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Research status and prospect of effects of productive dust
particles on individual health
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Abstract: In recent years, the burden of health risks caused by dust particles generated by industrial operations
has gradually increased. A large number of studies have shown that long-term exposure to productive dust
particles 1s closely related to workers’ respiratory occupational diseases, and the relationship between indoor
exposure to dust particles in industrial buildings and adverse health effects in workers has been clarified. This is
of great importance for the scientific evaluation of environmental safety and guarantee of workers’ health. At
present, research on the toxicity and biological effects of dust particles has gradually shifted the focus of research

on dust particle exposure from environmental assessment to individual health effects. However, the correlation
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between exposure to industrial dust particles and health effects is not fully clarified, and the impact of exposure
to different types and levels of dust particles on health effects in industrial settings remains to be clarified. This
paper reviews the progress of research on the health effects of industrial dust particles at home and abroad from
three aspects: the possible damage caused by dust particles to respiratory system health, the correlation of health
effects of dust exposure and health risk assessment, and clarifies the effects of exposure on health and the
current theoretical deficiencies in quantifying the mechanism of action of dust particles based on exposure effect
models. And the urgency of effective biomarker selection, to provide reference information for future scientific

protection of workers’ health, different types of industrial environmental monitoring guidelines and development

of control and improvement means.
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Fig.1 The whole process of workers’ environmental exposure - internal exposure - effect - health damage
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Fig.2 Keyword co-occurrence analysis of dust particles and health effects
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Fig.3 A four-step approach to health risk assessment models

[51



% 44

XM, A RS EBES MR AR R S R E 191

Sy A G B A O R RN ST B R AL S L
2 2N S A A S I R T W 2 <y e el I NI i
5 il T 5 O A fi BE A% 25 o Chen %593E TR T A
3 oA T R e B A ST T R KU VR AR A R L R TE T
32 3] 119 i R RIS 5 A, AL B B35 24 11 B T e B XUy
f14 31 Pl B AIK 28 82 %6 ~26 %6 (i 4l 11 25 it 2t A 4 FH A%
BRI o Sahihazar 25 AL T #5141k
T 2 B 08 00 Mt A R L 4 s T Hp 45 T A XU 2
o T Al 2 0 L BT A TN HR AT R A 7 R KUK
HE T B UE T A SR FH 38 KA i A 0 R A A oL
it XU 43 S RAAR T 77.52% .56. 77 % . #ETi A 2
BB AT LR FH A= 4 W0 B G T R T ek B
T F4 38 35, Cavallo™ 78 T AE X I8 22 2% 5 0k 5k g 22 LA
ool 3% BB A N 4%, 6 4 H JE It % 300
LB BT B, 550 1R A 4 WA L, R 1 2 R
O A 48 it JEB TR M — S A AR

ABE 25 JRU IS T Al A TR R R o 8 T A% 4 Ak o XL
PEAG 5 35 15 Sk B AR 2 v, BT LS B T n 5 Bl
it S5 R 22 4 B R DL B Ry 2k 51 R Y AL 9 A 4
PR VAl A T A A7 A — e R BR A < B T
B3 AR5 B AR A CRAEAE 25 5%, R
AR FEANTE E |, Bl A PR RR AR A0 AR 5 3 R A AR
s ok, AR 2 AN [) 288 R R 2 O 1Y) #E L R
FERLAR A B 2% 1 Tl PR 58 v 14 3 P A 7 — a2
Jai BR 5 O HLECSE T ot Zb vk B R AR 2, & Bl
R[] 25 () A T 25 4 A8k . M, @ BEAR G 7 A B
2B UL A AS TR Tl 20 5 v (1% 2 5 I [ | B R R A AN
it B i 5 S 7 0T A 0 B I O 25 SR S AR R Y
W N 338 KN [R]RE AR (10 2 JIURE K JXUBS: B Ak 455 784
G d iz Tl AR A N PR p A TN {4
13 LA B 3 RS e AT 2 R BT A

