Sk 9148 8h3] A #1691 Al45. (2006 12¢)
JKorean Soc Occup Environ Hyg 2006;16(4):375-384

P84 A7) SHHE A hE A QA w3
WhE7) 29 52
4% - Qe

AR 2 - AT BAAeH B}

Occupational Exposureto Chemicalsfor Workersand L evels of
Airborne Chemicalsin Hairdressing Salon

Jung Soon Y oon'

- Don-Hee Han’*

Department of Public Health, Inje University, Gyeongnam, Korea
2Department of Health and Safety Engineering, Inje University, Gyeongnam, Korea

Hairdressers may be exposed to many chemicds from hair
dye, permanent, shampoo, har Soray and so on. The Sudy was
conducted to evauate occupationa exposure to 8 chemicas
(isopropanal, ethanal, xylene, toluene, ethylbenzene, acetone,
ammonia and formadehyde) for workers and levels of these
meateridsin arborne of ahairdressing saon. Since compared to
ACGIH TLVs these 8 chemicas were very low, it is thought
that there has no problem to occupationa exposure to these
chemicds Even if hardressng sdonis not enforced on Koreen
Standardsfor Indoor Air Qudlity, level of TOVC wasthought to
be below the standards. At the aspect of indoor air quality
forma dehyde neads to be contralled in the future. The results
imply that emission of isopropanol, ethanol, acetone and
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ammonia are related with hairdressing job, but emission of
xylene, toluene and ehtylbenzeneis more related with traditional
indoor air pollution than hairdressing job. Sources of
forma dehydeisthought to belittle related with hairdressing job.
HVAC system wasalittle effective on generd vertilation.

Key Words : Hairdressing salon, TVOC, Isopropanol,
Ammonia, Acetone, Fornadehyde
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-2 phenylenediamines (meta®} para), diaminotoluene,
diaminophenol, resorcinal, hydroguinone, ammonium, ethanal,
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Table 1. Sampling and analytical methods

S HIES Il AL 3 AN R
FE5 AT QA AR 1,8 A ] 2 A w894
T 79976971 o] o] 2= 71 0 % VRS THE A H2) -, 2005).
T gt sAE ¢ OL} ]G 3] o] w}?: ]2 4o
A ek TARARES i 700 H 02 SRSt §lof
9 B2 Akl n el FAlSRL Sl & 4 Qlth
i Ao BAL 1 ngao A u] g FARREO) *71
= freflEdo A4 oz ‘”HM REH I T o] 8RS
allAE AUlE7129 Sl v]8d F7)7F o= ’éﬂE
SAHNEAE Frlste] oz wgA Ay gl 2l EH
Ml TS 314k gol o},

I. a7%d
1. ATy oIS

AT sl s FabgaA A4 F99 5720
ol o]2= nlw A tig wg-Aolr) v|gAe A7)= 71
X A| 2 X 3=0] 7} 2385m X 855mx 2.30me]m] A A| A}g-3l=
upere] B 7o)tk Ui Qo] FAR= 5-61d Aol
nER o FZoll= U FARE skA] ekt &7 1A= =
LH ;HH 1=Ne) ]B_}\h,]. 71—0] HH7]X]—;‘(]7]- 0104 or_q o]g_]-
/\].vT_N;q = HVAC /\]/\Eﬂo] H;qﬂq %q_ ;q;g-oﬂ Q%
71(A73 25em $571 87H) 7} 9ot $E715 7heehd A
717F ool A AL gl ot =l 7} e glo] 5
3 87 )= o] Fol A Akt

Ak oz i m8Ae e m|EAlel Sabe )=

HVACS o] 8t 919132 49 W] §-4le] ]3] 25 Ho]
vhekE W8 AR Y S8R Gol

. Sampling  Flowrate Sampling time Volume Analytical
Chemicals method  (L/min) (min) L) methods
Ammonia 0.5% boric UVIVIS

acid solution 0.7 30 21L Spectrophotometry
| sopropanol Activated carbon
Ethanol short tube 01 30 3L GCMS
Xylene Toluene Activated carbon
Ethylbenzene long tube 01 30 3L GCIMS
Acetone DNPH-
Formal dehyde Cartridge 05 30 L HPLC
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Table 2. Condition of analytical condition and analytical or sampling instruments
Xylene, Toluene, Ethylbenzene
TDS GCIMS
Model GERSTEL TDS-2 Model Agilent 5973N/6890N
Valve temp 200C Detector MS
Transfer-line temp 200C Column HP—5M S(60m X 0.25mm X 0.1/m)
Desorb temp 300C Carrier gas He(99.999%)
Desorb flow 8 m¢/min Carrier gasflow 0.8 m!
Cold trgp temp B0 ~300C Temperature 40°C (10min)—130°C (30min)—
(low~high) program 200°C (7min)—280°C (5min)
Cold trap hold time 10 min Mode El(Electronion)
Split mode split Electron energy 70ev
Outlet split flow 8 ml/min Detection mode TIC(scan), m/z:35~400
I sopropanol, Ethanol
TDS GCIMS
Perkin elmer _
Model ATD 400 Model Shimadzu QP 2010A
Valve temp 200C Detector MS
Transfer-line temp 200C Column AT —1(60m < 0.32mm X 1m)
Desorb temp 300C Carrier gas He(99.999%)
Desorb flow 8 ml/min Carrier gasflow 0.8l
Cold trep temp 30T ~340C Temperature 35°C (10min)—120°C (10min)—
(low~high) _ program 180°C (7min)—230°C (10min)
Cold trap hold time Smin Mode El(Electron ion)
Split mode split Electron energy 70ev
Outlet split flow 8 mé/min Detection mode TIC(scan), m/z:20~350

