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 E R e S IR T —— B T R AR (PM,s) *iﬁmiﬂéﬁﬁ@%m &
T 20194F 7 H . 10 HAEBERAETH 5B 2 R SO R BE T 150 4 PMy s R, JF X PMy s 1 Ti,

Cr. Mn. Ni, Cu. Zn. As. Pb. Cd. Ba. Fe. Al 13 #4: /&8 T % 19 Bt & R B R 4T 7 It %UFHI%
3BT Rt R XU 55 76 550 Xt 4 T 7 2R 118 A U5 B v 7 e R XU A T T ). 2 SR, MR ), B AR
M p(PMy5) ¥I{E 4 33.0 pg'm™, 8T (WS FEbrdE) (GB3095—2012) —ZhriE (35 pgm™) .
FT 42 JB JC R AE PMys T 7 LUAE 4%—12% Z 18], W HE Y Fe, Zn. Ti. Pb % 5 Fon & iRk E
YIEA R 1259.8, 288.0, 130.6., 129.2, 82.4ng'm>, /\fﬁm%‘%ﬁ"@mr“ FNF53518 Mn (34.8ng'm™) >
V (243ng'-m™) >Cu (18.0ng'-m™) >Ni (13.5ng'm>) >As (7.2ng'm>) >Ba (6.9ng'-m™>) >Cr (5.1ng'm>) >
Cd (12ngm?) . SENHEETWIEHTF L, Fe. Ti. V&3 f&RBIoENREEREL TREKE, H
ARG A 22 N I . VR AT 4 %%@fﬁ ﬁfllﬂ%k%ﬂiii%%"‘ W, ST Y R R BT
PM, s &8I0 E MY EZORIE. X Ni, . Cd. Mn, Cu, Zn. V. Pb % 9 Fifg B & B o Kb 4718
AR EAL, 25 R0, MnXTJLEfKEEEHEQU:;J_Uh B E Ry 1.58, HpAHELSEITREWAESUR X
KEYI/NF 1, f@Emgs/N, KE{ER/MEK A Mn, Cr, As, Pb, V, Cd. Ni, Cu. Zn.Cr ¥ AfKf
FOm R, As. Ni, Cd BUm X7 n #3205 Fl (10°—107) Z .
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Pollution characteristic and health risk assessment of metal elements in
PM, 5 of Panzhihua City

XU Xuemei FENG Xiaogiong CHEN Junhui ™ YIN Hanmei QIAN Jun
(Sichuan Academy of Environmental Sciences, Chengdu , 610041, China)

Abstract To evaluate the sources and health risks of metal elements in PM, 5 in Panzhihua, which
is the typical mining city in southwest China, 150 PM, 5 samples were collected at five sites from
Panzhihua in July and October 2019 and thirteen elements including Ti, V, Cr, Mn, Ni, Cu, Zn, As,
Pb, Cd, Ba, Fe, Al were analyzed. The factor analysis and health risk assessment model were used to
explore potential sources and health risks. The results showed: The daily average mass concentration
of p(PM,5) was 33.0 pg'm~, which is lower than the primary standard (35 pg-m™) of Chinese
National Ambient Air Quality Standards (GB 3095—2012), during the monitoring period. The mass

concentration of the thirteen metal elements accounted for 4% —12% of p(PM,s). The mass
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concentrations of Fe, Al, Zn, Ti, Pb were 1259.8, 288.0, 130.6, 129.2, 82.4 ng'm*, respectively, and
other elements concentration decreased as Mn (34.8 ng'm~)>V (24.3 ng'm~*)>Cu(18.0 ng'm>)>Ni
(13.5 ng'm>)>As(7.2 ng'm*)>Ba(6.9 ng'm~)>Cr(5.1 ng'm*)>Cd (1.2 ng'm~). Comparing with
other mining cities in China, the mass concentrations of Fe, Ti, V metal elements were at a high level,
and the mass concentrations of other elements were not significant difference from others. The factor
analysis implied that the main sources of metal elements were mining and dust sources, steel source,
traffic pollution, coal combustion in Panzhihua City. The results of health risk assessment showed:
Mn was found to cause highly non-carcinogenic risk to children which value was 1.58, the non-
carcinogenic risk values of other toxic heavy metals were all less than 1, and the health impact was
relatively small. The risk values decreasing as Mn, Cr, As, Pb, V, Cd, Ni, Cu, Zn. Cr was found to be
with carcinogenic risk, the carcinogenic risks of As, Ni, Cd were within the threshold value
(10°—10*), indicating relatively small impacts.