4 #HitERE

Tolb IR BE P IS R R Rk
Jit B B K IRE S A R RO A 22 S LR, N
] Wy 5 57 Bl 5 T T I A Bl B 5 A0, R B O B O A
JE , B R S SR B 58 R IR T A o B A A8 S4B Y
PR o TR 2 R B A BT S AR T
57 Tl PR 05 52 A 1 A0 R B 5 N N B B 2 T £
Wk Z M S R X k2D A B R A DA £t B A0 ) A
RORE D, 15 Y IR Sk A TR B A Al R 0L B F
TEHE 2% 1 R 58 44T 3E , (H 2 B WD AR 7 M o R 2
B it BRSO 2 W) ) PSR 5 R i o ARG X 57 gl 2
& R BUAT R 4 5 ik 15 it 1) Bk 2 A o
Bt UF R A AR I A B R % B R AR AR ATF S AN A B
Hh 52 2ok A JBORE 114 B0 LB )8, L R A B S AE B

S Ty P8R 57 2l 3 SE P B AN 6 & I A8 i AR
FAUET TR ZEORTIE . NI, 5 BRSOl PR 55
T, 58 38 WA 2 82 Rk 5 07 3 3 1) 2 R it R A
I F AR T B S5 R At R AR AT 5 ) S B 1
o, R

1) BB T A3 24 BORE 4 £t e 280 07 55 L RR AT (
GRSk A E Ry REARAE ) Z T B9 OC & JE
SRR N B OB BR AR E A W AL L R BEAE
LB L o

2) BEAT )T W) B R IR A WT I, LA E 2 R A [
Tolk 7 e ) £ Al 15 5t AEREAT R VR A9 RIS, Ja
D)5 TR OC T 2 5% TR AR XHE B ARS R R S
FIE KRR H

3) ) A= Wy W00 R et o DR DA 25 5k S
PR TR A RO R BE— P A i o A i AL T
A it Xoh 5 R - B -2 BF R

£ & Uk

[1] SETYAWATI M I, SINGH D, KRISHNAN S P R,
et al. Occupational inhalation exposures to nanoparticles
at six Singapore printing centers [J]. Environmental
Science &. Technology, 2020, 54(4): 2389-2400.

[2] GRAHN K, BROBERG K, GUSTAVSSON P, et al.
Occupational exposure to particles and biomarkers of car-
diovascular disease: During work and after vacation [J].
International Archives of Occupational and Environmen-
tal Health, 2022, 95(7): 1537-1548.

[ 3] LENANDER-RAMIREZ A, BRYNGELSSON 1 L,
VIHLBORG P, et al. Respirable dust and silica: Respi-
ratory diseases among Swedish iron foundry workers [J].
Journal of Occupational and Environmental Medicine,
2022, 64(7): 593-598.

[4] WHO, ITO. WHO/ILO joint estimates of the work-
related burden of disease and injury, 2000-2016 [M].
International Labour Organization, 2021

[ 5] fb 2 ¥ 57 24 B (g e XUBS: 37 Al B¢ AR H6 B : WS/ T 777—

2021 [S]. Htat: e N R FE R AR 2 5t 2,
2021.
Technical guide for environmental health risk assessment
of chemical exposur: WS/T 777—2021 [S]. Beijing:
National Health Commission of the People’s Republic of
China, 2021. (in Chinese)

[6] dae AR IR E R DA @KEZE R 2 2021 F R E T
B R L &R ST 2 4R [EB/OL]L (2022-07-12)
[2023-10-28]. http://www. nhc. gov. cn/guihuaxxs/
$35865/202207/51b55216¢2154332a660157abf28b09d.
shtml.

National Health Commission of the People’s Republic of

China. Statistical Bulletin on the Development of China’s



192 + K5 x%E L FHKOP E X

% 47 %

in 2021[EB/OL]. (2022-07-12)

http://www. nhc. gov. cn/guihuaxxs/

health Undertakings
[2023-10-28].
$3586s/202207/51b55216¢2154332a660157abf28b09d.
shtml.(in Chinese)

SRR SN EVE ot | BES e B R R 10 3 S e g == B Y s e
FEECR G A MO EB/OL] (2022-05-09) [2023-10-
28]. http://www. nhc. gov. cn/zyjks/s3586s/202205/
e391a7a3bdced4259a51d2782b9b2¢60.shtml.

