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Assessment of Volatile Organic Compound Reduction Using an Air Purification
Facility in an Adhesive Handling Process
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ABSTRACT

Background: Exposure to volatile organic compounds (VOCs) can have acute and chronic health effects
on human beings in general and in working environments. In particular, VOCs are often emitted in large
quantities in industrial settings. In such circumstances, there is a need to improve the indoor air quality at
workplaces.

Objectives: The purposes of this study were to verify the effectiveness of air cleaning devices in workplaces
and provide alternative solutions for improving working environments.

Methods: Personal exposure and area level of VOCs for workers were evaluated in a car-part adhesive process
before and after installing an air cleaning device with a TiO,-coated filter. Passive samplers and direct reading
instruments were used to collect and analyze the VOCs, and the removal efficiency and improvement of air
quality were evaluated. We also calculated the exposure index (EI) to assess the risk level in the workplace.
Results: The removal efficiency for VOCs through the installation of the air cleaning device was
approximately 26.9~69.0% as determined by the concentration levels before and after installation. The
measured substances did not exceed the exposure limits for the work environment and the EI was less than 1.
However, carcinogenic substances such as benzene, formaldehyde, carbon tetrachloride, and trichloroethylene
were detected.

Conclusions: The application of an air cleaning device can be a solution for controlling the indoor air quality
in a workplace, particularly in cases where ventilation systems cannot be installed due to process limitations.
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Highlights:

- Workers in working environments
involving an adhesive unit process
may be exposed to VOCs and may
experience health effects.

- In a case of the installation of an air
cleaning device with a filter coated
TiO, air purifier, the removal efficiency
for VOCs was about 26.9~69.0%.

- Although the exposure index (EI) did
not exceed the limit, hazardous agents
that are not indicated in the MSDS but
may cause cancer have been detected.
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Fig. 1. The measurement location of the passive sampler
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Fig. 2. Measurement locations of personal exposure samples and area samples
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Table 1. Air purifier specifications with TiO, coated filter

Sfof 4% A5

_q]

A Air purifier model
(country)

Airflow rate
Orifice size
Filter

Size

Weight

JSVK280
(South Korea)

17 m*/min
1,513.5 mm’

Melt-blown
filter+TiO,

480 (W)x650 (L)x
1,045 (H)

52 kg

Energy Source

Ultraviolet rays
or
Visible light
or
Dark

A A &-E&(removal efficiency)S At&oIH ). 573t o=
JAHKorea)9] JSVK280 RES AMESH T 34 U Ssi&4
BB ZAof & 7 E AR5k on HHo] AFoFL. Table 13}
2tk 7145 nle] AL e el @rba HR Y 883
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Fig. 3. Principle of self-propelled photocatalyst without light
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AIRMON-1& B3l 549 AU CO, s&E& °]83}o] ]
TS AEoRlTt 371783 Al AA] A - & ZAARE A 4
AHE 9ol 25 R UL 25 CO, Tk 247 534 ppm,
560 pmmO]J3L 1AIZF 5t CO,7F HAYSEA] o= AFefollA]
thA] CO, L& &4 3 23 507 ppm L2 Ut E
gk SAMIE ©o]-&5to] RF7] F CO, 5= A7t B
AHERE A} 416 ppm O & FUSIAIE o] Bl SIS 4t
£3t 23} 7} 0.26 hr', 0.46 hr'o]ATH(Table 2).

Table 2. Evaluating ventilation rate for a workspace

Value
Parameter
Before After
Initial CO, (ppm) 534 560
Elapsed time CO, (ppm) 507 507
Outdoor CO, (ppm) 416 416
Volume (m’) 456 456
Air change per hour (hr™) 0.26 0.46
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SAMIE &3l 244 W 5 AddiolA &7 TVOCs &
L5 #4519] Table 33} #9kth TiO, WH 57|t Av] 4
2] A9 Bt Fe= 427.6£105.5 ppbol AL, AA] & 5=
255.3+88.2 ppbE 2] A3} H|wste] oF 172.3 ppb WTh
TVOCs= A4 tiet &7 AAISkL YA ghof Tt
o2 Ay 49 AzF 9] B 500 pg/m*E ppbE W
sto] 712-& A4St E3E AAE 718K (Sensor-based) O 2
g 549 ¢ tiF= Fol23HPID) WAl ol-&5tH, oA
F8(isobutylene)= 7]F 22 TVOCs 5E& AH&E0l] W&
o] o] arefsto] Fuj o] HNA|E THARRE 712(241.8 ppb)
< AP AR F, 7|2 5E S 2I5HE H]&o] Zas)
Fo TVOCsO|| st AAEELS 40.3%Att L d|ste|=
(formaldehyde)9] 74-%, AX] 9] B+ k= 8.6+7.4 ppb=
Uepgon], A1 ¥ s BF AEEA] Aokl AAEs
=E7]%)] teh ELH|5to] E(formaldehyde)ol] HHet Sk 7|
<3 Bk S W AR A BE V& EEE 26
Utk HA] 79 Fhe= HEEHA Yot AARES F71d
AU

