33 6 Vol.33 No.6
2020 6 Research of Environmental Sciences June 2020

PM, . N

1 1 1 2 1 3%
550001
2. 550081
550001
: PM, , . 2017 10 —2018 2 ( 08: 00—
19:00) . (20:00— 07: 00) . PM, , (n=202) ( ICP-MS)
10 (Pb.Cd.Cr.As.Zn.Mn.Co.Ni.Cu V) PMF (
) HMHR ( ) i D
p( PM, ) (53+18) (62+20) pg/m’ GB 3095—2012 ¢ p) (75 pg/m’) ;5 p( As) .
p(Zn)  p( Mn) Ne) p(PM,5)  (61+20) pg/m’ (58+24)
pg/m’® J; p( Ph) p(Ni) \p(Mn) p(Zn) p( Cu) . @PMF
. . 10 39%+37% 14%10%.
@®HMHR Cd Mn . As.Cr Cd
4.3x107°~4.4x107° : Ni Co (1079 .
N PM, Cd-Mn.As Cr
D PM, g ; ; :
. X51 © 1001-6929( 2020) 06-1376-08
DA DOL 10. 13198/j. issn. 1001-6929. 2020. 01. 03

Characteristics Sources and Health Risk Assessment of Heavy Metals in PM, ,
Collected between Autumn and Winter in Guiyang City
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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 (Pb 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, 5 ( (53+18) pg/m’ in autumn and ( 62+20) pg/m’ in winter) in Guiyang City was lower than
the Ambient Air Quality Standards ( GB 3095-2012) secondary grade value ( 75 wg/m’) and it was slightly higher in the daytime
((61£20) wg/m’) than at nighttime ( ( 58+24) pg/m’) . (2) The p( As) p(Zn) and p( Mn) in PM, 5 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, 5 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. 4x10™  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

( PM) . 47 mm ( Whatman) ; HWS-250BX
N ( ) ; AL104
= ( Mettler Toledo ).
1.2

A . ( DHHS) (26.35°N.106. 42°E)

(TALC)  Pb.Cd.Cr As.Mn.Co Ni 25 m . URG-3000K
7 Teflon

>, ( 47 mm) (

47 mm) p( PM,;)  Teflon

79

08: 00—19: 00

20: 00— 07: 00 202
11 h 2017 10 —2018 2
. 50%+0.5% .(25+1) C
; 48 h
1.3
Teflon
As\Zn\Mn.Co.Ni  V . Teflon ; 3.5mL .0.5mL
e 160 C 36 h .
. ; 2 mL 5% 150 C
PM,, 10 12 h ;
(Pb.Cd.Cr.As<Zn-Mn.Co-Ni.Cu V) ICP-MS
PMF( ) 1.4
HMHR (
) . PM, .
PM, ; . 10
ICP-MS 10
1 0.999 3
1.1 (OU-6.AMH-  GBPG-) (n=3)
PlasmaQuant Mass ( 98% ~105%
Jena ); A-10 ( Millipore 1.5
) ; URG-3000K (
URG ) 47 mm  Teflon

( Whatman) 2 pm PTFE



1378 33
. Pb.Cd~CrvAs<Zn-Mn.Co-Ni. . LADD
Cu V ng/( kged) ; ADD
ng/( kged); C ng/m3; CR i~
CXEF CR(:Iﬁl(lXED(:hi]d CRa(lullXEDa(lull CRadult A m3/d’
LADD = X + ED,.,~ ED a,
AT BW(‘hild BWallull child » adult N a,
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Table 1 Exposure parameter values for health risk assessment 134
CR m’/d 16. 8 13.9 8.6
BW ke 63 55.3 15
EF d/a 365 365 365
ED a 30 30 6
AT( ) d 72.37%365 77.55%365 18%365
AT( ) d 30%365 30365 6x365
. . p( PM, ;) 29 ~100.
(ILCR) (HQ) 23~ 116 pg/m® p( PM, ) (53+18)
: (62+20) I.Lg/m3 GB 3095—2012 {
ILCR = LADD x SF (3) Y (35 Mg/mB)
HQ = ADD/R/D (4) (75 pgim’). p ( PM,,)
 SF (kg*d) /ng; R/D GB 3095—2012 24
ng/( kged). ILCR 10°~107%(  1x10*~ 13 d PM, .
100x10* 1 )
- X - X 1 p( PM, ) 23 ~120
< ;
Q 0> 18~121 pg/m® p( PM,,) (61+20)
5 (58+24) pg/m® p( PM, ;)
2 16
2.1.2 PM,,
Table 2 Slope factors and reference doses of
N PM,
heavy metal elements '° N
3 . 3 p( As) .p( Zn)
p( Mn)
. 70%
Pb — 3.50x1073 Mn — 1.43x107 4 4
N 800x10 600x10
Cd 6.3 5.71x107° Co 9.8 3.00x1073
Cr 42 2.86x107° Ni 0.84 2x1072 t
As 15.1 1.23x107* Cu — 4x107?
Zn — 3x107! % — 7x1073 As\Zn  Mn
— p( As) \p(Zn) .p( Mn)
2 PM, | 2
2.1 PM,; 2 10 p( Pb)
2.1.1 p(PM,5) p(Ni) .p(Mn) .p(Zn) p(Cr)
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1 p(PM, ;)

