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Quantitative Assessment Strategy for Determining the Exposures
to Volatile Organic Chemicalsin Chemistry Laboratories

Hyagjeong Byun' « Kyongnam Ryt? - Chungsik Yoor? - Jeongim Park®*

YIndtitute of Health and Environment, Seoul National University;
Department of Environmental Heglth, Graduate School of Public Health, Seoul National University;
*Department of Environmental Health Sciences, Soon Chun Hyang University

Working in a research laboratory means exposure to awide
range of hazardous subgtances. Severa dudies indicated thet
laboratory workers, especidly working with chemicas, might
have an increased risk of certain cancers. However, exposure
asesIment datain laboratory settings are scarce. This Sudy was
performed to examine severa gpproaches for quantitatively
asessing the exposure levels to volatile organic compounds
(VOCs) among workersin chemidry laboraiories Thelig of 10
target VOCs, including ethanol, acetone, 2-propanol,
dichlormethane, tetrahydrofuran, benzene, toluene, n-hexane,
ethyl acetate, chloroform, was determined through self-
administered questionnaire for six chemistry research
laboratories in a university, a government-funded research
indiitute, or privatelabs. From September to December 2008, 84
air samples were collected (15 area samples, 27 persond time
weighted samples, 42 persond task-besis short-term samples).
Red time monitors with photo ionization detector were placed
during the sampling periods. In this study, benzene was
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observed exceeding the action levels, dthough dl the resuits
were below the American Conference of Governmental
Indudtrid Hygienigts (ACGIH) Threshold Limit Vdue (TLV).
From the ar sampling results, we condluded that (1) chemicals
emitted during experiments could directly affect to neighbor
office areas (2) chemica exposures in research |aboratories
showed a wide range of concentrations depending on resserch
activities (3) area samples tended to underestimate the exposures
relative to persona samples. Still, further investigation, is
necessary for developing exposure assessment strategies
gpedific to laboratories with unique exposure profiles.

KeyWords:  Chemistry laboratory, Laboratory workers,
Exposure assessment, Personal exposures,
Volatile Organic Compounds (VOCs)
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| Subject selection/Preliminary survey |

Walk-through survey
- Basic characteristics of laboratories

+ Characteristics and their works of
laboratory workers

- Types and quantities of hazardous
chemicals used

| Exposure assessment |

[ Area sampling

Personal sampling

[
l |

[
| |

Real-time Time-weighted Time-weighted Short term
monitoring average average exposure average
Consecutive sampling Consecutive sampling Consecutive sampling Intermittent sampling
for 678 hrs for 678 hrs for 678 hrs by tasks for 15730
(a.m./p.m.) min

Installment on 172
representative  areas
in each laboratory

Comparative sampling
between experimental
and office area

@ Comparative analysis

I |

@ Comparative analysis

@ Comparative analysis

Figure 1. Exposure assessment strategy for chemistry laboratories in this study.
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Table 1. Sample numbers in this study by sampling method and laboratory
Areasanple Persond sample
# Laboratory Red-time | TWA TWA Takcbeeed
Lab. Office
A fine chemigtry laboratory 1 1 3 4 8
B materidschemidiry laboratory 1 1 2 5 5
C characterization resserch center 1 1 4 4 7
D maeridsandyssresearch center 1 1 2 5 5

E chemoinformaticslaboratory 1 1 2 4 8

F environmental chemicd andysislaboratory 1 1 2 5 8

Totd - 6 6 15 27 11
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4 A30) 1%% of o F7tol v 4 Sl 9%
off thalf ZAFsFSITE o] Aol AMEE 254 A7+ 4. =49

704 387 3 ek e (Volaule Organic Chemicds, VOCs)©]
chiel LRIk E (Tod VOCs TVOCYS 5931 AR ARE BRI ZA] B3] ofo] ko]
WA JFHA P 2Rk b ST B A Y sk A2 B
o &8 2= 912}, WS- ) ar oA b B A A -9 (Nationd Ingtitute for
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detector, GC-FID, Agilient-6890N, USA)
7683B | ] = 2] autosampler2} GC chemsoft station (Rev. A
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Table 2. Analytical conditions of gas chromatography for the chemicals

