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Abstract: In order to reveal characteristics, potential sources and health risks of heavy metals in atmospheric fine particulate matters
(PM, ;) in Guiyang City, a total of 202 samples were collected during daytime (08:00-19:00) and nighttime (20:00-07:00) from
October 2017 to February 2018. Ten heavy metals (Ph, Cd, Cr, As, Zn, Mn, Co, Ni, Cu and V) in the samples were determined by
inductively coupled plasma mass spectrometry (ICP-MS) to elucidate their diurnal characteristics. The positive matrix factor analysis
model (PMF) and health risk assessment model (HMHR) were used to explore potential sources and health risks. The results showed:
(1) The average daily concentration of PM, ; ((53%18) wg/m’ in autumn and (62+20) wg/m® in winter) in Guiyang City was lower than
the Ambient Air Quality Standards ( GB 3095-2012) secondary grade value (75 pg/m’), and it was slightly higher in the daytime
((61+20) pg/m*) than at nighttime ( (58+24) wg/m’). (2) The p(As), p(Zn) and p(Mn) in PM, ; were higher in winter than those
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observed in autumn, and the p(Pb) in daytime was lower than that in nighttime, while the p(Ni), p(Mn), p(Zn) and p(Cu) were

higher in daytime than that in nighttime. (3) PMF analysis showed that the main sources of the ten heavy metals in PM, ; were traffic
(39%) , coal combustion (37%) , industrial metallurgy (14%) and soil dust (10% ). (4) HMHR results showed that Cd and Mn had

certain non-carcinogenic health risks for children, and other heavy metals had no non-carcinogenic risks to the population. The

carcinogenic risk values of carcinogenic elements As, Cr, and Cd ranged between 4. 3x107° and 4. 4x107, indicating a carcinogenic risk

to the population; while Ni and Co exhibited a low carcinogenic risk at an acceptable level (107°). The results showed that the levels of

heavy metals in PM,  in Guiyang City were low, and the main sources were traffic and coal combustion. Cd, Mn, As and Cr in PM,

posed potential health risks to residents.

Keywords: PM, . ; heavy metals; diurnal concentrations; source apportionment; risk assessment
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Table 1 Exposure parameter values for health risk assessment' """’
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Table 2 Slope factors and reference doses of

heavy metal elements''®
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As 15.1 1.23x107* Cu — 4x1072
Zn — 3x107! \ — 7%1073
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Fig.1 PM, 5 diurnal concentration level in autumn and winter of Guiyang City
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Table 3 The concentrations of heavy metal elements in PM, 5 in

autumn and winter in Guiyang City ng/m’
Gy Tz A7
R EORME RUME P ROKE BUME OPE
Pb 69 4.9 18+12 41 4.1 20+8. 1
Cd 1.7 0.2 0.71+0. 40 2.3 0.097 0.77+0.49
Cr 14 1.1 5.4+2.8 35 1.3 6.2+4.6
As 16 0.11 5.6+3.9 15 2.2 7.1£2.6
Zn 94 4.1 29+22 94 2.1 34£17
Mn 38 2.0 13+£7.2 38 0. 86 18+9.6
Co 0.55 0.023 0. 14£0. 10 1.4 0.017 0.17+0.23
Ni 9.8 0.36 2.9+1.8 11 0.54 2.9+1.8
Cu 19 0.42 8.4+£5.5 25 2.0 8.8+4.2
Vv 1.0 0.04 0.44+0. 28 1.7 0.018 0.43+0.34
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Fig.2 Variation characteristics of diurnal

concentrations of 10 elements in PM,
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F1(5.5+4.2) ng/m’, ¥ T GB 3095—2012 rifEFR
(5510 6 F10. 19 ng/m’).
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Table 4 National and international comparison of heavy metal in PM, ; in Guiyang City

p/(ng/m*) ) .
HiIX. Bl A
PM, ;" Pb Cd Cr As Zn Mn Co Ni Cu A

HERH T 59+20 19+12  0.75£0.52 5.5+4.2 6.7+4.0 30+20 1411 0.15£0.23 3.2+4.9 8.5%£5.6 0.43+0.37 %5

MR 165+85  321+186  9.5+13 1811 41+30 — 138+84 — 5.1+4.1 — — SCHR[17]
dbntii 242 410 — 12 40 650 130 1.1 60 60 6.2 CHK[ 18]
P T 152 582 8.2 17 85 771 186 2.4 11 71 6.3 CHR[19]
BRI — 59+46 — 5.6%3. 1 — 1494122 28+16  1.6x1.7 7.2+3.3 2017 12£10  3CHK[20]
Rl 78 128271 — 139 36£13  651+120  46x10 — 7+3 76225 2+2  ICHER[21]
EiTH 6115 15 0.77 3.3 4.3 451 20 — 3.2 5.1 — SCHk[22]
(i) 103 181115 — 333+411  541+433 805520  467+327 — 370+289  668+657 — SCHR[ 23]
Kbt 115 219 108 57 — 423 229 — 12 85 — SCHR[24]
iégg‘ 12¢7.5  5.845.5 0.120.13 —  0.80£0.74 1428.6 3.3x2.4 0.14+0.25 2.0+1.3 3.1£1.6 5.0+3.7 CHK[25]
igi 12.7 3.4 0.3 1.2 0.4 16 3.8 — 0.8 2.5 0.5  3CHK[26]
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Fig.3 Factor spectral characteristics analyzed by PMF and the contribution percentage of

