RE AR T A 2024 4E 11 A% 40 %% 111 Chin J Public Health, Nov 2024 Vol.40 No.11 - 1347 -

BB S
RETTFEHER Y & PM, 5 15 QR & N B 68 B XU V7 A

Al M2, EER!, WA, AFRK!

1. R T 2 975 T 428 o) v oo B 055 4 B b5 20 3k T AR Py 3R 8E L5 4 BRE ME IVEA0 BE, R 3000115
2. R T LD M X B8 TR 2 o) b 0o R 8 BAE b i e 4 B, RIEE 3001225

3. R T B 9 0 42 o) v o T A A B A 00 P 30 45 BR AL B, R 300011

BE1E# : %, E-mail: zhaoyan6@tj.gov.cn

[ ZIHW LWRAEZTHELEFAFTEZTAPMs PLEXL BT EWTLFMER, FHTAH
ARG, Fik 2023 4F 11— 12 A X RETE R > 10 4580 53 2 & %, B AL 3% FUE 36 57 7 R 43
B, HITZEAPMys R, HEPM,s RERE, A2 AR LA B TEHETRA LA ENE, RAFEEX
F R R (USEPA)EFE N E RN IFTEHEAN 2B RGBT R E TR ERT KW EERARHEATIEA,
R OWEIEEAFEPM,, FH R EKRE K (24671 £ 8555 ug/m3, H B & T B #1483 8 A F [(112.64 £
26.26) pg/m?] (1=5.61, P<0.001), #4k 3k & % A PM, s # 8 Sb. Mn. V. Cu, Co. Al Cr, Pb, Ni, Fe, Na, Mg. Ga
MZInHALTE TENHE(P<005, OB TENGEAFRBEAREATET L, KAZEAF T FE—
FHEZEREAES, FREAERZTH A Ma(HQ=0.8), £k # Sb(HQ=0.1). ZETEXN ABHKE AR
EREACr, G EATFN 605x10-5, ZHif REWEHKLEEZAPMs T2 RBESRB TENERRA
BAPE, 4 RERELETEZBAFATRSN AT 4 — 2308 AK, As. Ni, Pb f2 Cd W 5 A FFHY
BOE £l ERK, Cr BB Bl B w T 8% KF,

[X#iA] LG BHEY: 2BE2BTE: BRNOIFMR,; RET

Concentrations and associated health risks of indoor/outdoor PM, s-
bound metallic elements at a subway station in Tianjin city during winter

ZHAO Yan!, CHEN Yang?, WANG Yuwen!, SHANG Bodong3, DU Yuxin! (1. Department of Environ-
mental and Health Monitoring and Evaluation, Institute of Environmental Health and Public Health, Tianjin Center for
Disease Control and Prevention, Tianjin 300011, China; 2. Department of Environmental Hygiene and Food Safety,
Honggqiao Center for Disease Control and Prevention, Tianjin 300122, China; 3. Department of Environmental Physical
and Chemical, Institute of Hygienic Inspection, Tianjin Center for Disease Control and Prevention, Tianjin 300011,
China)

Corresponding author: ZHAO Yan, E-mail: zhaoyan6@tj.gov.cn

[ Abstract] Objective To compare the concentrations and to assess the chronic health risks of particulate matter less
than 2.5 microns in aerodynamic diameter (PM, 5)-bound metal elements on the platform and in the ambient air of a
subway station in Tianjin city during winter. Methods Seven-day continuous PM, 5 air sampling was conducted in
November and December 2023 simultaneously on the platform near the tracks and outside of a subway station that had
been in operation for more than 10 years in Tianjin city. The mass concentrations of PM, 5 in the samples were calculated,
and the contents of 21 metallic elements in the PM, s samples were determined. The health risk assessment model
recommended by the United States Environmental Protection Agency (USEPA) was used to assess the health risks of the
metallic elements via the respiratory route. Results The mean mass concentration of PM, 5 on the platforms in winter
was 246.71 £ 85.55 pg/m3, which was significantly higher than that (112.64 + 26.26 ng/m3) outside the station during the
same period (z = 5.61, P < 0.001). The contents of antimony, manganese, alum, copper, cobalt, aluminum, chromium,
lead, nickel, iron, sodium, magnesium, calcium, and zinc in PM, 5 samples collected on the subway platform were all
significantly higher than those in PM, s samples collected outside the station (all P < 0.05). The combined non-
carcinogenic hazard index (HI) of the nine metal elements was greater than 1, indicating that the exposed population may
have some non-carcinogenic health risks. Manganese was found to have the highest non-carcinogenic risk (hazard
quotient [HQ] = 0.8), followed by antimony (HQ = 0.1). Chromium posed the highest carcinogenic risk (6.05 x 10 -3) to
the exposed population. Conclusions The level of metallic element pollution in PM, 5 on a subway platform in Tianjin
city is relatively high. The combined effects of several non-carcinogenic metallic elements may pose certain non-
carcinogenic risks to the exposed population. The carcinogenic risks of arsenic, nickel, lead, and cadmium to the exposed
population are low, and the carcinogenic risk of chromium is still within acceptable limits.
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Table 1 Mean (standard deviation) and median of the mass concentration of twenty PM, s-bound metal elements on the platform
and in the ambient air of a subway station in Tianjin city from November to December 2023