Category A Group? B Group?
Ingtrument Gas Chromatography (GC, Agilent-6890N)
Detector Hame lonization Detector (FID)
Injector Auto liquid sampler (Agilent 7683B series)
Carrier gas He (99.999%)
. ) HP-INNOWax (Crosdinked Polyethylene
Supeco Fusad slicacapillary column
Column Glycol, HP 19091IN-113)
(Supelco 41289-04B) 30.0m X 250um X Lum
30.0m X 320um X 0.25¢m
How rate 1.3mé/min 4.1ml/min
Splitratio 101
Injection volume 10u0
Temperaure
Injector 200C
Detector 250C
Column 30°C(6min) — 10°C/min(8min) .
o 30°C (4mir)
— 110C(Omin)
YA Group: ethanol, acetone, 2-propanol, dichloromethane, tetrahydrofuran, benzene, toluene
B Group: n-hexane, chloroform, ethyl acetate
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STk 7 208 s w $E TS 0] skel oM S Fulshs A 2SS,
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o2 AT getEd FEE Hlwsh| ste] AT AYE T A AT 33l Yl AT AR AATA S
Z 2= 0]l A3
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Table 3. Characteristics of six chemistry laboratories included in this study

. . Labordtoy  Work  No.df )
# Laboratory Category Maintasks Chemicasmostly used wokas  burden fume PPE
fine chemigry gynthesis refinement,  tetrahydrofuran, aotone, ; Hich 4 sofety goggles
|
|aboratory riversity rindng nhexane, ethyl acdtdte g
maeridschemigry gynthesis refinement, - dichioromethang, n-hexane, 6 low 4 sty goggles
|aboratory extraction ehyl aodate, ety gloves
characterization filtering, eveporation acetong n-hexang, ety gloves
C research "y low 6 .
research center ingitLie adonifrile respirators
ingi
maeidsandyds nthess, refinement, tetrahydrofuran, ) sdety gloves
y (governmentd) ¥ _S’ ) , dy 5 medium 7 9
research center Spin coding dichloromethane, n-hexane
chemoinformatics ringing, refinement,  n-hexane, acetone, ethyl , leb coats
research reection, extraction, , 5 medium 7
|aboratory initLie recrydtallization  @oetdte, dichloromethane,
environmental chemicd , ringng, extraction n-hexane, acetone, ] |ab coats
: (private) _ 9 high 5
andysslaboratory dichloromethane
"PPE: Personal Protective Equipments
o] F3E SA AT S HelA Y s s A
= T Atk olE BE Aol wd e s S HlEH, 5
= Sl 3], Al olut A A] 2ol sl dofd wf A F3bell A
o) 5717} ok 8000 ppb7}A] 4531 9Aek. 1 AHlo] Efa vt
3 M A vl 3 FEE EAEE A 37k
TVOCs 5527} °F 3000 ppb7k#] w231 4531t 5%
i golg 4= Qe 5, AF F703 AT F7to) £ o) 9o
A S 12 w4 L Zoleha dasigont, 44
: o Whe o £ A3} 29 FeIA) A8 Aele] A7 32
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£ ATBEFAAE] AR A oA etk s
s o

Figure 2. Comparison on TVOCs concentrations
between experimental and office area.
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Table 4. Distributions of time-weighted average concentrations of 10 chemicals in six laboratories (area

samples)
time-weighted average concentrations[Mean (min, max)] (unit: ppm)
Leb No ghanol  aotone  2-propanal ?Tlg]g% Wctj?)rfirm berzene  toluene  nhexane Seth)a/t chloroform
A 3 001 1496 ou 270 005 023 003 458 160 028
() (470,272 (001,019 (0.96,361) (001,0.12) (0.08,0.39) (0.02,0.04) (194,875 (0.70,2.83) (0.14,048)
B 2 0.26 059 116 001 001 001 002 047 010 0.005
(007,045 (045,0.73) (02,2100 () () () () (037,057 (005016) (9
C 4 001 0.07 001 0.07 001 001 001 006 004 0.005
( (©o01) () (005009 () () () (003012 (002005 ()
D 2 001 002 023 091 026 001 001 025 035 0.005
() (001,002 (0.01,046) (001,181) (001,052 () () (000,049 (000,089 ()
E 2 004 010 006 009 001 001 001 004 004 0.005
() (009,011) (004,005 (0080100 () () () (003,009 (003,005 ()
F 2 001 ou 0.02 298 001 001 003 042 131 0.005
() (003,020 (001,004 (009,587 () () () (007,077) (00326) ()

Tota 15 06 32 02 109 006 006 00 109 05 006
(001,045) (00L,2272) (001, 2.10) (00L,587) (00L,052) (0.01,039) (001, 004) (000,8.75) (0.00,2:83) (0.00,048)