—
-3
[

National Health Commission of the People’s Republic of
China. Survey of occupational disease hazards in China
[EB/OL]. (2022-05-09) [2023-10-28]. http://www.nhc.
gov. cn/zyjks/s3586s/202205/e391a7a3bdce44259a51d2
782b9b2¢60.shtml.(in Chinese)

GBD 2017 Disease and Injury Incidence and Prevalence

—
(o]
[

Collaborators. Global, regional, and national incidence,
prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories,
1990-2017: A systematic analysis for the Global Burden
of Disease Study 2017 [J]. Lancet, 2018, 392(10159):
1789-1858.

MCCUNNEY R J, MORFELD P, PAYNE S. What

—
©
[a—

component of coal causes coal workers’ pneumoconio-
sis? [J]. Journal of Occupational and Environmental Med-
icine, 2009, 51(4): 462-471.

[10] SVARTENGREN M, FALK R, LINNMAN L, et al.
Deposition of large particles in human lung [J]. Experi-
mental Lung Research, 1987, 12(1): 75-88.

[11] ENNAN A A, KIRO S A, OPRYA M V, et al. Parti-
cle size distribution of welding fume and its dependency
on conditions of shielded metal arc welding [J]. Journal
of Aerosol Science, 2013, 64: 103-110.

[12] SOLTANPOUR Z, RASOULZADEH Y, MOHAM-
MADIAN Y. Occupational exposure to metal fumes
among Iranian welders: Systematic review and simula-
tion-based health risk assessment [J]. Biological Trace
Element Research, 2023, 201(3): 1090-1100.

[13] LIU T, LIU S M. The impacts of coal dust on miners’
health: A review [J]. Environmental Research, 2020,
190: 109849.

[14] BRAND P, LENZ K, REISGEN U, et al. Number
size distribution of fine and ultrafine fume particles from
various welding processes [J]. The Annals of Occupation-
al Hygiene, 2013, 57(3): 305-313.

[15] ICRP. Human respiratory tract model for radiological
protection: ICRP Publication 66 [J]. 1994.

[16] HEYDER J, GEBHART J, RUDOLF G, et al
Deposition of particles in the human respiratory tract in
the size range 0.005-15 pum [J]. Journal of Aerosol
Science, 1986, 17(5): 811-825.

[1770UCY, LIY G, WEIJJ, et al. Numerical modeling

of particle deposition in ferret airways: A comparison

(18]

[19]

[20]

(21]

(22]

(23]

[24]

(26]

(27]

with humans [J]. Aerosol Science and Technology,
2017, 51(4): 477-487.
ALBUQUERQUE-SILVA 1,

RAND M, et al. Particle deposition in a child respiratory

VECELLIO 1, DU-
tract model: In vivo regional deposition of fine and ultra-
fine aerosols in baboons [J]. PLoS One, 2014, 9(4):
€95456.

XUHERE, S8, X0, 55 . PR R AR R N 1 BT R
Fo 0o AR HA[T]. Mg 3@ 25 1, 2021, 51(7): 118-124, 90.
LIUY L, FAN Y C, LIU S, et al. Development of
breathing thermal manikin and application prospect [J].
Heating Ventilating & Air Conditioning, 2021, 51(7):
118-124, 90. (in Chinese)

B BUBE . T AU Y 7E A G iz S LR Y
HEAAUD]. BT @R, 2005.

ZENG M J. Inhalational particle movement and deposi-
tion numerical simulation in the human upper respiratory
tract [D]. Hangzhou: Zhejiang University, 2005. (in Chi-
nese)

LIM S H, PARK S, LEE C C, etal. A 3D printed hu-
man upper respiratory tract model for particulate deposi-
tion profiling [J]. International Journal of Pharmaceutics,
2021, 597: 120307.

DUAN M J, WANG L J, MENG X Y, et al. Negative
ion purifier effects on indoor particulate dosage to small
airways [J]. International Journal of Environmental
Research and Public Health, 2021, 19(1): 264.

