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Pollution characteristics of PM, 5 and health risk assessment of heavy
metals in underground garage

CHU Xu' CHEN Huiming' YAO Xiaohong"? ZHANG Jian' LONG Chao' ™

(1. State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing,

210023, China; 2. School of Environment and Ecology, Jiangsu Open University, Nanjing, 210019, China)

Abstract The particulate matter pollution inside underground garages commonly used in modern
buildings and its related health risks deserve in-depth research. This study took an underground
garage in Nanjing as the research subject, monitored the air pollution of fine particulate matter
(PM, 5) within the garage, analyzed the concentration variations and spatiotemporal distribution
characteristics of PM, 5 as well as its heavy metal elements (Pb, Cr, Cu, As, Ni, Cd, Co, Mn), and
evaluated the inhalation health risks of heavy metals in the garage PM, 5 to both workers and parking
users. The results show that the overall daily mean mass concentration of PM, 5 in the garage was
(42.12+13.64) pg-m?, falling within the range of 26.62 to 66.70 pg-m>. Notably, the levels of PM, 5

pollution in the underground garage during the May Day holiday test were relatively low, and there
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was no significant difference in the average PM, s mass concentration between working days and rest
days. The relative contribution to garage particle pollution was as follows: environmental background
> garage use frequency > garage ventilation issues. The mean total mass concentration of heavy
metals detected in PM, s within the garage was 0.082 pug-m. Notably, Cr and Mn were the specific
heavy metals associated with carcinogenic and non-carcinogenic risks, respectively. The non-
carcinogenic risks posed by heavy metals within the garage remained within safe levels (HI<1).
Conversely, the carcinogenic risks reached a high probability level (ILCR,,,,/=1.47x107) and warrant
careful consideration for workers, and it should not be entirely ignored for users.

Keywords underground garage, PM, s, heavy metals, health risk assessment.
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BT, E NN T P2 PM, s M & RIS YR IT T —E MBS, Li 59 7E 2011 4E0F 58 T 2%
SH T 2 R A SR S e L, JERI PM o FURE AR P Y Fe, M. Zn, Pb, Cu S50 &K, 5 R A A
2 AR FE AT, PM o T PM, 5 75 YL B 72 8, H PM,, BUKL Y P 5 9T K & Fe. Liu 250 F 2019 4F
PIPRETT 8 A i R IX R BF 5 X 42, 5@ s vE M 1 H 4R WU T %2 % T8 H BURLY) (PM,5 AT PMq)
CO, Fl TVOC ¥ Ji J Ho 55 283 1 (1) 5 22 S5 SR, M 2228 vh PM, 5 A1 PM o R 32 433 s v R0 8 3%
fe TR EREE s MR ZE R PM Al TVOC ¥ FE 5 583 i i 1 S A 0 5 AH DG (P < 0.01), PM, 5 ¥R 5 3%
B e J 3 i S A B AH 56 (P < 0.01). 2013 4F, Obaidullah 25 A5 T AT 3 AN ] A B A5 423
IR £ 130 110 0K 400 15 e 1 O, & B0 T2 v (%) S 0 ok 8 R I I 35 o T B VR 2, [R] B PML, 5 VR
g TLZH 2L (WHO) #1356 [ 3338 (US EPA) HEX 1 24 h 275 {H, PM, o WK BE L8 28 T WHO FlRK B
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EPA A A7 {9 KRG A A5 107 100 8 [ i 666 A7 1 o i 20 JE X — 4 o PR B 0K 49 7 4 i £k B JXURS: 1
FE. ST UL, ARG B A6 Wb 22 R A B 255 (] A4 R0 T JRotRav, T A 25 g 23 SSUBURL ) (R ) 28 43 AT
Pk K TR 4 i 4 SR RO ERE , R332 US EPA A% A7 %) £t BRE JXURS: P 45580, 41 X6 1 F 42 )% TA/E A B
IS 25 FH P i AN [ 14 75 G ) 2 S AR S B0 R A 7 B XU P, DA Sk b T 42 2 2 ) 7 KT A
HilE R e R IBL NS R R

