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Assessment of Airborne Pollutant Emissions from Printers and Environmental

Complaints and Symptoms Related to Printer Usage in Offices
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Abstract

Printers emit a variety of airborne pollutants which can cause adverse health effects on users. This study aimed
to measure emissions of particulate matter less than 2.5 micron (PM2.5) and ozone from three selected printers,
including a new inkjet, 2-year-old used inkjet and new laser printer. Testing was done using a 0.21-m3 chamber
to measure pollutant concentrations during 3 consecutive stages, i.e. 30-min idling, 15-min printing and 60-
min idling. An emission rate was estimated using a steady-state mass balance equation. Printing formats were
tested for blank-paper printing, black and white printing and color printing. Results show that the new inkjet
emitted PM2.5 ranging from 0.11 to 1.36 mg/h, while the used inkjet emitted 1.5 mg/h. No ozone emission was
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observed from both inkjets. The chamber experiments for the laser printer encountered a pollutant measurement
problem due to heat generated during printing. Thus, testing was modified by not using the chamber. Pollutant
concentrations were monitored at the air exhaust from the laser printer during 3 consecutive stages. PM2.5 and
ozone concentrations increased by 12-16% and 5-12%, respectively, during the printing stage compared with the
first idling stage. Furthermore, this study examined printer usage behaviors and environmental complaints and
symptoms related to printer usage among 100 staff members of Mahasarakham University by a questionnaire
survey. Chi-square testing indicates that a distance between a user and printer plays an important role in user
complaints and symptoms on unpleasant odor, irritation of nose, eyes and throat, and cough, sneeze and running
nose at the significance level of 0.05.

Keywords: Laser printer, Inkjet printer, PM2.5, Ozone
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Table 1 Specification of 3 selected printers
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1w Table 1

No. Printer Printer type Printer age Printing property  Print speed Maximum printing
(year) (paper per min)m resolution (dpi)
Printer#1” Inkjet 0 BW / Color 9.2 for BW 5760 x 1440
4.5 for Color
Printer#2’ Inkjet 2 BW / Color 7 for BW 5760 x 1440
3.5 for Color
Printer#3 Laser 0 BW / Color 12 for BW 1200 x 2400
10 for Color

" Same brand printers but only different specification in a maximum print speed

” BW denotes black and white
" ISO/IEC 24734
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Figure 1 Experimental setup and experiment
design for measurement of air
pollutant emissions from printers
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Figure 4 Time variation of PM,5 concentrations in

the chamber for Printer#2.
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Table 2 PM, 5 emission from inkjet printers

Printing format PM, s Emission” (ug/h)

New inkjet Used inkjet
(Printer#1) (Printer#2)
Blank paper 0.29+0.30 1.59+0.34
Black and white 1.36+0.43 1.51+0.03
Color 0.11+0.15 1.47+1.14

" Averaging from duplicate experiments. A plus and minus

sign denotes standard deviation.
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Auifisuiuanudutugings la B9199 4l Table 3 Percentage change in PM,s and ozone
fusadssiindanisUanvsasnaie laiwse concentrations during printing
laldltwasnasay Printing format Percentage change’
PM, 5 Ozone
Blank paper 169 12+16
Black and white 13111 517
Color 1246 7+3

" Averaging from duplicate experiments. A plus and minus

sign denotes standard deviation.

NANNIATIVIANLINANILTNTY PM, 5 J
L oa X A o A €9 & A €
AN VY BLA DLATEI NN AR UNINI TN UWNIZA I
1@ AUND1IGN wazRuWa Uszunm 12-16% was
HINUNTURBY PM,s aanu 1l uansmswadtile
a 6 ' a 6 o ' 123
AuWnTzamauaziunad drudialelaw

A v A X L, oA o Aa ¢
aTanuIsraunIutwa s nuluyueARuN
WA AT EIUUNIATFINIINNIINARBIET 2 AT
1 v IJ
deudagadsanadwniznsivazasemasay

o

a a & o o aaa
Lﬂia\‘iWQJWLL@zIﬂI‘ﬁuﬂﬁa']Nqiﬂ'ﬂqﬂgﬂiﬂ']ﬂ'ﬂ

vanuduluarmealaadnisiasi vu s138unIyg

Idling / Printing Idiing TURIANIIINRINRUWLT AR A eI N TN T
Background A o A, \ A
Talounasiadadarnysdsinlusisiian