TWA  MOEL® 1000 500 200 0 0 1 0 0 400 10
TLV. ~ ACGIH» 1000 500 200 0 0 05 20 0 400 10

"MOEL TWA TLV, Time-Weighted Average Threshold Limit Value set by Ministry of Employment and Labour, Korea, 2010
?ACGCIH TWA TLV, Time-Weighted Average Threshold Limit Value set by American Conference of Governmental Industrial Hygienists, 2010
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Witk o= 4B S S A% o3 A A Aol ACGIH 7]l opme] vk HER B A S g
Al Qe r e AN AFBEFAAT wkel AAAO Tk FEo] AHEaRs AL ofe] A7k Lot F AR
2 wZo] Mkl A% A9 wFHA O AN FER 9 A9 UFRedRd P2 A AL A8 54
AAE0] 11 9] LA 9he 202 B A Al ATBEBAAL JUE AYH F 22 A8o] bl
AR A2 k) ol 71 el A 20~ 3089 A3k @ ¥lo] 1R o] AL A0
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AES F2 AR AGHT 4GS FAZ IAHT G 7)€ ATAE AR S % 7 A3} 39

o} A2 Zof| $E=7F ] of 2}%1 oo 4] Alefl= 7l
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o] 05 ppm<l ol 3l Al o] 79l TWAZ} 33 ¢ 0.27 ppom
O F Ayt oo H gk 034 ppm7HA] YERSLTE. 7]
B} A3 Ao A= wlAlo] A2 A& A GFdrhs A8 et
g N A & FAE Kol QIieh 1 el w e

A sre vt I’_%Lt%yr‘/} ACGIH TLVol IA] &
2= 7 0 7 YERgth (7184, 199%; Yu-Me 5, 1999; -7
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Table 5. Distributions of time-weighted average concentrations of 10 chemicals in six laboratories
(personal samples)

time-weighted average concentrations[Mean (min, max)] (unit: ppm)

Leb No ghanol  aoetone  2-propanal ?Tlg]:g% Wé?oﬁ‘irm berzene  toluene  nhexane aiihge chloroform
A 4 001 36.38 015 523 024 0.27 04 912 350 057
() (200,5%71) (0L 041) (372,657) (0.11,045) (0.13,034) (002,007) (571 169%) (L9L 653) (025, 118)
B 5 007 0.60 266 025 0.01 001 003 180 0.86 011
(00L,030) (00L093) (0231006 (00L078 ()  (00L002) (002,006) (069,333) (0.09,306) (0.00,028)
C 4 001 128 0.01 0.06 0.01 001 001 0.73 0.08 0.01
O (00,35 (9 (001021 (00L002) (00L002) (001,002 (004148 (008,018 ()
D 5 001 0.02 058 179 049 001 003 04 0.72 001
() (00L006) (003 126) (00L479) (009,091) (0.0L008) (00L006) (000,089 (000,1%0) ()
E 4 007 0.76 043 023 0.02 0.01 001 045 012 001
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?ACGIH TWA TLV, Time-Weighted Average Threshold Limit Value set by American Conference of Governmental Industrial Hygienists, 2010
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Figure 3. Distribution of personal TWA
concentrations by workload among laboratories.
(MC, dichloromethane; THF, tetrahydrofuran; EA,
ethyl acetate)

* p <0.05, ** p <0.01
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Table 6. Distribution of short-term exposures by tasks

SERERCEESEE

oconcentrations[Mean (min, max)] (unit; ppm)