1 MRS 7 (Materials and methods)

1.1 FESCREE

AR TE FAE 5T T R 5 R EANARAL X 3 MBS AE B 52 4237, R 42 0% 5 b 13574 m?, BE3H5 424
249 AN FEPEVEA T ANZEMA T L 1ASZEH CUR 8 AR A B 8, 42 NAHLGE MR SR8 1T, G5
R P IR T T L RN 6 S TAERA O, A AR AT RV A A A AR AL A
KA R, T AR B2 2 P e S 8] b 7 A8 el b DA, TAEH 4 H TAE 8 h, Hi s ik A
IS BRI, AT LA TAE A BL 8 h BIAb7E 42 R AT rhr . ARG SR A A 182 J5 I 2 25 (A o5 42 1o
B W 7 A R AR IS GRAT) ) (HT 664—2013) 01, /K- J 1] b e 42 8 A T | 42 )28 B A 1 A
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Fig.1 Schematic diagram of the location of the sampling garage and specific sampling sites
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HETEL WIS M- 6 I R s S e 4 H D s B .
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AR LS (S JRE R PR 4 8 T R M e f B & 45 85 IR R Sk vk ) (HY
777—2015) M HEAT . AR 5256 i A PQ9000 HL I AR A 55 B 7 1k & 4 )6 3% {X (1CP-OES, 7% [ Analytik
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A f, ADD HAEBUREY R H B R FEH &, mg(kgd) s LADD A& Y & 5 H ¥ 2 &5,
mg-(kg-d)™'; C NPR Y 4 J8 B m g, mgm™®. eS80 A W& 1.
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Table 1 Parameters used in health risk assessment model

S8 X L SH{H K
Parameter Meaning Unit Reference value Source
InhR W 3 m*h! 0.98 [15]
U TAEADL 8

H 2 F& [ od! - 5
ET IV 8] h-d R 0.5 AW
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ik 1
28 =94 BLAY S0 E3
Parameter Meaning Unit Reference value Source
AEF AR ERAR da’ 260 [15]
ED TR IR a 50 [16]
BW brifE A kg 66.2 [15]
AT V34 2 s e ] d 3%%73316356 5 [16]

T T RET ENBUA S US EPA EEE 104 2 BORARIBUE. FErh, R4 22 128 B A6 B 007 19 il
FIVERT . TAEZOR AR 00, 0 H 42 28 AR S H AR 8 h, 454 1 P 4 H S 427 0.5 h W BRI S 4G
GIREPN SOl s oS R NIE R N g e

(2) fi Fie XU A
A5 US EPA Zi45 USR5 R 48 (IRTS ) Fl E PR e A 5 ALAA (TARC) 973 2 Bn o, 5 B Ao B 3L

JERLIV B As, Cd\ Ni, Co Ml Cr 73 5 — 41, ¥ AESUETE S8 Cul Pb, Mn 73 N5 4. 2 — AU E )
A A B0 /AR BUE A, 28 4ot HH AR S0 AU
PR TEER W AR B0 XU LU G # 2R % (hazard quotient, HQ) i 1, 118 AN
HQ = ADD/RfD (2)
A, RID i H 2% 5 A5 & (reference doses), mg-(kg-d) ™.
K 16 % 45 40 (hazard index, HI) 115370 % 19 S AR AR B0 KUK, HI>1 3 W1 AT g 7™ AF 3E 2o KUK, %L
(ERE NN 8 = 5 | 7 o= /N W
HI = ZHQ (3)

B BTN R A AETE BIEL, {1 A4 i 2 5 B KUK { (incremental lifetime cancer risk, ILCR) & &

TS5 Ry BUR AR, THE AN
ILCR = LADD x SF (4>

A, SF AR T (slope factor, SF), [mg-(kg-d) ']