FE T Y BB ASURL ) R E AR TR T
FE(D] MRt KM RE, 2021,

WANG H X. The law of particle inhalation and
deposition in the respiratory tract in high-polluting
environment: A experimental and numerical investigation
[D]. Nanjing: Southeast University, 2021. (in Chinese)
AL, TR, MR, S AU RBURLTE AR IR
BRI N PR B SRR WE o (U], B AR Ji %%, 2013, 28
(2): 135-141.

LIF S, XU X X, SUN D, et al. Experimental study on
acrosol particle deposition in human upper respiratory
tract model [J]. Journal of Medical Biomechanics, 2013,
28(2): 135-141. (in Chinese)

PHUONG N L, ITO K. Investigation of flow pattern in
upper human airway including oral and nasal inhalation
by PIV and CFD [J]. Building and Environment, 2015,
94: 504-515.

DENG Q H, OU C Y, SHEN Y M, et al. Health
effects of physical activity as predicted by particle
deposition in the human respiratory tract [J]. The Science
of the Total Environment, 2019, 657: 819-826.

DENG QH, DENG L J, MIAO Y F, et al. Particle de-
position in the human lung: Health implications of partic-

ulate matter from different sources [J]. Environmental



% 44

%) Ak, 5

A R B AR I Y o B S S 5

193

[28

[33

]

[t

[al

]

=

Research, 2019, 169: 237-245.

FEME, Ak, , A AR A URL ) 7E A [ BHL
FE W VI T WJ&LJJ'%YJL/F,\%%‘V[{[J]. O R R
2021, 41(7): 3349-3359.

ZHUANG J W, DIAO Y F, CHU M H, et al. Trans-
port and deposition characteristics of inhalable particulate
matters in different obstructive airways [J]. China Envi-
ronmental Science, 2021, 41(7): 3349-3359. (in Chinese)
SU W C, CHEN Y, BEZERRA M, et al. Respiratory
deposition of ultrafine welding fume particles [J]. Journal
of Occupational and Environmental Hygiene, 2019, 16
(10): 694-706.

RN . A A 2B B B 5 A B Tl T AR TR A
W5 (D). K ﬁeiﬂ—j:%, 2015.

SONG C B. Study on occupational exposure assessment
of welding smoke and dust and preventive measures of
industrial hygiene [D].
2015. (in Chinese)
DONALDSON K, SCHINWALD A, MURPHY F,

Tianjin: Nankai University,

et al. The biologically effective dose in inhalation nano-
toxicology [J]. Accounts of Chemical Research, 2013,
46(3): 723-732.

KHAN S, GURJAR B R, SAHU V. Deposition
modeling of ambient particulate matter in the human
respiratory tract [J]. Atmospheric Pollution Research,
2022, 13(10): 101565.

KUEMPEL E D, TRAN C L., SMITH R J,

biomathematical model of particle clearance and reten-

et al. A

tion in the lungs of coal miners. II. Evaluation of variabili-
ty and uncertainty [J]. Regulatory Toxicology and Phar-
macology: RTP, 2001, 34(1): 88-101.

COX L A. Nonlinear dose-time-response functions and
health-protective exposure limits for inflammation-medi-
ated diseases [J]. Environmental Research, 2020, 182:
109026.

W e P, B, Wik U . AT R A ORL P Y AR D 5 A A
BeBUBUGR A2 PR (7], R #2220k, 2020, 34(1): 81-86.
YAN X D, HU G, JIN H T. In vivo exposure model
and deposition dosimetry evaluation of inhalable particles
[J]. 34(1): 81-86.
Chinese)

H AR TR IR 2 2% 53 ) T AR 5 I 23 2 I A4 il & ¢
AL AR IR YT P E L ZIER(2018 4R R[], R
BB, 2018, 35(8): 677-689.

Occupational Lung Disease Group of Labor Hygiene and

Journal of Toxicology, 2020, (in

Occupational Diseases Branch of Chinese Preventive
Medicine Association. Consensus of Chinese experts on

pneumoconiosis treatment (2018) [J]. Journal of Environ-

mental and Occupational Medicine, 2018, 35(8): 677-
689. (in Chinese)
[37] Be B 1, X F5 . PM,, BUR LTI o8 ik JR [J]. &2 A2

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

(46]

[47]

(B2 R), 2020, 47(4): 605-614.

