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Abstract: To investigate the pollution characteristics and health risk of heavy metals from PM, 5 in Zunyi, 120 PM, 5 samples
were collected at two sampling sites from June 2018 to May 2019. The contents of ten heavy metals (including Zn, Pb, Mn, Cu, V,
Cr, As, Cd, Ni and Co) were tested by ICP-MS. The Enrichment Factor method and the US EPA’s human exposure model were used
to analyze the pollutant sources and evaluate the human health risk. The results indicated that the concentrations of heavy metals
from PM, s were in the moderate level, and Cr was seriously polluted. The concentrations of the main pollutants exhibited an
obviously seasonal variation, which was Winter > Spring > Autumn > Summer. The heavy metals mainly came from the vehicle
emission, coal combustion and industrial emissions. There was a great non-cancer risk with a high concentration of Mn for the adults
and children. Cr appeared the obvious cancer-risk for the human. Consequently, relevant departments of the government should pay
attention to this situation.
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FE 1 1 SCH PM o R 4 J8 19 B RRAIE, X PM 5
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1.1 H@mXE&E

FEE U 2 AR R 7 1 SCBERFR 2R
T AR DX (T X)) FBT i R I (RBIX) o T IXCR A
SR A BERE . RRIX, SSl kiR, F—ERE L
RS2 T X 75 i B, B XRAE ] PR A v
P4, TIREBIE G o SRR BUE T #A AR T, iR
UL R 2 15 m.

AWFFE R FERT BN 2018 4F 6 H = 2019 4F
5, 4% SRR, XA R 6 M, KBIX
B H R S AFEM . BEFESLCRFERTE 24 (S H
9:00 2K H 9:00), B 2 KA LA AR it A () A
b, FE IR SRR B 120 4, T X ATRR X 40 BN
65 1%, 55 1o SRAFRA MIRPURET i TH-150A
(100 L/min) RALRS, RAFUEE A A 938 M% (whatman,
@=90 mm) , 20184F 6~ 8 A1t FE F . 2018 4
9~ 11 ARFEKZE. 2018 4F 12 H & 2019 4F 2 AL
FARZ 2019 4E3~5 ANNEERES,

12 H@mHH

U 1/4 FF 8RS BT R S I 2R DU R 2 i i e e
o, B AT 5 B9 HNO; 1.5 mL 1 0.5 mL HF, T
170 °C 7 JE 25 A1 i 16 h, X 3 5B i i w26 1,
A 0.3 mL HNO;, 0.2 mL 20 ng/mL Rh PNFRi%
T 0.1 mL EBALKIEAT RN E AR . R
JEHE B 45 B TR BT AL (PQ-MS Elite jena) X+ i
H1 Zn, Pb, Mn. Cu. V. Cr. As, Cd. Ni Fl Co 10 F
&4 B HEAT4HT, Hrh, Zn, Pb. Mn., Cu M1 V J& T

EBUREE4SJE, Cr. As, Cd, Ni fil Co J& TEUE &
&8 .
1.3 RBEXEITEMN

I FH 3 [ ARy 10 1 ft R AU DA RS 78, X
JLEE . AR N ORAE B M 2otk ) EA 75 4 im0 XU
V. WFRRE, KA 5 Yy 2 LAP IO
FRIEABANRD, I, A 5T 3 2% 2P 2R 5
XF AT BSCAA fEERR AR, . B R it i (1) o

IR x EF x ED
ADD/LADD = £ XEPXED (D
BW x AT

(1) "': ADD/LADD 435I E 09 5 B 3
TR BURY LS H YRR E, mg/(kg d);
c WELEWE, mg/m’; IR A2, m*/d; EF 24
TR, d/a; ED A ZFRAEMR, a; BW HIKHE, ke;
AT AR FEA], d, HOCREESHOR 3Gk [10]
S REZ P U N s A S (2R

4% LADD J¢ ADD % & 5l it {H, 43 il fifi 112
A= 3 5 3408 KUK (ILCR) | & F R 2L (HQ) X PM 5
FE i T B 4 TR A T B0 RN E S0 fHE XU PEAG
ILCR A1 HQ M35 W=t(2~3),

ILCR = LADD x SF (2)
HQ = ADD/RfD (3)

K (2~ 3): SF HEE R R R4, (kg d)/mg;
RfD 2% 4, mg/(kg-d), A SC Al 5% 1 42 J@ 1Y
SF A1 RfD W3 1, 4 ILCR XS (HAE 10°~ 107 78
R, A 4 N B2 B0 KR, 24 HQ>1 1,
IAFFEAEBUE I ; 2 HQ< 1 i), MR/l 2
WA,

