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Characteristics and influencing factors of particulate matters released from printers LU Li-
zhi®, LIU Lin'%, SU Ming-yang®, CHEN Wei-ye', CHEN Xi', JIANG Ping®, WANG Jia-ting™, HE Li-
hua'?, ZHAO Qian®, YU Can-qing®, XU Yu?, WANG Yun® (1.a.Department of Occupational and
Environmental Health b.Department of Epidemiology and Biostatistics, Peking University School
of Public Health, Beijing 100191, China; 2.Department of Respiratory Medicine, Peking University
People’s Hospital, Beijing 100044, China)

Abstract:

[Background] Printing and copying equipment in operation will likely release a large amount of
particulate matters, thereby endangering human health. However, at present, there is insufficient
research on the concentration and size distribution of fine particles in domestic print shops and
the factors affecting the level of particles released by printers.

[Objective] This study is designed to analyze the characteristics of particle concentration and
particle size distribution in print shops, and explore the influencing factors of particle emission
during printer operation.

[Methods] The number concentration and mass concentration of particles with multiple particle
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sizes (0.25-32.00 um) were dynamically monitored using a portable aerosol spectrometer for more than 12 h in three print shops (A, B, and C)
in a school in Beijing. Besides, experiments were carried out indoor to explore effects of indoor temperature, indoor relative humidity, paper
grammage, and toner cartridge types on the peak concentrations of particles <1um (PM;) released by the printers.

[Results] The particle number size distributions in the three print shops were basically identical, and more than 96% of the particles
were < 0.50 um (PMg;s). The number concentration increased as the particle size became smaller, and the PMqs number concentration was
as high as 11.36x10° P-cm™. The particle size distributions in the three print shops were largely between 0.25-0.65 um and 1.30-7.50 um. The
particulate matters released by printers were the main source of indoor particulate matter pollution in the print shops, and the number
of printers in operation and outdoor PM,s concentration affected the level of particles in the print shops. The experiments showed that
when the indoor temperature was 15, 23, and 27 °C , the peak value of PM; number concentration during printing was (1.76+1.33)x10",
(1.95+0.64)x10%, and (3.20+3.00)x10*P-cm?, respectively, and the difference among them was not statistically significant (F=0.58, P>0.05);
when the indoor relative humidity was 30%, 45%, 60%, the peak value of PM; number concentration during printing was (1.95+0.64)x10*,
(0.96+0.26)x10*, and (0.79+0.11)x10* P-cm?, respectively, and the difference among them was statistically significant (F=9.65, P<0.05);
when using standard A4 printing paper weighted 70 and 80g-m?, the peak value of PM; number concentration during printing was
(1.95+0.64) x10* and (5.25+1.07)x10*P-cm’, respectively, and the difference between them was statistically significant (t=-4.59, P<0.05);
when using domestic compatible toner cartridges, domestic refillable toner cartridges, and imported original toner cartridges, the peak
value of PM; number concentration during printing was (1.95+0.64)x10%, (1.90+1.22)x10*, and (9.85+4.70)x10* P-cm?, respectively, and
the difference among them was statistically significant (F=7.44, P<0.05).

[Conclusion] The size of particles in the selected print shops is mainly <0.50um, and the particle number concentration and instantaneous
particle mass concentration are high. Indoor relative humidity, paper grammage, and toner cartridge type are the factors that affect the
number concentration of PM; emitted by printers.

Keywords: particulate matter; size distribution; printer; indoor air pollution; influencing factor

ITENEEEEEAMKHE I B AR T LI DRI
&, WIZzNBTEENIESY, BITESN&E
ELEIREPRITSBERAETNY). RENELEE
47 (volatile organic compounds, VOCs) , &M% [N
TEREHBEARERE, WsENKRENEN
N N, TSR RSG5 EERGE 25,
LI R & I FT ED S ENI% & BT AL LU AR /KT
FEFRYI A E, MBAIAEE/)N, HEbRERE
K, REWMUF SRR, ST AKNBTE
BEEAK S, AW, WEEXTITENSENTIEAHFR
BIFRIDRE ML PM, s (BRI HFEBER<2.5um
BIFRIH) « PMy (BB FEE<10.0 um BIFRL
) MBEFFHY) (BRI NFEERE< 100 um BT
fid) RE R, BRAOITAR/NRLR B YR FE K Rl
RO MV ENEIE, sk, FTENE NG HEEMERIY)
HIKFZ AR T M, WMITENHEL S K {5 A B i8],
BMBEX., HRNRE. BXE ¢, BBHHITENEEN
REBRBUSEYMNEMER, TR ETIEAITRE
FHEHE U EBAMBEKTEEER X ZHR
B 4 AT ENJE R BRI AR E RN KL1R 0 R 4L
BRTENE BRI ELZEKTE, FELIZE
BHRMNERRE. BE. AKESMA KRR
E, BT ESTENN R BER K R R0, LIRS
MEFTENEENEX TEAGHNRERIFRER Fi5
S5,

