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W E NTMEPREILIXEZ KR PM, s FOUERTG AR, T 2018 4F 6 AfEiidba HHEni R 10
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Abstract To understand the pollution characteristics of PM, 5. bound elemental species at mountain
site in summer, PM, 5 samples were collected at the Mt.Wudang National Air Quality Monitoring
Station in Shiyan of Hubei Province in June 2018. The concentrations of 18 elements (Na, K, Ca,
Mg, Al, Fe, V, Cr, Mo, Cu, Zn, Mn, Ni, As, Se, Cd, Ba and Pb) in PM, 5 were determined by
inductively coupled plasma mass spectrometer (ICP-MS), and the sources, ecological and health risks
were discussed. The results showed that the concentration of PM, 5 during observation period at
Mt.Wudang were ranged from 5.00 pg-m~to 33.65 pg-m?, with an average value of (16.84+
7.07) ug'm?. K, Na, Fe, Ca, Al, Mg and Zn) was the main elements accounting for 97.68% of all
detected elements. The enrichment factor (EF) values showed that the EF values of Mo, Zn, Pb, Cd
and Se were higher than 100, which may be affected by the regional or long-range transport of
pollutants emitted from human activities. The principal component analysis-multiple linear regression
(PCA-MLR) showed that the elements species of PM, 5 mainly come from coal burning and motor
vehicles (57.57%), industrial production (22.52%) and crustal sources (19.91%). The ecological risk
index of heavy metals in PM, 5 at Mt.Wudang is extremely high and Cd, Se and Mo have a very high
degree of potential ecological damage. The health risk assessment showed that the comprehensive
non-carcinogenic risks (HI) were 2.28x10? and 3.04x107 for children and adults, respectively, which
are within the acceptable level. The comprehensive carcinogenic risks (CRT) were 4.45x107 and
2.37x10% for children and adults, respectively, indicating heavy metal had potential carcinogenic risk
for adults. The carcinogenic risk of Cr for adults is 1.88x10%, indicating that Cr has potential
carcinogenic risk in adults. The non-carcinogenic risk and carcinogenic risk to human body followed
the order of adults > children.

Keywords PM,;, elements, enrichment factor, principal component analysis-multiple linear

regression, ecological risk, health risk assessment.

PM, s (55871 i HAR/NT 855 T 2.5 um A9 ORLY) ) 2k AR 25 5 A A R 2 R R0 -2, 2 45 il
WA YR IR R ZE R A Tl A = AR A e S HEROS G TR A0 4. PM, s ANOGE I R RE WL JED,
T L™ B W 1) N S Bt B, M 5 T A R A4 7 G S B T O R O A R R S ) XU 1,
JEHIE PM, s H ELAA R R M B A EE 2 JE TR, W1 Cr. As, Cd M Ni ZExF AR B — 3 B0 1E S,
RSB B— RIVBIRT Y. & 20 1 PO &, A A 305 G, BRI T X R
ARG Y, B R T E A EREE (A RO, T ELIR XN AT YR CAnAIL sl A HERICR AL A BRB R BRI ) HEK
45 Gy mT ek DX 3l P A i 0T S i R L Ml DX PML 5 ™ A s g 1O,

LA, [ AT PM, s G E TG Y RRAE | Az 25 UBG RN R XUBG: 1647 T R A g e, K2 4 v
FEN VBRI, B SCHILAE R T PR T PM, s W EE 4 J@ oo B AR IXURS:, o As 1 Cr A7 7E BUR
AR, FLBG B 8 5 F L. AT 3 5 S50 DA TSN T KA PMy s P 3 4 8 70 28 A9 A 25 IR 1 i 5 XL
Bz, Cd JTC R AN A A RS AR 38, 1717 LIS A7 2508 KU . Zhang 51 X H AIE JLH PM, 5 P & BT T
A 25 UG Rt BRE JXUBS AT, See 2 A= 25 XURS: BT ik B o 19 T 4, As REAE 76 R 80 KURS: S B0 AU . )
PITE 5 L RN TS S X Y K 242 T E PM,y s H T VR B L AL 22 R AR FIR U5 23 B 12~ 19, Zhang 551 76
525000 v ) T 9 s SR AR IR T T 5 X PM, s FOBIFSE, B T LA a0 RN R IR D M AR BF
TR BRRFINEZE PM, s MK (15 pgm™), FE & E (31 pg'm™) . Qie 2512 ¢ % 11 T9 3B Xt
PM, 5 H R TT R IR IR A AT 2R 1, JE - R be R 2l A2 HE O At Jo 2500 2 HECIR. i, X 1L
X PM, s HEE 4 @ ORI GE /0, il o 2 4 i A A 2 DR R R 5 XS A7k T T AT 52 ARG 2