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,  in p( Co) .
autumn and winter in Guiyang City ng/m’ PM p( Pb) 116
2.5
ng/m’ (41 ng/m’)
N Ni
Pb 69 4.9 18+12 41 4.1 20+8.1 ; ) p( )
cd L7 02  0.71x0.40 2.3 0.097 0.770.49 50 12 ng/m” Ni
Cr 14 1.1 5.4+2.8 35 1.3 6.2+4.6
As 16 0.11 5.623.9 15 2.2 7.1£2.6 p( Ni) ;
Zn 94 4.1 29+22 94 2.1 34+17 Mn- Zn Cr
Mn 38 2.0 13+7.2 38 0. 86 18+9.6

Mn) p(Z C
Co 0.55 0.023 0. 14+0. 10 1.4 0.017  0.17+0.23 p( n) P( n) p( 1‘)

Ni 9.8 0.36  2.9:1.8 11 0.54  2.9:1.8 4 : > PM,; 10
Cu 19 0.42  8.4s55 25 2.0 8.8+4.2
v 1.LO 0.04 0.44x0.28 1.7 0.018 0.43x0.34 yp(As)  p(Cr) (6.7+4.0)
(5.5+4.2) ng/m’ GB 3095—2012
( 6 0.19 ng/m’) .
2.2
3 : PMF
PM,, 10
4 . 1 V. Ni 70%
Cd.Cr Co 20% ~ 40%
1
7 2 Pb.Zn.Cd.Mn Cr
Zn  Cu Zn
PM,, 10 * Cu * Pb.
Cd\Mn V 2
Fig.2 Variation characteristics of diurnal ; 3 As\Cu  Zn
concentrations of 10 elements in PM, As 69% 0
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4 PM, ;
Table 4 National and international comparison of heavy metal in PM, 5 in Guiyang City
pl( ng/m®)
PM, 5" Pb cd Cr As Zn Mn Co Ni Cu \%
59+20 19+£12  0.75+0.52 5.5+4.2 6.7+4.0 30+20 14+11  0.15+0.23 3.2+4.9 8.5+£5.6 0.43+0.37
165+85 321+186 9.5+13 18+11 41+30 — 138+84 — 5.1+4.1 — — 17
242 410 — 12 40 650 130 1.1 60 60 6.2 18
152 582 8.2 17 85 771 186 2.4 11 71 6.3 19
— 59+46 — 5.6+3. 1 — 149+122 28+16 1.6+£1.7 7.2+3.3 20+17 12£10 20
78 128+71 — 13+9 36+13 651+120 46+10 — 7+3 7625 2+2 21
6115 15 0.77 3.3 4.3 451 20 — 3.2 5.1 — 22
103 181115 — 333+411  541+433  805+520 467+327 — 370+289  668+657 — 23
115 219 108 57 — 423 229 — 12 85 — 24
12+7.5 5.8+5.5 0.12+0.13 — 0.80+0.74 14+8.6 3.3+2.4 0.14+0.25 2.0+1.3 3.1+£1.6 5.0+3.7 25
12.7 3.4 0.3 1.2 0.4 16 3.8 — 0.8 2.5 0.5 26
- -1) p(PM,5) pg/m’.
3 PMF 10
Fig.3 Factor spectral characteristics analyzed by PMF and the contribution percentage of
each pollution source to 10 metal elements
3 ; 4 Cr 60% 4
Mn.Zn Cu PM,; 10

Cr-Mn.Zn
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39%37% 14% Cr-Mn Zn
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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
(HQ) (TLCR)
Cd 2.2x107! 2.1x107" 4.8x107! 4.8x107° 4.3x107° 5.7x107°
Cr 5.1x1072 4.8x1072 1.1x1072 3.7x107° 3.3x107° 4.4x107°
As 1.4x1072 1.4x1072 3.1x1072 1.6x107 1.4x107° 1.9x107°
Co 1.3%107° 1.3x107° 3.0x107° 2.3x1077 2.1x1077 2.8x1077
Ni 4.4x107 4.1x107° 9.3x107° 4.3x1077 3.9%x1077 5.2x1077
Ph 1.1x1073 1. 1x1073 2.4x1073 — — —
Zn 2.6x107° 2.5%x107° 5.7x107° — — —
Mn 2.7x107! 2.5%x107! 5.8x107! — — —
Cu 5.7x107° 5.3x107° 1.2x107° — — —
% 1.7x107° 1.6x107° 3.6x107° — — —
PM,, 10 PM,. 10
1 39%.37%14%  10% Cr
N ( 68%) (22%) ; As
0.55.0.52 (69%) (28%) ; Cd
1.1 Mn Cd (34%) (32%)
90% Mn (27%) ; Co
2 Cd Mn (58%) . (25%) (18%) ; Pb
( 84%) ; Ni
(79%) .
3 c) Cd Mn
a) p( PM, ;)
As.Zn Mn . . As.Cr Cd
PM, s p(Pb) p( Cr) p(Zn)  p(Ni) 4.3x10° ~4.4x107
7 Ni Co
b) . . (1x107%) .
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