2014 9 Vol. 9 2014
2 339352 Asian Journal of Ecotoxicology No.2 339352

DOL: 10.7524/AJE. 1673-5897. 20131124001
J . 2014 9(2): 339352

Peng LL Yang Y] Wang X L et al. Research progress on printer particle emission and toxicological assessment J . Asian Journal of Ecotoxicology

2014 9(2): 339352 (in Chinese)

12 1# 13 12 1 2 * 1
L. 100190
2. 421001
050016
120134124 120134223
: 1673-5897(2014) 233914 D X171.5 DA

Research Progress on Printer Particle Emission and Toxicological Assessment

Shi Xiaofei' > Chen Rui' * Huo Lingling' > Zhao Lin' > Bai Ru' Rang Weiqing" = Chen Chuny—

1
ng

1. CAS Key Laboratory for Biological Effects of Nanomaterials and Nanosafety National Center for Nanoscience & Technology Beijing
100190 China

2. School of Public Health University of South China Hengyang 421001 China

3. College of Life Science Hebei Normal University Shijiazhuang 050016 China

Received 24 November 2013 accepted 23 December 2013

Abstract: Printer is widely used in our daily life and the emitted particulate matters especially nanoparticles raised
great concerns. It has been demonstrated that nanoparticles can cross the blood-air barrier when entering the lung by
inhalation which has the possibility to induce oxidative damage inflammatory reaction and genotoxicity in the body.

Exposure level of emitted particles and associated toxicological effects were the foundation of health risk assessment of
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this kind of photocopying equipment. In this paper we thoroughly reviewed the progress of field monitoring of the
printer emission levels in workplaces simulation test in the laboratory environment biological sample analysis epi—
demiological study and particle—related in vitro or in vivo evaluation. Furthermore standard processes were suggested
to assess the hazard risk of printers with the purpose of having a good comparability within different source studies.

Keywords: printer; particulate matter; field monitoring; cytotoxicity; inflammatory reaction; genotoxicity; oxidative
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Table 1 Case report summary of particle release exposure from printer/copier
Year Age Gender Occupation ~ Exposure time Symptom Cause Reference
A Toner dust exposure from laser printers
Abdominal pain weight loss diarrhea oner dus le?ogure tom ?ser prn P?g
2010 33 - X . ) and transportation of dust via lymphatic 6
Female Office worker submesothelial deposition of carbon . . )
el ( CNP) ol : and blood vessels after inhalation leading
nanoparticles inflammato:
anopa . AMMAOY ibmesothelial deposition of CNP in the
bowel disease K
peritoneum
/ N
Copyi 11 ! ’
opylng ma-— N
2008 35 p J . Thromboembolic phenomena  antiphos— . . L o 5
Male chine techni- 11 years . Ultraviolet irradiation ozone emission
. pholipid syndrome . . .
cian metal oxides from printers/photocopiers
/ N
9 / N
2008 30 Printer  shop Thromboembolic phenomena antiphos— A . . L. L 5
Male 9 years . Ultraviolet irradiation ozone emission
manager pholipid syndrome . . .
metal oxides from printers/photocopiers
2007 35 1.5 Vocal cord d f\ i ]\ \ hest 51
al cor sfunction spnea ches
Female Office worker 1.5 years '0(‘3 cora €ys u. cion - dyspnea - che Xerographic toner
tightness  wheezing
2003 44 2 C P; ttack ]\ \ th hini 52
attacks dyspnea asthma rhini—
Female Secretary 2 years t,?ug aftacks - dyspriea astma Methyl methacrylate in the black xero—
" graphic toner
-15
2000 30 - X ternium — 15 and formaldehyde fr 53
Male  Driver and Pruritus  contact dermatitis Quaternium and formaideliyde from
K the toner
printer worker
. 1.5 . .. - N
1996 39 Data collection Granulomatous pneumonitis  mediasti— . 54
Male . 1.5 years Photocopier toner dust
specialist nal ymphadenopathy dry cough dysp—
noea
. 6 . T N
1994 44 Photocopying Siderosilicosis cough headache . 4
Female 6 years . . . . Photocopier toner dust
shop worker dyspnoea interstitial micronodular dif-
fusion
6 . L .
1990 51 . Nasal stuffiness headaches retroster—  Emissions from laser printers and photo— 55
Male  Office worker 6 weeks . L . . .
nal and epigastric discomfort burning  copying machines
sensation on skin
1 N
1988 25 Photocopier Periorbital redness  swelling  nasal . . 56
Male . 1 year . Photocopier toner isopropyl alcohol
repairman congestion  shortness of breath
3 L .
1983 53 o Recurrent palpable purpura on ankles  Behenic acid from heat — activated photo— 57
Female Librarian 3 months
and legs copy paper
1979 Post ffice 2 ) 3
o8 e years Eye itching and erythema Wet toner from photocopying machine i

