANBER L, mHE 4 NFATRAL A
ILCR {E 34 B0 KBS BIE FEI N (107° ~107%)

FWFAE —EBUB S, 456 2.2 A9 # T 1,
Cr FEORYE THRIE I T — 25 i 8 X JR V5L 11 42
. Co(HB2.3x107°, 2.1 x10°)F Pb(H 2.5
x107°, 2.2 x10°°) f) ILCR {HAZ A K, #7E
g AU B S RN (107 ~ 107, R BAIRTFEAE—
T B0 XU

3 i

(1) BRI RS PM, 50 15 RGN 0 K A 45 5
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2 40 %

JREHE N (1334 £709) ng-m ™, 5§ PM, (i1
2.9% , HoHI5e It &R 4 74% , IR E 48 1 26% .
KEB IR E LB AEAT WHO S % R, (H1h
BRC( V) B3 & TR S R AndE) (GB
3095-2012) 4F- ¥4 JiE BRAH.

(2)JREF4JE T Cr, Mo 4b, Sb, Zn, Pb,
Cu, Ni, Ba, Co M1V %58 JUE &4 N T HEH KT
100, Hr Sh R EEF FHRK(2426), VILEH
S F I I (117).

(3) AT F3 b 2 I DX Sl ik 3 e L AR I
PRIEEF T Tl 2 PR 4w r EEOk R,
TR 90K 53.4% | 13.0% . 7. 6% F16.8%.

(4) RS A T 25 3 2 B, Bk Mn SR X LE A7
TE— 2 AEBUE XUE A1, HAh ST Z A B AE ALY
JEom R/, BUEE 48 Cr, Co A1 Pb /) ILCR
{EE B0 XS B AV N (1070 ~ 107, RIAAE
— RE U KU, Horp Cr A2 Bom KU ey, U
B3 MEUEESE N 1 AR L.
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