ILCR 4 VF I FRAE N 107°—107* ILCR AR T 107 2 B 0 XU 1] 2205 ILCR {EAE 10°—107 Z
[11] & W A7 AE 3/ VB3R 1 B0 XU s ILCR B AE 10°—10* 22 [1] 3 W AR 7 5 KA 19 38008 XU s ILCR A 5
T 107 I E Y B0 XUKE.8 FOT R Y RID M SF {HF1] T3 2.
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Table 2 Reference doses and slope factors of heavy metals

JLE ZFZF |5/ mg- (kg'd) '] FUmAIR T/ [mg: (kg-d) ']
Element RfD SF

As 3.00x10 15.1

cd 1.00x107 6.10

Co 5.71x10°¢ 9.8

Ni 2.06x107 0.84

Cr 2.86x10° 41

Cu 4.02x107 _

Mn 1.43x10°° _

Pb 3.52x107 _

2 #5978 (Results and discussion)

2.1 PM, s {5 Y HFAE
K 2(a) R T RAE AT 18] PM, 5 W B2 -5 060 1 B[R] (9 R 52 1T PML 5 ¥R B84k, 25 SRR W], AR AR I
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Fig.2 PM, ;5 concentration changes and its spatiotemporal distribution characteristics
(a) Changes of PM, 5 concentration from sampling garage and Nanjing city; (b) PM, 5 concentration at different times; (c) Changes of PM, 5

concentration at different sampling points; (d) Average concentration of PM, 5 at different sampling sites

PLTAE B FIAR B, B X 2045 SRAE I ) B, 45 2 AN ] Ik i) SR A 5 PML, 5 -2 5 4 ok 8 ok e an 151 2(b) e
7x. HE 200) AT, SRAEEWIR] T/ B PM, s V- 349 B & i R s s TR A B, 43 918 43.17 pgem ™ il
41.06 pgm™, FTAE HAEAE 5% 1 (82,12 pg-m ™). TAE H 18], 47 BOROR E AW £, IRE RS HE
R AR IR R L, B R . AR K, S UiRE 2 m i ORI, I FLE A 4 28 A i i vt 25 985
AN IR AR ARG, TAE H AR S H 4 PM, g 1k BE X IR, AT LLIA S 42 3 5% b R 42 P ok:
YD JEE (1) 5 M R B ARG 1 IR B 0K 75 e X 42 122 PML, s ViR JEE 1 B B2 R M R JEE A /N

SRFETT ST WA RAE ST, 5 ASRAE S IR R A LA b CREES D L BEREAH CREE A
2) . BRI T CRAE S 3) . 4B XIE A CREE S 4) FIIE XA TR 42 40 CREE RS 5). 0 B 5 R kE
I ) B AN [] SR A S PM, 5 JBT o Ve B A8 A0 RISF- 1) PML, 5 JBT s ViR JBE X 1, 5 SR 43 il 4] 2(e) Fn 2(d) B
7. B EIAAHL, SREEIATE] 5 AN SRAE AT 1) PMy s 5 R 2 AR fh B 3B AC — B, -2 PM, 5 o V4 B 43 5l
M 42.59 pg'm, 47.62 pgrm, 43.66 pgrm >, 39.51 pgrm Al 37.21 pgrm, Rk s S HE R AR R
K R 2> RAE A 3> RAE A 1> RAE A 4> RAE S SRAE 2 WAL R A ER 2,
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R SR RE B PR GE R B LA s, R T 25 R SR8 IR, 25 RIS 3t PR, 4 AR 4 22, 0k W 7 7 e
HOE LAY B, i B IR E TR, B 5 AR K B RIS Y. SRR S5 4 Sk ZE PR XBE £, TR
RO B2 B R, A ER 242 FE S A 1 2 i i AR /DS, B Ak 32 B VR 4 R AHE RO B R B 2 s i N, S O
PM, 5 15 Y AR XA AR, TSR AE S5 5 VB A IEXF 4228 A A9 45 f Ak, Pl 30 RCRECR AR G B4y . 42 3 s AR R 4
FErub B/ NAE R R, A5 PM, 5 15 Qe fIK.