0 60 75 135 min AT INNNHINIU? muqmﬂﬁﬁﬁi‘@mdamﬂmaﬂ

Figure 7 Experimental setup and experiment A A e em s A ,
NLATINUNLaLTaTNANUREBULUITZHING 0.5-1

design for measurements of air “
NGRS RIS HES

pollutants from laser printer

] a 4 a 6’
P 4. Had132ANYANIINNITITLATDINNN 10
Table 3 uaadtdatauaniTilaounlad . e ; o
e e . A19NIINUALRITUNINIINASIH I W
AN NT ARSI PM,s wazlalany meRun P
4w o o A Ao A e LATDINNN
Wounuanudutwaionings udadunsiud o4 L 5

o e HA§1929% ML aTa IR N I N wa
3 stuny drfinsnuluarmsldnduaioves _ _ v .
v e UNITNLIRBURIFITATINTIUIN 100 A% |
NMINARBIET 2 A .
Nuazduauaadln Table 4
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Table 4 Printer usage behaviors and ;jmamwuaaumuﬁamqmﬁy 337 1w

environmental complaints related to printer usage VAT 38% WRTWIY 62% Hwamhfdninemu

Topic Survey result 95% Waza19138 5% Haauuuuzaunw 71% 14

1. Average 33 years wiasRuRuwInwnd 3 9 uazldie3asinviziia
user age

wimaunnirkanunin JlEnu 79% fiaan

2. Gender Male Female a ¢ & a o
Tun1TANN LGazATI 1-10 U9 wazldinu
38% 62% A A & & . o & A &
- - LATAIWUN 1-10 ATIADIU BANITNUNUINNUN
3. Occupation  Office staff Lecturer ) , B
) = 1 1 A a
95% 5% NUINEIWINNGA TTUTRWITTRIILATAINUN USRS
4, Printer < 1 13years > 3 dlfuaglugag 1-3 was glinsawmisuniud
i o a o A A € a ¥
usage period years 20% years mﬂmnmﬂmﬂiaawuw Iﬂwmmﬂa CMEY ma&n
a t§/ 1 v
9% 1% lwa iatudes g g3fis 31% a1mudiaa1ns
) T f L Inkj h v o \
S ype o aser  Inkjet Others JzAULH0994N @1 A 29% v tananlaifg
printer used 72% 26% 2% - o
Uzain 18% Wz NMINNTUNIBAILHUazaad 13%
6. Printing 1-5min  5-10 min > 10 min « . "‘ .
duration for each 519% 28% 21% Reijula alnd Sundman-[?lgert ICYINBAIINII
time IHINURITUNINOWLRBIINFATNUIARBNNNT
° P ' o T & o A ' '
7. Number of  1-5 5-10 times > 10 N9IUNFINIT 20% aduaaInuinningn
. . . a A ao A ¥ o
daily usage times 43% times Und Feluauivoheradiuiodi eanshe 0w
26% 31% iwnlng wazmiszaisifiesayn a1 ae fainw
8. Printing Color Black-white  Both 4 o w D) A4 A e
WITaINUMI I kaTa IR NN
format 3% 71% 26% - .. e A w
- NANI1IILAIILHINTIToNANAAIUAS
9. Distance <1m 1-3m >3m 2 o U
between printer and  47% 29% 24% qumsumﬂmmmsaawuwsma@amsswmu
user FITUnIuLaza NI udsannsitiaIa IR uw
10. Unpleasant  Often Sometimes  Never =uaqqﬂmﬂﬂuﬁﬂﬁfﬂmu%%avl&iﬁazjmi"n@aa‘u
odor 18%  60% 22% laguaas svuaszauiuday 0=0.05 lun1s
1. Dust Oft Someti N o A o .
us en ometimes — Hever pausunIaUiasauNAgn (Hy) Table 5 ugaden
disturbance 13% 66% 21%
p-value INNHNANIINARAL
12. Irritation of ~ Often Sometimes  Never
nose, eyes and 29% 51% 20%
throat
13. Cough, Often Sometimes Never
sneeze and 31% 54% 15%

running nose
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Table 5 p-value in Chi-square test

Odor  Dust Irritation”  Cough

sneeze’

Age 0.277 0.354  0.427 0.347
Gender 0.759 0.795 0.488 0.62
Occupation 0.294 0.507 0.245 0.229
Printer usage  0.135 0.078 0.275 0.017**
period

Type of 0.394 0.836 0.698 0.668
printer used

Printing 0.682 0.521 0.578 0.508
duration for

each time

Number of 0.398 0.132  0.09 0.599
daily usage

Printing 0.842 0.331 0.508 0.388
format

Distance 0.002** 0.073  0.04** 0.021**
between

printer and

user

" Description of environmental complaints shown in Table
4

" Significance at (1=0.05; rejecting the null hypothesis

INNANINeRUANNATIUAIL lagwAd3

NszaunudIag 0.05 Wuin naslanand ldi g
ed o ' ' a a 6 o ¥

Uszaidduniuzaziiesniueissfiannugldnu
J W ' !
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'
o

v 1| lg/
value maamsgﬂsumumﬂguaxaaaﬁmuﬂu

s:ﬂ:ﬁwizmwLﬂ%adﬁmﬁﬁmﬂ%ﬁmwhﬁ'u 0.073
o o A
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