DUAN X X, LIU S X. Research progress on pathogenic
mechanism of PM,; [J]. Fudan University Journal of
Medical Sciences, 2020, 47(4): 605-614. (in Chinese)
FESRA, TRSLT, TRWT, 45 RAUHN ORI 5 B IR R
GEPEN B AR O HE Wy AL B BT 5T kR (T). b A2 Ak
2, 2018, 48(10): 1260-1268.

REN Q Z, XU L N, XU M, et al. Recent progress on
respiratory  diseases induced by atmospheric fine
particulate matters and related biological mechanisms [J].
Scientia Sinica Chimica), 2018, 48(10): 1260-1268. (in
Chinese)

HIROTA J A, GOLD M J, HIEBERT P R, et al. The
nucleotide-binding domain, leucine-rich repeat protein 3
inflammasome/I1.-1 receptor I axis mediates innate, but
not adaptive, immune responses after exposure to
particulate matter under 10 pm [J]. American Journal of
Respiratory Cell and Molecular Biology, 2015, 52(1):
96-105.

Jal A e AR R W A0 T 6 A S e M S e T
AR 1 OC R (D] a0 AP R, 2012
ZHOU T. The inflammatory responses of productive
silica dust on macrophages and their associations with
adverse health effects on dust-exposed workers [D].
Wuhan:  Huazhong
Technology, 2012. (in Chinese)

QI XM, LUO Y, SONG M Y, et al. Pneumoconiosis:

University of  Science and

current status and future prospects [J]. Chinese Medical
Journal, 2021, 134(8): 898-907.
CAO Z J, SONG M Y, LIU Y,

et al. A novel

pathophysiological classification of silicosis models
provides some new insights into the progression of the
disease [J]. Ecotoxicology and Environmental Safety,
2020, 202: 110834.

KURODA E, ISHII K J, UEMATSU S, et al. Silica
crystals and aluminum salts regulate the production of
prostaglandin in macrophages via NALP3 inflamma-
some-independent mechanisms [J]. Immunity, 2011, 34
(4): 514-526.

EVANS D E, HEITBRINK W A, SLAVIN T J, et
al. Ultrafine and respirable particles in an automotive
grey iron foundry [J].
Hygiene, 2008, 52(1): 9-21.

DIMATTEO M. Characteristics of the acute-phase pul-

The Annals of Occupational

monary response to silica in rats [J]. Journal of Toxicolo-
gy and Environmental Health, 1996, 47(1): 93-108.
WANG H L, CUIJ, HAO X H, et al. Silicon, an im-
portant exposure marker in vivo in silicosis research [J].
International Archives of Occupational and Environmen-
tal Health, 2021, 94(7): 1513-1522.

SAHU D, VJAYARAGHAVAN R, KANNAN G M.



194 E R B R LR FROP E ) %47 %
Silica nanoparticle induces oxidative stress and provokes (20): 735-757.
inflammation in human lung cells [J]. Journal of Experi- [57] LIBERDA E N, CHEN L C. An evaluation of the toxi-
mental Nanoscience, 2015, 10(13): 983-1000. cological aspects and potential doses from the inhalation

[48] LOUIS ANTHONY COX JR. Risk analysis implica- of coal combustion products [J]. Journal of the Air &
tions of dose-response thresholds for NLRP3 inflamma- Waste Management Association, 2013, 63(6): 671-680.
some-mediated diseases: Respirable crystalline silica and [58] LONG J, STANSBURY R C, PETSONK E L. Small
lung cancer as an example [J]. Dose-Response: A Publi- airways involvement in coal mine dust lung disease [J].
cation of International Hormesis Society, 2019, 17(2): Seminars in Respiratory and Critical Care Medicine,
1559325819836900. 2015, 36(3): 358-365.