B2, AT DIIA R IR G HE R B 37 202 5% SR A B ] I 0 4 J22 PML, 5 75 G 19 52 W AH EL 22 PR S5 4 5 3R 1 30 25
XS 12 PMy 5 15 G [R5 I B8R 5 b, AR 0 10 B9 N B3 3% sl A ke 28 4, JH e o e ke e XU 1
19 BT g CTE.

2.2 PM,s W 4@ 15 YRR K fat R XURS: P

PM, s "' Pb. Cr. Cu, As. Ni., Cd. Co Fl Mn 4t 8 FlHH 4 J& 19 V-39 BE an 151 3(a) 7. SR AR 8] Bt
L, AR 22 2 PML 5 I 4 J 1 1 34 R T 5 Wk B2 R 0.082 pgm”, 7 PM, s -3 it ik B v o b 24
0.21%. %1 PM, 5 Tl 5 42 ) o0 3R 014 3t i vk B A K B/INHE P AR YA : Cu>Min>Pb>As>Cr>Ni>Co>Cd,
Hdr Co LR P W B i, 8380 7 31 ngm™.
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Fig.3 Characteristics of heavy metal pollution in PM, 5

(a) Average concentration of each heavy metal in PM, s; (b) Concentration comparison of heavy metals in PM, 5 at different sampling sites;

(c) Average concentration of heavy metals in PM, 5 at different sampling sites
JE L PM, s 50t W B o0 B 7 1, LA HORTR R X 23 4% SR R N 8] BE, A4 31 A [a] B[] 5% A 1
PM, 5 H1 2% 1 463 i 1 22 J5 vk B 6T FE A 12T 3(b) BTz . AT LA 3, Bl ¥ 48 J& T Cu, Min, Pb., Cr, Ni %%
5 T 45 Jm T 221 24 o v R AR AR H >R S H A LR, HEIN R R AUHER . ML AR 4 A R v gt
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A S BURL ) T 4 R TR A AP RO ORI 4 A i, DRI A L T A R S s 05 Y Y
FLHERE R, G i 0T 1 2 P JURL W B 045 M R B A 17T As. CdL Co 19 3 P 4B U R AT A UL
AR, % R RNOR TS Yok IR )z, R R/ N A B T R A2 RIS AR 5 YL IR th A N e R B
A5 M) T B T K. 5 B RAE I IRIAS [ R AR A PM, s HH R 428 A2 MR B, 285 SR f&] 3(e) iR . SRR )
£ RAE Y PM, s 4 R s W BE 43510 65 ng'm ™, 83 ng'm >, 71 ng'm>, 70 ng'm> % 64 ng'm>,
SF- 2y B v v BV HE AR U A« SRR A 2> SRR A 3> SRR A 4R 1>RAE S 5, 5 PM, 5 MR 23 6] 43
A B A — 3L

FIH bR T 4 R BR AR, 433 SRR AT T ] RN ARE b 2 o TR N B A P IR A PM, 5 T
Ky rh 8 i 4 T R A AR B0 M BUE R TR i, 25 AR 3. B TR R TAE R A RN O, T4 )R
Jo e I R FH BT A A e %) S B A ] s AR 6 T 1 A 5% 2 242 P AR IR 55 . #3863 R, 8 il
HeRT, CuIEEUE H ¥R T R E, 79518 ADD g ;3 =2.64x10° mg-(kg-d) ' Fl ADDyy 42y i =
1.65x107 mg-(kg-d) "5 As (1) 80U & 5 2§ &t fi &, 70 5 4 LADD 44 5 5 =3.01x107 mg-(kg-d) '
H1 LADDysz 4z pyy - =1.88%10"* mg- (kg-d) .