®1 ELEZMBREEHENAEN SF R RDE

HIREE)E SF/(kg'd)mg” FEBEESE RID/mg (kg d)”

Cr 42.00 Zn 3.00x107"
Ni 0.84 Mn 1.43x107°
As 15.10 Pb 3.50x10°
Cd 8.40 Cu 4.00x107
Co 9.80 v 7.00x107
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SRy A B R A BLT S 2% R Y T, SRR
R UE B S T S 3k b K ke (4 h, 450 °C), K5
A TR S HIF R E, BT A B RAF & .
RFERFE T, B 7 W Ve — R VIR S R i — R AR
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SRR . HEmINE R T A AR, THERSE
BiRZE . A TR RS ENE, 5 15 R s
1 EbptE, FHTzmlbR k2. KA GSS-7 L4ebR
HER A T e e PR 4 1, A5 R 1 ISR 7 7L
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2 BRI

21 E&BREKE

T 5 301 1) 38 SCTT PM, 5 o W B 2 (E Ry (47.6+
19.3) pg/m’®, % F 3 E BAT (R B 25 3ot 1 b o
GB3095—2012) %% H ¥k FEBR(H 75 pg/m’.

FHE . BT R IR AR A T BT R
4351 J9 545.61 ng/m® Fl 357.96 ng/m’, 43 9] i 2 K%
FER PM, s WEERY 1.10% F11 0.79%, W] UL, K% R
B BURE ) b E 4 8 T G KT BT T R SR OR R
R, REBRFESA T, ANDZ, LE%
JERAR G BTG Y™ H, B RS ARR Fi5 Y
PIRd HIOR R ] B T X3 R A A — e B ) T
7 ARG SR SN AR )R ) A, e

TSRO E K ME— Y A AR AR Ak A e A
bz, 3R 2 R T B SR T YA E A S AL 5
KEFIRAEFABIX, J& T SCHX, 38 % /N, A TT
), A R T 5 e 4 IO R, DR s Y R B R

PM,s H' Zn, Pb, Mn, Cu. Cr. As, Cd. Ni,
V 1 Co 1y F- 34 Jox £ ¥k JBE 43 1 o« 213.25. 78.50,
64.43. 49.46. 3832, 292, 2.05. 1.23. 1.11#l
0.54 ng/m® WL 2, 25 U R WKL B &5 PM, 5 vk
FE) 0.95%, Hirf As, Cd. Pb Rt (FREE2s <R
hRIE: GB3095—2012) PR HERR(E, T Cr h 3
Sk Cr g1, A Cre i B4 H R 0.1301, I, Cr
JCR SRR 200 £ HIRH—J7 il Gt 14
X TTRRACR, 8 T A JZ 3 Cr(95.9 mg/kg)
AR R 5 — R R Cr kIS
R4 EEAEURLSE Tk 56, Hise N 4& a9 Tl
A7 J FEBEAE v S PHRN 388 SCAEIRT, ELE ST Tall
FELIARSE . B A s EMmE T8 E, Hik, A
Tl A Jm AT, 8 CHTAALE Cr () TS 945, Cr 15
Yo EFORIET Tolbi5 Y,

K2 BT PM; hEEERE ng-m™

B KiE# (n=65) B R (n=55) T (n=120)

e BME O BRKRME CFHE BME BKRE PBIE RAME O BRE THE
Zn 137.83 412.00 253.41 105.63 320.45 173.09 105.63 452.00 213.25
Pb 3292 373.07 104.55 1334 168.29 5245 1334 373.07 78.50
Mn 2086  289.08 77.22 1422 12855 51.63 1422 289.08 64.43
Cu 1993 14896 54.41 15.44 98.95 4451 1544 14896 49.46
Cr 24.65 90.56 45.12 12.22 81.08 31.52 12.22 90.56 38.32
Ni 1.09 15.74 431 0.33 5.65 1.52 0.33 1.09 2.92
As 0.89 5.64 2.55 0.58 420 1.54 0.58 5.64 2.05
cd 0.66 2.86 1.68 0.28 1.51 0.78 0.28 2.86 1.23
\Y% 0.62 3.39 1.73 021 1.05 0.48 0.21 3.39 111
Co 0.33 0.96 0.63 0.17 0.82 0.44 0.17 0.96 0.54

