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Odor-causing VOC remediation and health risk assessment in passenger vehicles. SUN Zi-han', WANG Geng', TANG
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Abstract: Volatile organic compounds (VOCs) were identified as chemicals that caused odor pollution in cars. Nanostructured water
ion (EWNS) technology was demonstrated to be capable of producing large amounts of hydroxyl radicals to degrade VOCs, though
systematic research on odor VOC removal had not been conducted. In this study, VOCs components from 9cars were first analyzed
offline using TD-GC-MS, and the main odor VOCs in actual car interiors were determined through the comprehensive scoring
method. A mixture gas containing the average concentration ratio of detected odor VOCs was then introduced into the experimental
vehicle, where degradation efficiency was evaluated using EWNS technology. Human health risk assessment was also performed.
The results revealed that aliphatic compounds were detected most frequently (7species) in car interior VOCs, while aromatic
compounds were found to have the highest detection rate and concentration. Through odor identification scoring, xylene, toluene,
ethyl acetate, o-xylene, n-butanol, and hexanal were selected as representative odor VOCs. After EWNS treatment, significant
removal effects were observed for all representative odor VOCs, with toluene removal rate being recorded at 92.8%. However,
EWNS degradation efficiency was found to vary with placement locations in the vehicle, where better removal effects were achieved
in rear positions compared to front positions, potentially associated with hydroxyl radical diffusion efficiency. Meanwhile, the
carcinogenic risks of benzene and ethylbenzene were significantly reduced, transitioning from carcinogenic risk to risk—free status.

Key words: automotive interior VOCs; EWSN; health risk assessment; governance methods; odor recognition
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@

1.2 PRSI S T 5Tk

1.21 FEAREETNE R 1R FMRAG R
RIS D M RPN 72 0 FLE T R A S
VOCs Fo Flll B A1 g L is A RO L,
R ek s S5 AU i) AR A IR, 4 i 1A T A MR 25 A
A A T I B 5 % A AN, P AL



534 PR -

ANEAEZ N IR VOCs (K176 B AE HRE XU VE A

2371

5.2 A S0 2 kg A () ot Y PR 2 (PN A [,
ATk 2y B /T 100km), 73 5304 4 EWNS V6 2]
SEHG A S0 IR A N RIE EWSN RSB IR E s
1T, 88 AR PR BEELE 4 20°C, N IR 1% X,

Fz1 ERFEHEAXERLE
Table 1 The compilation of experimental vehicle baseline
parameters
P L A L T
(H) (km)

D49 1 LS ENA 33 35000 ZS
D249 2 RIRIR 24 30000 ZS
2R 3 F ot 24 40000 ZS
W ZE 49 4 Bt 72 71000 £
MR FE59 5 Fm 48 80000 £
WRAZER 6 HIwE 18 10000 ZS
2249 7 K 18 16000 g
W ZE 49 8 izt 6 7000 g
W ZE49 9 F ot 12 26000 ZS
SEHG A 1 Eb WP 3t <1 <100 J
SEHG A 2 EE WPt <1 <100 J

AR AFRAEF A T AT IR, DL D 36
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BT R 2T T S 5 AT R & 6h FHiIA
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Fig.2 Schematic diagram of cabin air sampling in test

vehicles
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Table 2 The analytical parameters for TD-GC-MS system
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Table 3  Screening indexes and grading criteria for each

pollutant
WA WRB AL 7y WKEE R K

(r) (mg/m’) (ug/m’) (kPa®) (%)

1 >100 0~50 <10°? 0~20

2 1~100 50~100 10°~1 20~40
3 10%~1 100~150 1~10 40~60
4 10°~102 150~200 10~100 60~80
5 <10* >200 >100 80~100
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Fig.3 Organic compounds speciation profile in vehicle cabin
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Table 4 Comprehensive odor recognition scoring ranking of