worker
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Table 2 Summary on the reported field survey of printer particle emission
PM, 5
I(pren) fpran®)  Apgean®) /(g
/ /(pgem?)
Number of Background number ~ Peak number Background mass ~ Peak mass
Year Country/Area  Location Air quality standards ~ Reference
printers concentration concentration concentration concentration
of average daily PM, s
/(peem™) /(peem™) /( pgeem?) /( pgem?)
concentration/( pgem?)
2012 63 1.0x10* 1.9x10° - 231.0 25 2
Germany  Common offices
(1)
2012 Photocopy 2 2.0x10° 2.0 x10° - 17.5 35 9 49
America
center (n=1)
2011 . 107 1.5x10° ~1.2x10*  >1.0x10° - - 25 12
Australia  Common offices
2007 62 1.2x10° ~1.1x10"  3.8x10 - - 13
Australia  Common offices
(12 )
Photocopy 71 . 1.0 x10® 30 ~77 156.0 100 7

Taiwan China
centers (n =12)
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2
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19
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Schematic diagram of the laboratory simulation test on printer particle emission

Note: GC-MS DustTrak SMPS FMPS OPS CPC APS TEM-EDAX SEM-EDAX ICP-MS/OES XRF Moud:

CCI

WRASS

Q-Trak are Gas chromatography-mass spectrometer DustTrak aerosol monitor Scanning mobility particle sizer Fast mobility particle sizer

Optical particle sizer Condensation particle counter Aerodynamic particle sizer Transmission electron microscope-energy dispersive spectroscopy

Scanning electron microscope-energy dispersive spectroscopy Inductively coupled plasma mass spectrometer/optical emission spectrometer

X-ray fluorescence spectrometer Micro-orifice uniform-deposit impactor Compact cascade impactor

Wide range aerosol sampling system Q-TRAK indoor air quality monitor.
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: THP4 EGF G-CSF GM-CSF IL-6
6 IL8 8 IL4B 4B ILda da IL3 3 TNF« IFN—-y -
vy MCP4 VEGF NF« B k B WST4 / Neutral Red
DCFH-DA - LDH TUNEL
dUTP ICAMA4 -4 LTB4 B4 ECP CC46
CRP C TBARS FRAC GSH GSSG CAT
P40 v 10 KC MIG vy M-CSF NOS
MMP-2 2 TIMP2 2,

Note: THPH is for human monocytic leukemia cell line EGF for epidermal growth factor G-CSF for granulocyte colony-stimulating factor GM-CSF for
granulocyte-macrophage colony-stimulating factor IL-6 for interleukin6 IL-8 for interleukin-8 IL- @ for interleukin4@ ILH« for interleukinda  IL-3
for interleukin3 TNF- for tumor necrosis factor « IFN—y for interferon-y MCP- for monocyte chemotactic protein 1 VEGF for vascular endothelial
growth factor NF-« B for nuclear factor kappa B- WST for cell proliferation and cytotoxicity assay kit Neutral Red for neutral red cell proliferation and
cytotoxicity assay kit DCFH-DA for 27 <dichloro{luorescin diacetate LDH for lactate dehydrogenase TUNEL for terminal dexynucleotidyl transferase-me—
diated dUTP nick-end labeling ICAMH for intercellular cell adhesion moleculed LTB4 for human leukotriene B4 ECP for eosinophilic cationic protein

CCH6 for clara cell protein CRP for C reactive protein  TBARS for thio-barbituric acid reactive substances FRAC for ferric reducing antioxidant capacity

GSH for glutathione GSSG for oxidized glutathione CAT for catalase activity TP-0 for interferon gamma induced protein 10 KC for keratinocyte chemoat—
tractant MIG for monokine-induced by gamma interferon M-CSF for macrophage-colony stimulating factor NOS for nitric oxide synthase MMP-=2 for ma—

trix metalloproteinase2 TIMP=2 for tissue inhibitors of metalloproteinase2.

( Ames ) -
o Tang ¥
N N / A549
A549 THP4 . AM 5 5
o Gminski ™ A549 3 VOC 95 280 pgem’
( DMSO) 2.4 pgem” 2.9 x
. . ( PAHs) 10° ecm® 5
DNA DMSO 2
; 3/7
( Caspase 3/7) _
( ROS) ROS o
2.4
o Khatri "
THPH . N
N . . o Pirela ¥
(PM,, PM,, ,5) 0.2.0.
THP ( TNF) . 6.2.0 mg-kg ( ) Balb/c
( CASP8 p53) (HO1) 24 h
; PM; »5_5.6 PM, (2.0 mgkg ) .
Khatri ~ ** : THP4 ( LDH) . ; N
-6( 1L-6) .IL-8. ( TNF-o) ( GCSF) . da( IL-
4p(ILHB) la) . 3(IL3) . 10( IP-
IL-8 2 10) . (KC) vy \
DNA o ( MIG) . ( VEGF) .
( M-CSF)

40
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