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Abstract In order to study the concentration characteristics, source and risk assessment of PM, s
and its carrying metals under different air pollution levels, PM, 5 samples were collected from 7
major cities of Henan province (Zhengzhou, Luoyang, Xinyang, Anyang, Xinxiang, Shangqiu,
Xuchang) in December 2020. The elements of Cu, Zn, Pb, Se, Mn, Fe, As, Mo, Ni, Cd, Al in the
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samples were determined and analyzed. The results showed that the peak concentrations of heavy
metals in PM, s were principally appeared under middle and moderate polluted air quality conditions.
The average of mean mass concentration of metals was Zn>Fe>Al>Mn>Pb>Cu>As>Se>Mo>Cd>Ni.
The average concentrations of Zn and Fe were 118.92 ng'm~ and 52.88 ng'm™ respectively,
accounting for 65.88% of the total concentration of heavy metals. The variation trend of enrichment
factors was identical with that of heavy metals concentrations. The enrichment factor value of Cd was
the highest (>10), indicating Cd was primarily affected by human activities. The main sources of
heavy metal elements were combustion sources and traffic sources, respectively. According to the
health risk assessment, under all air quality conditions, adult males had the highest risk of cancer,
while children had the highest risk of non-cancer. Under good air quality level, Mo had potential
carcinogenic risk for adult male and female when exposing to the environment for 1 h.

Keywords air pollution, air quality, heavy metals, source apportionment, human health risks.
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1 MBS (Materials and methods)
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A G R AE S AT AR R 7 A 32T T X KON T (113.81°E, 34.78°N) | 3% FH i1 (112.43°E,
34.71°N) . {5 BHTT (114.04°E, 32.15°N) ., ZBHTT (114.41°E, 36.10°N) . #1 £ 1 (113.91°E, 35.33°N) ., 7 It
17 (115.68°E, 34.43°N) I B 1 (113.79°N, 34.06°N) (& 1), RAEMf ] Ky 2020 4F 12 H, REN L H
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15 YL SE R O SRAEA 8] 195 0Bk B 5 M (https://www.zq12369.com/) FI [ 4 25 <5 1 P4l & A
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Fig.1 Spatial distribution of sampling sites
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TR 450 °C =Bk 8 h, W ERIERE A ML B, REEFE 5L E T 20 C ST, RfF 2k
a3 AT SRR B Ry R — A AR, SRS R AT I S AN 2. FE s TAE G, & HL 12 REM
A GEPE AL i, A3 e 2 S0 mL B AK T LA . 4 C &, FEAIREE 250 HLH B0 3 h, 4R
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] 97 67 . 35S B B0 7 B A R A ok A 38 I R R4 R IR 58 B 4 T o (NCEP) 42 1 1)
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] K 24 h, BN BE A 2020 4E 12 H 1 H—31 H . PSCF A58 58 35 43477 000 5 o 35 o8 28 8 1o 34 o I 1 110
SR, QN H PR (AR SCBE R 1°x1°), I 35 0F98 X8, FRAR R 15 LK F- 0] BE Y BT kIR X 1),
PSCF HA R SCR:
PSCF;; = m;;/n;; (2)
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278 B78 5% 1t 2 43 %

ARSCHIE LA 24 h H(E PM, 5 W3 (75 pgem ™) g5 Yo, g /0 2 14 HUE 56 bR 5507 A 9 S B 2 1202,
ARWFFEGIARE P T (A gy A RS 5T B Y- 247 07 1 K0 -
1.00, 3nge <ny;
0.70, 1.574 < n; < 3Ry
D =10.42, Nye < 1y < 1.504,

0.17, njj < Ngye

(3

1.4 EWH0Hr

i 3k B 1 JEUBE N 2 AR e e B AR ME R BB T, TR R KRR R B G A i
RFHIE B ABFFE I SPSS26 #4743 M, Fe T 07 253158, FEAEAR BURFAE(E>1 (19 3 Bl 2 143
(ARWF5E KOM K5 55>0.6, ELREFRFERIE ARG 55 Sig<0.05, B 77 A K5 bnifE) .
1.5 T4 JE fE R KU P A ik