each pollution source to 10 metal elements
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LI AEBUE JC K (Ph Zn Mn ,Cu F1 V) X i 4F 5 4k |
JCAE A M DA R L EE 1 f B XU PP Ak 45 SR an e 5 B,
H2 5 AL AEBUETER T, BUB KKK R Cr>As>
Cd>Co>Ni. H:Hr, Cr £ As X AR B3 % | iLAE Lo 1
ILE B A T 1. 4x107° ~4. 4x107° 22 8],
W AT BE A7 7E B0 XU 5 Cd 6T LA 8 v AR Lo PE N
JLZE ) B0k RS (B 43 3R 4. 8% 107° 4.3 x 107" Al
5.7x107°, Al RE A7 78 BOR KUK ; T Co  Ni XF B 4F 5
PE AR PEFLE I 208 AU BN T 13107, AN 7
FE SRR
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Table 5 Results of health risk assessment of heavy metal elements in PM, 5 in autumn and winter of Guiyang City

P a5 ZE(HQ) 2 i BUE KRB (TLCR)

BRCE A AR Lk FUAT T 1 AR L L
Cd 2.2x107"! 2.1x107! 4.8x107"! 4.8x107° 4.3%x107° 5.7x107°
Cr 5.1x1072 4.8x1072 1.1x1072 3.7x107° 3.3x107° 4.4x107
As 1.4x107? 1.4x1072 3.1x1072 1.6x1073 1.4x107° 1.9%107
Co 1.3x107° 1.3x107° 3.0x107° 2.3%1077 2.1x1077 2.8x1077
Ni 4.4x107° 4.1x107° 9.3x107° 4.3x1077 3.9x1077 5.2x1077
Pb 1.1x1073 1.1x107 2.4x1073 — — —
Zn 2.6x107° 2.5%107° 5.7%107° — — —
Mn 2.7x107! 2.5%107! 5.8x107" — — —
Cu 5.7x107° 5.3%107° 1.2x107° — — —

\ 1.7x107° 1.6x107° 3.6x107° — — —

T — R A

SERHTT PM, s 10 FhEE 4 @ ST R XTI IE AN
B B AR S0 KU 4/ T 1, Uil St R T 4 Jm 1
EBUE GRS FAR, FE L G N, (R AR B % Al
AR AR LEE (1) S AR SO KU 43971 8 0. 55.,0. 52 Al
1.1, Mn A1 Cd P3RS0 KB 30w, S RS0
BB B 90% , K31 #Efh Mn 251K LI0A 4 FR L5 A
i A 2R T Cd A Min Al SR Y5 YR IR T
P B AN TG Y, PR X Tk R SR AE 8 T
PASEST R
3 Fig

a) StPHTEKAZE p(PM,, ) H AR 15 LAt THUIK
K, 42 As Zn Fl Mn Y75 Ye B B O i Tk 2.
PM, 11 p(Pb) HHRAR TR Al ,p(Cr) \p(Zn) 1 p(Ni)
W R ], AT 2R A R T VR FE AR 22 AR K.

b) VEAEHT W, A V5 g A Tolkih 4 i+

ey b RRFEIANE] PM,, P 10 R4 A9 BRI,
TR AT R 39% 37% 14% F1 10% , Horp, Cr 19 &
TR 14720 (68% ) FIZZ 5 Y4 (22%) ; As &
BRI RIAIEIR (69% ) M TR 48 (28%) ;Cd £
BORE A BEBER (34% ) , HoUR S 588 15 YL I (32% )
MR TR (27%) 5 Co EE RPN + 1150 1
(58%) . TR 4 TR (25% ) FIBRIEIR (18% ) ;Pb 5
FVE T AT YL IR (84%)  Ni F B K IE K Tl ik
IR (79%) .

¢) KU 7R, Cd A1 Mn (19 3F 2o KU (E 2
A W LB AR AE— 5 1 R B0 KU, HAth oo Z XA
MITEAESUE XS, BUEITER As Cr Fl Cd Y EBUE XS
AT 4.3x107° ~4. 4x 107 Z Ja] , %F A BE AT REAEAEEL
I AU 5 17 Ni F Co AU KU B3I T T 232 /K
(1x107°).
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