Keywords metal elements, source apportionment, health risk assessment, Panzhihua City.

PM, 5 2 3% [ 1 22 3T 5 SR AU A Y B BET5 L), B o R MR H T B R 5%—10%" 2. A A5
FHIBL, PM, s R/, BRI F & 8T R 06 4, H IR 250 8 EL 8 ARG, 3400 7 x5 AR faFR A
Y RS, AN [F] 4 s o0 28 0 At B A8 AN R L, A i (o] 2R B AE — MR BE Y Pb IR P, & S8
KEGTE FP 28 R G0 7A8 , S BOH A ) LAY IE SRR RE ) B i As Hhag s P 45 B2 Bk Ang W5 s i iy Cd.
Ni 225 2315 R VI R 050K . 2017 4F [ B iE pF 55 LA (JARC) A A1 B BUE P i Burb, 8% Cr. Cd. As,
Co. Ni FHEAERMLEWI A BEY . K E R 2 AR ) (GB 3095—2012) X 825 A
Pb(500 ng'm™), Cd(5ng'm™), Hg(50 ng'm™) . As(6 ng-m™) Fll Cr**(0.025 ng-m™) ik B 47 T FR & .
[ N Ah 2 0k mUHE SRS -0 R U0 Sk T PML, s AR T R TS Yk L SRR AT TR T R
PIBIFSE TAE, IFFEE &R V5 QK s ARk | Ak 2 B85 7 T A SR B R T 82 BRI R,

BERAE TR VT L e K A BE I A b T, 2 TR S A Tl 3 i 2 —, i DA &8
FERE. X TR T PR BT V5 YL T 5% 2 B AR v e s el R 2R 0 S5 T T, i IR A R
PM, 5 4 i JC 28 Wk BE 43 Ao K A BRE XSS DA F 5% 4 3 AR XA /0. 7 2017 AR R IR, Rl Bk . 42 )8 5%
Tl b AN A T Bz, BE R AR T A DA T A 7 s R RS K, 2 B0 YR A AP S KN, 2018 4RSS
AL T B BRAT b PMy s HF 5 3k 1401.79%10° ¢, (5 Al G HE R 1%, PRk, X T in ik 2 4 48 T
PM, s T4 JRICER W | SR UG A BT B T 4 i Y A f e XU VAN 45 TR ) it 98 AT FL 2 2 S

R T FREERAET PMy s TSR] 42 )@ J0 28 i Wk B KOR IR, ARAFSY T 2019 4F 7 . 10 A 7B EE
7 5 AN IR A2 R A5 A0 R FH B 4 R FE B T 15 R 4 150 4~ PM, s TURLHIRE i, YRR S P 9 TiL V.. Cr. M,
Ni, Cu. Zn. As. Pb, Cd. Ba, Fe. Al 3t 13 Fpoo & i W B b A7 10K, I X R IR AT 17534, R AT
P15 T Ni. Cr. As, Cd. Mn. Cu, Zn, V. Pb 3t 9 Ffy 5 5 4 J& 70 2 WA [A]HE B9 £ RS2 iy, LA o 2
FAET PM, s H 4 Ji T R 1975 Y2 By TR it F1ECSR 19 i 2 3 A AH SC dESUR Rl 22 AR 315

1 MBI (Materials and methods)

L1 REERAI 4

F BRI AR DI REIX | 15 YK 25 B, AR WF ORI E 5 A W I A 0 T 8 BRI 32 IACRE A R
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Fig.1 Locations of ambient sampling sites and distribution of surrounding enterprises

1.2 FESCRES T

N T IRBERAETT PM, 5 4G R DU R R W 0 A Al T 2019 4F 7 H 11—27 H, 10 H 14—28 H
X I L PRI 25 R P s HEAT SRR, R AR 30 d, 45 KAF AR AR ] 11:00—22 H 10:00, R4E 23 h,
SRFEW N 16.7 L-min ' REEALES Ry B K T TH-16A DU i SR FE 25, SR FEJE M whatman 47 mm
teflon JBE. B BRAE i (19 PR A7 55 38 i LA K S5 B 42 i 7 4 i BR AR HESIET

BT 73BT A B AL PM, s FIJCHLA @ OC R B (TiL V., Cr, Mn, Ni, Cu, Zn, As, Pb, Cd,
Ba, Fe. A, FT 4 2053 53 B i 05 125 S B 5 Tt 2404 BRBRE 5 i P0A T, BT | A e AL S L3k 1.