1 MRS RE*
1.1 FEMRENEIEE

A4FTENZ (WREE, BAS) , EF-FREMe: (82
1%, RE), BEF-EERE GER, PE), REHOM
& (HP, EE) , BOLITEIH (Hp, EE),

GRIMM 11-A B R UARKIIFIEN (GRIMM, &
H), BFREEMN (HRZA, FE), P-TRAK 8525
BN FitEEs (151, EE),

1.2 ITENERFRINIE SR SREKN

F2019%F 12 823 H—2020F 1 B3 H, EF
FIEHEEXESRAIRITHE, EREZFHME
KER, FARENTRRESHEDHENTIE
WNSIRBEARKE A S, TEEME1.0m
=E, XBAGRIMM 11-A BB A RAZ B LY
EL MBI ERE (RAIUBRIEIL S EAKR
T, Pem?) WHIRERE (B ugm?), IREE6s
HEF 1 min ME—Ro ZAFEN 31 PhHFEE,
KRN ESEEEE 0.25~32.00um, B]SEATHIH 31 ML
RBENTR B ERE. REKREMPM, (BR5)
NFEER< 1um TR « PM,s. PMy, FIRERE,

XABRFR. EENNEERBEEMENEE,
F/NHER—R, BIERITENERLTF TERESH
ITENHEE, EPHIER—K, EINTRIYIRE XA
ZBAIEHEEX A SENE AR PM, s RERE
B, ERINPM,s IFRE KR ELL (ratio of indoor and

www.jeom.org



#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2020, 37(9) 835

outdoor PM,s mass concentration, 1/0) KB &/N=E
A PM, s BREREERRUS/ NN EINPM, s RERE
WEFHTIHERZR Y,

1.3 FTENHREREBRI Y 22 E RARIN R IE 7574
131 LEFEHFLZE B—a8BTeNETERA
93.24m? (6.39 mx5.98 mx2.44m) N AEN, SRIAT
XA E IS E XN, RATSENINERATE
NEREMEEFEARERE, A FIRITENILRK, X
FAEORmITED, TENHRREAT S 20M], 17
EMNBNFEa (BT12717, BIT7710FR, F5/0
PO, K Times New Roman) , &/XSLIOITEN 20T, X
FH P-TRAK 8525 B4 #i F it #0238 M & PM, B E R E,
ZLZRLWIE, R NERHTREFESHAO
17 cm b, MITEDFFIEH 2 min BFTENLE SRS 10 min #
TR, LTED TERTNE R PM, B ERE Y
BEARIKE, ERITENTEFRRMUSHNER PV,
HEREBREREZAREFENLGITENIREZFRRE
B PM, N ERE IR {E, 820X LI 8] fREY (8] 48
g 30min, HAAEBX, UFRIET—/RELEFIFETE
BENBRYREREE SKTE, BERITENITIER
EEEFTENHLINFAIRRRE A (221 4) °Co

132 ERBENTEINBERPMINFEM 2573
M RENEREE (15 23, 27°C) T, ITHEIERERS
RN 26%~33%, EFAEF FRAME. 70g-m? BIIR/E
AAFTENAR, $2ER EIR LI R MHITITEN R PM, 22K
EREM, SRREDEE 3R,

1.3.3 EREXTEESTEINBER PV, IR 331
E3NFAENZEREITEE (30%. 45%. 60%) T, 1=

ERRE N 20724°C, iEAE RIS, 70g:m? IR
EALFTENAR, 2BR E RN KA HITITED X PM, 21
EREREN, RRELVEE 3R,
1.3.4 KKFEEXTFTENNBER PM, BIFZME 53 513%EH 2
FhAREEEMAK (70g-m? BIFR A A4 FTENL. 80g-m?
HIARAE AAFTENAR) , $THIZERRE 20~24°C. MEXHEE
26%~33%, EERERAME, 1ZR BRI ZHHTT
FTENK: PM, BERERI SN, SEREDEE 377,
1.3.5 FESRBUNHTENNIRER PM, BV S 315%EF 3
MARRERIEE: (BE-RAMer. Er-EEmat. R
S , ITHEIZEREE 20~24°C. 1B3HEE 26%~33%,
EFH 70 g-m? BURROE A4 FTENLR, 328 EIRSTIORMAHT
FTENR: PV, BRI RERIEEN, SLOE/VEE 3K,
1.4 FitFESR