£33 PM,s PEESENWARE R

Table 3 Inhalation exposure of heavy metals in PM, s

ol ADD/mg-(kg-d)™ LADD/mg: (kg-d)™
Hoavy metl THEAR P THEAR I
Worker User Worker User

As 4.22x107 2.64x107° 3.01x1077 1.88x107®
Cd 8.37x10°® 5.23x107° 5.98x10°* 3.74x107
Co 1.06x1077 6.61x107° 7.55x107® 4.72x107
Ni 1.95x1077 1.22x107% 1.40x1077 8.72x107°
Cr 3.05x1077 1.91x107® 2.18x1077 1.36x107®
Cu 2.64x107° 1.65%107 — —
Mn 2.24x10° 1.40x1077 — —
Pb 9.11x107 5.69x107* — —

AT b 3 i RS S8 RS, ) ST SRR AR 4 P AR B L 45 4 TP Jd i 2 A PM 5
Ry 8 i < Ja R (AR B0 KU R 5 i B0 B s 0 R B B0 KR, Z5 R Ik 4 PR,
R4 PM,s PG 00 AR U XU K B0 KU

Table 4 Non-carcinogenic and carcinogenic risks of heavy metals in PM, s

HQ ILCR
Gk — -
Heavy metal TAEAB R TAEAG PR
Worker User Worker User
As 1.41x10° 8.79%10°° 4.55%x10°° 2.84x107
cd 8.37x10°° 5.23x10° 3.65%107 2.28x10°
Co 1.85x1072 1.16x10° 7.40%107 4.62x10°
Ni 9.48x10°° 5.93x107 1.17x107 7.32x107°
Cr 1.07x10°2 6.66x10° 8.93x10°° 5.58x107
Cu 6.57%10°° 4.11x10° — —
Mn 1.57x10™ 9.81x10° — —
Pb 2.59%10°* 1.62x10°° — —
A1 (HI/ILCR ) 0.1879 0.0117 1.47x10°° 9.19x107

BEXFAE S KRS, TAE A GRS 42 11 B f6 3 48 48 HI 235128 0.1879 F100.0117, H 4L T4 42 il
DAL, 0 BH R A AR S i /N 6 AR SRS P, 4% 4 i e R AR B0 WS 18 3 R 480 & 2
R HEFE #BAE A : Mn>Co>Cr>As>Pb>Cu>Cd>Ni, H: i Mn (4 JF 20w XU HQ i fe i, TAE A BUAME4:
FHF 4350k 0.157 F119.81x1072, v JE 20 XU i 4 A 4
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B B0 XU, AR N B3RS 2 P %) 1 6 2 B BUR XU SUE ILCR o 23 914 1.47%107° F1
9.19x 107, %F THE N G710 55 ve M 238 110 500 IRV, W52 22 ) P g 380 JXUR: W] LA 2200 . %o T T4 A B T
=, Co. Cd. Ni 3 F o0 2 (B0 XS 7T DL Z 0%, 17 As Fll Cr (9308 KU S8 3 T IR R B0 ACOE, 43591k
4.55x107° F1 8.93x107% X T4 P i 5, B 5 Aot 28 i 250 KU #2006 6 A A 3 s 42
F, & 4R oo R AR BUE KU fa 5 R ECH & EIRHE T KR : Cr>As>Co>Cd>Ni, 1 Cr (1 80 U
ILCR {H#¢55, 4351 4 8.93x10°° F1 5.58x107. Al LA & P, X FHb R4 TAEA DL, PM, s P EE B ICE S
B JaE I KRS L AN 200, B ORTE T 45252 31 R N, (L] RE 7 2 508 AR 118 3 A A= o JBT 30w A 5 v 1R 0%
P B0 £ R AU JR A Cr FE MRS PMy, s J9URE 4 i A S5 a3k B AR GBI, T ]l T LA v i B 1, FE R
FEZE PR ] B = AR T f Ry B S 1 3500 iR R XS

PLRRAN SR TP 0 TAE B F- X0 BEAE SRy i AN [R) B 2 P P i 3 4 R R A 00, 43 BT AN [ e [
4 0 AR B0 XU B B0 KRG A8 A, S5 RN 5 FR. 7T RLE B, At TAE A BSR4 1 7, 5
iy DRI R =1E 5008 DRI Bt B [0 7 28 Ak e S4B e AS Tl JH e Al B0 KU (AT (ED) e 43518 0.352
0.0220, K43 514 0.082 1 0.0052; F5a XU (i ILCR {H) ¢ 5 43 91 4 2.13x107° 1 1.33x10°°, F A 2>
SR 5.76x107° il 3.60x 107, AP i, phe s I S0 RS F 3008 KU 1Y) 8 42 8 J6 2 43 5128 M Al Cr,
TR B AR A A AN R BT A 20 KU (1 0 XU (A AR R S A —EL