F1 PMys. THLICER I S A s

Table 1 PM, s, Elements analysis methods and instruments

A3t 5 SR WALRS S A5 (5 E2
Project Method Instrument Mode Internal standard
PM (FRIE 2 S PM  FIPM, 5 I 2 - T 35 ) HOGZ—KV - -
23 (HJ 618-2011) Sartorius WZA26-NC
. . Hefilf A8 Sc. Ge
o o O R P BT O PerkinElmer NexlON () 2o y

Cd. Ba FLIERH & 55 B IR TSR ) (HT 657-2013) 2000 ICP-MS B

’ Frifitbi=X In
Fe. Al (ERRES PR a8 TR E RS PerkinElmer Optima - .

) A5 RIS B ) (HI 777-2015) 8000 ICP-OES

1.3 FEEJRER XN T Ik

ABIF ST F2ELEE R T R R R AR, X EERAE T PM, s A BE 42 )& Ni. Cr. As, Cd. Mn, Cu, Zn,
V. Pb 7 A= 8t B XS R AT PEAT, AN 28 11 480 A B B okl ™= A iy At S JXUISS: 47 P, 3 S s g e
KBS 23 BB K. AFSEHH Mn, Cu, Zn. Pb #1 V HAEBUEY L (A B4L &), Cr. Ni., As Il Cd )& T8UE
Y (AL G, WFFER %50 R JLE (0—18 &), A (>18 ) | EHEAN(>60 ). MFIEEHA
A L A1) (2):

InR x EF X ED
ADD = Cx 2220 1
X T BWxAT (v

LADD = 2

C xEF y InhRchild X EDchild . InhRadult X EDadult
AT BWochild BWadult

Hop AR SUE Y R AR (D, SR B0E Y 23 (2). X, ADD FoRAEE0EY R 2L H
YR #E 5, LADD F/R BURY R4 A H ¥ 2 BRI &, 107350 me-(kg-d) . s S0 2, S0
{HZ2% 3k [21 - 22].
FomooFR | AEBUE TR 43 ik F 2 AR 1 i 30 KU (ILCR) A B 5 20 (HQ) Sk fff e a3
B, AR
ILCR = LADD x SF (3)
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ADD
HQ = D (4)

X, ILCR 8 ABHEEAE & A2 MR . 45 ILCR £ 10°—107* 2 J&] (RI&E 1 J7 AF] 100 J7 A0 1 A4
E JR ), IR o 4 BSOS e R KU, Ab T T 4 A2 K AP 2); SF 3R 28 I I % ik ) BUR R R R
((mg-(kg-d)™) ™), NIRRT — & ) 1 Y 5T Gy 7 A= BUBR RO 1Y e KA. HQP 7 Ram
B B9 K/, 2 HQ<L B, RUBS 38 /NSA] DL 208 5 HQ>1 B, 77 78 JE Bum KUK . RID Rom 2 % 7l &
(mg-(kg-d)™"), RREERE kg NMATEIE &R ITTRA 25 R NEA R AT Y ik

T2 ORULRAR ARG T S

Table 2 Parameters for health risk assessment through inhalation pathway

S5 B0 JLEEHUYE AU (L) ZAEN (VL F ) XA
Parameters Name Value of children Value of adult(male) Value of elderly(male) Unit
C Gy vl 95%UCL 95%UCL 95%UCL mg'm’
EF AR R 365 365 365 da’
ED TRFRAERR 18 18—72.4 724 a
AT - 349 2% R s i) 365xEDCEBUE/ER) . 365x72.4(EUEEA) d
BW PRk E 15 67.3 59.7 kg
InhR IR 3 8.6 16.6 11.53 m’-d”!

95%UCL: FHIHA195% E 15 FFR. 95%UCL: 95% confidence interval for mean.

1.4 At r
F| Fil SPSS Statistics 24.0 bt A< X} it I 45 J& 70 25 ¥ B2 {E X5 BAE AR 95% B AR X 18] 1Y e KAE
(95%UCL) K &)@ c s N For ki it

2 25 5418 (Results and discussion)

2.1 PM, s TR B 0 A FRAIE

FREWIE], BERAETT p(PM, 5) M M 33.0 pgrm™, 5 N Wil 547 p(PM, 5) 43 3 R 5575 5F 32.2 pgrm™,
T 30.6 pgrm, FEE RS 35.8 ug'm >, {7 HIX 30.6 pg'm>, PUFH/N 37.2 pgrm, PM, 5 M4 JBIC R R
VR (5 ALK L IME) BES RS {2 BR.