detected compounds

WL ) WEE RN KRl

s i (ng/m’)  (ug/m’)  (kPa) (%) i
1 B HZE 9.1x107 175.12 1.16 100 3.50
2 R 9.8x102 28031 3.80 100 3.45
3 LR LN 0.84 175.04  1.59x10' 100  3.30
4 A 2.80 10235 8.01x10" 100  2.94
5 1T HE 6.60x107  133.69 8.20x10" 100 292
6 ECHE 1.25x10°  31.58 1.45 100 2.89
7 SR 5.41x10% 5470 5.50x10' 80  2.89
8 %N 8.06x10"  63.80 1.23 100 2.84
9 LT 1.16x107 9831 2.00 70 2.84
10 THE 5.80x10°  71.80 8.40x10" 50  2.83
11 LB 1.07 115.10 5.66 70 2.69
12 ES 9.42 57.17  1.33x10' 100  2.64
13 Edk 5.77 68.40  3.00x10' 70  2.54
14 T 1.63x107 6070  825x10" 70  2.46
15 LIPS 9.12x10™"  17.10 1.93 50 231
16 WHIFOL 6.57x107 3230 573 50 231
17 A AL 1.10x107" 4034 2.66 50 221

i}
18 FHAERUT SETE / 28.80 3.27x10' 50 2.1
19 +—%i 6.07 5590  7.50x107° 60  2.08
20 PR 9.51 44.80 261 70 2.03
21 A 5.44x10"  18.80 9.60x107 50  2.03
22 R 4.19 4530  7.93x10' 50  2.01
23 ETHe 3.11x10°  89.90  1.42x10' 50  1.96
24 oK F 9.95 1236 1.29x10" 100  1.95
22- R 2.75x107
25 38.10 8.33 50  1.88
ik /
343 Wik .
26 9.53 66.10  3.47x10 50  1.88
Bk
27 4R 1.30 16.60 1.30 50  1.83
28 2K 2T / 1627  4.90x102 60 1.75
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Fig.5 Temporal variation of substance concentrations and removal efficiency under different operational conditions
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Table 5 Comparative analysis of removal efficiency based on

installation positions and EWNS quantity (%)

L/ 14 2 & 14 25
(RTHBE ALY ErHBERIT) (EHRERA ) JEHRE R )

IE O 70.82 82.33 75.19 86.12
LIS 73.51 87.29 80.38 92.87
IETHE 72.90 84.14 79.22 90.53
i) 73.06 86.93 78.90 91.42
A 75.28 88.11 80.14 90.31
LR O 72.39 86.95 79.34 92.44

2.4 g RERES VRN

FBE— DI 5% 75 S VOCs 5595 44
BB N A BE 7 A B 6 4 A RS A kAT
A5 KBS AL AR IR AT HA IR FE S EPA A4
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Fig.6 Comparative health risk assessment of target contaminants pre— and post-remediation

3.1 NEHELREN VOCs =2 7% SR H 80 4xFf
YIiA 28 Bl VOCs W) itk H 26 KT 50%. AF5 Sl
AW (28.6%) KR (21.4%) . HEHi 1k &Y
(14.3%) FEALEY(21.4%) FHARAL & H1(14.3%).
KR BRI TR IR A A P 388 v () )

TR R R 5 S 1 HE A 2 L T R
oy LIROWE AR HZE, S EANE O SN
fits PUARRPE IR VOCs, e ke A H vk 5 B 1L DR L
2 e PO WL L T AN DA Ry A2 ARER M Sk VOCs.

3.2 EWNS X5k VOCs LBk 90%bL L,
FAT 52 Je Bl R e R ST /NI 485, A L T
RRIATIEAT A B M B SR AN, TR s A



2376

o

KoM R %

45 %%

AR5 IR R Tk 8 VOCs f& T IRt T 4.
3.3 NI LRI U RS R BIYLE 1x10 ~

1x10* 2 [], AT REAFAE —

S [ 20 XU, ] — FF AT

AR VR e 2o M e I B0 fa F L A4h

PG PR B 2 2 4 BB AT 5 E

YIR ZE A A T T

A .

S %30k

(1

[2]

Bl

[4]

[3]

(]

(71

(8]

[9]

[10]

(1

[12]

[13]

[14]

[15]

[16]

[17]

I T E, Tilemachos K, Grigoris S, et al. Air quality in cabin
environment of different passenger cars: effect of car usage, fuel type
and ventilation/infiltration conditions. [J]. Environmental Science and
Pollution Research International, 2021,28(37):51232-51241.

Liang B, Yu X, Mi H, et al. Health risk assessment and source
apportionment of VOCs inside new vehicle cabins: A case study from
Chongqing, China [J]. Atmospheric Pollution Research, 2019,10(5):
1677-1684.

