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Abstract .
2014,

source was analyzed by enrichment factor.

According to the mass concentrations of 11 elementals in PM, ; in Guilin during the winter of
the potential ecological risk, human exposure and health risk of heavy metals were evaluated and the
The results showed that the enrichment factor of Cd in fine particles
The enrichment factors of other elements were

was greater than 10, indicating that Cd was from human activities.

all less than 10, indicating that they all came from nature. Cd and Hg had extremely strong potential ecological

hazard, Pb had strong hazard, As had relatively strong hazard, other elements had slight hazard. The total poten-
tial ecological risk index (RI) was 19 385.3, which was much larger than 600, indicating high ecological risks
existence. The non-carcinogenic risk level of each element in inhalable particles from high to low was As > Cd >
Cr > Pb > Hg, while the carcinogenic risk level from high to low was Cr > As > Cd > Pb. The total carcinogenic

risk for children and adult were 1.68 x 10 "a~" and

3.84 x1077

health risks.
Key words: PM, ; Heavy metals;

Guilin

a~', respectively, both were negligible to

Enrichment

factor; Health risk assessment;

KA PR (PM, ) X KA HE DL B A A £
AT ERE ! 2, (2010 4F 4 BR 5 9% 1 31 4T

Y EHHE.2018 04 - 11;f81T HH#A:2019 - 06 - 09

E£WAB . HRKAREFILE T A (21777026 ) ;) FARHE
Se B H (FERF AB16380292) ;)7 7 [ AR Bl 2 S & WE Bh i B
(2015GXNSFBA139203) ;] P4 KR 15 Ye > U5 i Ar B %% il i T 4%
FARME FE 0 3 4 9 B H

EEB N W E (1980—) , 5, M T A, M9 TREIW, %
B AR AE, FR B N R IR BT R IR BT 5 fed B 55 O T R AR

# WIS VEE  1E E-mail; 36053156@ qq. com



BIE WA

SLIR A AR M A R PM, e R 9 e £t B XURR B A

2019 4£ 8 A

) HE KA PM, 75 Y 45 4F i A 4 R 320
TG RBET, PL K 7 600 T filt JFE AR Ay 4F 1 40 2k
TE A BR AR AU PR v HE 24 26 o AR T M Ak T
POAR AL, 3 4 oF T I 45 7 1) A0 PM, 5 75 e [ i
2013—2017 4F3Z i KA PM,  4F By Jo i ok 5 5 )
66 p%f,g/m3 .66 p,g/m3 .51 p“g/m3 .49 p“g/lrn3 g 2|
44 pg/m’ Yl G (FF B A RO bR fE) (GB
3095—2012) A —ARiEFR1E (35 pg/m’) , 5l %
TG o A AR A I 58 3 R R AR Y 28 AR AR
TEFN S8 R AURAE L RACE B OB (TSP) F1 Al g
AR (PM ) 15 YL 8 AE, DL R KRR R B+
VAT T RIS Y R A IR A B
FHFSEALRE T TSP Fi1 PM,, "7 % T 20 4> i 5% X
PR 1 P B L I S O 5 A 4 T R I BBk
JET 3 F R PM, P T 4 R G 3 A 4 B L fek e
RS W5 A R . TR PM, b — R R
WA FEICER RS A 1 E S8 T R AR e
KU H B KA RS A E R
1Y RS RS OLT AR S A 44 B R
T, KA P, e G Ja i B XURS: 1) R /N ke o 2
HHE A R i 2 SR R 2 S e i AR . BT
2014 4EA AR AR T 158 0 2l 2 R AR R PM,
i, oAb 11 FhoT R vk B OKCE AR AR, I
Ji T 43 A WV A A A A R B KU TEAR ST
W s 05 Y B iR P AR Rl B

1 #Rl5F%E
1.1 KA PM, M%) s

IR AE R A R AR PR B W 3 s
ESE R TARUI =W VAR Ave .= =/ NI ' A B /AN X 6 S 4
gia X, AL T B AR T o Mg ((E110.29°,
N25.27°) , BE B b 1E 25 m, B A AL E Y Rk R
RIRA X, P 125 m HEEMTT R A S 35,112 m
R PRI G s R 1 A

SRBERT[E] S 2014 4F 12 H 23 H—2015 4E2 A
10 H, & HRE 1T RFEM, BXRCRA 20 h, 7] 25k
B2 TRUEIRE . SRAEALES S LR AT AR A R
A7) TH - 150D B e i g R AR R AR 2% (&%
PM, V) EI 2% ) FA S 27 i g i

AR B AR B AL S W A5 A /)N
BEECHE . 4 ge it WD BT SR ARk 4.0 C ~
17.0 C,5F¥ME R 9.9 C; X IRIE H32.0% ~
94. 0% ,FE-HI{EH J 69.2% ;K E K 1 012. 34 hPa ~
o4 —

1 030.56 hPa, - ¥J{f & 1 024.20 hPa; K 3 K
0.56 m/s ~3.33 m/s,F¥{E R 1.61 m/s, DLt 5%
ZRAC R 3 R 3% 32 5 XU R R L s
74.0% . WoDHATE] B /K R B0 23 d, Bt Rk it
K 46.3 mm;HEVLE N 0.8 km ~11.6 km, F¥{H N
5.14 km {2 2 d BEULEE > 10 km AR 4 € 55 1% X000 A1
il FE2) (QX/T 113—2010) A o, HEBR 3 K K<
SN ,52. 0% IR (26 d) AT LLAIR A K5 .
1.2 H&aEfen 5