[49] MA' Y S, DENG L J, MA P, et al. In vivo respiratory [59] BUCHANAN D, MILLER B G, SOUTAR C A.
toxicology of cooking oil fumes: Evidence, mechanisms Quantitative relations between exposure to respirable
and prevention [J]. Journal of Hazardous Materials, quartz and risk of silicosis [J]. Occupational and Environ-
2021, 402: 123455. mental Medicine, 2003, 60(3): 159-164.

[50] 75 3cat, Wi, MM, &5 %) M A= k6 bk [60] VACEK P M, GLENN R E, RANDO R J, et al
W2 8O8 iY BIF 9 (7], A AR 97 3l AR RO A%, 20009, Exposure-response relationships for silicosis and its
27(10): 579-583. progression in industrial sand workers [J]. Scandinavian
SU W J, GAN L, WANG H J, et al. Experimental Journal of Work, Environment & Health, 2019, 45(3):
research on biological responses of productive dusts from 280-288.
pottery factories and tungsten mines [J]. Chinese Journal [61] 'T MANNETJE A, STEENLAND K, ATTFIELD
of Industrial Hygiene and Occupational Diseases, 2009, M, et al. Exposure-response analysis and risk assess-
27(10): 579-583. (in Chinese) ment for silica and silicosis mortality in a pooled analysis

[(51] Bk =135, BRGaE, AN, 55 . 400 K F 76 8% Bl 8 3 il of six cohorts [J]. Occupational and Environmental Medi-
T 240 i B R L R R R R R R XT) Tk T cine, 2002, 59(11): 723-728.

A SO, 2013, 39(5): 260-265. [62] OMIDIANIDOST A, GHASEMKHANI M, KA-
YAOSQ, CHENZY, BATY P, et al. Expression and KOOEI H, et al. Risk assessment of occupational expo-
significance of cytokines in supernatants releasing from sure to crystalline silica in small foundries in pakdasht,
alveolar macrophage of silicosis patients [J]. Industrial Iran [J]. Iranian Journal of Public Health, 2016, 45(1):
Health and Occupational Diseases, 2013, 39(5): 260- 70-75.

265. (in Chinese) [63] RAANAN R, ZACK O, RUBEN M Y, et al. Occupa-

[52] TANSY, YANG S, CHEN M K, et al. Lipopolysac- tional silica exposure and dose-response for related disor-
charides promote pulmonary fibrosis in silicosis through ders-silicosis, pulmonary TB, AIDs and renal diseases:
the aggravation of apoptosis and inflammation in alveolar Results of a 15-year Israeli surveillance [J]. International
macrophages [J]. Open Life Sciences, 2020, 15(1): Journal of Environmental Research and Public Health,
598-605. 2022, 19(22): 15010.

(53] GRYTTING V S, REFSNES M, LAG M, et al. The [64] VAL, EAFE, kv . KB 1 7 25 4 Fi
importance of mineralogical composition for the cytotox- SO M. b5t Bl2z R, 2020.
ic and pro-inflammatory effects of mineral dust [J]. Parti- JIANG G B, WANG C X, ZHANG A Q. Toxicology
cle and Fibre Toxicology, 2022, 19(1): 46. and health effects of atmospheric fine particulate matters

[54] PARKEJ, YANG M J, KANG M S, et al. Subchron- [M]. Beijing: Science Press, 2020. (in Chinese)
ic pulmonary toxicity of ambient particles containing ce- [65] BERNARD A M, GONZALEZ-LORENZO J M,
ment production-related elements [J]. Toxicology Re- SILES E, et al. Early decrease of serum Clara cell
ports, 2023, 11: 116-128. protein in silica-exposed workers [J]. The European

[55] SHOEB M, KODALI V, FARRIS B, et al. Evaluation Respiratory Journal, 1994, 7(11): 1932-1937.
of the molecular mechanisms associated with cytotoxicity [66] LIUJ, SONG HY, ZHU B L, et al. The effect of sili-
and inflammation after pulmonary exposure to different ca dust exposure on the serum clara cell protein 16 levels
metal-rich welding particles [J]. Nanotoxicology, 2017, in Chinese workers [J]. Biomedical and Environmental
11(6): 725-736. Sciences: BES, 2019, 32(1): 47-50.