Liu N R, BuZ M, Liu W, et al. Health effects of exposure to indoor
volatile organic compounds from 1980 to 2017: A systematic review
and meta—analysis [J]. Indoor Air, 2022,32(5):13038.

Yang H H, Dhital N B, Lai Y H, et al. Intermodal comparison of
commuters' exposure to VOCs between public private and active
transportation [J]. Environmental Monitoring and Assessment, 2023,
195(12):1485.

Zhang Y, Liu Y, Li S, et al. Efficiency of portable air purification on
public buses: A pilot study [J]. Environmental Pollution, 2023,329:
121696.

Tang X, Wei J, Kong Z, et al. Introduction of amino and rGO into PP
nonwoven surface for removal of gaseous aromatic pollutants and
particulate matter from air [J]. Applied Surface Science, 2020,511:145631.
R, oA G, A R SR B R R L RE TSR R (0],
HUBRIREE 23R, 2024,15(1):44-58.

Zhang C F, Li R,Shi X ], et al. Research progress on the adsorption
performance of activated carbon for benzene homologues [J]. Journal
of Earth Environment, 2024,15(1):44-58.

Luengas A, Barona A, Hort C, et al. A review of indoor air treatment
technologies [J]. Reviews in Environmental Science and Bio—
Technology, 2015,14(3):499-522.

BT, BN E TR A AS E RORTRL AL BRI (0], R
SHHR, 2020,5:79-83.

Xie Q D, Huang Y F. Study on the purification efficiency of negative
ion generators for in-vehicle micro—particles [J]. Automotive Practical
Technology, 2020,5:79-83.

Zeng Y, Xie R, Cao J, et al. Simultaneous removal of multiple indoor —air
pollutants using a combined of electrostatic precipitation and catalytic
decomposition [J]. Chemical Engineering Journal, 2020,388:124219.
X, ZPS%EJ& YK AR B 0] Al UL P ) 45 A BOR SRR BIE ST (]
AR XA, 2015,32(2):12-14.

Jiang L Q,Li Z H. Experimental study on the purification effectiveness
of nano—aqueous ions on fine particulate matter [J]. Building Energy
& Environmental Engineering, 2015,32(2):12—14.

Pyrgiotakis G, Mcdevitt J, Yamauchi T, et al. A novel method for
bacterial inactivation using electrosprayed water nanostructures [J].
Journal of Nanoparticle Research, 2012,14(8):1027.

Liang Y, Wu Y, Sun K, et al. Rapid inactivation of biological species in
the air using atmospheric pressure nonthermal plasma [J].
Environmental Science & Technology, 2012,46(6):3360-3368.

Zhu L, Liu Y, Ding X, et al. A novel method for textile odor removal
using engineered water nanostructures [J]. Rsc Advances, 2019,
9(31):17726-17736.

Vaze N, Pyrgiotakis G, Mcdevitt J, et al. Inactivation of common hospital
acquired pathogens on surfaces and in air utilizing engineered water
nanostructures (EWNS) based nano-sanitizers [J]. Nanomedicine-
Nanotechnology Biology and Medicine, 2019,18:234-242.

Faber J, Brodzik K, Golda—Kopek A, et al. Benzene, toluene and
xylenes levels in new and used vehicles of the same model [J]. Journal
of Environmental Sciences, 2013,25(11):2324-2330.

Lv M, Huang W, Rong X, et al. Source apportionment of volatile
organic compounds (VOCs) in vehicle cabins diffusing from interior
materials. Part I: Measurements of VOCs in new cars in China [J].

[18]

[19]

[20

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28

[29]

[30]

11

[32]

[33]

[34]

&R
BRI ONQEZE.

Building and Environment, 2020,175:106796.
Pyrgiotakis G, Vasanthakumar A, Gao Y, et al. Inactivation of
foodborne microorganisms using engineered water nanostructures
(EWNS) [J]. Environmental Science & Technology, 2015,49(6):
3737-3745.
JE BB R AR T RIR VOCs 1043 48T K A e XU T
A7 [7]. FRIRL 244, 2024,44(2):343-354.
Zhou J, Zhao C M, Huang C, et al. Component analysis and health risk
assessment of odorous VOCs in supermarkets [J]. Acta Scientiae
Circumstantiae 2024,44(2):343-354.