2.2. 3713t &H| MX| M-Z VOCs sk ¥ MHEZ

OVM-3500< AH&sto] 1y f718kgE 589 &40
sl Tio, FH 37173} du] AA] A9 2GR 7iQleE
9 X FA T 5L 5 H|w5FHTHTable 4). =F2(toluene), o2
‘%ﬂzﬂ(ethylbenzene), E].@E,ﬂ(xylene), WAl (benzene), iﬂf“;ﬂ(sty—
rene)] 2] HO| RIwE e 7F 43.3+11.4 pg/m’, 17.4
+6.4 pg/m’, 7.14£0.4 pg/m’, 2.9+0.9 pg/m’, 0.7+0.4 pg/m’
Ak AR 29| 5o} vl wsto] A (xylene)> A2 METH
BE7F9F 0.5 pg/m’ S7FFAL, 2] EF<l(toluene), O
WAl ethylbenzene), A (benzene), 2E](styrene)= F 22.0
pg/m?, 8.1 pg/m’, 2.0 pg/m?, 0.4 pg/m’ 433t

AFGA 7 FE= EFUtoluene), o2 A (ethylbenzene), =

Table 3. Comparison of TVOC and formaldehyde concentrations
before and after installation of an air purifier using a SAMI

Removal
Substance N Mean+SD efficiency (%)
TVOCs (ppb) Before (339) 427.6+105.5 40.3
After (336) 255.3+88.2
Formaldehyde  Before (341) 8.6+7.4 NA**
(ppb) After (341) ND*
*Not detected.

**Not available.



Table 4. Comparison of VOC concentrations in personal and area samples before and after installation of an air purifier

VOCs (ug/m’)

Sampling type  Subject Benzene Toluene Ethylbenzene Xylene Styrene
Before  After Before  After Before  After Before  After Before After

Personal W-1 39 0.7 48.6 21.6 23.3 9.3 7.6 7.6 0.9 0.2
W-2 3.1 1.2 56.6 18.2 22.7 7.9 7.0 7.5 0.2 0.3
W-3 2.7 1.1 36.5 27.7 12.3 11.7 7.2 7.8 0.7 0.4
W-4 1.8 0.6 314 179 114 8.3 6.7 7.5 1.1 0.3
Mean 29 0.9 43.3 21.3 17.4 9.3 7.1 7.6 0.7 0.3
SD 0.9 0.3 114 4.6 6.4 1.7 0.4 0.1 0.4 0.1
Removal efficiency (%) 69.0 50.8 46.6 NA 571
Area A-1 1.7 0.8 32.2 18.3 11.3 8.3 8.0 8.6 1.0 0.4
A-2 1.6 0.7 30.5 17.8 13.3 7.7 4.9 6.7 0.9 0.1
A-3 1.5 0.7 25.8 14.3 10.2 6.9 4.2 5.8 0.5 0.2
B-1 1.2 0.7 229 16.8 8.8 7.9 4.7 7.3 0.4 0.1
B-2 1.1 1.0 17.9 141 8.1 6.9 34 6.4 04 0.3
C-1 0.9 1.1 26.5 18.4 10.5 8.4 4.5 7.3 0.5 0.3
D-1 14 1.1 27.1 174 10.6 7.2 52 6.7 0.6 0.2
Mean 1.3 0.9 26.1 16.7 10.4 7.6 5.0 7.0 0.6 0.2
SD 0.3 0.2 4.8 1.8 1.7 0.6 14 0.9 0.2 0.1
Removal efficiency (%) 30.8 36.0 26.9 NA 66.7

Table 5. Comparison of aldehyde concentrations in personal and area samples before and after installation of an air purifier