B LA T PE IR - HE T, HARSE . B i, BRAS F b, JE A b b O T A X IR S A
JE, 24 1LV R BE R 1612 m, 52 B AR V5 Y JR A0 BE MR /0N, 38 B A7 K I 3 ook g IX 3l A B A S i, T
PAAR A v Ml XA K AST5 e ) XIS SERBETS 8L AR 5% T 2018 4F L Z7E Y 1L & PM, 5 B8 B
i AR SE R4 A, R F B AR R k4505 18 A4 JB Jt K (Na., K. Ca. Mg, Al Fe. V. Cr. Mo, Cu. Zn,
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Mn. Ni, As. Se. Cd. Ba il Pb) (5 L1 75 ek P 2 65 ARG VP 77 4 (NIRI) i e 5 4.3
(EPA) JF 4 HOEBHE AU VP X 251K PM, 5 o E 32 M1 A5 UG FIPP I A2 75 9 R
0 8 S 5L B o T T A ER SR PR REHER 0, 7T 9B
T R R W D5, g BT G MU B R P AR

1 MRLE )7 (Materials and methods)

L1 SRFE SIS

ARG RAE A T2 24 1 L T [ 5% A A W 3 (32°23'N, 111°02'E, g4k i B 862 m) . il 4 1Ly
B FES SA Hoe XS 1L E ZRMA N R SR TR 2 )2, B & B2 6 m, vl &8 3 L5
TERE, Z b A, EBRACRE 35 5% 8, 22 B9 2 b 1) T T HEAICR At AT YL U, 58 % 00 B ek 24 11
1R L S XA R AR ERIR DL
1.2 FESAREE R 3HT

12 L 1L SR AE S5 A8 TH-16A 78 0T DU 3 38 2855 43 S 0B 8 RESRAE AR, RAEIEIR A Teflon 1§
Ji§ (42 A 47 mm, Millipore, America), KAF£ H b 2018 4 6 H 3 HE 2018 4F 6 A 30 H, RAEERTEBL R
£ H 10:00 E¥K H 09:00, 7 H RFERHE A 23 h, HORGEA RO 5L 4L 28 4.

KA T Ko 0 B0 A B R (20+2.5) °C L AH XTI B2 2R 50%+5% 1148 1 9 4 P 48 h, i H]
T 43 Z — 53 B K F- (Sartorius, Germany ) B i 9 B o7 & 5 5 1/2 JE AL 58 T 30 mL Y61 09 2R U 360
AT R ED, I A 7% (0.2 mL HF, 2 mL H,0, F1 6 mL HNO;) , # 1L T I f#% 45 min, $% B % T+
AT S I A (IR T2 120 °C PR 4F 3 min, FFZEFHIEE] 170 °C fR%F 10 min, £ )5 2] 190 C ff#F
50 min) . ¥ WS RS 2 PET i, #8201 7K E 255 100 mL. 2R FH AL EGE& 45 55 TR 3% (X (ICP-MS, Agilent
7800, America) Jll 5 #£ 5 P 18 Aot & (K. Ca, Na, Mg, Al, Fe, V. Cr, Mo, Cu., Zn, Mn, Ni, As, Se.
Cd. Ba 1 Pb) i & f ) B 10 AMFE SR HEAT 1 A28 FURE, SPATRR S RAR AERE 5 o0 BT SEATRE & 2 B 7 O
TEAHRFR 22 /N T 20%, BRifERE A SR PEHITE 80%—120% =2 1], LAV /NS 22 X5t S 56 (4 20
1.3 Bk
13.1 BERFIHN

B AR LR R IZ TS PM, s hon R A & LR DL R HOR IR 2 B SRR AR & A R TR
(7 B, B R N (BF,) B A0 .