2k 4 (ng/m3) HNIREE (ng/m3) Mk & (ng/m3) AP (ng/m3)

Xxs M Xts M Xts M X+s M
#(Sb) 295.66 + 71.89 2 299.81 1.08 £ 0.37 0.89 TifiCAs) 5.10+0.07 5.08 5.14+0.16 5.08
wcd 048024 035 0.41+0.11 035 ||FHL 024+0.14 0.20 0.21+0.01 0.20
i (Mn) 317.47+92.312 317.29 12.39 £ 1.00 12.00 #3(Na) 259.29 £206.152 235.00 52.14+£5.79 50.00
LV 27.19+7972 27.25 6.02 +2.26 6.08 #:(Fe) 3.94 £4.06 2.262 1.33 £0.58 1.47
#l(Cu) 296.07 £ 169.81 205.002 86.55+12.44 89.30 #(Zn) 28.32+30.082 20.80 0.88+0.16 091
B(Mg) 130.59 £ 71.16 54.552 6.81 £2.49 6.95 5(Ga) 706.08 +45.77 469.002 6.36 +2.85 5.84
h(Co) 3.17+2.032 2.64 0.13+0.09 0.11 fili(Se) 2.61 +£0.09 2.58 2.62+0.10 2.58
H(AD 463.36 £116.04 2 452.43 202.43 +103.15 172.00 #(Co 93.27 +£26.64 2 95.05 3.98 +2.28 3.25
#r(Pb) 149.04 £ 31.552 144.26 12.31£0.40 12.20 HOND 13.24+4.162 14.00 1.43 £ 0.04 1.42
(TD 0.10 £ 0.07 0.08 0.10 £ 0.06 0.08 (KO 112.14 £ 91.67 95.00 81.43 £23.81 75.00

E:a AP <0.05.
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Table 2 Hazard quotients (HQs) and their upper confidence limits of nine PM, s-bound metal elements on the platform and in the
ambient air of a subway station in Tianjin city from November to December 2023

FEHh R & HPIREE

TCE

Ca 95%UCL b Ca 95%UCL b
B(Sb) 1.24 x10-! 1.42 x 10! 4,54 % 10-4 542 x10-4
% (Mn) 8.00 x 10-! 9.35x 10-! 3.12x 10-2 327 x10-2
V) 4.90 x 10-4 572 %104 1.08 x 10-4 1.32x10-4
K(Hg) 1.01 x 10-4 1.34 x 10-4 8.82 x 10-5 8.82x 10-5
H(Cw 8.88 x 104 1.18 x 10-3 2.60 x 10-4 2.81 x10-4
£E:(Zn) 1.19x 10-53 1.91 x 10-5 3.68 x 10-7 4.06 x 10-7
£ (Co) 6.66 x 10-2 9.12 x 10-2 273 %103 378 x 10-3
fifi(Se) 1.64 x 10-3 1.68 x 10-5 1.65 x 10-3 1.68 x 10-3
£CAD 1.17 x 10-2 1.34 x 10-2 5.10 x 10-3 6.60 x 103
&1t 1.00 1.18 4.00 x 10-2 441 x10-2

T a AP EETHSHQ, b S Mk BEOSR ELAE L IRITSTHQ.

3 ML & 5B S PM, s &R KSR U R BUR R
Table 3 Carcinogenic risks and their upper confidence limits of five PM, s-bound metal elements on the platform and in the ambient
air of a subway station in Tianjin city from November to December 2023
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FH(Cd) 4.67%10-8 6.03x 10-8 3.99x 10-8 457%10-8
£ (Cr) 6.05 x 10-5 7.04 % 10-5 258 x10-6 3.43x10-6
BLND 1.72x10-7 2.03%10-7 1.85x 10-8 1.88 % 10-8
H5(Pb) 6.44 x 10-7 7.23%x10-7 532x10-8 5.42x10-8
&t 6.25 % 10-5 7.26 x 10-5 3.88x10-6 476 % 10-6
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