Aldehyde (ug/m?)
Sampling type Subject Formaldehyde Acetaldehyde
Before After Before After
Personal W-1 15.0 17.7 315.3 62.4
W-2 13.0 14.0 64.6 60.1
W-3 154 16.1 56.5 78.0
W-4 19.0 17.3 73.5 61.2
Mean 15.6 16.3 127.5 65.4
SD 2.5 1.7 1254 8.4
Removal efficiency (%) NA 48.7
Area A-1 20.8 16.0 76.2 100.7
A-2 15.7 23.0 77.6 117.8
A-3 19.2 16.7 74.5 98.5
B-1 14.7 18.1 56.8 1174
B-2 14.8 19.5 67.7 105.9
C-1 15.5 21.6 55.4 93.9
D-1 16.4 14.3 90.0 86.0
Mean 16.3 17.7 91.6 89.3
SD 24 2.8 74.9 21.5
Removal efficiency (%) NA 2.5
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Al¥(xylene), M (benzene), 2] (styrene)2] AX] A 7+ 26.1
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ERUiQic). A3 A EUH|5to] = (formaldehyde) Z o EL ]
5}o] = (acetaldehyde)of] et 7HAkeEL ZF 15.642.5 pg/m’,
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Table 6. Comparison of concentrations of personal and area samples for additionally detected VOCs

VOCs (ug/m’)
Saltr;fI;)l;ng Subject Trichloroethylene Dich1011'(’)2ethylene tetrcaﬁ?lzi'lide Dich1011‘:)2pr0pane Tezﬁ;ilelz:o Broﬁzfﬁileom
Before After Before After Before After Before After  Before After  Before  After
Personal W-1 0.5 0.2 0.0 485.8 0.2 0.1 85.1 421 2.2 0.6 27.0 12.0
W-2 0.4 0.1 328.5 0.0 0.2 0.1 76.4 289 14 0.5 22.3 23.1
W-3 0.3 0.1 616.8 339.5 0.3 0.1 77.3 24.8 1.0 0.4 48.0 124
W-4 0.3 0.2 543.2 147.5 0.2 0.0 78.7 41.2 0.6 0.4 46.6 19.7
Mean 0.4 0.2 3721 243.2 0.2 0.1 79.4 34.3 1.3 0.5 36.0 16.8
SD 0.1 0.1 276.6 213.3 0.1 0.1 39 8.7 0.7 0.1 13.2 5.5
Area A-1 0.1 0.1 472.8 182.7 0.2 0.1 36.2 20.9 1.1 0.4 55.1 30.0
A-2 0.4 0.1 406.4 1574 0.2 0.1 1344 199 0.5 0.8 20.6 13.1
A-3 0.1 0.1 507.4 33.3 0.1 0.1 48.1 25.2 0.8 04 27.8 11.7
B-1 0.1 0.1 550.1 134 0.2 0.1 36.5 19.8 0.5 0.4 13.5 35.5
B-2 0.2 0.1 552.5 0.0 0.2 0.1 53.3 16.2 0.9 0.4 10.7 16.9
C-1 0.2 0.2 245.3 0.0 0.2 0.1 37.8 25.2 0.9 0.6 17.1 14.8
D-1 0.1 0.1 252.5 0.0 0.1 0.1 34.4 16.7 0.7 0.4 22.8 17.2
Mean 0.2 0.1 426.7 55.3 0.2 0.1 544 20.5 0.8 0.5 239 199
SD 0.1 0.0 121.5 73.7 0.0 0.0 333 33 0.2 0.1 13.8 8.4
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Table 7. Comparison of the concentration of the detected substance and the threshold limit values
R R Threshold limit values
Substance Personal (ug/m’) Area (ug/m’) TWA STEL
Before After Before After ppm mg/m’ ppm mg/m’
Benzene 2.9 0.9 1.3 0.9 0.5 1.6 2.5 8.1
Toluene 433 21.3 26.1 16.7 50 191.2 150 573.5
Ethylbenzene 174 9.3 10.4 7.6 100 440.5 150 660.8
Xylene 7.1 7.6 5.0 7.0 20 86.4 40 172.9
Styrene 0.7 0.3 0.6 0.2 100 440.5 125 550.7
Formaldehyde 15.6 16.3 16.3 17.7 0.3 0.4 1 1.5
Acetaldehyde 127.5 65.4 91.6 89.3 50 91.4 150 274.2
Trichloroethylene 0.4 0.2 0.2 0.1 10 54.5 25 136.3
1,2-Dichloroethylene 372.1 243.2 426.7 55.3 10 41.1 - -
Carbon tetrachloride 0.2 0.1 0.2 0.1 5 30 - -
1,2-Dichloropropane 79.4 34.3 54.4 20.5 10 46.9 100 468.8
Tetrachloroethylene 1.3 0.5 0.8 0.5 5 344 - -
Bromodichloromethane 36.0 16.8 23.9 19.9 - - - -
EI 0.053 0.049 0.054 0.048 - - - -
3. ZPsH AH| MK -5 QAN BIIW MRRAL A oA, IIEET H80R THY 4 gn ol o
Aol i A4S hYOR YERAE AN AL o) AU AL AN YA, o] u A
TiO, ¥ 371743} Adu] 3] A -5 37180 tigt 2XE& = oA F, A7) PG Befo] & & 9k P
Ak ERA AT A B L7l o0 JEETI0, B thBE Aol ojelen 44e] WolX 1, AQEETE B