AT USEPA A N % 8 KU PEAG SR, 11380 PM, 5 8041 T 42 i 0 38 28 IR Wk 148 AR 3 B
I (RIS RE SR 1 FR), WG 1 h RRBERE TR 4B G E P A i EEX G, =
HR 2545 XU 15 L5 2 (IRIS), Cu., Zn. Pb. Se. Mn., Fe B A IEBUEAY, As. Mo, Ni, Cd HA BU#E#%
M. S0 YY) 5 78 77 i (ADDyy, ) FIEUE ) 2 52 7 5 (LADDyy,) , THE 2 F 2

LADD,;, = ADD;,, = M X IR X ED;,,/(BW x AT) (4)

4 14 Al B0 KU (HQ;) AU KUK (CR)) I TR A 24 R -
HQ, = ADD,,,/RfD, (5
CR, = LADD,,, X SF (6

Ho, HQ, A& @It i BYAREUE AR CR, 954 @ U @ YA B 3 i B MU ™), RID; N4
J& Tl i MR A2 0 2 R, mg-(kg-d) s SEONRRRIA T, (kg-d) -mg ' 24 HQ>1 I}, 4 )& i I fE
PR AR BOR AR s 2 HQS1 B, 2 4 i 7T LA 20 LR BB MRS 2, 24 CR, 4 F 107107 22 [, 34>
J8 i A REAEAE B8 AR 24 CR>10 I, 5o 4 i FLA R B0 KUK 2 CR<10°°, Ha4 8 i Ty JE 5
IR T T S 0 196 2 R,
R 1 PYCRRHRERE S
Table 1 Health exposure parameters for respiratory pathways

NBE PEGESE/(md ) fhdikg  SPRERERITIA Bomi TR RENEd ESoEY T RENEGd BRI

Group IR BW EDin AT AT (mg'm™)
ke 15.2 70 30x365%1/24 70x365 30x365 —
Zh 11.3 60 30x365x1/24 70%365 30%365 —
Lz 8.7 36 18x365%1/24 70%365 18x365 —

®2 HEEFHYSH

Table 2 Toxicological parameters of heavy metals

HEJR

Heavy metal RD; / (mg-(kg-d)™) SF/ ((kg-d) ‘mg™)
Cu 2x10° _
Zn 3.01x10" _
Pb 43%10™ _
Mn 1.43x10°° _
Fe 8x10" _
As — 20.7
Mo — 4.95%107
Ni — 1.19

Cd — 8.40
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2 ZER 54718 (Results and discussion)

2.1 PM, s M HAGHT 42 )8 B9V BERRIE 23 H

KRR R 2 SR DL R B RS Y B, JO G Y R A R [R] PM,, 5 B VR B VS AR
20.52—179.08 ug-m>, SFHI{E N (89.69+36.14 )ug-m=>, 7 T 2020 43 B4 & 2= PM, 5 B4 H AR H
68 pug-m>, {HAH L 2018 4FTA G 45 PM, 5 AF 4% 103 pg-m ™ B1E FR%.

TR ) v 1) T A T R 3 i 4 ST B AR R T (3 3), BR Mo LAA, W (EAR H B2 1
TGYL R S Y AR R BT YRR B e R R R AR, KA, RS Iy
BB, 75 9 5 HERL, 5 PMLy s W FRFSY, 3ok J2 1ok ol i 4 VA B o TP R R AR R R AR5
W, 4B W E K/ R s Zn>Fe>Al>Mn>Pb>Cu>As>Se>Mo>Cd>Ni. Zn I Fe /& K Pk ¥ H 11) 1 & &
SR ICE, S B 43510 (118.92+80.69) ng-m™ H1(52.88+29.52) ng-m™, M # 2 Hl 5 1§ 4 J& Bk BE 1)
65.88%. As, Mo, Cd. Ni fE N80 48, We B2 S8R, A b, SRAE I a] i A0 4 i 4 Jag vk J3E A i
JUFA BT R B ARBGE RN Tl BB T Zn S84 BV B R 66.52 ng-m ™, J& I 2018 4F 4 ik i
BIERY 23%; BT £ T Zn P TR AEE N 190.05 ng'm, I 2019 £ Z=0 ik K (205.11 ng'm™) T
T 7.3%. 5 2018 4E £B M T & ZEP 1Y Mn(79.9 ng'm™) . Pb(136.6 ng'm™) . Ni( 14.5 ng'm™), ) &
2019 4E37 £ TH & ZE0Y 1) Cd(5.87 ng'm™) . Se(8.06 ng-m™) AH L, ASBIF 5T 14 SRAE 45 5 24045 A [ A J32 R AT
ot BH VAT i b DX SR UM ARV I 7 BBV UK L T AR BRI o s A 1 e %o R I R AR PM 5 2575
Vi UL 1R, 8 B8 2 T G A T 320 38 Vel Rz 1 b 300, D0 5 B £ TS M IR S T 2R