JUE R 239.78 1342.26 545.61 162.42 810.55 357.96 162.42 1367.61 451.81
(s S bnifl: GB3095—2012) i H 4y {H Ul PM, s 1 Cr e R MR EER i, (IO T84

TR R A BRAEL, St 20 T ST PM, 5
R R TS QAR B, AR SCR I B A AR )
I A HAL i T R Bt AT T LA, WG 3
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S NPNE YIRS N i N IR T 5
T PM, s AP 975 Qe B AL T [ N R 25K
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F>R 5, & REGYE, B KBRS
WFFEIIE] PM, 5 Jot R AR A 35— 2k, B
R FET AL, X 3R B R O U AR S T
QeI HERA S 3 ST Ja M B i 2 KA,
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ARIT IR 0P Hk B, HATHREESE A\ i

2, FEG QYA IN; 53 —J5 1, K,
S SCT ST 7 s T, i DX A 5, i R i 2
YN, A28 oy Tl T 17 22 L AR RS AR be 3
BTG Y i) SR N SR R ST, R KO
KA W A BRAE A, OF H R R R R
i, A A TG R O R

*®3 AREWEHPM,; FEEENESE ng-m
Wl t/a Zn Pb Mn Cu Cr Ni As cd \Y Co
ezt 2011~2012 331.3 212.6 85.9  45.1 9.04 - 17.10 - 4.90 -
pNE 2011 1144.0 101.0  130.0 64.0 23.00 - 3.00 1.00 - 5.00
SR 2017 209.8 100.0 157.0 292 11.70 880 17.70 16.10 7.80 3.80
vl 2015 256.4 129.6 334 528 6240  4.07 3440 341 2.79 -
JEjuel 2014 220.0 72.3 294 26.0 7.50  5.37 - 1020  10.90 -
150.
FE A 2013 279.0 106.0 430 19.0  20.00 50.00 10.00  5.00 9.00  4.00
N 2018~2019 213.3 78.5 644 495 3830 292 205 1.23 1.11 0.54
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23 EENE

& F (BF) T 3R 4E R 9 b oo Z A0 1
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K (D). C; MU EFRIRE, C, WS TR R
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8.7, RIWIIX 2 FICERTE PM, s A &4, Ni. Mn,
As. Cr, Cu, Cd. Zn 1 Pb ()& EEH LN 23.2 ~
691.3, H: "1 Cr, Cu, Cd. Zn il Pb ) EFg #J>100,
TR ST R Z R B AT e, WF5E R, i
Kryrh Po ORI THRIERALSN A HE; Zn F
BRI THLEN 4 R A HER S Tl HEE s Cd %
R AR T Tl o A8 b = A i AR MR R b R
BB Cu FERIFE TR AR, DR, 38

PM, 5 i <5 g 1 75 2k AT g T2 BRI TR . HLzh
TRV TV HE A N R HECR
24 RBEREER

WRAE A ~ (3) A5 BE i KRR )
PM, 5 ZEWFIRGARAR X AR AL EE A B KU AR
Bl WA 4, T 200 B2 T AL TE AT 4 fd gk
7 AR R XU, 2 4 i R XU M L S5 B
B/

x4 BXHPM, s FEEEBEMEBERRNKRE

K B Bk
WH AR ‘ ‘ — ‘ : —
WA AR 41 Lk AR B AR 41 Lk
Cr 2.36x10™* 2.03x107 5.19x107 1.65x10™ 1.42x107 3.63x107
Ni 4.51x1077 3.88x1077 9.92x10°* 1.59x1077 1.37x1077 3.50x10°*
ILCR As 4.80x10°° 4.12x10°° 1.05x10°° 2.90x10°° 2.49x10°° 6.37x1077
Cd 1.76x10°° 1.51x10°° 3.87x1077 8.17x1077 7.01x1077 1.80x1077
Co 7.70x1077 6.61x1077 1.67x1077 5.38x1077 4.62x1077 1.18x1077
Zn 2.46x10™* 2.11x10™* 2.70x10™* 1.68x10™* 1.44x10™ 1.84x10™*
Mn 1.57 1.35 1.73 1.26 1.08 1.38
HQ Pb 8.69x107 7.46x107 9.55x107 4.36x10°° 3.74x107 4.79x107
Cu 3.96x10™* 3.40x10™* 4.35x10™* 3.24x10™* 2.78x107* 3.56x10™*
A\ 7.19x10°° 6.17x10°° 7.90x10°° 1.99x107° 1.71x10°° 2.19x10°°
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