U8R A T FRLALL < 0 9 0 A e 2T 4 R
FL3E 7 T gl v 480 CHEKE 4 b, DUTY BR % & M)
543 B S ) R N R TS SRR

Z N o BT R4 < R T TR DB T il v 1R SR i 4
J& T2 66 (5 K AFS - 830 BY) i & Hg
i, A G AR S R BT A (FEER K ICP - MS
#1) 1 %2 Ti . Pb As Cr.Cd .V Mn Ni.Cu.Zn & &,
FTAE AL ARG AR B R bR SR S B,
HOINAR [ % EE 5k 90% ~110% ,RSD < 15%
1.3 E2kixtg &R THM%E

4RIt R\ EHTFIPE (EF) H T K
SOPM, PR RO R 1Y AR, DUAI W HOR I
HAR MR A I AR .

EF, = (C/C,) s/ (B/B,) s (1)

X EF, A R PM,hot R lEEH T,
TN C..C.aMNTER i MBHITE n FERKR
PM, Y BBV, mg/m” B, (B, 53 I N IE R i Fl
ZWITER n FEAEMRT B L5895 5 (8, mg/kg,

WA EF, <10, M RIRICER @ AN T 452
R o WA E R, FI I ORI AR A
EF, =10, M F/RICEK @ X FH 7 0 & £ i,
F T H A2 AR RS,
1.4 F2EAEABREESEERIE

4 B WA A A HE S A LLZ T R A AR
FRE A, KA S FEREB(RT) 5% 4R
TG YL R B IR AR OC , 2R 4 @ s e i AR A fe F BAT
ZRUmMAE, A

C; = C,/B, (2)
E =T xCi (3)
RI = Y E, (4)

A CONRA PM, HICER S S R E, T
N CONRE M T OCER | Y SEIIE , mg/kg; B, N T
R TEREAR LI 55, me/ kg E, RITER i 1



SO E AR AR A T P o1 4 15 e B SR £

2019 4£ 8 A

WIS KRB LN T, TR WEHER
B, MR T 2R B3 K K K A 0 S e ) gk
PRI O T G A P e A 5 KU 45 20, JC 4. AR
PP B AT SR LD A AN ML Y PR A A
A5 DRV DAY P Ao 77 35 o8 S W, B LR PP AL B T
TEZE A RS PEA 1 A5 gk 4 I 11

x1 BEESREBIENERSR

Table 1  Classification of potential ecological risk evaluation
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Table 2 Comparison of the mass concentration, enrichment factor and potential ecological risk index of

the elements in atmospheric PM, 5 during winter in Guilin with that in other cities
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Ti 0.6~10.5 4.2 3 800 0. 001

v 0.1~3.4 1.2 7.1 119. 88 0.01

Cr —~5.4 1.0 2.23 9.3 72.313 0.01 .3 12. 6
Ni —~2.5 0.8 2.84 7.4 18. 86 0. 04 .4 198. 1
Cu 1.3~23.0 8.9 23.7 88.2 22.07 0. 40 5 23.2 260. 4
As 0.9 ~35.4 11.2 9.52 11.1 14. 00 0. 80 10 92.0

Cd 0.3~13.5 4.9 1.53 1.9 0.102 7 47.89 30 16 452.3 1163.8
Pb 11 ~234 102 43.1 136.3 19.24 5.32 5 304.7 36.3
Zn 9 ~386 132 194 118.3 64.12 2.07 1 23.7 64.5
Mn 49 ~360 173 25.3 48.6 173. 65 1. 00 1 11.5

Hg —~1.5 0.4 0.123 0.148 6 2.70 80 2 475.2
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Table 3 Non-carcinogenic average daily intake and non-carcinogenic risk, carcinogenic average daily intake and

carcinogenic risk of the elements in atmospheric PM, 5 in Guilin

I ADD,,./[mg - (kg d) '] HQ/a ™! ADD,,, /[ mg - (kg-d) '] Risk/a ™!

) JLE LN JL PN L PN JL3E PN
Pb 2.52x107° 1.44 x10° 1.02x107" 583 x10°" 2.16 x10°° 4.93 x10°° 1.29 x107° 2.96 x10~°
Cd 1.21 x10°° 6.90 x 107 6.77 x107° 3.87x107° 1.04 x10 77 2.37x1077 1.04 x10°® 2.38x10°*
Cr  2.46x1077 1.41 x1077 1.38x10°"°  7.89 x10~" 2.11 x10°% 4.83 x10 78 9.93x10® 2.27x1077
Hg 9.86 x10 78 5.64 x10 % 1.84 x10 " 1.05 x10 "

As  2.76x10°° 1.58 x10 ¢ 1.03x10°* 5.89 x107° 2.37x1077 5.41 x1077 5.68 x10 7% 1.30 x10 7
Y 2.95x107°  1.68x107°  1.73x107°  9.91x107°  2.52x107°  5.76x107°  1.68 x10"’ 3.84x1077
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