F 3 N[ETTG YK H 4 8 o R B R AT

Table 3 Characteristics of heavy metal concentration at different pollution levels

o 123 LHREES SNEREEC
=] Excellent Good Mild Contamination Moderately Polluted
Project  HIfH+ARifERE FLeAi WfEpRifEzE Elenid) WfHpRifEZE FleAEe| H{HpRE2E FieAi
Mean+SD Range Mean+SD Range Mean+SD Range Mean+SD Range

PM,s*  27.78+8.50  20.52—37.48  69.29+£14.39 54.48—84.56 113.90+18.29 100.76—131.44 169.45+7.77 160.04—179.08
Cu 5.18+2.93 2.42—11.00 6.10+2.73 2.87—16.50 9.59+4.71 4.20—20.19 8.40+2.66 4.96—11.43
Zn 81.14+68.13  27.16—225.86  69.71+£52.48 15.58—177.70  86.60+44.51 42.83—200.15 103.00+£31.05 59.14—126.66
Pb 3.66+1.78 1.22—6.70 6.23+4.04 nd—14.37 6.13£3.89 0.95—13.25 13.06+5.85 5.75—13.37
Cd 0.27+0.20 nd—o0.51 0.39+0.37 nd—1.50 0.78+0.6 0.03—2.02 0.67+0.45 0.09—0.74
Mn 8.19+4.77 3.29—18.06 10.64+4.22 3.42—18.75 16.16+5.54 7.67—25.75 15.86+7.83 6.72—25.85
Fe 21.82+12.58  7.43—47.54 30.22+12.24  10.00—59.04  42.53+15.34 2536—77.75  74.96+34.09 34.61—117.97

As 1.20+£1.09 0.28—3.41 2.68+1.42 0.93—7.46 5.23£3.02 1.16—12.14 2.87+0.71 1.88—3.43
Mo 1.62+2.17 nd—5.92 1.41£1.72 0.03—6.70 0.87+0.25 0.40—1.25 0.68+0.14 0.50—0.84
Ni 0.31+0.11 0.20—0.52 0.3240.16 0.16—0.97 0.45+0.15 0.33—0.86 0.49+0.14 0.36—0.69

Al 14.66£10.34  3.09—34.43 25.72+15.74  5.53—60.87 24.06£11.12  11.854+43.98 67.26+£39.62 52.38—121.49
ndfRFRAAG H; *FIRRBE AL pgrm™, HALTTR AL AALY ng-m™.
nd indicates no detection; * indicates that the concentration unit is pg'm, and the concentration unit of other elements is ng-m.
2.2 PM, s MG R AR AR S HT

BET B RN T, X PM, s M HBGH & R 04T 1 ARG 20 A, 42— AN 181 2 s (Kl aL b ey dAKIR

. B RES G RS YARIE) . PMy s 5 Se #8 3 IEARSC(P<0.001). 7E R R EETS Y 56 1F T,
PM, s 5 Se MUAH G R Bt s, (0 0.67, XTI REZ BN Se s AMERYTE m T R, L Z2 R B W il TR
BT R Se BT E T, I 2 5L UKL R RTAARY). A TR 2 U5 457F T, M, As S B 2 90
R, AHSC R ETE 0.16—0.85 Z ). X PRI TR 1 SR . AR SR Be AT S0, DL s HE DB 9 2 .
A [FIEPE.
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Fig.2 Correlation analysis matrix of PM, 5 and heavy metals
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Fig.3 Enrichment factors of heavy metal elements at four pollution levels
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Fig.4 Analysis of PM, 5 potential sources in different regions
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SUHLBE R I 24267, G Y AR BRI S ST, () AR AT AL A e AR X, O EL b R TS g
o0 s s LA 29 e GOk S O TE st B R E TE B E. AR SE W, X LA (XU Ay DL
RFEAE RS, A7 A DR T 390 0 RS A G S R M, RS YRR L X, 2 Rk is etk Uk, i —
A 2 1 ) 75 et

