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Abstracts/ This study “analyzed the seasonal variation, sources, and source-specific health risks of PM, ;-bound metals in Xinxiang
city, Henan province. A total of 112 daily PM, ; samples were collected over four consecutive seasons during 2019-2020. In total, 19
elements were identified using inductively coupled plasma atomic emission spectroscopy (ICP-AES). The annual concentrations of
PM, ; and 11 heavy metals were calculated to be (66.25 +35.73) pg-m™> and (1.32 +0.84) pg-m~’, respectively. Strong
seasonal variations were observed in PM, s concentrations and the concentrations of associated metal elements, with the lowest
concentrations all occurring in summer. The highest concentrations of dust-related elements (e. g., Al, Ca, Fe, Mg,and Ti) were
recorded in spring, differing significantly from other elements, which all exhibited the highest mass concentrations in winter. The
results apportioned from positive matrix factorization (PMF) and potential source contribution function ( PSCF) models showed that the
major sources of PM, s-bound elements were Ni-and Co-related emissions (5.8% ), motor vehicles (13.7% ), Cd-related emissions
(5.1% ), combustion emissions (18.2% ), and dust (57.3% ). Health risk models showed that there were no obvious non-
carcinogenic risks associated with these metals, because their hazard quotient (HQ) values were all below 1. Lifetime carcinogenic
risks of the five apportioned sources were all higher than the acceptable level (1 x10°). Of these five sources, combustion emissions
were the largest contributors to cancer risk (8.74 x107%, 36.9% ) and non-cancer risk (0.60, 25.6% ). This study suggests that
control strategies to mitigate exposure risk in Xinxiang should emphasize reducing the sources of combustion emissions.

Key words:PM, , ; metal elements; seasonal variations; source-specific health risk; typical industrial city
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FIE (HQ) By S A, HIRPEAN i A 5 4 J8 JT & 1) 2
T UK.

(2) B XU -

LADC, = ¢, x EF x ED/LT (8)
R, = LADC, x IUR, (9)
CR = D> R, (10)

A, LADC, #R LK i AL H Y REWKE
(pgerm ™) 5 LT fRFZ G SR ), AT 5 %
M X — A BEBUYI %6 (74.57 a x365 d-a™' )5 R,
RETESIRICE | 9L GENE ; TUR, LR E S
JBICE i (AR IR (pgom ™) ! AT
HOR I TUR B4 03 2 FR; ERO AR 4
JEICH i MBURAR BRI 4 CR AT A x40
(10° ABEP R A 1 (030 2 W) I, e SOR
AR TIT B 22004 CR AR T 1 x 107 i, I B
%2 AFAESRLRN RIC SHEMIVREE | |

Table 2 | RIC aid T0R values in this study ¥

. 7 2 X8 T
FILH -'Rf(:ﬁ':ng-nr3 CRok IUR/(peem ) A gt

As 150'EL£05  [35] 4.3 E-03 [36]

Ba 500E-04  [37] —

cd LOOE-05  [38)] 1.80 E -03 [36]

Co 6.00E-06  [39] 9.00 E - 03 [39]
Cr (VD) 1LO0OE-04  [36] 1.20 E -02 [36]

Mn 500 E-05  [36] —

Ni 1L40E-05  [40] 2.40 E -04 [36]

Pb — 1.20 E -05 [41]