[66] XIA L, PARK J H, BIGGS K, et al. Compositional [67] SARKAR K, DHATRAK S, SARKAR B, et al

variations in metal nanoparticle components of welding
fumes impact lung epithelial cell toxicity [J]. Journal of

Toxicology and Environmental Health Part A, 2023, 86

Secondary prevention of silicosis and silico-tuberculosis
by periodic screening of silica dust exposed workers

using serum club cell protein 16 as a proxy marker [J].



% 44

XA, F A SRS R BES AR RS a LR S RE

195

[74]

[75]

[77]

Health Science Reports, 2021, 4(3): e373.
MIAO R M, ZHANG X T, GUO P, et al. Effect of
oxidative stress on development of silicosis [J]. World
Journal of Respirology, 2012, 2(1): 1-5.

JIANG P R, CAO Z, QIU Z L, et al. Plasma levels of
TNF- « and MMP-9 in patients with silicosis [J].
European Review for Medical and Pharmacological
Sciences, 2015, 19(9): 1716-1720.

LEEJS, SHIN JH, LEE J O, et al. Serum levels of
interleukin-8 and tumor necrosis factor-alpha in coal
workers’ pneumoconiosis: One-year follow-up study [J].
Safety and Health at Work, 2010, 1(1): 69-79.

ZHOU T, RONG Y, LIU Y W, et al. Association
between proinflammatory responses of respirable silica
dust and adverse health effects among dust-exposed
workers [J]. Journal of Occupational and Environmental
Medicine, 2012, 54(4): 459-465.

URSINI C L., FRESEGNA A M, CIERVO A, et al.
Occupational exposure to graphene and silica nanoparti-
cles. Part II: Pilot study to identify a panel of sensitive
biomarkers of genotoxic, oxidative and inflammatory
effects on suitable biological matrices [J]. Nanotoxicolo-
gy, 2021, 15(2): 223-237.

TEFERA Y, SCHLUNSSEN V, KUMIE A, et al.
Personal inhalable dust and endotoxin exposure among
workers in an integrated textile factory [J]. Archives of
Environmental &. Occupational Health, 2020, 75(7):
415-421.

SAUVAIN J J, DESLARZES S, STORTI F, et al.
Oxidative potential of particles in different occupational
environments: A pilot study [J]. The Annals of Occupa-
tional Hygiene, 2015, 59(7): 882-894.

JEVIR Sl N AR I TR N B PML s KV P 1 SR
LB F A S R (D], M 5T AR R, 2021,

ZHOU S N. Influencing characteristics of temperature
and humidity of human upper respiratory tract on PM,
water-soluble ions and oxidation potential [D]. Nanjing:
Southeast University, 2021. (in Chinese)

BATES I T, FANG T, VERMA V, et al. Review of
acellular assays of ambient particulate matter oxidative
potential: Methods and relationships with composition,
sources, and health effects [J]. Environmental Science &.
Technology, 2019, 53(8): 4003-4019.

TAVAKOL E, AZARI M, ZENDEHDEL R, et al.
Risk evaluation of construction workers’ exposure to
silica dust and the possible lung function impairments [J].
Tanaffos, 2017, 16(4): 295-303.

ORMAN A, KAHRAMAN A, CAKAR H, et al. Plas-
ma malondialdehyde and erythrocyte glutathione levels in
workers with cement dust-exposure [J].

2005, 207(1): 15-20.

Toxicology,

[79]

(80]

[81]

[82]

[83]

[84]

[85]

(86]

[87]

[88]

OMIDIANIDOST A, GHARAVANDI S, AZARI M
R, et al. Occupational exposure to respirable dust, crys-
talline silica and its pulmonary effects among workers of
a cement factory in Kermanshah, Iran [J]. Tanaffos,
2019, 18(2): 157-162.

GRACZYK H, LEWINSKI N, ZHAO J Y, et al.
Increase in oxidative stress levels following welding
fume inhalation: A controlled human exposure study [J].
Particle and Fibre Toxicology, 2016, 13(1): 31.