T B S 3 T8 ~F S B A B DX, S P A DR DX STk 52 B AR A, i AT LB A, P b =R R
AE T, DR 5 T BB PE AS F L RV R L PG A S T D, AR AR R DX Rt 2 A 52, SREA AU
et 5 YWy AR AT 118 1 i 2 4 1 T g e DX . 9] i A P v R AR, T Tl B KU, & TR
FI il b 22 B, DAL IHCRH B 1T i AR PRI T, e (DO A U DX A BB I, X 5 L 25000 X6 L G 34 X P g
KR AR

P SR P A DR DX i DXISURE AT 2 M, 0 A A T2 B, 15705 T 4 s A DKL) mT RE Hh 42 B 1
M X SRR A2 v s 175 e DX B 3k 7 e, B DX A A LS A B S B SR ie =48 S Ak, s 3R 8 Al e, >4
b A 20 T | B A A TR e R AR SR 3 G Y DX ST RN B S R B VR S T R R R
DX R T DX, T R DX PN A 8 A S S T (ELRE AR DR X A B, SiE R N 5 R AR,
J& TR B AL . T P S SO BE VR A L B BRI, SRAE R BEZ BV AR AL,
2.5 R A A B G A TR

L A BT AR R RS e L R TS Y R AR B AT S O A, BRI S O
3 5T LA A R AR 1) 83.98%., 50.42%. 69.69%. 80.07%. As. Mn R MRMEF=/E (1) F EARPLIT RS,
P 52 R AR OGP, R B ) RPE (55 4) . A E AR 28 BT iR SR SO TR, 2040 1 R BE BT
BRI, Zn F 2R THLEh R, S R F R AEAT ¢, Mo B 7ES B 730415 ) 12, Mo EZH T4 4
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HR . BH-RE R AR | TR RN BB B S AR AN . DA TR 2 RUBU R SR GO RN, 0 1 2l
U5, BT 2 Ry Tl U8 2 AT dE S A v B S i, F2 S SRR D S VR Cd AR B AT LAY, B
N TERT 10, 5ARIG S FEMC, BRI =8, W@ KRBTSR AIE T, T2 5Tk
DRI SRR I [] b T & L 0], AT R A AR IR LR H A KGRI, 15 A B
SRAE DX T i B AR TR X, 238 ey A 40 PT R #h 2208 T B R S Bl 3l 4 BB ORI R . e, 4 Fif
2GR, R R IT R BTG YU SR B IR S YA

® 4 HEEITRE W

Table 4 Principal component analysis of heavy metal elements

it R BB R Y
T Excellent Good Mild contamination Moderately polluted
Pr(;ect FEEFLY% FHMTR  HEESWY% FEREICR TEASW% ERACE F2EASN% MR
) Percentage of ~ Main load Percentage of ~ Main load Percentage of ~ Main load Percentage of ~ Main load
variance element variance element variance element variance element
Bl 56.15 As, Mn 27.04 Zn 4778 cd 80.07 Zn
B ) 27.83 Zn 23.38 Mn 21.91 Mo — —
LV NER
' 7 83.98 — 50.42 — 69.69 — 80.07 —

2.6 fBR XU P4

ARG E T AFE SR T, AR A ESE TR ZEE 1 h B 08 fEE S0 (R RS, B
TN NPT 4 T B R R U 35 5 L 6 25 R R, [ — A 4 8 o K B0 KU B AR 55 R > LA £
PE> L3 A o WS LZE> AR 5B P> AT ok, i T LB AR AR T 25 57 | PP BOROR ) 45, 801
X PRI 5 e ) B R RS, W TS R 4 S8 T X, Mo E0 XU (155 1, Ni E508 XU (5 1% ; Min JES
9 KU (B 5 5 , Fe JE 80 WU (E e AR, Jorh 6 PRS0 & 8 X IrA ARE 1 h 19 HQ 53/ F 1, AEA&
A6 S0 B, H =24 4 8 1) SR ABURUN LA KR e AR B (] B2 R AN IR B r = AR IR A B . K
JHR A AR IE, Mo % AR BB L AR e MR 1 h BUE XUS S K T 1076, HAT W e S0 XU HiAx 4
R 70 28 X AR A B0 XU 7T LA Z8 AN . R S0 RS0 2 58 KUK 8 R B9 6 E Min, Mo, K £k A ke
PR T I, B — 20 i Xof 3ok S 9 Sk iy 45 i