Formal dehyde, Acetone

Instrument Analysis Condition
Detector : UV/vis, 360nm
Column : ZORBAX SB-C18 4.6 X 250mn(Agilent, U.S.A)
HPLC Mobile Phases : Acetonitrile/Water(60/40, v/v)

(HPLC 1100 series, Agilent)

Analysis Time: 15min
Injection Volume : 20um
Flow rate: 1.0m¢/min

Ammonia

Analytical Method

Indophenol method

Sampling Instrument
Analytical Instrument

SIBATA minipump MP-2>13000 (Japan)
Hansol Technology UV/VIS Spectrophtometer
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Aol 78 24 (8) & T o] A= MR AIBAHE A
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AT dEdEe vEA A e 9=H ) g
AU 371993 #Est e od9S 1e3slo] Isopropanal,
Ethandl, Xylene, Toluene, Ethylbenzene, Acetone, Formaldehyde,
Ammonia®] 87} =725 417 831 tHHollund 2} Moen, 1998, %
]2t 5, 2006).

A 5203 -2 Isopropanol, Ethanol> EPA TO—17'
(1999), Xylene, Toluene, Ethylbenzene- $H734-2] Auj5-714
A5 (2004), Acetone, Formeldenyde- EPA TO-11A
(1999), Ammonia= } &g A1 EH (2006) & whsttt. oY

Table 3. Job types of workers during sampling
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Time
Date and day Job types
1:00 - 3:00 PM 4:00 - 6:00 PM Subtotal

Sampoo 20 18 38

Permanent 10 12 22

21 duly (Fri) Dye 3 2 >
Dry 6 4 10

Subtotal 75

Sampoo 30 28 58

Permanent 13 12 25

22 July (Sat) Dye 6 5 1
Dry 6 6 12
Subtotal 106

Sampoo 3 4 7

Permanent 4 5 9

23 July (Sun) Dye 2 4 6

Dry 0 2 2

Subtotal 24

Sampoo 22 15 37

Permanent 8 9 17

25 July (Tue) Dye 1 2 3
Dry 9 2 1

Subtotal 68

Sampoo 24 25 49

Permanent 8 12 20

26 July (Wed) Dye 3 5 3
Dry 5 6 1

Subtotal 88
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Table 4. Airborne Concentrations of chemicals sampled by personal or area sampling

Date Sampling pr(I):oa-nol Ethanol  Xylene Toluene  Ethyl Ar(r;r;;;na Acetone all(:j(:;]m;je
Sample No. type (gl (ug/m®)  (ug/m)  (ug/m?)  benzene (ugl?) (ugln) (ugl?)
7/21(Fri) B- Area 44 30.8 121 237 6.3 005 9.1 31.3
7/21(Fri) B- Area 163 45.2 233 42717 15.9 (35.0) 305.1 315
7/21(Fri) 1- Persond 421 1200 1523 2980 90.9 0.20 636.4 55.1
7/21(Fri) 1- Persond 258 801 1046 1954 59.2 (1402) 6193 44.6
7/21(Fri) 2- Persond 808 2389 853 157.8 46.8 0.06 624.0 51.2
7121(Fri) 2- Persond ~ ND ND 64.3 131.9 31.6 (420.6) 235.4 67.8
7/22(Sat) 1-1 Persond 8.7 8.4 15.4 22.4 8.1 050 186 62.6
7/22(Sat) 1-2 Persond 134 159 29.1 85.6 171 (350.4) 69.1 58.8
7/22(Sat) 2-1 Persond 514 52.3 87.6 1275 62.3 0.44 156.6 57.7
7/22(Sat) 2-2 Persond  16.2 27.6 67.4 95.2 415 (3084) 27634 54.2
7/23(Sun) 1- Persond 7.8 ND 324 85.1 15.6 043 17.6 54.6
7/23(Sun) 1- Persona  1.00 ND 20.8 58.8 115 (301.4) 18.0 46.5
7/23(Sun) 2- Persond 8.2 ND 287 36.8 137 015 14.6 347
7/23(Sun) 2- Personal 5.3 7.2 16.6 50.9 11.4 (1051) 22240 39.9
7/25(Tue) 1- Persond 144 375 109 25.7 6.5 0.28 26.2 476
7/25(Tue) 1- Personal 182 36.6 15.1 17.3 10.4 (196.2) 47.7 56.5
7/25(Tue) 2- Persond 5.8 17 27.1 21.9 20.6 0.64 22.7 4838
7/25(Tue) 2- Persond 722 25.6 374 66.1 217 (448.5) 585 57.6
7/26(Wed) 1-1  Persona 499 4007 173 20.0 11.3 0.20 433 48.9
7/26(Wed) 1-2  Personal 6.4 50.0 19.9 69.2 13.9 (1402) 12330 54.8
7/26(Wed) 2-1  Persond 218 111.8 17.4 66.0 11.8 045 817.8 52.9
7/26(Wed) 2-2  Persond 282 156.6 16.3 63.7 10.9 (3154) 3325 59.7
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o}, Ettylberzene 934 H2A| 5 Ah37] 299 F 094

