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Abstract  Volatile organic compounds (VOCs) emissions from organic solvents in the small-scale dry cleaning process have
been characterized, and their emission factor was defined based on survey results and experimental observation. Fifty sites of
the small-scale dry cleaning business (less than 30 kg of capacity) were surveyed; and the real-scale dry cleaning process was
tested. During the operation of the drying by tumbling in a hot air stream, highly concentrated VOC laden gas was generated;
and was affected by operating conditions. It was finally concluded that the emission factor of VOCs in the small-scale dry clean-
ing process should be considered as 0.21 kg VOCs/kg laundry. VOC emissions can be estimated to be 1.32 x 10% kg VOCs/site-yr
and 3.7844 X 107 kg VOCs of Korean national emission (as of 2015).
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LA & AL 5718415 A= Q] VOCs Hf
Sold, = A vlEFe] 2%l sigsh= 20,407
(Volatile Organic Compounds;  ton®] VOCsE Hl& o}kl QITH(NIER, 2018). AEFA]A
ASETL S gEtshREg o R & gt {Y]8AE FEths AT E 29
AF=d= I8 ek &3, EE] QFIAAIA glo] AZFHof $]A]skaL glo]
=4 A7t 2= 540 R dsto] el W Q1A vOCs HiE ol off&o] SUtH(MOE, 2015).
2ol $IsiE 712 efetEdolrh. = U 7127 2017'd 7|= 0 2 =u] AlEPAA-2 = 33,17671©]
HAfNME & 3759 VOCs Al thd &322 12 1, o] T 95.7%¢<] 31,7647 AFd7do] 7188 e
Alstal glow, ofe] whE VOCs HiEAS #17%dst  o]th(KOSIS, 2019). 7138 AlErd o] dut= gl =2t
of AIskL it o|Zad A AT e3P o® 4%,
20159 =W vOCs A4 Hl&E#-2 1,010,771 ton0]  AE-54 Foll AfAlECILd 7IEAE 59 LdE
o, o] F F71-8A] Argoll ogh &% 555,359ton A A|AECE GAZF AREE| AL QAT (Lee ef al., 2012;
o2 A wiEwFe] 55%5 AHA|QITH(NIER, 2018).  Kim et al., 2002). AEF-8Al= 474 44, HE=2

g F71eket
VOCs)2 H7] 5 2

=
g YR 2
=

T

o

rr

J. Korean Soc. Atmos. Environ., Vol. 35, No. 4, August 2019, pp.413-422


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2019.35.4.413&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

414 J

@

x|, 422, U2

2olEdl, Z24A8A Fol Ao, = A=A
95% oVF2 Al 8AE AHESAL Qe Aow &
A QIthH(MOHW, 2010; Kim et al., 2002). Egto]&
2ld g Foll AHgE= ARA AE-8A= AE
7, Al A7, A2 Foll ti7] o=
=2 & 1o, °F 82% VOCs7F X34 Foll 4
ol fi7] Foez HiEHE Aor 44 ok (Kim
etal., 2002).

A 7|23 BRI ol A= AEHEF 30kg o1/
HIEAIAE B Hi7] @ H=d BlEA = A4kl QL
o, olof =] AIEAAE L] oF 95.7%F AHAIsh= Al
B8 30kg PIRH] 2t 788 MIEFAE2 VOCs
£ A=shA] il gi7] o= A3 siEskal 9L
A o]t} (Kim and Yoo, 2017; Roh et al., 2001). T
TR o A7) AR oF Hi4de] Al
| 30kg ol & v L, §A| 871 9] 2]
2 ehg o] EAlE AA A dae AR daET
2o ZAog ZAME I QJth(MOE, 2015; Choi et al.,
2013; Baek et al., 2008).

VOCs ¥ B AAIE fsiAde HiEdolA T
5= VOCso HiEEAY siEEe HesH
Ste Zlo] FastH, 7t #iEde] 540 H=
Al 7ol "asitt. =7 ti7| e d=4 vlE%
7174 A 2] YA 28 (Clean air policy support system,
oJ5t CAPSS) .= AH4stal glow, AlEtAld o] 7]
L= HEFE =ftolEdd oA /718
Al Abgog AR v dd-R71sted=E
(NMVOCs)& th o= gict AEti|doA vl
L VOCso]| Tt A= th H Al (Park et al., 2016;
Lee et al., 2012; Jeong et al., 2005; Jeong et al., 2003) =
HE7} 9l o, AlEtAlE vOCs HiEFl 4TS &
U= QRN AFAIE EetolZeld SEiol ¥t
Q= W Wk gick A ) Al Vocs
HEAG= A7 94 061 tons A8k gl
o, &Ee AlE darg ol gt HiEAse Al
A U B 8A AR 9 w8 A ARl

b
7] z35te] A7 ZoT (NIER, 2005). SHAT 7]

rr

>
AT ofd

= E

Mo mv 19 o%

o4 WREAFEY] B31% Holol T HA (NIER,
20125 Fo) AL fEAS 2 B,
DARS (Data attribute rating system) H7Fd <=7} 242}
0.66, 0.66, 0.44°]H, A7 0] A L7} o Ui B
315kt Qi