Concentratioin of elements/(ig'm™>)

Concentratioin of PM, s/(ug:m™>)
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Fig.2 Change of PM, 5 and metal elements concentration with time
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BERCETITA W H p (PMys) ¥R T E 4K — HhrifE{A (GB 3095-2012, 75 pg'm™) , {UA 15d & T

B R — AR HE(E (35 ngm?) . & BT R H IR EAR LS PM, s AR B SEAM [, 78 PM, s H 5 Lol
4%—12%, T FX 5 R 6%, 5A6RT(3%), KHEE(2%), P2 (3%), BEST (3% ) %25 3 i A He, R AL
4B TC RS 7 A TR KT
2.2 PM,s 4@ JU R W B 7K S o A AR

BER AT A WD A5 A7 4R VR FE Q18] 3 o, ZEMARY 13 #h4:J8 st &, Fe. Al Zn. Ti. Pb it
TV BE R, o5 TN T 2 K BE Y 94%, Fe. AL, Zn. Ti. Pb JT 2 5 5 Vi B M (8 43 1 K 1259.8. 288.0.
130.6, 129.2, 82.4 ng'-m>, H: 4y 0 & i & Wk B K /NF 43 51 5 Mn (34.8 ng'm>)>V (24.3 ng-m?)>
Cu (18.0 ng'm?)>Ni (13.5 ng'm *)>As (7.2 ng'm *)>Ba (6.9 ng'm *)>Cr (5.1 ng'm *)>Cd (1.2 ng'm ).

: Non non 1n
“‘5"; 10000 : Par:lzhlhua‘ “5‘? 10000 g £p. ;o -
- - ‘ B
S & 1000 -l- g5 1000 L%
g5 g % 100 + median
§ % 100 * + § *E' 10 * * 25%
55 £E b 5%
3§ 1 3 * # 8% 1|
1 01
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Fig.3 Concentrations of metal elements in Panzhihua City and sites

%t H GB3095-2012 FiL%E f Pb (500 ng'm™). As (6 ng'm™). Cd (5 ng-m™) A I, & As i & & 1L E
FhrifEfm i 1.18 ng-m ™ #b, Pb, Cd ¥R FEMH AN T AR BR (B S5 55 5F . Wl 1] 15 L B R (A, -
HZIN 5 AN W 5 A7 4 I8 TG R MR B (EAE PM, s 5 EE 4300 R 8%, 6%, 7% 4%, 6%, AR, 45 iy 22
SIS, SRS 5 o LU T s, g W0 A7 ] R %8 A A Aol A 6. A s W
] 7T 25 vk BE W 45, W0 1] 1 Pb BT Mk BE 0 137.6 ng'm >, Cu i 5 ¥k iF g 42.4 ng-m >, 43 Wil &2 i #4918
M) 1.7 65, 2.3 15, Po R BRERR G TE LR 2 — | Cu Bk A THLah 452, i3 7] 1 PM,s 1 Pb,
Cu L7 BN BRIE R 2238 15 YL (52 M, W AR50 TT 1 7 DA L T R RE A 1 Rt (o FH A R B D A G J
HBG AL, Ti, Cr, Mn 3% T How i, 'ﬁ s R EE R A AR A K.

ERAET Ti, VA 5I0 R — S = B A e EE ., SENEAREENT )
ST B LR T PM 5 T4 Em%ﬂ@/&&“tbﬁ %'ﬂ % 3. BEET PMy s P Fe, Ti, V REHRIE &S
TR Bl HN L HREE, 5 R A M BRSO, R AR TR S A AE T X BT LR Al |
W) R AR Al 75 G HE St X 4 S T 3R T VR B A T DT k. 5 AR A L, BR Fe. Ti.
V JCEFh, Mn, Ni JC R ¥ JE W T RUERTH, Mn, Ni ;P24 FiR4 il BE b R, 5500 x40 4 A b ook )
HER IR BT AE.
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R 3 BEBUET PM, s @ T E MR 5 [ N B3R T [ (ng'm™)