BAF5 605, A A A HUBER 24575 Gt oA DL AR
%#%ﬁ’})ﬁlﬂﬂu [7]. Bk, 2025,44(1):164-173.
Zhai Z X, Li WF, LiJ Y, et al.Composition characteristics of organic
matter and identification of odor substances in organophosphorus
pesticide—contaminated sites [J]. Environmental Chemistry, 2025,
44(1):164-173.
KU, W 5, 55 55 MR 17 i A X K R WI(BTEX) V5 AR AiE K
AR RABSTPN [J]. FREEGAE, 2021,40(7):1978-1988.
LiuZ T, Wang L T, Qi M Y, et al. Pollution characteristics of benzene
series (BTEX) and health risk assessment in university areas of
Handan City [J]. Environmental Chemistry, 2021,40(7):1978-1988.
W TP E H R ORI AR RSV K
AL T (1], HBERFRIEAAR, 2024,15(3):421-432.
Sun X, Sha D D, Wang X, et al. Characteristics of atmospheric pollution,
health risk assessment, and potential source analysis in Changshu City [J].
Journal of Earth Environment, 2024,15(3):421-432.
Xing L, Wang L, Zhang R. Characteristics and health risk assessment
of volatile organic compounds emitted from interior materials in
vehicles: a case study from Nanjing, China [J]. Environmental Science
and Pollution Research, 2018,25(15):14789-14798.
Brodzik K, Faber J, Lomankiewiez D, et al. In—vehicle VOCs
composition of unconditioned, newly produced cars [J]. Journal of
Environmental Sciences, 2014,26(5):1052-1061.
Kim H J, Jeong C, Oh A, et al. Elevated volatile organic compound
emissions from coated thermoplastic polyester elastomer in
automotive interior parts: Importance of plastic swelling [J]. Journal of
Hazardous Materials, 2024,461:132614.
Besis A, Katsaros T, Samara C. Concentrations of volatile organic
compounds in vehicular cabin air-Implications to commuter exposure
[J]. Environmental Pollution, 2023,330:121763.
Hou L Z, Zhang J, Li M, et al. Modeling odor optimization of vehicles based
on data—driven goal programming [C]. ASME International Mechanical
Engineering Congress and Exposition (IMECE), 2020,6:16-19.
Salcedo E, Zhang C B, Kronberg E, et al. Analysis of training-induced
changes in ethyl acetate odor maps using a new computational tool to
map the glomerular layer of the olfactory bulb [J]. Chemical Senses,
2005,30(7):615-626.
Zhai Z, Wang G, Li W, et al. Advances and perspectives on accurate
identification technology for key odour substances in odor pollution
[J]. Science & Technology Review, 2022,40(4):35-41.
FRECSE X B, PMIE & R 1 el 2k 55 2 R R ) 8 W L
WL (9] AR 2R (1A SRR AR, 2021,42(1):31-39.
Chen X X, Liu L, Sun Y H. Study on the subsequent reaction
mechanisms of hydroxyl radicals with typical benzene series [J].
Journal of Capital Normal University (Natural Science Edition), 2021,
42(1):31-39.
Mu Y, Williams P T. Recent advances in the abatement of volatile
organic compounds (VOCs) and chlorinated-VOCs by non-thermal
plasma technology: A review [J]. Chemosphere, 2022,308:136418.
Chang T, Wang Y, Wang Y Q, et al. A critical review on
plasma—catalytic removal of VOCs: Catalyst development, process
parameters and synergetic reaction mechanism [J]. Science of the Total
Environment, 2022,828:154290.
Zhang A, Liu Y, Ji J S, et al. Air Purifier Intervention to Remove
Indoor PM,s in Urban China: A Cost—Effectiveness and Health
Inequality Impact Study [J]. Environmental Science & Technology,
2023,57(11):4492-4503.
Zhang Y X, Wei C H, Yan B. Emission characteristics and associated
health risk assessment of volatile organic compounds from a typical
coking wastewater treatment plant [J]. Science of the Total
Environment, 2019,693:133417.

FNBCER(2001-), 55, %2 B M HTEL Tl K2R L BF 9k,
1 459 L5 B9 sunlucky 1621@163.com.



