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THE: R T BRAIOTIBIX 6 BTk X R L . RG] 2Eb MR 4. M. (% AR PRI ) K PMy.s B 5, 0T T B4 5y« Ko
BT &)@ e E R IR TR [ MR 1 HEBCRIE B PM.s 16 2415 S5 80 34 DG 3R A LR W AN ) Tl X PM s B 2 5 35 Bl | b
5 (95 2ug/m’); 8 B 1 OC/EC(H HLBR/TEHLRR) LEAL(S.5) m T AT s AR PR RBE 1= Ca W1 v T LA AT 488 v ST V(LSS PMos PG
HLEST(SO47 - NOs - NH) MM EBIEE(Cas Al Cdy Cu) 54 0I5 52 503 IE MO AHIF I 152 5 W TMATYE PMa s bR B HEX R4
AR FE 1 S R B T 44,

KR ABRI(PMas)s Tl X s JSREAEHE: AL

PESES: X513 XHRFRIRES: A XEHS: 1000-6923(2026)03-1247-09

Source profiles of PM, 5 and their oxidative potential from six typical industrial zones in the Guanzhong Plain. LIU Li-yan',
YANG Meng-yun', XU Hong-mei'", ZHANG Ning-ning?, WANG Qi-yuan’, SHEN Zhen-xing' (1.Department of Environmental
Science and Engineering, Xi'an Jiaotong University, Xi'an 710049, China; 2.Institute of Earth Environment, Chinese Academy of
Science, Xi'an 710061, China). China Environmental Science, 2026,46(3): 1247~1255

Abstract: PM, s samples were collected from six types of industrial parks in the Guanzhong region of Shaanxi Province, including
cement/concrete, brick/construction materials, forging/metallurgy, thermal power, chemical production, and glass/ceramics. The
carbon fractions, water-soluble ions, elements, as well as oxidative potential (OP) of PM, ssamples were analyzed to investigate the
emission characteristics of different industrial sources and the relationships between PM, s chemical components and OP. The results
showed significant differences in PM, s concentrations among the industrial parks, with brick/construction materials presenting the
highest level (95.2pug/m*). The OC/EC (organic carbon/elemental carbon) ratio in brick/construction materials (5.5) was higher than
those in other industries. Cement and concrete industry exhibited the highest Ca®" concentrations. Elemental analysis showed
elevated proportions of V in metal forging. Correlation analysis demonstrated significant positive relationships between OP and
inorganic ions (804> \NO; .NH,") as well as metallic elements (Ca, Al, Cd, Cu). This study provides a scientific basis for identifying
the source markers across common industries and for assessing their impacts on atmospheric oxidation capacity and human health.

Key words: fine particulate matter (PM,s); industrial zones; source profile; oxidative potential
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Table | Basic information of sampled enterprises in the four cities of the Guanzhong Plain

TAbATE AN KAEH W KREIK(h)  RAE KSR (C) SKAE Hh AT A PRI
IK BB+ 9 2020-04; 2020-05 4.0~16.3 26.1+7.2 A2 ] P Bl AR R IR 1T AU B
f) b 5 2020-05; 2020-06 4.0~5.0 255469 TG« AT B P B AR X sk g8
B4 6 2020-04; 2020-06 4.8~13.1 21.7+33 J DK SRk I A B A A ) P B
R4 4 2020-05 3.7~5.0 24.8+82 J DR R PRI B 2B 25 B B
2z G 2 2020-06 4.0~4.4 22.7+1.8 ]I A R R R
PP 2 2020-04; 2020-06 3.8~16.4 223+28 AN 2R R Y B 1 B B

1.2 FEMCRESRE

AWFFTT 2020 4F 4~6 AR LT IEH A7 HrEL,
f87H 100L/min [P 5 R AE 5 (QM/A, PALL,
Ann Arbor, MI, USA){E & 4k el X P 3% 24 K 4R
4~Sh PMys A SR 27 KTk X E g
AL AR B, HA T 0y 20km PSR, &30 25
R TGS £ AR 1 M3
AT 27 ADNFEM R T A= N R
RHAEFEX | WRIoehe B I S M e A ) S5 OB
DU 4 AF = i R v 32 22395 L A0 AH SCHE T 7] By AR
PEAN R T MY P AL =R R O b AT TR A A9
TR ANV T ORI E A TEOS R D e R
16 4o AR b ) 2R A JrURERE N 11 A B 4 1a) . A R
WEE T HAA K 90mm )4 9L € K (Whatman,
Maidstone, UK) I KAEHT 7508 A 9C € IR & 1 5 g g