Table 3 Comparison of metal elements concentration in PM, 5 of Panzhihua City with other cities in China(ng-m™)

i1 IX Region Fe Al Ti \ Cr Mn Ni Cu Zn As Cd Ba Pb
AR 1259.8 288.0 1292 243 51 348 135 180 1306 72 12 69 824
TR 511 — 15 5 7 36 6 26 266 3 30 41 94
LRI 984.5 819.0 — 6.7 142  — 9.7 288 4648 379 19 — 1643
HHEA 595.4 296.4 10.0 45 50 356 49 334 4484 74 13 — 828
) — — 30 5 10 100 — 30 400 30 — 20 300
JRHRE 366.2 300 36.8 1.1 57 226 115 276 2509 761 24 — 1065

“ KWL not measured.

23 EJEITERIEMHT

FiI il SPSS statistics 24 [ F- 43 47 % SR AETIT PM, 5 45 Ja J0 2K (19 U 5T R IEAT -7, 225 SR ] 4
7, Bl 4(a) N4 & BT R BAHC R L, Bl 4(b) y PM, 5 AR AT B3, $2 BT 4 D VR 8 5 B
T [T 10 B2 TRy 82.6%, ARSI e E B A5 e .

(b) PM, ¥R 43 1%
PM, 5 source composition spectrum
(2) &EITHRM KM I Factor |
Correlation of metal elements L.or
0.5H

0
Fe Al Ti V Cr Mn Ni Cu Zn As Cd Ba Pb

08 I Factor 2

0.4}
0

Fe Al Ti V Cr Mn Ni Cu Zn As Cd Ba Pb

0g| T Factor3
041 "
OFe AT TV Cr M Ni_Cu Zn s Cd Ba P
0.8 I Factor 4
04
Ol .II-I
Fe Al Ti V Cr Mn Ni Cu Zn As Cd Ba Pb
4 BERET G B ITERASENE K PM, 5 BRI
Fig.4 Correlation of metal elements and PM, 5 source composition spectrum in Panzhihua City
R 1 fr STk Ry 39.4%, EZHH Fe, Al Ti. Cr. Mn, Ba . AlE H3EMREITE, V.
Ba 1 AL BAT R B AR G, Bl V., Ba 50K IR T 3425 Feo Mn, Ti, VORIETO7 IR #E
FEA Y452, Cr, Ba #l M, Fe, Ti HATREFAIARSCHE, LT Cr, Ba #70 R IR T8 LT R ad A2 b A=
7R, SR 7 1 AT ARERET LT R AN 3 A . DT 2 B STRREEN 16.6%, F#EH Zn, Cd. Pb #L.
Zn, Pb Fll Cd 5 HERIG HRid B A 5C0, 7 2 RN BRI, DY 7~ 3 BT sTlikR o 13.7%, T2 Ni Al
Cu A, Ni EZR P THRM 2R, Cu SR PR T WL 8 440 G637, A 7~ 3 AR ATl 5 YL . [H 1~ 4 3k
TRy 12.9%, FE i As, Pb, Cd ML, HiP As, Pb i b 22, As, Pb JRSRBEUR 1R b R0,
WP T 4 D ABEIR. TR, BERCAETH PM, s 4 B 0 3R F2ORIE T LT R AN L3 A2 08 BRI 52
175 YL PR ARV
2.4 A RE G R AR AU DAl
ZERETT Ni, Cr, As, Cd, Mn, Cu, Zn, V., Pb %5 9 i f5 8 # 4 J& ST R X L . B FIEEAE AR
FE XU T Al 45 2R i 4. i A JC R 19 ADD {24 5 T LADD {i, 9 Fift % 5% 511 5 {F0 9 R /NI Re 2 2y
Zn>Pb>Mn>Cu>V>Ni>As>Cr>Cd. i FFE XU Ak 45 R W], Mn % JL R AR AR B0 KU HQ {EL73 %1
158 F10.679, JLEE R (AT 1, UEHIEEALAETT PM, s Mn % L3 A7 78 = 3508 KU, % A AR B0
AR AR X BAEG HoARTT R HQ (/N T US EPA B B FRAA 1, BB H A I8 3 19 1E B0 U (B %
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P L2 AN AN [R] o0 3R B XU (B AT 4%, L ZE AR DR BURON T, AN [R] o0 3% A9 Al B0 XU (B2 2 A Y
2.3 4%, IR U3 5 B ASCLT B 30 AR PML s oA B H 463 o0 200 8 4 N A9 A 20 KU (EACIR, HQ {HAY
/NF 1,12 Mn TR HQ i 5 THEITER, HQ BT 0.1, X 5y B R A REK, 54 ml 687> AR (R
Wi, I HLEERAE T B 7EAT 1 3% 3l , A Ty v 57 5 R E A
R4 BERAETT PM, st 9 e 4 8 0 3R 10 B XUR: DFAili 45 2R
Table 4 Results of health risk assessment of heavy metal elements in PM, 5 of Panzhihua City