2 A= AgAAA A E= VOCse] HiE%
= APtz 78 AEdaE tidoe= A&
ZATeE A Egtol 2 3788 tAf o= & VOCs
HEE4S B4 6k E3L AlEred4o] E5xet
Al VOCs HIEF o =5 H AlE vOCs HIEAITE
EE5to, AlE vOCs®] =Wl VOCs & HllE9] 719
4=E AH7tskch

2. 49 9y

2.1 Si% HEZAL

2 ATFE WEF AES 98 @ ZAFE Hst
o] Mgt 28+ 30kg 1T 7120] 7148 AlErg A
£ o=z g Age BA5Ht o1& $lst
o] o2 AAH F 507 AEALE I3 FEste]
AEZAE $P5t9ct B AF1E A AEzAE
2018 89HE oF 1257 Y=ok AEXZAP=
AErgd 4 @4 FARE dide=z A= glon, 2
71719410 2 Ssto] 34oh= WS o] 85kt
ZAPY-§-2 AlEtAd o] A%t Eatol 29
THe Aol WSt AEo2 At AEAA 9
GRS netsty] St ZARYGollE EtolEH]
3 1Y 24 35, AlEA A F7 o7, B4 AlE7]7]
A% 2 &5 setol 28 1Y 7Hs 314 E 7FE A
Zh AP Ale 314, 7] @ A A E -8A 34

(version 2016)2} IBM SPSS statistics 212 ©]-&35}
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Fig. 1. Dry cleaning process employed in this study.
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2 AF= AFAAEA e @4 mAsEAE = 7}
3-8 AFAI A AA AREE L Qs Ertol2E Y
3& Aol AAJsteitt. 19 12 Al e =
gtol2ed T2 HojErh ERtol2Ed 342
7188 AEAAdelA %5] /‘}JQE]L A0 &2 AEH]
Z= 7pAth 24
o 487 §719A1E BT 13kg B 214 A
E}7] (ESE-7313, Eunsung Engineering, Korea), 15 kg
879] 74%7] (SR-7615, Eunsung Engineering, Korea),
8 kg/hr 8°59] 7] A8 H A2 (PHE-5, Pyeonghwa-
boiler, Korea) 2 T4 510, Hiz.0] §41814:7] 4
&o} QA et

T2 9] 7He 2 A AEAE 24
2 ARkt A, AlE-2 8AIR 9] §AI7F A=
=0] S°1= AIE7] Wl B2 F, 10 min EAE
T} 5min P A= FF-& AA $min EH5H L2
U]'—rﬂ Sto] Z- 23 min F<F APt = AlA
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S KA st *‘*0‘4011 AMgsignh ARE A7 A" B
A TFEE TS olgato] AEE d=E
She 8AE ’o—‘?z AZ1E 3 (= vOCs7t Ax
Aol A A E)oln, Ax7] YEZ FFEHE 2%

I PFe] F Az HlE2 1012 AAS
VOCs9| & 5] F3F= nld & Sl Eetol2
2y Az oetstr] flste], et 21& A
Aoto] A& Adgstalch Ay S A9 2%
= 25°CE A,

Ae 21 AE8A FAF (70~140 L), A=
&F(3~10kg), FF-2% (30~52°C), AXAIZH(30~50
min), Al &7 (A, 2 oAHE, &, AF)olH,
A AEZAL A SARAS Fote] d& A=

YAFS 7Bz A0 2 AAste] Hw BAstglct

2.3 Mz i3 % 2M

& ATollMs Ertol2ed 34 § A olA
HE 5= 7PAS 2. BAsqI) Ax7) o W&
Stoll AlmAFE AHE AAJsto] AzH 2 2

1 SIS AN B § 491 0L
54cm, W7 26 cm, 7| 1 cm) 9] ot=2E XHZ‘:_!E ﬂ
ASGIEE, AH A2 AHAA9} £ 9 el
AXZF ZA0] 7P5BHER 0,635 cm (W) 2] A5+
¢ 15em (W) 9 475 wiE7ts 55 W=
247} Az stelet. AxY 5 ulE7 A 29t
F2 7 A[EA (TS1-9535, TSI Incorporated, USA)
&5t 2min (P02 S om, 7t &
= 0.5mL 7}AEF] EAI R Z] (Valco Instruments Com-
pany INC., USA)E ©]-&5}o] 0.3 mL 235ttt 2
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stsl7] 9okl 23|87 5F3HE (Total volatile
A& AR&sto] A4
g

organic compounds, TVOCs) 7i'd
VOCs F=E5 #7Isknt @3 Auig7]
71%2 Aol A FEH= VOCs 5=
2 7 ghtste] At TVOCs