3K A EXCEL 2019 # 1T 8B R N\, X Fd Stata 15.0
HITRIT D ESDBIEMNESSHEHITER
LR + iEEFITIER, AR AL
BRI, ZABLLREBAED T, ZABNR
I LL 3K A Bonferroni % ; IFIESHHITER KR A
L2 (M) DB DAL (Pys~pys) IR, Z4H (8] EEER
K F8 Kruskal-Wallis 1254, %40 8] LL AR EY H iR A
Wilcoxon # #1250, F F3 Bonferroni 74 & 10 I8 7K /&
790.017, ®I07KHE a=0.05,

2 H#R
2.1 {TENERATRIYIRE DB S RE

RI1BTR T 3RITENENERIE K. $TENE AL B,
CARRKIIZFRI Y P8RRI LER © PMy, 7 52

&1 FTENEEARESMBRIYIKT

Table 1 Basic information and particle concentration of three print shops

E (Item)

FTENIE A (Print shop A)

$TENJE B (Print shop B) $TENJE C (Print shop C)

#/Z (Floor) 1
ZEA{KFE /m? (Indoor volume/m?) 38.7
FTENHNZEEY (Printer type) 128 (Ink-jet)
FTENHLER (No. of printers) 6

L AtE] (Business hours) 0:00—24:00
SBE/°C (Temperature/°C) 20.40~22.40
FEXTIERE /% (Relative humidity/%) 13~18

EXH, NF®R (BIIH)

Windows are closed, and doors Doors and windows are closed, and doors are Semi-open space, connected to

WSMEZ=E REXIES (Indoor air ventilation)
are open (with curtains)

WSMBYHL /h (Monitoring time/h) 14
WSMETEE / (s %2 ") [Monitoring frequency/ (s-record™)] 6
WEMRER (No. of monitoring) 8367

PMyo REREE®/ (Hg'mng) [M (Ps~Ps) ]
PM,s FREREE "/ (ngm”) [M (Pos™Pss)]
PM, FREREE / (Hg'm-z) [M (Ps~Pys) ]

71.90 (59.20~84.20)
38.70 (30.40~45.70)
28.20 (21.40~34.10)

-1 [F3R1% (Sunken plaza) ] 1
114.5 31.2
L (Laser) Bt (Laser)
7 5
8:30—20:30 7:30—21:50
18.70~25.50 19.90~23.90
10~15 16~19

&EXH, ARHNRT ISR FFM, SEM=EEE

open only when customers enter and exit other spaces

12 15
60 6
671 8830

69.30 (38.90~82.80)
39.90 (30.30~68.50)
36.30 (27.10~62.50)

38.80 (32.80~47.30)
19.10 (16.90~20.90)
11.40 (10.40~12.20)

[3F (Note) ] Kruskal-Wallis #23% (Kruskal-Wallis rank sum tests) , a : x’=9144.28, P<0.05 ; b : x’>=13058.68, P<0.05 ; c : x*=13497.50, P<0.05,
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Figure 1 The particle number size distribution (A), particle mass

size distribution (B), and concentration of particles under different

particle sizes (C) in three print shops
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Figure 2 Indoor particle concentration changes over time
in three print shops
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FTENIE AL B, CH, H[ERSTIERIFTENNIENE L FHET,
ERTHRYNBEREBENFA S,

K2 3IRITENE PM,s RERE |/O I9ER T LEE
Table 2 Mean and range of /O of PM,s mass concentration
in three print shops

FTENLE (Printshop) 1/0 (xts) &/JME (Min) ®AE (Max) F P
A 0.88+0.13 0.68 1.10 461 0.2
B 1.28+0.56" 0.64 211
c 1.1520.29 0.69 1.61

D] = : S$TENIE ALLER, P<0.050
[Note] *: Compared with print shop A, P<0.05.
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s — 70g-m2AREAAFTENLR
Printing

70g-m-2standard A4 paper
— 80g-m2AREAAFTENLE
80g-m-2standard A4 paper

N
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N
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o
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[Note] The dotted line is the printing process, red for 80g-m? standard A4
printing paper, and blue for 70g-m™ standard A4 printing paper.