aeae
# task task description main chemicals tad.< n dichloro- ethyl
o used dl(JrrrjltrI:))n wdore . bewee  nrhexene aaeth;e
1 rindng  washing thelaboratory glassare aCE(ONe, 8 3710 2037 020 49 1497
. , dichioromethane,
with some chemicds isopropyl doohol (001, 16856) (001, 194.83) (0.01,058) (0.00,17.84) (0.00,90.46)
2 gynthess produdngacompoundbya  tetrehydrofuran, 14 5 058 001 020 137 028
chemicd reectionfromsmpler  toluene (201,287 () (001,022 (0.00,221) (0.00,0.72)
rav maerids
3 réfinement refiningor purifyingasubdance n-hexane berzeng, 15 7 1730 2.76 069 762 307
by diillation ethyl acetate (0.01,6355) (0.01,7.15 (0.01,220) (0.00,19.24) (0.00,540)
4 evgoraion goplyinghedttochangesome  tetrahydrofuran, 10 5 350 0.76 023 548 193
chemicalsfromaliquidtoagas  ethyl acetate, toluene, (001,953 (001,372 (001,045 (000,949 (012,289
dichloromethane
5  extradion exradingonemderidfrom  dichloromethang 15 8 055 1w 0 121 S53HA
another oneby washingwitha — ethyl aodtate, (0.01,200) (0.01,7661) (0.01,027) (0.00,278) (0.07,20.37)
Solvent to remove adsorbed nhexane
meterialsfrom an adsorbent
6 others  recrydtallization, iltering, n-hexane, acetone 15 8 0.74 229 001 105 092
battling off solvents dichloromethane (001,479 (00L,1584) () (000,805 (0.00,6.17)
7 Totd - 4 1094 1021 020 355 4%
(001, 16856) (001, 194.88) (0.01,2.20) (0.00, 19.24) (0.00, 9046)
Rvv TV  MOEL - - 750 5
Rv2  STEL ACGH - - 70 5

"MOEL TLV STEL, Threshold Limit Value Short-Term Exposure Level set by Ministry of Employment and Labour, Korea, 2010
?ACGIH TLV STEL, Threshold Limit Value Short-Term Exposure Level set by American Conference of Governmental Industrial Hygienists, 2010
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Figure 5. Comparison on concentrations between TWA and short-term exposure level by task.
The vertical bars and shaded areas stand for maximum levels and their confidence limits. Black bars stand

for mean concentrations of chemicals.

S 9 Zhal

Qa.

Ehs ZM
e}

=
e A7/ 2

%QL ==e} ﬂ.tﬂ—%?ﬂA A=

S clopth o Aaskehn 1 A2 vl ek o
%t 7] Ak 3i0] Age] ot it A48

£ W7h A Sk vel 7% A5 E ATt A
AL 2340 2 ofelo} e ARSI & Q9lek
L A% W 7)) A8 BT AFBEEA] 535
e AR E R RS S 1hE L v)5

ACGIH?| =% 7] v|Es}S :‘D} Ageo] WE4E Wk
St 3fetEd o] F e =9kl 53] WAl wlAl ) o
FR2Ygo] A4 02 f-oHA Tk FHE Bl

2. 3-2 A A Yof|A Ad 37k} A ¥ 7H] TVOCs



| el wf Aol ofsf A= sea o] A
7HA] G3FE v AT

3 Ael3} A1) AR
Ao F Yo s o= Rl Al
NRHTHE 8 S EE ekt

AAH, G A, S FE T A 2 eE v

A5, 71 -‘53 %E% Hl A& Aj# 2H9] 07 oAl &=

o off
N L
i

o

=2
we, 1o

e
of
b
[t
rE
ol
ofr
N
bt
o
=
=
By
>
5L
N
olx
58
rfy
EL
V“ EL‘ =T
mlo Flr ol >

S18719] 90 91 B ohjeh1ele] % A

SN
oo i T

BESHA sotshs W% dAS el

B o Ll oln} Ao Ayl 2] EN o] TFE A3 A of| A
ol w2 712 oju /| 3 Aelx HEkd AEE 95 =4
R 2] W] R otk we Sl
‘AT QA 2 A o] B3 W ES A oLt 3Hek e
= -]T—%Oﬂ st ;S]Q'?ﬂ'ﬁﬂ-ﬁﬁ'lol ‘:‘50}74]/]_ 7]_0]1:‘:1/]_0

0] 91, TE - TH0] 2514 =A Hp O AF A EX o]

9= B0} 57 ohdaigich, Ao 0% T REEA
Aol w712 oA B ANA Wk A2 E A
oo AT 2 s ARA wF Bl gk @ 714
WA 542 vl masiths Aeln 173 71e] AEA 3
AAAZ7 ol v A3 AN Hol 25
A9 AFBEFAA S g wF B} Akl o)
Q79 Br)E A 3o Ik i AN E AT R
2, 4929 W F AEARARPY A
A2 o %0}04 HOF=t] 88 AE 2y Zo] A

3 Q.‘cs]- H]—lﬁ odg] = E]-Oks} =

11-=2 0

)
o
N
)
o I
zﬁ
A
4]
it
mﬁ
t, o
2

P o]3), E3HIel A ) A -2 %@%@Ez
NS A7 53 G A0S TP 2 )
sl Ak Aol

REFERENCES

VT sEEA 9 By A Ak wETE, w i
A] #]2010-443.. 2010.