C;
(Cfef)PMZs

()
Cmf soil

o, C AW U R M SEIMH BE, Coop NS HOOUE T S0 E, B0 pgm 5 (C/Crep) prns M(CHCrep) soit
I3 0R PMy s A R 5685 S h iF 5 T R 5 S Hon Z 0 HAE; th T ALTE PMy s P 47 78, M H R
FaE, BN RIS /N, BOARREGE LA AL S ot . R3S 5t £ o0 RWR R H b [ IR 5T - 569
FEIALE A 2 TR S ER

#7JCER EF {H KT 1000, 15 B X 2650 2 0 & 427K F, 2ok B A RIE; #oC% EF A7 100—
1000 Z [H], KX LETOR N H 4L, HFEZoR A A K, #5 EF {H7E 10—100 Z[8], 24 413 & 5 KF,
FHX L0 2K £ Ok H LS M5 U R TR AE P9 TR AR, HCA R R = 75 Y U 5 BF /N T
10, HICE R B w4, "I CIZIT R BRI s A TR
1.3.2  EWsr-Zon et mIE s Hr

FIIF SPSS 26.0 St it #1045+ PM, s H A9 I0 F 41 0F1 R VR HE 4T 32 153 -2 S0 2% 913 (PCA-MLR) 43
BT, RS AT R FH <R 4E 10 705, TR AR A i R4, B 2 AR R MR i, T 2 AR R 2 I E R,
W LAY AR ST R — 28, A — 2R A8 5 — AN, 38 8 A0 B LA PR 7 B oK o J 0 B 1

(D

EF,‘ =
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FI F AR, 22 T520 10 0 RS2 AR IR A0 B L, 083 — Tk 2 TR L, 36— 25
5 e 9 R 02
133 WEE SRR
55 4 IR HE B0 ONTRI) J2— B9 028 25 KU 7, 407 % 0 7 T 4 7 36 254 0 1 4
T, SURT S 100 T 4 R 102 5 2 KUK A6 BT DU Y P 00 2 0 T TR 0457 R0 3F
B 53R 4 B OB, NTRT A3 24
C.

E'=T!x S—’ (2)
E?nax + El{zzlverage
NIRI = B S— (3)

Ah, BT AR § BRI N T TR AR ¢ BRI T, JEZ Cd. Mo, Pb, As, Zn.
Cu. V. Cr., Ni F1 Se fFE P R 501, 43514 30, 18,5, 10, 1, 5,2, 2, 51 1; C; HITE i B JE ok
Grlib, S, RIEE i AE L R VR S A ik, BN g B mkg s B2, FUER, AR B
(AT P A 25 U 4920920 126 1 R,

R1OBTEAEBAR %

Table 1 Classification criteria of the potential ecological risk index

- o WU A5 2%
r Risk level
, AR
NIRI<40 E; <40 Low ri:k
_ AR
40<NIRI<80 40<E;<80 Medium riisk
_ 18 e 11 XS
80<NIRI<160 80<E[<160 if—igh:rz}sl;:
_ T AU
160<NIRI<320 160<E;<320 H';}I:Lf;k
NIRI>320 EI>320 i
T Extremely high risk

1.3.4 @B IE

HR A 92 [E EPA T & A HE XUBS: PRAR AR R X6 PM, 5 P 4 8 R4 XURG: A . % SR 24T A R G
B2 )RS LB R T 200125, B 4 8 3 B30 o R I A . T 11458 AR 422 il S g A
KA HE®, 1T PM, « ORI AR5 /1N, 3 5308 1o DT I A A A, 6 AP (B = 2 B, A
S ARG PMy 5 T 4 LI A i P A A B A 1 B KR (HQ) FIEURS AR (CR). 4
HUE KU PEAL 32 22 4E X As, Cu, Zn, Pb, Cd. V. Ni, Cr, Mo 1 Se st &, H:H1, X} As, Pb, Cd. Cr #l
Ni JC R 4780 RS IEAS . (R XU PPAl v, Cr 7S o s, ok EETHR R Bk iy £z — 1)