3 FTENfRALARE PM, SR ERE

Figure 3 PM; number concentration during selected printing jobs

R3IETRABRXBFRMG THTENIRZRREBR PM, £
ERERBRENER SRETR  ENENEE. 4K
EEMWAS KT ZITENI 2R PM, NI ERE £
ENFMER (P<0.05)., EERENTEENFAS,
ITENS R RERA PV, I ERE B ERRENE
%, BERMEIEE N 30% BFTEMT 2R R PV, BY
HEREIRES T ERBITEE N 45% F1 60% AT HY
18 (P<0.05), 155 80 g-m™ #7/E A4 FTENKITEN T 12

PREK PV, W EREIRESTHEHE 70gm? iE A4
FTENRAYIEE (P<0.05) . A REH OAEETTENS
PR PV, N ERERESTEREFEAWH
EAEFEEMEIEE (P<0.05), tbFh, EINERET]
BEERNEENFS, TENTEFREME Pm, B2 E
KREBREEASHBEE, B3N FREEABNERE
BHRITFENX (P>0.05),

R3 FREKREFGTIELIRERFHRN PM W EREEE
Table 3 Peak values of PM; number concentration during printing
under selected experimental conditions

BAE S IREL PMy EREREEIZ(E/ (x10° P-em”)
Experimental Number Peak number concentration F/t P
condition of test of PMy/ (x10* P-cm™)
ERRE/C
Indoor temperature/°C
15 4 1.76+1.33 0.58 0.58
23 3 1.95+0.64
27 3 3.20+3.00
ERAESTRE /%
Indoor relative humidity/%
30 3 1.95+0.64 9.65 0.01
45 4 0.96£0.26"
60 4 0.79£0.11"
HLKTER/ (gm”)
Paper grammage/ (g-m”~)
70 3 1.95+0.64 -4.59 0.02
80 3 5.25+1.07
i et
Toner cartridge
[Edh ¥R
Domestic compatible 3 1.95+0.64" 7.44 0.01
toner cartridge
[EFr2-1iTi3
Domestic refillable 3 1.90+1.22"
toner cartridge
[REEH OISR
Imported original 5 9.85+4.70

toner cartridge
UE] # : SERAEXTERE 30% 4A18LL, P<0.05 ; * : SREHOMFEEE
tt, 9 P<0.05,

[Note] #: Compared with 30% indoor relative humidity group, P<0.05;
*: Compared with imported original toner cartridge group, P<0.05.

3 it

3R FITENE BIPM,s R &2 K B A i #1K F GB
3095—2012 (IR IB = SR EATA) "2 FRELE B PM,5
24h FEIYPRE (75ugm?), BITENEBHIPM,s R =
KEERESTZEE, X55K9F NHARSE
R, BreNXFHONEERNRNSRERED
MY 520, MAFIT ET=Z=REXRFERTS
RES R ARFTEFEND RGPV, M FREN
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2x10*P-cm* ), AFRFITENEF PM, HERESEE A
(1.03~11.61) x10°P-cm*, BARILiEiB i %k HE,
A ILATENH B BUNRI R BRI EXN ERN T KIS ™
BTG, N EMNETITENERA/ RPN EE
KU, FRFEST AR, ok, 3RIT
ENERNFRI I E R D H—E, BLKE<0.50 um
HERAE, RERANFRYHRERERTT T
EL R AR EIFTENE R IR EE KT EIRERRMRT
T E R ERIHEIT ENEE RS R RIFiEtT.
TENE R PRI KR 15T ENA TER B9
RIFIE ISP K KPR I5 20 FTENH R RAY R
LUNKRIR BRI R £, EEZMITENE A FRIYIEK
ERE ; MEIMKSFRY SR UBKTR A E,
FEXWITENEATRY REKE, FTENERFAL
Y17k 5% TYERY a1 A9 2 A X3 5%/)N, 1B RE T1ERYHT
ENN L MmAR, HS5ERBRIFRETEX.
AR FITENEAEENEAE —BELFHITRES,
BEIIHEY, BRAME, BNTEARINER
#; FTENE c AN, SEMTERE, Bk
—f, SRS TYIHERZEANTE ; HJENEBIT R
—B TR %, WNEREIES XA, REAREAN
BRAIMREERE, ERIIMEZIEAEIERLD, FIiE
MERIE] /0 BEAR/NRILAFTENE A<C<B, FTENIE B
CHI/OEKRTF 1, AAMATENE BRI CERPM, s RES
FEINPM,IRE, IR EIN BRI BRI 2ER
FRIYS RN EERR, BEINPM, s RESTITENE
RNERIMIK B 20, RILEXBGFHIFTENE AN
CRLAIR (1.30~7.50) um PRI RE S LIRS (B
EINKERIYSH) ; E@EXERRENITENE B LU
FIf2 (0.25~0.65) um BIFRI YRR 2R E S ELER K (3T
ENNVBR BV N E) o 3 RITENERIFIRIADERE IR
EF PM,s. PM, BRERE A/ NIRFTREBRILAFTENE
B>A>C, TN BXIE L E B MMIT ENfE R EHI YR E
KFEHNEBRE,
TENEENRERBR RN PR Y B ITENS NG ST
BITHREPLRHNENEN S Vocs R AERME 2
UEREY, X—IEZZMAREM S, &
RIBARRBRT ERNETEE. RKES. FEHE
BIZITENNBH BN mEA R, MEEENAENE
EWAHS, FJELSERRRHRE PV, IBEREE FRE
#, TERRZENEE LA SRHFRNYRRAE
TR, MIEBRII S RE TR, FEH80gm?#Y