RS NIA)TG G A 0 A ) A B4 B0 XU

Table 5 Carcinogenic risk values of heavy metals under different pollution conditions for different populations

o pkes NFE
TH YL HEJE Population
Contamination condition Heavy metal AR (x107) AEACPE(x107) JLFE(x107)
As 0.97 0.84 0.64
i Mo 12.66 10.98 8.46
Ni 0.01 0.01 0.01
Cd 0.10 0.09 0.06
As 2.15 1.86 1.43
o Mo 11.03 9.57 7.37
Ni 0.01 0.01 0.01
Cd 0.13 0.11 0.09
As 420 3.64 2.80
TR V5 YL Mo 681 >91 .
e
i Ni 0.02 0.02 0.01
Cd 0.25 0.22 0.17
As 231 2.00 1.54
- Mo 5.36 4.65 3.58
R Yy .
Ni 0.02 0.02 0.02

Cd 0.22 0.19 0.15
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Table 6 Non-carcinogenic risk values of heavy metals under different pollution conditions for different populations

B NS
IEES I A Population
Contamination condition Heavy metal AR B (x10°) WAL (x107) JLE(x107)
Cu 2.34 2.03 2.61
Zn 0.24 0.21 0.27
LN Pb 7.71 6.69 8.58
Mn 518.27 449.51 576.80
Fe 0.02 0.02 0.03
Cu 2.76 2.39 3.07
Zn 0.21 0.18 0.23
58 Pb 13.12 11.37 14.60
Mn 673.40 584.05 749.45
Fe 0.03 0.03 0.04
Cu 434 3.76 4.83
Zn 0.26 0.23 0.29
BTG Pb 12.90 11.19 14.36
Mn 1022.65 886.97 1138.15
Fe 0.05 0.04 0.05
Cu 3.80 3.29 423
Zn 0.31 0.27 0.34
TS Pb 27.49 23.84 30.59
Mn 1003.34 870.22 1116.65
Fe 0.08 0.07 0.09

SRR, B2 AR BTG Y T AR R A B R R, OF H R R TL-R R (E SR
Mo BR&M) , 15 RV 35 A7 5 5 ekt SR JXURS: B 0, 95 G o o ot B2 3 S Bl 97, T H 2 B R A REFI L),
AT SN SRR IFETR 2 /I, B 2 5 I TRV, AT — 7 9 1 KURS: A7

3 458 (Conclusion)

(1) SRR 25 ST DR BREIS I N F, PM, s FHIE M (89.69+36.14) pg-m™. K ki 4y b
{14) 4 o A g o s T AL W T, [ Mo AR, (B AR H BRAE R B Y5 Y i rp V5 . 4
W R /IMK YR g 2 Zn>Fe>Al>Mn>Pb>Cu>As>Se>Mo>Cd>Ni.

(2) AT as R BoR, AT YT Cd & EH TR T 10, BRI RAEE ) Cd o E R 2
NS A, ATRER FBRBEVE. Mn, As 1% I 52 B B AR G, nTRE SRR . AR RBP4 ¢, A ST
AR YY) T 4R F2 Bk F R Be IR AN 5 Y.

(3) WEAEVR STHR A AT S/, oo (1 DT R DX 29 A SZ A o5k ol A2 4 ) i DX B EL A i i 8 T, 2 T o
2 4h 75 Y ) I S5k 7 o X e, L 3% BH T TS YRR X LA SR A A, AT X B AR, A R

(4) i B RS DAty Sl 7, s A 58 M %) 38508 RIS e A, L 8 A =l 3508 JRUISS: 5 K5 Mo 509 JRUIS: o5
Mn =JE B0 KUK 5 8. 25 A5 B S5 1 A I, Mo X AR BB . AR Lo P 1 h B KU (S R T
107 2L W 7 3500 AU, L% 4 i o0 28 A AR B 8500 RS T L, 2220
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