WPl 3 A0 B R T R A 2 R 2,

ET xEfxED

EC=Cin X ——— 4
C th>< ATn ( )

A, BC o0 H PRI I A BB il B2, ngm s Gy, 0 EE 42 I8 JU R AE FURL A VR BE, pg-m 5 A S oAt
SRR SCRIBUE an 2 2 prst,
A0 MU (HQ) FIEURE MU (CRO T8 A= O,

HO EC

= RC, x 1000 (5)

CR = ECxIUR (6
£ A B0 XU (HD A5 A 808 KU (CRT) 15 A 20500k«
HI:ZHQ,. (7)
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XA i LI ZE R PM, s TROC R AT YR fibE . AR S KURS: B
il R AU A —— LA 2 1 A 471
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CRT = Z CR,

(8

%, REC; Fl TUR 43 51 R WA S 25 1% 5 I A B UG, S ECBUE N 25 3 s, 24 HQ>1 = HI>1 A,
AR AR O XU 1724 HQ<1 A HIS1 i, JE{E 508 KUK . 24 CROCRT)>107* I, A A7 7 B8 KUK ; 24
10 °<CR(CRT)<10"* i, AN HA EAE SO AR = CRICRT) <10 i, DAy A7 7 20 KU =,

R 2 HE RN TS HE SCRIRUE

Table 2 Definitions and values of calculated parameters for health risk assessment of heavy metals

20 s X2 JLE LN
Parameter Notation  Unit Children Adults
RS AN
RIEIT ET  hd’ 24 24
Exposure time
SRR
BRI Ef  da 180 180
Exposure frequency
LA
IR . ED a 6 24
Exposure duration
ED x 365 x 24 ED x 365 x 24
Rk AT h (IEBUEE H for non-carcinogens ) (IEEE/E Hfor non-carcinogens)
Average lifetime " 70 x 365 x 24 70 x 365 x 24
(FJEAE M for carcinogens) (B 1E Hifor carcinogens)
x3 HEESHHE
Table 3 Reference doses of heavy metals!"
Paf:riter RfC/(mg-m™) IUR/((pg'm™)™)

Pb 3.52x107° 0.000012

As 1.50x107° 0.0043

Cr 1.00x10™ 0.084

Ni 9.00x107° 0.00026

Cd 1.5x10°° 0.0018

Se 2.00x107 _

Mo 4.00x10™* —

Zn 3.01x107" .

Cu 4.02x107 _

\'% 1.00x10™* —

“ ORI A EEE. “— indicates no relevant data.

2 #5158 (Results and discussion)
2.1 PM, s MOCEIREKFRHE

KRR, B2 PM, s B9 H 3TN 5.00—33.65 ug-m 3, S A (16.84+7.07) pgrm 2,
P T30 F (R8s ST AR ifE ) (GB 3095—2012) 77— Zpn i ( H ¥ME 35 pg-m®) . 2825 1113k B
% FHRIC =AW (R 50 122.50 pgrm™, 2003 4F ) P RN R VL = A Y1 X 38 3= 2235 T (IR Y| 47.10 pgrm™,
2002 45 BRiEE 31.00 pgrm>, 2002 45 )27, BEAIS T PU IR T HE(28.24 pg-m?, 2011 4F ). 5 E PN HE L XX
o, 524110 PM, s B9 H e 38 e (R T 22 1129 123.10 pg-m3, 2006 4E ) | JF 1111(55.20 pg-m>, 2011 4F) |
K1l P 38.80 pg'm™, 2007 4E ) F1 & 1 (30.80 pgrm, 2006) , W& = T LA 1L PY( 14.41 pgrm,
2011 4F), Ut 21l PM, s V5 44 380/)N.