WG| e, AT okiE ] 2o Bet HE
A\ 74257, 2009,

A Al A djstsleld g Ao o] F7]4) wEof #et
AT Aty B AArehg] =, 1998,

\I

Jo
L
d
e
2,
d
-,
ro e
R
-
rdo,
ol
(R i
ne
4
2
e
b
L
rJ
e
> N

oz ML
o 1%,
Ll
s}

2] 2000;10(2):150-164

13- o} 38t 320 0] Qb e zAk A

WA B A A}ERo| = 1996,

4, A6, o &4, Samud Y. Paik, o] -4, et dl. ) H-

AT/ B 2 gety A A F7] 0AEA kv ul g

] /\] /\Eﬂ pz| 7} —TL}\]-CH A /Kg ELQ x] 2010 20(1) 63-69

American Conference of Governmental Industrial Hygienists
(ACGIH). Threshold Limit Vaues for Chemicad Substances
and Physicd Agents & Biologicd Exposure Indices ACGIH,
Cincinnati, Ohio, 2010.

Apostoli P, Lucchini R, Alessio L. Proposa of a method for
identifying exposure to hazardous chemicals in biomedica
laboratories. Clinica ChemicaActa1996;256:75-86

Bullock WH, Ignacio JS. A drategy for assessing and managing
occupationd exposures, 3rd ed. American Indudrid Hygiene
Assodiation Exposure Assessment Strategies Committee. 2006.
p51-52

Haruo H, Toshiski G. Nobutoyo N. Hideteka S. Toru T. Shigeyuki
K. Koji M. Evaluation of the control banding method-
comparison with measurement-based comprehensive risk
asessment. J Occup Hed th 2007;49:482-492

Henn SA, Utterback D, WatersKM, Markey AM, Tenkerdey WG.
Task- and time-dependent weighting factors in a retrospective
expodure assessment of chemicd laboratory workers. J Occup
Environ Hyg 2007;4:71-79

Hoar SK, Pl S. A retrogpective cohort study of mortality and
cancer incidence among chemids. J Occup Med 1981;23(7):
485494

KubdeT, Hiratizka S, Henn S, Markey A, DanidsR, et d. A cohort
mortdity study of chemicd laboratory workers a Department
of Energy Nudear Plants Am JInd Med 2008,51:656-667

Cheng H-Y, Lin Y-M, Hsu P-C, and Guo YL. Reduction of sperm
moatility in a mae laboratory worker exposed to solvents, A
case study. Environ Hedlth Pergpect 2001;109(7):753-756

Maher KV, Defonso LR. A higtorical cohort study of mortaity
among chemical researchers. Archives of Environmental
Hedlth 1986;41(2) March/April

International Agency for Research on Cancer(IARC). IARC
Monographs on the Evaluation of Carcinogenic Risks to
Human, IARC, France, 2010

Nationa Ingtitute for Occupational Safety and Health. NIOSH
Method No. 1400, 1300, 1005, 1609, 1501, 1500, 1457, 1003.

J'O_I

o

rol
10 Iy

FU

|

I



2L,

24 WA - A 54 gy

o
Ho

1994, Availablefrom http:/fww.cde.gov/NIOSH/nmanv/pdfs/

Sharam J, Gurvich R, Kneshet Y. Cancer incidence among
laboratory workers in biomedical research and routine
leboratories in Israd: Part I-The cohort study. Am J Ind Med
20035,44:600-610

Sharam J, Gurvich R, Kneshet Y. Cancer incidence among
laboratory workers in biomedical research and routine
laboratories in Igadl: Part [I-Nested case-control study. Am J
Ind Med 2003b;44:611-626

Taskinen H, Kyyonen P, Hemminki K, Hoikka M, Launen K,
Lindbohm M-L, Laboratory work and pregnancy outcome, J
Occup Med 1994;36(3):311-319

Warath J, Li FR, Hoar K, Mead MW, and Fraumeni J=. Causes of
death among femae chemists, AJPH 1985;75(8):883-885
Wennborg H, Bonde JP, Stenbeck M, Olsen J. Adverse reproduction
outcomes among employees working in biomedica research
|aboratories, Scand JWork Environ Hedth 2002,28:5-11

Yu-Mei T, Louis D, and Thomas S. Exposure assessment of
laboratory Sudents. App Occup Environ Hyg 1999;14(8):530-
538