v 1.LOOE-04  [42] —

2 HR5iTE

2.1 PM,  SOH#G 4@ ou 2R 2= AR AL RRAE

2019 ~2020 AR T PM, M H#k i 48 oo
REWACRHEANER 3 s, W] PM, R340k
JE N (66.25 £35.73) pg-m >, Ry BB 25 SR
B AR MEE (GB 3095-2012, 35 pg-m ) 1.9
¥ AR TAHLX 2017 ~2018 4E PM, , 4E ¥ 69. 0
peem P11 R 4 JE T R AR RN (1. 32
+0.84) pg-m . P—4 B ICRAEY RN
FIMEARYK ] Ca, Al, Fe, K, Mg, Zn. Ti, Pb, Mn,
Ba, Cu, Cr. As. Ni, Se, Sb, Cd. V #1 Co. HHf, As
FMCr(VI) (358 Cr 19 1/7 3155 4E 4 i 7. 25
ng-m > F 1. 14 ng-m ™, 5328 GB 3095-2012 F5ifE
FRAE (6 ng-m > F10.025 ng-m ) [ 1.2 {51 45. 6
fi5, Cd A1 Pb AUAEIGVRE [ (4.16 £4.12) ngom ™’
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L
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F1(54.97 £37.11) ng-m ™ ]Ik T AR fEBR A (5
ng-mf3 1 500 ng-mf’%). 544 X 2017 4F #H .,
Cr, Cd F1 Pb 94 24k B 43 5 N FE T 63%,
50%. 84% F133% ). As JEIRIERIARE LR B
SRR 2 +267 {5 E IR T, 3 AR R WO TG B
Tk TR R 2R 1 B A 220 MRk A 2R T TS YL i o A 4
SR E As WREE DY KR T R, 5T R AR
Cd AR BT B B e K, A PSR 3R Cd E2k A
TR Tl ih 4 K r e i s 47l ) B & Tl
YE R A EH I Tk 2 887, 45 R A A 55 b A 7l
A pe el ™ A Cd HEBL, ¥ 4 08 s ek R
PRAT BRI H X KA Cd U BT [ i i A
PM“&/H\Q%%EfD%%ﬂEtﬂ B I 2 AR

pgem ] KON ERTR, BB R AR [ (40.83 +
16.65) pg-m z],@*fﬁﬁﬁ?ﬁ%/«ﬁ\*ﬂi}éﬁ%
875 G i A5 DR 3R 2 1 A R IR vk 32 34 v
IR 22000 M, (R ARRRRAE AL, As,
Cd. Co, Cu, Mn_ Ni, Pb, Sb. Se fil Zn Z5o0 2% 5%
LN AR M HEROAR SC ) R & T %
TRAYHFAE. TS5 AAH0C (R4 RIS
&JE%%/") E@E?(fﬂﬁﬂ Al, Ca, Fe, Mg 1 Ti #) s
R P BRAE R 2 X T BE 5 AR R KGR I
f“?ﬂi&ﬂé PG G b DX 7024 A R R A O
PM, ; B a8ty 43 R U R M2 H B AW ALK, A4
PRIZR (/KB AR, 7 o Ut AR o A A e 3 DL R 8 v 1Y
KRAGHFEIERVERT , KRB B A )