2) Xylene, Toluene ~1.2] 11 Ethylbenzene 07 5o] X010 7131 -S 181 ugnt, Ak -8 245 g

ol AT oY 7] SEE AUgitelA ARSEY o5 AZE STk
w el AUl g7lea = &8 AEEE EdE0tHGodish, =22 ¢] F1XE ACGIHS] TLV-TWAS} B] 5}91-S )
200D). o] 5 =45 v 8 A= Lﬂ% ofupdl, AA, A Xylene ©F 30004l], Toluene ©F 450tl, Ethylbenzene ©F 5000¢]
Eoﬂ o]18 Eoiol ke /\ o) q_ 1/1-74] EQOU] T,];H_l_oﬂ Z0] 0_]4 21047<-]O] Lzo x{éq =

Xylene®] A OM%S FRJANEY &} 5 AFA A o @ A7t Qe ACE AR H.
o] FA9 A& A& AEYTE 29 sE Helth & o ol Al BH =2 T iggo] n&adQ1A] o Axt
T A3} 5% Feke] 718+ 301 pgh?, Akt 410 A7 2.0l ot ZRIAE &7]91ste] duk A7) e
pgl? .2 UERY St 5(2005) o A2 e vl SA Ao} lwate] Hoprh =] A% ST Auler] e
319t} Touene Y| ofjupdl wjo] A FE B FEof 5o S W Xylene?] A=+ %] 5956 pg/m?, Toluene127.3 g
A Ao T | galo] A w2d 9 OU% Ak Ao Imé Z12] 31 Ethylbenzene 303 pg/n? 0.2 YEFRTHEI 7] &
T 74 AAAY A5 EolA =EE 7 Stk Toluene®] 5% 2004). OHLJ SAA 0] A% FETH 370U ER
Zolo] 7)51E #2658 ugnt, AFEH - 976 gt o2 7 B e 710 % UpEiTh B 5 0] 2307 e i
Z5]9) © 1 o] = Hollund and Moen (1998) 2] &1+ 718} 1] o7 ?léﬂ#ﬂ&%ﬁé B Xylene®] A= 72] 300 1g

[l

st ot Frlet & (2006) o AFA Rz A HEHS /e, Toluene 76.0 g/ 1.2 1. Ethylbenzene 100 g/t 0.2 1}

Table 5. Statistical data of concentrations of airborne chemicals (unit: pg/m’)
Ethyl- . Form-
Isopropanol  Ethanol Xylene Toluene benzene Acetone Ammonia ddehydes
21 Jul (Fri)
(before 103£84 380%102 177+79 25712857 111+67 15712093 350 313103
open)

21 Jul (Fri) 49617282 14631826 1016376 19%8+729 571t252 52881197 2804171983 5461798
22 Jul (Sat) 241195 2607192 499+334 8271440 3R31T245 75181713423 3204280 582133
23 Jul (Sun) 56+33 18+36 246+t72 5797203 130720 5686111036 203211402 439*86
250ul (Tue) 2761301 253+167 26+120 3R7E25  148€75  3B8E172 3R4*1752 527£51
26 Jul (Wed) 266+181 1798+1536 17.7+t15 5471233 120£13 60671558 231311261 541*45

Total Max 80.8 400.7 152.3 4277 909 27634 4485 67.8
Min 10 171 109 173 6.3 91 350 311
AM 237 804 410 976 245 467.8 2510 50.6
ASD 27 100.6 371 100.1 21 7378 1353 97
GM 149 406 301 658 181 1278 2054 498
GSD 293 376 214 245 212 6.02 214 124

TLV-TWA

491 1884 434 188 434 187 175 C 370 (uug/m)

(mg/m?)

Standard

- - TVOC 500pg/m? - - 120 (peg/)
(Indoor)

‘Max: Maximum, Min: Minimum, AM: Arithmetic Mean, ASD: Arithmetic Standard Deviation, GM: Geometric Mean, GSD: Geometric Standard Deviation
‘Each cell was calculated for 4 samples.
“TLVE-TWA(2006) in ppm was calculated to TWA in (mg/n).
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