FAGIH T PMys H 18 R IJCHLIT F A MR B2 R o Ath vy 1L IX A2 25 5. i 1 PM, 5 P 18 FlOT &R
Z A PM, s WREE Y 10.24%, BEHAJCAHLIC 3R & PM, 5 B9 55 24 L 43, Hirfr, JG & K. Na, Fe, Ca, Al,
Mg Hl Zn WV BERS 5, 3% 7 FOC 2R 5 B/ BT e 2R 19 97.68% LA 1. PM, 5 172 6 % (K. Na, Fe. Ca,
Al Fil Mg) () 4 B 75 [ 4 (1136.87—3196.06) ng-m>, H#k B 22 Fl 5 TCHLIC K &0 B 92.56%—
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98.15%, J& PM, s "R i JC K 1Y 12.45—53.12 1%, FHM AL R A EFI0K. it K (Zn, Pb, Mn,
Cu. Ba. Cr. As. Se. V. Ni, Mo il Cd) 1) Jit &2 it B 3 AI%, ¥ S Bl R (24.95—134.13) ng'm>, ¥ 7 TEAL
JCER i B 1.85%—7.44%, 12 F i 43 @ 178 PM, 5 B9k B2 /NI R+ Zn>Pb>Mn>Cu>Ba>Cr>
As>Se>V>Ni>Mo>Cd, H:H1, Se, Cd. Pb. Zn Fl Mo 434l A it 4 + 475 S Y 316.84, 167.25, 33.81,
19.58. 19.81 %1200, 45 5L 55 7 ifg V4 I i F 2 R VG 22 B0 AR oR 45 S B AR — B, T DL Y, Ll XU IX 4
JEICR MR E RANHEF Z0A K, A& T RREMS ®RZREFAAENRZS. SENEELX(#
L0 R e BT ) A S A SR b, Y I e T R MR A T AR LA L, IR o L, Ferp
K G R 758 (2 Sk AR B A e I M e U0 2R, X 5 B L A A0F 9 45 SR — 3K, AT RE 2 AR W SRRk e I
R irsg . Y1 o T R 2 AR A L S IR ST L, Foh Zn ST R B s Rk R B e 1B
HIGE, HUOh Po e R A LERAN) , Zn RIFE 4%, VRGBS B 21 1T lk 4 & v B2 30 il B — o
[ Zn, T Pb AL 3) 42 A0 B EZ AR IR, Ui B Tl AL 80 42 05 i HE BT PM, 5 1 B T — 28 19 52 i)
2 Bk, B34 10 PM, s FRICHLIC R, G0 Se. Cd. Pb Fl1 Zn 250 R AR A + 3580 Fm 41 MALZE 3 4R
U8, 38 1T 58 32 1) JE 31k HE il 55 DX 8% i 1 52

R4 PEASE D S RO TR E (ngm™)

Table 4 Average trace elements concentrations at different mountain sites in China(ng-m™)

s 4 ) JE L BT [0
Parameter Mt.Wudang Mt.Tai Mt.Lu Mt.Gongga
E{i/z 862 1534 1165 1600
K 477.84+113.33 145.95 — 498.20
Na 398.47+81.17 340.25 — 211.50
Fe 305.53+104.41 152.07 330.40 224.00
Ca 215.52+82.32 355.48 — 372.80
Al 174.10£125.68 50.65 369.10 295.80
Mg 84.83+43.94 53.31 — 167.80
Zn 27.57+13.07 42.16 274.30 154.60
Pb 15.20+7.76 17.36 65.40 39.40
Mn 7.04+3.25 6.15 24.70 —
Cu 4.27+1.31 3.22 13.20 2.20
Ba 3.71+1.85 6.26 66.00 6.00
Cr 2.78+1.13 1.62 18.20 —
As 1.72+0.73 1.63 22.30 4.30
Se 1.47+0.69 1.20 7.60 —
\Y% 1.40+0.46 0.50 — 0.70
Ni 1.30+0.57 11.17 — 0.90
Mo 0.57+0.27 — — —
Cd 0.48+0.19 0.34 2.80 —

T RN A A CEHE. “— indicates no relevant data.