JERHE, S, PV, A BRI (99,34 £47.74)  RSEOUKEBIGHTRNE .
R3 FIHPM, REEERRREFTHHRBML - oy
Table 3 Seasonal characteristics of mass concentration of elementsfand PM, 5 in Xinxiang .'-4-'.”:“" r
i . 2% - &5 . A% iy _ % T i
PIH + R WHE Wb R B b R W ebeieR] G WA= *TIF—% &
Al” 0.31+0.18 0.12~0.76  0.92+0.86 0.02~3.40 0.76+0.50 0.08~2.16 p. 17lil.03 0.09%3.70  1.03 +0/98 “_,I‘O. 02 ~3 70
Ca*  0.73£0.34 0.34~1.72 1.65:0.80 0.04~3.62 1.96+1.21 0.15~5.72 /402170 0.36~6.01 2.09x1/64 100476001
Fe' 0422016 ,0.24-0.70 0.97+0.84 [0.11~4.52 A 0420.56 0.37-2.86/ 1.49¥0.64 0.29~2.96 0.980.70" 0. 16,01
K"~ 0.3120.00° 0.15-0.47  0.56+0.43 | 008 2.7 Y 0934043 0.36~2.03 100320035 0.2 4071 0.69£0.44  0.08-2027 .
Mg* 012 t()'."'66u-“ b% ~0.30  0.38+0.53 "0 01 ,2"'-3 "'-.‘6 29+0.17  0.05~0.72 ,0.65 +0.32 0.05~1.39  0.36 £0.37 - 0.04~2. 73 £
As’ 6.48 i6:..9§. J 1."“37~30. 68 827579 T2 02 26. 74 v 8 92+6 92 0.90 ~33. 45 5;}4 £2.64 BS55~11.96 7.25%5. 99 -, 0.90 ~33. 45
Ba 8.02 415 2.07~20.27 20.44 £11. 44 4. 45 r61 67 B1.50 £13.40 12.15~68. 47 39 47 £13.06 12199 ~67.35 25.04 = 16. 17 2207 ~ 68 47
AdT 0 2.04£1.69  0.54~9.11  4.97+3.76 037 14 4‘# 75.87+5.21  1.09~27.87 357+3 93 0.80~20.04 4.16x4.12 0.37= 27 87
| Cog 0..Iu“2¥8 £0.47 90.15~2.49 1.39£1.50 0,05 ~7.01' 2 59#3.48, 0.16~17.237 1.88£1.26  0.22-4.48 1.61£2.18 0.05~17.23
Cr| 6.19 #4.62 2.32 #05.97  6.99£3.30 .1 19 ~18:43 -9 09 +5""52 n.d. ~28.82 9.55+2.94 4.99~16.59 7.99+4.44 n.d. ~28.82
Cy # 9”9-3 +4.76° 217~18.02 17.49 16,62 3 51 ~70.92%24: -15 £21.79 4.22~97.64 15.53+13.36 4.92~55.80 16.97 £16.27 2.17 ~97.64
Mn u.24.15 £8.48 11,09 ~40.27 43.90 £23.62 9.04 ~121.62 57.93 £31.37 23.61 ~154. 18 51.87 £17.26 21.72 ~91.00 44.83 +25.36 9.04 ~154. 18
Ni 73154331 0.61~17.84 5.56+4.03 0.43~18.64 10.0011.86 n.d. ~53.59 6.07£3.29 1.69~12.79 6.30+7.24 n.d. ~53.59
Pb 32.61 +13.98 12.85~64.25 59.08 £37.51 11.03 ~135.31 75.37 +37.87 21. 56 ~ 184. 49 50. 54 +£39. 84 15.50 ~207. 53 54.97 +37.11 11.03 ~207. 53
Sh 3.52+2.58 0.84~10.11 4.58+1.83 2.09~826 7.69+4.55 1.97~19.03 3.86+1.90 1.20~7.89 4.99+3.40 0.84~19.03
Se 5.514£2.05 1.97~10.52 4.16+£1.97 0.02~826 8.06+4.42 1.02~17.09 3.73+1.82 1.01~8.20 5.44+3.29 0.02~17.09
Ti 23.48 £9.41 11.57 ~47.56 66.60 +76.79 3.94 ~396.97 62.60 £63.25 4.29 ~355.92 133.13 +67.22 9. 82 ~292.45 71.21 £71.26 3.94 ~396.97
A 1.73+1.53  0.35~7.55 2.08+2.18 n.d ~11.13 1.63+1.04 0.40~533 3.38x1.72 0.06~7.03 2.19+1.77 n.d. ~1113
Zn 98.05+54.08 33.23~224.60 99.21 £37.13 27.63 ~196.06 205. 11 +£116. 16 37.45 ~443.60 92.85 £35.24 49.91 ~231. 13 126. 00 +84. 92 27. 63 ~443. 60
THMs* 0.62+0.23 0.35~1.11 1.28£0.96 0.19~5.26 1.50+0.75 0.52~3.66 1.85+0.72 0.52~3.52 1.320.84 0.19~5.26
SUM™  2.13+0.81 1.15~4.17 4.82+3.44 0.36~17.35 548+2.82 1.25~13.91 9.69+6.01 1.26~16.20 5.53+4.01 0.36~17.35

PM, s 40.83 £16.65 16.70 ~84.42 55.80 £19.46 21.10 ~97.80 99.34 £47.74 31.90 ~197.41 65.35 £12.49 28.84 ~86.09