S/ITE ADDJL# ADDIA HQJL#E HQMA HQEFAN
(Elements) (ADD children) (ADD adults) “APP RfD SF ICLR  (4Q children) (HQadults)  (HQ older)

Ni 1.13x107° 4.88x10°° 7.70x10°¢ 2.0x107 8.4x10" 6.47x10°  5.67x10™* 2.44x10™* 1.91x10™*
Cr 3.48x10°° 1.50x10°° 2.37x10° 2.9x10°  8.4x10" 1.99x10*  1.22x10" 5.24x107 4.10x107
As 4.67x10°° 2.01x10°¢ 3.17x10° 3.0x10*  1.5x10" 4.78x10°  1.56x107 6.69x10° 5.24x10°
Cd 8.30x10” 3.57x1077 5.63x107 1.0x107° 6.3 3.55x10°  8.30x10™* 3.57x10™* 2.80x10™*
Mn 2.26x107° 9.72x10°° 1.53x10° 1.4x10°° 1.58 6.79x107" 5.32x107"
Cu 1.76x107° 7.59%10°° 1.20x107°  4.0x107 4.41x10™ 1.90x10™* 1.49%10™*
Zn 9.61x107° 4.13x107° 6.52x10° 3.0x10 3.20x10™* 1.38x10™* 1.08x10™*
\% 1.67x107° 7.19x10°° 1.14x10°  7.0x107° 2.39x10°° 1.03x10°° 8.05x10°™*
Pb 5.44x107 2.34x107° 3.69x10° 3.5x107° 1.55x107 6.68x10° 5.23x10°

g AU 23 BT AT 45, 4 FT R ICLR fH Cr> As > Ni >Cd, Hrp Cr BUR @ FEXUS B 1.99%107%, KT
I {191 B, AT L, BE R AL T PM, 5 T Cr 75 o A A i 52 350 XU i 1 AT 3252 7K, As. Ni, Cd B X
W 75 B AR L [ 10°—107* Z N, SRITIX 3 Fh oo 2 8o KU 2k T 7 4532 0K 7. 5 Tl W 7 8 170 Cr
5.6x107, As 2.1x107%, Ni 8.7x10°°, Cd 8.2x107°) R Ji % i A AR (Cr 3.3%1077, As 1.9x107, Cd 3.4x10°%)
FHEG, BR Créb, BEA A H A 5 4 8 o0 2 808 RS AR T AN, TREAR, 10 B 28 B8 475 2 i K
PM, 5 VA RS Tt , BG4 Ja B0m KU . 75 B4R th B, AWFSR IR XS PMy s T A B 4 J8 oo R Tl
R, WG #E R ICE He, 5 AR LPR BRBUA DAL, FE b 2L E L.

3 4518 (Conclusion)

(1)2019 EZKAETT 7 H . 10 H p(PM,.5) 418 K 33.0 pg-m >, 8 T H K — AR (35 pg'm ). 4
JBICER H RS PM, s 28 AL AR, 76 PM, s H b TR 4%—12%. 5 4~ Wil s Az v -
H1/ p(PM, 5) YA A 55, 2 37.2 pgrm”™.

(2)PM, s 1 Fe. Al, Zn. Ti. Pb J5i &t W& B d5c i, o5 0T DU o0 R EVVR 2 19 94%, Jot & VK B2 43 51l
1259.8. 288.0, 130.6. 129.2, 82.4 ng'm*, 58 M, #ili, 750N S5 NIk AH Lk, Fe, Ti, V itk
VA B A0 Al o, 5 A AR T A B b BT AR A OG5 T T A B, L N Min BT ER R BE R R, ST IX R R
AT AR Al A K.

(3) T R R, BT PM, s P E A JE TR FEORIE T0 PR M 345 0 0 | B8k
U8, AC3H T Y Y5 FR I
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