=5 A[FIEFELT AR G A0S 25 P A B0k XUk B s XU

Table 5 Non-carcinogenic and carcinogenic risks to workers and users at different times

Eﬁ,:ﬂ HI ILCRtotal

Date THASR [FEaHE THAB [FEaE
Worker User Worker User

3.9—3.10 0.280 0.0175 2.13x10°° 1.33x10°°
4.17—4.18 0.352 0.0220 1.33x107° 8.29x1077
427—4.28 0.153 0.0096 1.45x107° 9.05x107"
5.5—5.6 0.082 0.0052 5.76x10° 3.60x1077
5.8—5.9 0.216 0.0135 1.82x107° 1.14x107°°
5.11—5.12 0.182 0.0114 1.64x107° 1.03x10°°

v ot (175 3 25 1, 7 S50 7 4 i R 0 5 1 L TR B 1) B P, R 2 TAE A B R S 22 i P,
P A T AN 2 1 B0 AU, 33X R X TR R PN 3, ZEPE N PM, 5 TR 43 1 B0 XU R
L4

3 %51 (Conclusion)

C1) WL 8], 3R 42 3 A2 PM, s T B o (42.12413.64) pg-m>, ¥R JE AR (L5 BBl 26.62—
66.70 pg-m; 35 PM, 5 Tt ik B A AR, (H 35 BH i /& F 17 XT3 PM, s 0 d vk B, 9 3 R 3 A A s 34
FEA—2. TAEHARE H B9-F-34 PM, s BT R BE X IR K, 43904 43.17 pg-m™ Fl 41.06 pug-m™, LA
JE I b T AR UKL A v R 1 S e R R G A1 S R B UKL A 15 R AR PM, 5 Wk BE 1 B4 T R
FERUIN.

(2)IEHCT 5 AR FAS R A0 32 F038 KU 50 10 SR A s A, DAL PM, 5 J0 vk B AR b i 34 B A
—3, S PM, 5 R E 4358 42.59 pg-m ., 47.62 pgrm>, 43.66 pg'm>, 39.51 ug-m> A1 37.21 pgrm>,
RPN T B A A s %) TUART O A B A2 PR A i T G S, T VR A R B 47 24 S0 L
PM, 5 15 Y 10 52 M 8 B A X 7 A 235 4 5 0 A 25 308 AU X ML, 5 75 T4 P 2 i R B oK.

(3) %] PM, 5 Hilll %€ F 43 J& (Pb, Cr, Cu, As, Ni, Cd, Co 1 Mn) i{~F-X5 B BT fE iR B R 0.082 pg-m 2,
FE PM, 5 V359 0 B v B b 7 EL 2R 0.21%; 54 J@ o0 R 1Y vk FE R BN P HRIKCR : Cu>Mn>Pb>
As>Cr>Ni>Co>Cd, HH Cu e P ¥ it i W B e, 1A% 1 31 ng'm.Cu, Mn, Pb, Cr. Ni % 5 oo &
S 349 Jo e Y B SR TR H >R R H AL, SR W1 H 32 42 3t 2 52 e B K5 T As. Cd, Co 55 3 At 43 J& o
REAFTE AL, FeWHAZ 4D AR S A 52 e B K



566 7N 54 1t

3

44 %

(4) i 5 XU TP 22 BH, e A 3500 AN B0 AU 1) 52 42 I8 43 31124 Min A Cr 4 8 50 4 R S0 AU
Ab T 4K P (HI<D) , BU KRS X TAE N 53k 3 287K P (ILCR o =1.47%107°, F 2l As 1 Cr 5T
1k ), X5 42 R P AR AN (R B [R) 95 G5 AN TR), A7 7 AN B 206 (415 8 (ILCR 0> 107°) .
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