22 BHEHTF

14 TS 10 PM, s 18 BT &R W BF fH, £ o R M E LW 74 A MR, B TR Y
ANTFVFR B 9 32 R IR AT A SRR 2. Horf AL Ba, Fe, Mn, Mg #1 V Y EF {H/NF 10, A0 E i
B KT, X T R EEORIE T, s A WUk iE A RS S 801™; K. Cr. Ni, Ca,
Na. As 1 Cu ) EF {H7E 10—100 Z 8], I R rh B E 4L, RFX TR Z —E ARG ; Mo,
Zn F1 Pb () BF B4 510 172.52, 179.68 F1 312.02, ¥ KT 100 Ky i & 4, 52 N Ris Yesg i =, Horp
Pb B A Ry 58 8 15 YL IR I ARAE JC R ™, Zn RORIET 12, A HG IR AE LS . BRI b . Alsh 4 AR Tl
16 4 42343, Cd Fil Se B9 EF {43591 49 1551.09 F1 3138.49, XK T 1000 4 & £ /K, 258 ZIA AN
15 YL, 5 A B (BT IE 45 R — B0 As Il Cd B R IE TR IS 307, 1 Se 78 1T A1 ) & 4
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ZBAR Y, R Se JUER UL IR SRR A2 A RFE T 2R ),

104 —
RS
Super enrichment level
103 ____________________________________________________________________________
HEER
High enrichment level
| U A L L) T
By hEEA
= Moderate enrichment
level
108 p---------- ey | R [ N e
Ii] g:-:l —+ =—— Ex KA The maximum
«—— 43 %k On the quantile
100 — o . <—— SP-HJ{E The average
pn %%E‘Zﬁfg L <) ~—— B/M& The minimum
No enrichment or ~—— T43i%L The quantile
mild enrichment level
10’[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L]

Al Ba Fe MunMg V K Cr Ni Ca Na As CuMo Zn Pb Cd Se
B RN mT R e N TE
Fig.1 Enrichment factor values of metal elements in Mt. Wudang
2.3 PCA-MLR BLHEI5
7 5 ARG 1 PM, s H1I0EK PCA-MLR BRI Hr 45 5. AR 5 a4, dl i PCA B8 A] DL B

3T 5 PMy s ICHLIC R BT QLI R A V). 3 > F L a9 F 2 far RERUT 22 5Tk 80.07%,
AE P W 2 v i 248 R 1 2

£ 5 PM,;TIuE PCA-MLR %5

Table 5 Results of PCA-MLR of elements in PM, 5

Elzsn%nts F1 F2 F3
Na 0.694 0.110 -0.402
Mg 0.977 0.039 -0.080
Al 0.981 -0.059 -0.030
K 0.73 -0.047 0.418
Ca 0.935 0.120 0.025
Mn 0.803 0.434 0.340
Fe 0.813 0.325 0.135
Ba 0.893 0.183 0.189
A% 0.626 0.374 0.332
Mo 0.575 0.494 0.169
Cr 0.136 0.815 0.094
Ni 0.098 0.889 0.029
Cu 0.192 0.778 0.478
Zn 0.182 0.770 0.424
Se 0.035 0.596 0.525
As 0.067 0.425 0.780
Cd 0.107 0.167 0.931
Pb 0.074 0.202 0.914
TR 2 /0

Varianﬁci;llfrkizliﬁn rate 4843 22.68 8.96
KU H5e Tl iR SRR BN %
Sources Crustal sources Industrial production Coal burning and motor vehicles
TR FUIREE/% 19.91 22.52 57.57

Contribution rate of pollution sources
e BARTE N R R A R T2 a7 (>0.60) . Bold letters in the table for influential factor loading(>0.60).
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F A4 1 Na, Mg, Al K. Ca. Mn. Fe, Ba fl V i £ £ 51 (>0.60) , Horb K| Na, Fe. Ca.
Mn, Al fil Mg iy #7815 52 e KB, H Al Ba, Fe, Mn, Mg fl V I E R T B M B E B E E
BIKF, VTR S EEMRTHALE A 2 8 5l B2 A G shsg m B0, B, s 32 s
1 e, STERE R 19.91%. £y 2 i RE05 T 0.60 197G E 4 Cr, Ni, Cu Fl Zn, B HEKWF BR
Cr. Ni fll Cu N JEE 4, Zn NS E 4, Cr Ml Ni FBHEA @4 8 G HEFRIRYIY, Cu Al Zn & Tl
HE R () T2 BEAR TR, R H Tk A I8 1R R, AR RAE S ISR AE & B A e 55 Tl HE R,
{32 30 1 5 KA A i DXl A i %) 2 M P4, T BB 3K Cry NiL Cu Al Zn 9 SRR, PRI G 8 B
2 A2 K TR, STRRE N 22.52%. T4 3 1 As, Cd 1 Pb 52k i 22 504351 4 0.780. 0.931 F1 0.914,
Horp As 1 Pb BEJE ML 4 R A T ZAR R 24, dR R B A bR IR 04, BYRZE N ER B BE it 2 B
Jil— 72 A PORY, Cd 1k A4 A AE TR0 50 G R T aei w9, SROBE R TE I S A TS e U, Ul
A DX A% i o 2 224 1L R A A, TR 2 40 3 A MR RIHL ) 42 9IRS TR, STERER N 57.57%.
Zx brid, B 1K PMy s I TCHLIC 3R 322 ABERTHIL BN 225 LA S Tl I8 A 5 )