66. 25 +35.73 16.70 ~197. 41

1) « FRUESE AT T g -m =3, Hf T R 9% 547 Fng-m 3
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Hl193000 0 Co FEDR AT 1R Co Ml Ca
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FHTFARSCUR Ao AT BRI 55 op > AR5 v Co S5

4’@%"‘*]‘:@75?(1&1 Ca. Fe, Mg F1 Ti 55) A AHK
PEAK, I AT BEAS & Co 19 FZEHEAIE. Hr &
TAER Bt Tl 2 487, AR i K J& i 50 Aji % K i
LA (8 1), Ni-Co-Mn 1 3 I8 = Je4R 1E %
PR AR A P ad B BRI Ni AT Co BRI
U, R Rt R P AR R R 1 2 7 R 4 TR v R T R

Hexe



9 XIREEE ST 2 BT S 11K PM,, B0 &8 TR Z2 19 0 A R IAFAE-5 (R XU 4145
w 1OF ik NiAICOR % e >
D S . . (@NifICo 175 =
2 0| ] ] 150 %
1073 . .
oot S I B I S P o e 1 S ’_H_H_“_‘l—'ﬂ <[] ﬂ | o
10! f - 100
o (b) HLah i ]
£ 10° | R 75 R
5 100 f — . M - . |50 %
g :0_2 ; . . —‘ ﬂ ﬂ - ' Z(S) %
AN s A==
ol S . ] e O lo
10" b - 100
.I.\E 00 . () Cdb e HEM 175 S
G107 — ] i
T - -
2107 . ]
ﬁ 1074 ] r‘j ’T‘ - ’_l ] |—.—| |_.—] - L] m ’Tl L] |_| e T m ] m - 30
100
3 :g‘l': (d) HABR las e
':“_h IO_I | | . ] 50 %
é 102 F ’7 . . ) ﬂ 125 %
£ [0 [ e TTAm -
107 ] ’—] = | "I ,_._l ’_._] . ,_l I_‘ m . 10
| 100
s :g“ :: - ) . (e) #2k . ] 175 =
Ea . " | {s0 3%
B 102 ] = . . Vs
g ol r| : H fis 2
) I . —l 1™ I T P T P I P
Al Aq Ba Ca Cd Co C; Cu Fe K Mg Mn Ni Pb ‘ib Se Ti V. Zn SUM
p— r o
s 3 Jij i8] 42 /8 5T 5 PMF #‘%ﬁma I % ":"f‘f . '.-:;)
-, ! II PMF factors/ sourc,g-'pr for 3 5._11) flg,nd metal elements in X1 x1ang Idur.lng the enllre study period | f o E \_.-r"f
l -IF_ ik a I

%ﬁ?hﬁﬁ@ @b}? M, PSCE am;@[gf/ ﬁ%@fﬂﬂ,(l’ﬁ
d e e . Je q:miﬂ&ﬂs?mﬁmp@w
Hix /2 ﬁ%kﬁl:“ﬁl:injméﬁﬁ:%ﬁ%
ﬂfﬂl’f ﬁ#ﬁﬂ PE—ESE T X 38 Ni Al
Co HEMCIE FTIRIE X (2536 DRI — S HERCIE S Ni
F1 Co AHICHERCIR , 32 % R 4 @ 16 H RN £ FeL b o1 3
A CHE R
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Fig. 3 Mass contributions from identified sources

to total metal elements
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Fig. 4 PSCF analysis of source regions
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Table 4 Cancer risk and non-cancer risk of metal

sources and the source contribution

WH WEotEk  AEBom R SO

/% (HQ) (R)
Ni il Co AHICHEHCIR 5.8 0.57 4.51F -06
LB A5 13.7 0.34 2.51E -06
Cd AHEHE R 5.1 0.39 3.79E - 06
PRI 18.2 0. 60 8.74E -06
bR 57.3 0.44 4.13E - 06
HI/CR 2.34 2.37E - 05
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