At} mEbd 2 A2 AHE 7IAAIRE 22 ol
St A=7] (Flame Ionization Detector, FID)7]' A2h=]
7}A 3 2 utE 7121 (YL6500, YL Instruments, Korea)
o A3 9 F, EFNoR FHE TVOCs FE&
B39t GC AH2 AgilentAt2] HP-5 (30 m X
0.32 mm X 0.10 um)E AH&-SFATE FUet HE7]
O] 2= 27} 200°Ce} 250°CE A5 eH, o2
2= 230°CE 2 min FAISFA o 54 7kae &
F(99.999%) 0 2, Bt 3 mL= S50t} GC-FID
o] g3t 74l HFAL =& A (=0.999)
Heon HMHHZSHA] (MDL, method detection

limit)= 77 ppm©] ATt

N
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ol
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e
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& Zkagte A v AR 22 2
WE st = YeEigieh 2oL g s
(2 =Efol 2 7k Sl Al At 7 )
o} FAAE (MEDL)E o185kl HEF vOCse]
= 2 MEFEA Y BiEFS AEsHl & A
oA AH&H Al VOCs &A1 2 viEo] 4H=
AREAR A ()T A (2)2F EH-

Unit Emission (kg/yr) =E, X WX O4 X Dy, (1)

E,: Emission factor (kg TVOCs/kg clothes cleaned)

W.: Weight of clothes cleaned per dry-cleaning oper-

ation

Ogy: Number of operations (dry-cleaning cycle/day)

Dy,: Business day (day/year)

National VOC emissions (kg/yr)
=Number of laundry facility X Unit Emission  (2)

3. 2% ¢ 3%

3.1 BEZAL 23
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Fig. 2. Probability density distribution of survey data: (a)
number of daily dry-cleaning; (b) quantity of laundry to be
washed in a dry-cleaner.
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(a) gas temperature; (b) gas flow rate. All experiments were
performed in triplicate, and each experimental run was setup
for 40 min. The average values are shown in bold.
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Fig. 4. Effects of operational conditions of the laundry process on exhaust gas flow rate: (a) operating temperature in dry unit;
(b) operating time in dry unit; (c) usage of organic solvent; (d) weight of laundry; (e) type of laundry cloth. For the operating
condition in the dry-cleaning process, defaults were applied except for the variable parameter; Defaults were 3 kg of laundry
weight (cotton); 40 min of dry time; 40°C of temperature.

a9 4 12719 LAXA(RE, AZL A 4 Yol FYEo] &8, AlEtets & AlgE] 54
2, e o, et Ag)ofl mhE ZhA dhgere B | QAR 8AlE Ax A FEA| 7R R B
o Ert 7k AR AR} HlElsto] Zkel dElE 5719 A s Hit tf7] S22 Hl
Hom AEEC] ool whg|oto] ZAstth Algt EE= AlE VOCs9] oF 829%7F 11 ol 4] A =]
&9 o] 7R 127 W AlgEo] 2otk= = ZoR deA glow, 1 9] AR+ AEEA, &
Ho7}t F7keted, 11x27] WHEIRAS] fto] d¥st  AledEA, ool ZIHETH(Kim et al., 2002).
2 3 ATE it AoR AmEth A R 19 5 AxRAA #jE 5= 7S W TVOCs &
Folle He AEe 9ol 7kA Aol 7MY =98 & WshE HolEth 11x7] 7Fs 2719 TVOCs?]
£, ol = AR 84l 54 et Aolshy] WhiEel  WaksE 4,800 ppmOl oW X7 sE7HA] X
Aoz WHEth Ax s A= W72 8900 ppmE VIt &, A 02 Aok A
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Fig. 6. Effects of operational conditions of the laundry process on the concentration of TVOCs in exhaust gas: (a) operating
temperature in dry unit; (b) operating time in dry unit; (c) usage of organic solvent; (d) weight of laundry; (e) type of laundry
cloth. For the operating condition in the dry-cleaning process, defaults were applied except for the variable parameter; Defaults
were 3 kg of laundry weight (cotton); 40 min of dry time; 40°C of temperature.
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Fig. 7. 3D contour plot presenting the effect of operating parameters (weight of laundry and dry time) on gas emission (m*/

cycle) and TVOCs emission (kg/cycle).
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