2.4 ARSI AT

PM, s "I TR 4 2 0 0 AR S IR AR AR — o B AU ). 18] 2 Sk S 1l PM, s P 10 A EE 4 & 1Y
TETE UG 8 B 225 SR A A XU K S O B 11 40 B PM 5 HY 10 i 4 a8 118 98 7 A 285 XU B 38 It
J§ Cd>Mo>Se>Pb>As>Cu>Zn>Ni>Cr>V, H:H1 Zn, Ni, Cr fl V 59 7E A B T5 50 (ED B/ T 40, 1
TEAE A 1G AR %, SUBRAR BE Z8 R 1. Cu. As Fl Pb B EME 4> 51y 48, 81 Fl 171, 24 WS AEf6E
TR 5 Sy v B R KU, L Pb ELAT 43% 4 1 XURS: T 57% ARV, As ELAT 43% it 5 XU
F157% 19 &5 KU X T Se A1 Mo SR ik, EXE 535120 353 F1 390, KT 320, FREIAFTEN = A AR
fi 3, AR5 B AL IUN Y BB 5T 45 R — 3, Horh Se Bl Mo 43 il B A 50% Fi 61% B H% = XU,
43% F1 39% 141 KU . Cd T TE A S XU FE B0 (ED) e i, A 5437, 18 5 1 320, Sk 100% F4 % e JRURS: 7K
-, UEHH Cd AT AR A G E R R, X 5L (7977) 1 #4171 (5962) 1) FIER M (70420) 1 HIHF 5T 4%
30 Y AR A S KU TR B0 NIRT Sy 3872, Gt KT 320, A 245 KUK H5 Kot o, 10 24 51 5 4.
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Fig.2 Potential ecological risk of metal elements in Mt. Wudang
2.5 fEERRAUSPE A

PM, 5 H {5 Y ™ B 114 B 4 J T 0 AR A PR A AR XU B[R] R, %f AR 2336 il — s i A 3 024, 1 3
R JLEE AN 2o WP A TR R iR AR B AR BUR XU (1 (HQ) . 10 F B[R] 1~ 51 45 J A E B0 KUK (HQ) It
FPHCIR O : As>Cd>Ni>V>Pb>Cr>Mo>Cu>Zn>Se, 5 [A 1 4 J& HQ I K T 32 /K F (HQ=1), 1L ¥
10 iR 453 Ja 32 JC AR B0 KU As A AR B0 XU fie g, (HALTE n] 332 7K N, 1245 3R 5 A0 500 FTH A
JUIMMY BB 5245 2R — B[R] 46 e B0 PR 1 AR i AR B0 KU (HQ) #R B R : st N> L2, HER &k
Bogi KBS (HID 7 L2 A -t 2 B N 5 T L2, %45 R 5 N - Sh 2 i i K ol g - L),
g B A RN R BUKF AN B A 6, B SmAE AR b 5088 E 0] 5 Ut A 7 25 57,
2 AR S0 XU (HD 76 JLZE AR 2051 2.28x1072 Fl1 3.04x1072, H47E Al 3552 K -4, BB 510 )L
AT TC AR BUE KU



XA i LI ZE R PM, s TROC R AT YR fibE . AR S KURS: B

539 5 AU DAl —— LA 22 LAy 451 1581
107 - 1073
JL3E Childred
: A Adult B R
102 [ Potential cancer risk