T 800°C 5 N HUKE 4h, Bk 25 UE IR BF ¥ 2% J5T.PM, 5
KAE 5 75 K 08 AR TH #.(20~23)°C 1H(35%~
45%)FE N ETE 22 /> 24h fHE S B T2 — 1)
ML RAFCREBE A 1 pg) PR, B SRR I iR 22 /N T
20pg R E A F LAVHSE PMys JUE i B2 FRE S (1)
TEIEARAEAE 4°C UKFT N IRSPRIEAT 22 0 1.
1.3 W45 b

KA 5 A e 8 A o A FH DB BT L 88 D EX
0.526cm” FIKE &, A DRI Model 2001 75 (g #40;
73 M1 X (Atmoslytic, Calabasas, CA, USA)IJEATH%
5343 H1.0C. EC [ 8 MIE4153(0C1. OC2. OC3.
OC4. ECl1. EC2. EC3. OP)n[[r]Hf 45 i, BVBK(TC)
i OC H1 EC Z A1 EAR T 157 WL SCHR[13-15].

T 5 J0 42 I IR AE b, A Dionex—600 251
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AGI11-HC {344 A ASRS i #8347 73 b Ik UE i
2 20mmol/L ] KOH,#ti# k) 1mL/min. FAKT7 V7
DLSTHR[16].
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AT SR P e 1 A1 e LA 2 A T iy Ak 1T B
2.5em2YE M, BT I BT 2R DU 9 £ 0 T s b, o
4.5mL A A 1.5mL 35 R A W 44 MR B T AT
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EHLIRT,

1.4 B PERE(DTT)IZ0 & A AL
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SN BB AR S0 TP 25l 10mmol/L 1
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P IIEAT W LR R RS ) 96 FLARC A
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2 FR5WE

2.1 AFETFEX PM, s S HAGE 2 53 (FRHE

IR 2 T, T T X PMy.s A 5 10 5
FEVE R 19.83~168.7ug/m’, W A0 k. /52K Tkl
[X PM, 5 V35 S5t B e S MG U M i T 44 (95 2pg/m’)>
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17NV(67.9pg/m’ Y>3 585 1 7 (67.2ng/m’y> 4 27 iy A 7
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PM, s 3PS 7K B A8 S ARV, L P (B i — S ik
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Table 2 The concentrations (ug/m°®) of PM, 5 and its carbon, ionic, and elemental components in different industrial zones