T A4FTENRITED S ZH R PV, VB ERE IR (BES
FER 70gm? AR E A4 FTEDLR, M BEMEREFTEN LI
S0 80g-m? BITRE A4 $TENARFRTE 2R AU BT 8] KT
70g-m? BYFRE A4 FTENY, —FH E R REE 80 g-m2 BUAR
EAMITENREBOLITEINER IIZR, HTHRIKE
B, FEEKNEA R KMAERFLEE, K
MSHFTENRS IR, ZERKRIINATE I IZEF LK
R Y B2 49 B8 53 B SR BRI, MTIE AP RE BT PM, BY
HEREREAS ; 5—FHHE, KKBEITENVER
FhIYIFIRZ — 1, RERK A ZHOTEER F L FhL
MR, BRTRRNEEH D RNHRKIE. £
FAAREMEEHTEIN BRI RERER, EE
Eey. B A MmE RS ORE R PM, BT
EREERERARILES, mAREHOMSIITENLT 2
R PV N EREREBETZS TEREFRE
e A E =B EME, BN XLEERNAERERS :
OFREFIEENEHFMEEMIIRE. KD 588
AE, FEIER=ENENEN . RREMS
VOCs A [E], # e mBA RS BBKE ; @F
RSB FE T2 AR, EBREEITENSER
HEREN. EUEMEEFRE, NMEHRERRE
e BT ENA R R RE BN ER, EARER
EEESHBNAEPH—TRR, i, HRER
EREEERNREAS, ITESEFER PV, 2
REREBIESHNER, BERRIAITER .
TIRRGFE—LEREZL. B, TITENEAL
YARE SRMERE], ZRFMIRNEBITE, ReERET i
MEINTRIARE ., RAZEISMENIESHNBIESER
TR IS MER BT, RINE SRS RG]
ENJERFRIK B M, RRERRAT AN ERT
HITERINRE LN, RGN AL AEIE. HR,
FERANSB R IBSCNERZSERE (0.25~32.00 um)
RA, ZREFTENEFERALE<0.50 um BRI Y A
, SEMEANEE/NIFRERENSSRARFIE
1, INGKFRIRIIRIZ(Y, HITITENS NBRIYRE
Sl FHEh, XX 3 RETENE R H#HIT T 1d FIFKI4)
ARESCE SN, BRFEBSCHTEIHBRR R E M vocs
ST SBRA, SERUERREETRHIITZHR
REFFHETENERN TR REFM vocs REHITEK
HAEN, 2mETEITENERT=SSHIER, THR1EL
ARBBEIKT, Lo, EITEINBERBR I mEE
R, XXFT 4 MEmMAE, BENELHREG
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TEESRRREAENRD, FEFNH SRR EER
Ro ZREFTENER TEHIRREE Z 4 F 15~27°C,
HASEIIGE T 15, 23, 27°C, UMMFEMEREX, B
HEFEREEE/NBRE, Xe]aeth AR RUEE]
FTENNE R PV B ERE IR ERE R B BIESH
B, BERAFNERBERITFEXKTHNRAZ —
UEBR AR LUE KRB, RARITREITTT
ENHURE IR A B R2 08,

&R LR, FTENERBRIREN R D H B R —
, KIE<0.50 um IFRIMIRER S, BRI
ERENFUYEREIRERS, IRRNFKEITE]
JE R/ NIRRT 75 Rk F R B3 R R AV B E N,
FHETF (2 A BAL D $ 8 R SRIT 0 4T ENJE = AL
Vs 3IKT. eAETENERBRIE R, ERRF—E
BXEE, SRS EEENMIKNIEREME, ¥$HE)
FRRRFTENIE RABRLME RKF , NTRIPSHEIES
EMABNSREER, ERRARF, ENFENXE
FTENHERCS 24 (BRI, REHM vocs) Z i8]
BIHEEER.
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