B 371435t dulg AA3S o HAE 7R 2 2574
L 9% 715k, 7St WAl 27% 74Astnh 245 9] A&A|
7He A & oFH 9] A&A7H 30+ mlTte] 17% S7FstaL,
1208 oA} w71 AR 21% A4sto] ofF Q] A|&A]7to] 7
A=kl kst ZAAEe] L7l o Blks A
T 43] o] ollA] 46% TrAst] FY F FFH o gt 2
Mg Zo =z FA= 9t

V.l FH

2 A= AR F-E AREA0lA Tio, 37173t vl A
A A-F9] voCs AAEES T3 AadE AL, 2
Aol gt A2} 2R U A sl Hs) B
o 39 79 AdAts AAACIA AT 5 s HEFT
VOCs &40 AF4 0= 2 glglov, olg Al &
= A Ade|7t vt ArhebdellA sk gt
olg 3l & AFoIHE 54 AEAF(passive sampler)
£ ol8sto] AR 48S o2 AAeET 3 WF A
A2l disf BristAom, 37145 Al 43 d-%9 5
= BEHSLE Hlaste] A4 Y 3718 A HEE Felst

2 4egS ANAdshr] Azt A 27 E3H4

& 37

S djglo] nlRIslA] Qe A W A1F A Al AT 21
o2 A"k 25k L o X (substitution), 22 (isola-
tion), 7] (ventilation)& L83+ 4= QIth? SiA|gk, AEA} H
%‘: O 7(-17(1—01-___ oHlﬂ- 5’-7(4_,] E /ﬂ/g— 7(41]— ] ]:H;(] st & ZEL‘O: %}1
flom, ZeAE WY 2RE A ol ARold
b FE RS SIS S AT B
o] EMAF AR O] 24 O E 93] YA &% 99 T

H|-§0 & HAX[5}7] of2] AJ7olqlth ol=et iAol 4%
= JlEsto] A9 Ao g F713} ] &% 25
Alkst3ich

F TiO, FEME &< 59

2 53] 9= AL A B

7142 RS 9% A7 BEs] o|FolA| T ek whet
A HZ0) 142 27 Hak o] £UshE vocsE Alofst
Lo golg & It olefat BT &S A %L 49 0
29 A2, 4 W77k Hel, A ok 5o thokat
ofolq -8 1 glom E5] vocsol et & AAEES
Holt 2102 BT Yk Lee 59 A7) WEd @
HE-TiO, FE BeAADE Arstgon £ 34 U
voCsel that AALES B7HeE 22t F 63.0~100%2) AA
A8S HA E3, You 5209 AFE Tio, EHo] 4% u]
o] w3 g4 Suhg F83}0] vocsol that AARL S B
159e ) tie 8.9~96.6%2) AATE] Q= Ao T

l
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AT, Lee 5 You 579 VOCsol it AAEE 7}
T Aot vl & AtolM e Tio, & A8 37178t A
15 AR & 7Rl B AHA R leE oA AAEEe] |
2 26.9~69.0%= Bl 23p7F yYeEbd . SRt FA st
O] =(formaldehyde)2} 43 (xylene)] 7-¢- A2 F9] HL=7}t
ol AATEL B & Gold ol A B} TS
uizke] ofeba JoAtgo] 4 Wl ¥F 8ARE, ¥k, 371
S5 9Ol ofel A2 o] FoIRIA] ehg 4= et E3E, AW &
7% 7rollA A F-21 ACHZF oF 1.778 S71st A=, ©l
© VOCs? s g2 &= F2 7570l 2 o AUtk
wEbA 24 W 545 Ee F7HRl S4o] Eeg o s
werE? 3714st dute 2 x 24 Woll A whAiste
=gl s=E AaAld e AT 24 WY feie
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of ujFolete &g A IS AT 5 Ut =Y &
Q12 & AN (benzene) ¥ FEY H|5}to] =(formaldehyde) = =+
A & A++A(International Agency for Research on Cancer,
TARC)IA] QIZtolA & frdste 24T 228 7ok
t}3? ¥iAl(benzene) Q] 79 34 244 WMEH(Acute Myeloid
Leukaemia, AML)¥} Z+-2 ZHQS E Q| 5}o] = (formalde-
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