No cancer risk

. 10—7 6

41078

o Cu Zn Se
B3 L 4 AR S KRS 0 o KUK
Fig.3 Non-carcinogenic risk and carcinogenic risk of heavy metals in Mt.Wudang

P 3 v L AR P I e N 3 8 A T 18 380 XU 2 2R s, B P 4 Js B0 XU (CRO) IR
FPUU N : Cr>As>Cd>Ni>Pb, HiH1, Cr JC R BUm MR i iy, SRR IR ST 20 | P92 3 FH A S &
ARG BB ST — B, Cr 72 A TP A B0 KU S 1.88x107°, 17 7R 1 78 i BUm I, 72 JLE 2y
3.52x1077, JCEU MBS [R5 % AR o KUS: (CR) R B : AL EE. 2545 B0 MBS (CRT) 76 L
2 F N 73500 4.45%107 A1 2.37x107, AR TILE, B CRT {HAE 10°—107* Z [i], B AFF1E
TTE M BURE X, L CRT {HART 1078, ANAAAE 20 XU

3 458 (Conclusion)

(1)2018 FH Z=i 24 111 PM, 5 1 H X BEVE Il 5.00—33.65 pg-m ™, 18 FIICE Z I i PM, 5 ¥ i
() 10.24%, W JCHLICH 2 PM, 5 19 B ZZALGH 53, 73 (K. Nay, Fe, Ca, AL Fl Mg) 194k
£ (1136.87—3196.06) ng-m ™, 117 JE LG 35 bk 43 B0 19 92.56%—98.15%. (Uit TG 3% (v JE K /NI
H: Zn>Pb>Mn>Cu>Ba>Cr>As>Se>V>Ni>Mo>Cd, i [Hl 4 (24.95—134.13) ng'm, i EHLIEE IR
HOB 1.85%—7.44%.

(2) B AW TRW], THLITE ' AL Ba, Fe, Mn, Mg Fll V g JC 1 48 B2 B2 5 2K, A ik 2650
FEZORIE TH7E. K| Cr, Ni, Ca, Na, As fl Cu I PR R 45, RUIIXBETCRZ — 5 1A i 3l
M. Mo, Zn F1 Pb /% EF {EL43- 51 172.52, 179.68 F1 312.02, by = B & 4, 52 N\ R 15 Y i ™ 5. Cd il
Se [ EF {H4391 7 1551.09 1 3138.49, it & B2 7K -, SZ3R B N W15 Y5 .

(3) o2 JUL A 0] (PCA-MLR) fif A7t PM, 5 H 18 FlCHLICE 204 3 Fh 32 2RI, R
BRI AR AR . Tl BRI, FTRk 4 B 57.57%. 22.52% Fil 19.91%.

(4) %24 1A 24 4 I0 3 9 5 IR 728 KU HEIF Ol Cd>Mo>Se>Pb>As>Cu>Zn>Ni>Cr>V, Cd I i
TELE SR AR BLCE)D) e, o 5437, T8 T 320, BEH] Cd MW A A5 fa T B BE A O Zo0RAE SIS
HONIRT Jy 3872, G AT 320, BEWTER 111475 MU 3.

(5) 224 LA 25 B 6 MR A AR Z08 R T 5 IR G Al SO XU (HQ) IR R U -
As>Cd>Ni>V>Pb>Cr>Mo>Cu>Zn>Se, 10 FiH# 4 J& ¥ I B0 KUK, 276 JE B0 KU (HD 78 L2 g
AR 2.28510° i 3.04x10°%, B9 AT 45 %K T4, B0 2% 4 110 LA 6 Al S0 R 418
T 4B BUE KR (CR)IFFAR IR A : Cr>As>Cd>Ni>Pb, Cr 76 5 A 1 0 508 XUk 1.88%10°¢, AE7EVEAE
A 0 AU, 26 B08 KUR: (CRT) AE LB R R 5351 4.45%10°7 Al 2.37x10°, BB AFAEREAERY
SO DRI )R e XA ) T 8078 R RO KU 9 2 B0 - B> L.
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