BELLO D, CHANETSA L, CRISTOPHI C A, et al.
Chronic upper airway and systemic inflammation from
copier emitted particles in healthy operators at six Singa-
porean workplaces [J]. NanoImpact, 2021, 22: 100325.
ANLAR H G, BACANLIM, IRITAS S, et al. Effects
of occupational silica exposure on OXIDATIVE stress
and immune system parameters in ceramic workers in
TURKEY [J]. Journal of Toxicology and Environmental
Health Part A, 2017, 80(13/14/15): 688-696.
WESTBERG H, HEDBRANT A, PERSSON A, et
al. Inflammatory and coagulatory markers and exposure
to different size fractions of particle mass, number and
surface area air concentrations in Swedish iron foundries,
in particular respirable quartz [J]. International Archives
of Occupational and Environmental Health, 2019, 92(8):
1087-1098.

OHLSON C G, BERG P, BRYNGELSSON I L, et
al. Inflammatory markers and exposure to occupational
air pollutants [J]. Inhalation Toxicology, 2010, 22(13):
1083-1090.

YANG F, LIU C, QIAN H. Comparison of indoor and
outdoor oxidative potential of PM,;: Pollution levels,
temporal patterns, and key constituents [J]. Environment
International, 2021, 155: 106684.

FANG T, VERMA V, GUO H, et al. A semi-auto-
mated system for quantifying the oxidative potential of
ambient particles in aqueous extracts using the dithioth-
reitol (DTT) assay: Results from the Southeastern Cen-
ter for Air Pollution and Epidemiology (SCAPE) [J].

Atmospheric Measurement Techniques, 2015, 8(1):
471-482.
k&g FEE HEk, & AT DTTERM & Ml

X PM, 5 ) S8 A0 v 34 [T, o [ 3R 55 B 2, 2019, 39(6):
2258-2266.

ZHANG M M, LI H R, YANG W D,
Measurement based on DTT method of the PM,;

et al.

oxidative potential in Guangzhou urban area [J]. China
Environmental Science, 2019, 39(6): 2258-2266. (in
Chinese)

STRAK M, JANSSEN N A H, GODRI K J, et al.

Respiratory health effects of airborne particulate matter:



AR5 xR B T FROP E L) AT %

[

[l

The role of particle size, composition, and oxidative
potential-the RAPTES project [J]. Environmental
Health Perspectives, 2012, 120(8): 1183-1189.
ZAZOULTI M A, DEHBANDI R, MOHAMMADY -
AN M, et al. Physico-chemical properties and reactive
oxygen species generation by respirable coal dust: Impli-
cation for human health risk assessment [J]. Journal of
Hazardous Materials, 2021, 405: 124185.
KHAMRAEV K, CHERIYAN D, CHOI J H. A
review on health risk assessment of PM in the
construction industry: Current situation and future
directions [J]. The Science of the Total Environment,
2021, 758: 143716.

SAHIHAZAR 7Z M, GHAHRAMANI A, GALVANI
S, et al. Probabilistic health risk assessment of
occupational exposure to crystalline silica in an iron
foundry in Urmia, Iran [J]. Environmental Science and
Pollution Research, 2022, 29(54): 82014-82029.

[92] TONG R P, CHENG M Z, ZHANG L, et al. The con-

struction dust-induced occupational health risk using
Monte-Carlo simulation [J]. Journal of Cleaner Produc-
tion, 2018, 184: 598-608.

MURRAY CJ, LOPEZ A D. Global mortality, disabili-
ty, and the contribution of risk factors: Global Burden of
Disease Study [J]. Lancet, 1997, 349: 1436-1442.
CHEN X F, GUO C, SONG J X, et al. Occupational
health risk assessment based on actual dust exposure in a
tunnel construction adopting roadheader in Chongqing,
China [J]. Building and Environment, 2019, 165:
106415.

CAVALLO D, URSINI C L., FRESEGNA A M, et
al. A follow-up study on workers involved in the
graphene production process after the introduction of
exposure mitigation measures: Evaluation of genotoxic
and oxidative effects [J]. Nanotoxicology, 2022, 16(6/7/
8): 776-790.

(i %)