A Wt KB IRHE L fie] G h & AT P2 b A Bewb g
PM> 5 87.6 % 60.6 95.2+53.5 92.7+41.3 67.9+18.0 56.0+20.1 67.2+ 145
ocC 8.82+6.52 8.34+3.33 6.61+1.77 7.15+2.55 3.30+3.15 5.93 +4.69
EC 4.18+4.49 1.59 +0.53 2.92+1.95 1.44 £ 0.56 0.95+0.88 4.18+1.28
e OC/EC 3.37+1.89 5.51+243 3.06+ 1.81 521+1.26 3.40+0.18 1.67+ 1.63
ocl 0.35+0.25 0.42+0.28 0.35+0.18 0.22+0.11 0.04 % 0.06 0.34+0.43
oc2 1.82+1.02 238+ 1.13 1.98 + 0.86 226+ 1.59 0.92+0.89 1.51£0.89
0c3 3.26+3.92 1.64 £0.59 1.94 +0.90 1.91+0.53 0.94+0.91 171 £1.41
0C4 2.06+1.17 1.70 + 0.82 1.49 +0.35 1.29+0.35 0.76 +0.57 1.34 £ 1.01
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k2
E| W KV IR+ Bik) M Bt h 4 Y4 2 A IR %
EC1 4.17+3.77 268+ 1.11 2.63+£1.28 2.15+1.02 0.90 + 1.04 3.49 +1.34
EC2 1.30 £ 0.84 1.09 £ 0.90 1.00 £ 0.64 0.77+0.14 0.68 £ 0.56 1.68 £ 1.73
it EC3 0.05+0.11 0.01 £ 0.02 0.15£0.19 0.00 + 0.00 0.00 + 0.00 0.04 £ 0.06
oP 134+1.28 2.19 £ 1.46 0.86 £ 0.57 1.47 £ 0.54 0.63 £0.72 1.03 £0.95
TC 13.00 = 8.93 9.93 +3.61 9.53+£3.48 8.59 +3.04 4.25+4.02 10.11 +3.41
Na* 0.08 £ 0.10 0.17£0.10 0.10 £ 0.06 0.03 + 0.04 0.04 £ 0.05 0.04 £ 0.00
NH," 0.83 + 0.60 237+ 1.01 134 £1.07 1.72+£1.33 0.75 £ 0.78 1.27 £0.07
K* 0.07 + 0.04 0.06 £ 0.03 0.13 £0.09 0.10 + 0.02 0.06 £ 0.06 0.08 £ 0.05
Mg 0.09+0.12 0.06 £ 0.05 0.04 £ 0.03 0.01 + 0.00 0.02 £ 0.00 0.05 + 0.04
Ca?* 1.67 £2.08 1.36 £0.72 0.40 + 0.44 0.00 + 0.00 0.13 £ 0.00 0.19 £ 0.00
BT F 0.41 +0.02 0.44 £ 0.01 0.38 £ 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Cl 0.70 + 1.62 0.21£0.25 0.21£0.15 0.20+0.17 0.21£0.16 0.38 £ 0.00
NO, 0.13+0.12 0.20£0.11 0.05 £ 0.06 0.17 £ 0.09 0.07 £ 0.00 0.10 £ 0.00
NO; 1.65+1.40 220+1.73 248 £1.63 2.72+1.97 1.17+0.98 1.78 £ 1.34
S0,2 1.78 £ 0.47 4.14£2.13 2.88+1.88 2.67+2.17 1.54 £ 1.07 2.03+0.71
AT 6.56 +3.51 9.72 + 4.42 7.50 + 4.46 7.49 +5.46 3.89+2.94 557+ 1.13
Ca 8.98 + 6.34 7.54+3.4 4.53+235 5.85+0.95 531+2.19 2.94+1.92
Al 4.04+3.75 7.67+4.72 2.18+1.38 4.14+3.1 3.49+0.1 0.39+0.36
Fe 121+1 229+ 1.54 211+1.6 2.52+2.49 0.75+0.32 0.42 +0.07
\Y% 0+0.01 0.01+0 0.11+0.26 0.01 +0.01 0+0 0+0
Cr 0.19+ 0.06 0.25+0.11 0.46 + 0.72 1.09 £ 1.15 0.19 + 0.04 0.13+0.12
Mn 0.05 + 0.04 0.12+0.11 0.17+0.17 0.34+0.41 0.09 + 0.02 0.01+0
Ni 0.01+0 0.03 +0.03 0.03 + 0.04 0.04 + 0.04 0.01+0 0.01 +0.01
JLHR Cu 0.02 £ 0.01 0.02+0 0.02+0.01 0.03 £ 0.02 0.03 £ 0.01 0.01+0
Zn 0.4+0.23 0.55+0.08 0.72 +0.48 0.68 +0.21 0.43+0.28 0.34+0.27
As 0.01 +0.01 0.01+0 0.01 +0.01 0.01 +0.01 0.01 + 0.01 0+0
Se 7.4x10°4£43x10*  2.4x10°+£1.8x107° 3.5x10°+£3.9x10° 1.5x10°£8.7x10* 9.9x10™* £ 1.3x10°  1.7x10° £2.3x10™*
cd 33x10°4 £ 1.6x10*  6.1x107° £4.5x10™  7.5x107* £ 7.1x10*  7.9x10* £ 4.9x10*  4.1x10* £ 1.0x10°  4.0x107 £2.0x10°
Pb 0.01 +0.01 0.02 + 0.01 0.08 + 0.1 0.02 + 0.01 0.02 + 0.01 0.01+0
MICHE 14.48 + 11.03 18.51+ 8.8 10.43 +3.82 14.73 + 6.38 10.35+2.8 4.25+2.02

ANFEBR TN X OC JiF ik E AL yE H A
3.30~8.82pg/m’, 7F PM, s 1117 7.4%~14.4%. /K e IR ik
FFE X OC % 75 ((8.82+6.52)ug/m’), Fo Uk gl |~ g4
((8.34+3.33)ug/m’); EC (WAL 0.95~4.18ug/
m’ K e TRk - AL ATS B v ((4.18+4.49)ug/m’).
2 AN ERB I E AT OC/EC Ny 1.7, 4 Tk
fil X OC/EC KT 2.4% ) 344 el X 1) OC/EC 1H 5
e, A 5.5, O AT L(5.2),1X ] B S5 | A
WY B AR . AR R H UK
PR PRIt B e R A AT
OC/EC BT, N 3.1~3.4 5T 8 PRkl U51E,
KVeTREE - 5a%) @M OC2/0C3 Hfl &
PLZESE RN 0.6 Al 153X —Z 5l /E X 0PI
TR P bR & K YE) T ECL & i f s ((4.17+
3.77)ug/m’),iX AT HE SRR 58 Ak g L,

T AT X 2 TR e (9. 7244.42) pg/m),
BaE IR SRR EATI IR Z A 1) A AT s 2

THE PMas HH I iy s i (13.8%), i T Boti i 42(11.8%)
S ANH(11.6%). SNA 3 P 7R 428 Tk A X 1) PMa 5
) 7 BUARE (5T %%), SR K R 128 1) R B 4, 1K 4R
BUARE. Bl Ze R HEBCE DA ORI K e Jet - el X
CLIR I ((0.70+1.62) ug/m’ )21 HAbA TV 2~3 15 15T
W KV AP R R M ISR I A A 4
PR SEEHR CUT i S B PR Ak, K e Rt 1+
PM, s 1 Ca™ i e (1.6 7+2.08)ug/mn’ ), 3X 55 /K Ve 5kt
o g A A S AR KR AP T B RN SR A HI B, 25 %%
TR S 5 A P PR L T LK Ca™
h 7Kk X R IEAR ).

I 39 3 e A7 b b, G A Tl el X ) TG
FRE I 10pg/m’, 23 BIFE PMys H 11.2%~
21.7%. Querol 25P*IF5t 2 W, Tl el [X 1) 76 ZHE K
WP T IR 2 A S DXk, B T s Sl
KATCHETG Y ORI, IX 5 AR T 4518 — 83
o TR A B DX T #R WK B 5 ((18.5148.8)
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Fig.1 The source profiles of PM, 5 in six industrial zones
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W R R AR EC 0 20 43 73 A B 6o BB 1 <
(0.15%) 17K e TR HE 1(0.07%)4T Mk EC3 5 HiAb ATk,
R BB L EC2 fy Ee i T AR Tk, A
2.5%, 1[4 EC2 15 4 Bra b B AT ML AR RF IR 2 4,
DT HAb AL B 1 FroR,3 MR TEHLE T
SNA FE/NFE TGl X PMys H 7 B S H I,
fite) A SNA 2 (7 EEAE 7S 2 B X Hp 8 1 (13.2%), 1T

Ca™". Mg™"\ Na' i tre /2 Tl bl [X 35 ik,
HE Ca', A AT 2 7 WA T SR AT 4 SR,
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I o S UK IR E LA Ca (11.8%),
A RS Guo ST 4 it —BPOLAL 1R
TR AR TCER ARG ) A RAEAT N HETBO B
0, 5 5 P R g s AL ST R ) A AT
JPMy s HF AL 58(9.7%) 55 e, 20 42 B B B e A T 1)
18 £ BHE IR 2 AT H Fe (5 H(2.5%) 8 R X 5 1L
F2 AR P B, 0 S v AN N T2 DR OGO
T8 B 4 JeE ) ) B AR R DR AR AT T
AT AL, Cr AERREATIE ) LRIE 3 1.7%, B3
PP (0.2%~0.5%) i H 3~8 £, CLA I ST IE S 4
HIRBE 5 Cr HECEDIAR B0 32 I g, Cr AT h %47
ML RFERR TR TT 2. Ca 7 0 B3 P AT ML HE B PM, 5
i B G R, S EE SR g 80
VE R ZATI I FR G 0 2 AN AL 78 B3 g 22 el X 1)
Heds o b AR T A Tk e X
2.3 PMs S HARRIE

WK 2 Fos, AN RAT M0 A A8 A 785 3 1 45 21
FEAE W 28 e Al | @M I B vt m, DT T A
(114.61£157.12) pmol/(min-pg). A L2 T, 3% 385 %

A7V DTT,, 8 5 A1%((11.88+9.98) pmol/(min-pg)), % ]
HPM, s (48 AL #4599 DTT, S 3L H 5 DTT,, A1 [
(1) A% Ak A e, L v it T 3 AT M B 5 ((6.33+5.84)
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