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ABSTRACT

Objective: Significant concerns have been raised over chemical exposure and potential health risks such as increased cancer
mortality among laboratory workers. The aim of this study was to investigate the overall exposure and unit task exposure levels
of researchers in organic synthesis laboratories at universities.

Methods: Seventy-seven personal Time-weighted average(TWA) samples and 139 task-based samples from four organic
synthesis laboratories at two universities were collected over three days. The concentrations of acetone, chloroform,
dichloromethane(DCM), diethyl ether, ethyl acetate, n-hexane, tetrahydrofuran(THF), benzene, toluene, and xylene were
determined using the GC-FID.

Results: The most frequently used chemicals in the laboratories were acetone, DCM, n-hexane, methanol, and THF. Carcinogens
such as benzene, chloroform, and DCM were used in one or more laboratories. The TWA full-shift exposures of researchers to
acetone was the highest(ND-59.3 ppm). Benzene was observed above the occupational exposure limit in 18-40% of the samples.
The levels of exposure to organic solvents were statistically different by task(p<0.05), while washing task was the highest.
Washing was not perceived as a part of the real lab tasks. Rather it was considered as simple dish-washing or experimental
preparation and performed in an open sink where exposure to organic solvents was unavoidable. TWAs and task-based
concentrations were compared by substance, which suggests that TWA-based assessment could not reflect short-term and high
concentration exposures.

Conclusions: Laboratory workers may be exposed to various organic solvents at levels of concern. TWA-based measurement alone
cannot guarantee holistic exposure assessment among lab workers as their exposures are very dependent on their tasks. Further
investigation and characterization for specific tasks and overall chronic exposures will help protect lab workers from unnecessary
exposure to chemicals while they perform research.
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A5k, Al Z(washing), o}
(filtration), ¥F-3- @ 3+A(reaction and synthesis), A 24
(recrystallization), = F(distillation), S=Z(extraction), 2
H(colum chromatography, column)©. 2 77| $ich E3F Al
AXE Farsto] chelabdoll tiet Ad "Ry =2 AR
=4, =F 9 step 5= ToPSHlaL, At ARSI
4y HEES Wol 44 - ek slolck 34 arEde
S o] A VOCs % ok AR Aol A AE
Q=7 =31 1A f/do] dokar &27l 105(acetone,
chloroform, dichloromethane(DCM), diethyl ether, ethyl
acetate(EA), n-hexane, tetrahydrofuran(THF), benzene,
toluene, xylene)© = A3} ch
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Nk A7 fFH = 54 AT FHe=, 7
714718 R YFE(Organic vapor monitor 3500, 3M,
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9 APAES PO T LRSS A
R B SEA ARYH PWOE Sk f3Fu7

7](Defender 510-M, Bios International Corp., USA)&
0]gs}o] 0.2 L/min®] FFo =2 RAE AF%F Hx
(Poket pump 210-1002, SKC Inc., USA)Q} At
(Anasorb CSC Tube Cat. No. 226-01, SKC Inc., USA)
o% ARE AHskect

Ame] BAE stazmntEaey 23o|LEY
Z7](GC-2010Plus, Shimadzu, Japan)E ©]-&3}ich.
AR AFH W BAL 0 FTYAIARAATY
(National Institute for Occupational Safety and Health,
NIOSH) 2] NIOSH manual of analytical methods(NMAM
no. 1003, 1005, 1300, 1457, 1500, 1501, 1609, 1610)=
ggohitt. WRA=d s S 24 AolA
o|Folflrh SAMHNA A SA R} AHA
ANaE FHSIAY, FAA = td=dE
BES A8 fIste 7 A EEe AlRE FH
AT Alm AR B4 Afolo] Hd &
et AR 1053 IS SR A
Al(limit of detection, LOD)+= EFA| R Q] FHA =
2d& 7171 27A 73] ¥hE FAdste] Fakgich

AFAY] EAEA =E5S Brhetaa ARHEE
it FEC T o dis EdEE =4
Z>(exposure index, EN)E AASIATh El AARS bj=t
A BALA A A 71 2] 3] (American  Conference  of
Governmental Industrial Hygienists, ACGIH) Threshold
Limit Values(TLVs®) and Biological Exposure Indicies
(BEIs®)¢] TLVs for mixtures 3AJ(ACGIH, 2017)9]
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Where: C, = indicates the observed atmospheric concentration
T, = is the corresponding threshold limit(TLV-TWA,
TLV-STEL or 5 times TLV-TWA value)
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Table 1. General characteristics of the organic synthesis laboratories

4% B FFE} 2997 AAElo] AT, B
e gL 1eigE Ao gtk el el
A, thiE AuEol} 4Eg YA Hgoin
ARE Sk A9 BaE W, Beboll BE 3
e A Bgaha ekt

g4k AR FEHOR 2 AMgS Y
=242 acetone, DCM, n-hexane, THF It} 3] A&
=

E3Z = benzene, DCM, chloroform& =A|IALA
(International Agency for Research on Cancer, IARC)o]| A
violg Exl2 B2st E2lo|thbenzene: group 1, DCM:
group 2A, chloroform: group 2B). n-Hexane2 A3 =
dol et 24E TRAFA Fo 55 go)a
toluene-> /J9] AYA714 &4 & dov|=
olt}. ES acetoned} THF= F5=417 Aol F3F
= Ao g oA Q) Diethyl ether, EA, xylene-2
=1 A7 = A2 YO 71t} ESE benzene, n-hexane,
THF= 35718 &% =289 ofyel, ddh, & 7
g2 FoEe] AAl 9% dod 5+ 9
2017; IARC, 2019). o]&|3t EAEL A4
of HtEar I, I F 270 A

A7 G Qe AleFdeo] AlokE Hakstar U9l

2. CHat Eh 2RI 518t 23 & JtsA

Al Z(washing)> AHA ARERE 244F 2275
Ao = 2 © & acetone, chloroform, DCM, ethanol,
n-hexane, methanol, isopropyl alcohol & F&2 ARE-Stc),

§7138H 52 Wol A= o= F2 acetone >

No. of Working Chemicals I\;c;n(;f };zizzgiln
Univ. Lab. lab.  hours per Major tasks Major chemicals being used storage in the pro
hoods  equipments
workers  day labs
and fans used
Organic ?ilslglﬁ:tlis(;ncoeh;?;; tion Acetone, acetonitrile, DCM, diethyl ether, Fume Gloves
synthesis 8 10 . > > ethanol, EA, n-hexane, methanol, THF,  Cabinet hood: 9 i
. reaction, and lab coats
chemistry N toluene Fan: 0
A recrystallization
Acetone, benzene, chloroform, DCM, Sealed Fume Gloves,
Fine Column, distillation, 1,2-dichloroethane, diethyl ether, o lab coats,
. 15 13 . . . . . ventilating  hood: 4
chemistry extraction, and reaction N,N-dimethylacetamide, 1.4-dioxane, EA, . ) safety
cabinet Fan: 0
n-hexane, methanol, toluene, THF, xylenes glasses
Organic Reaction, and Acetone, benzene, DCM, diethyl ether, . Fume Gloves,
metals 2 > 10 L. Cabinet hood: 6
. recrystallization n-hexane, methanol, toluene, THF lab aprons
B chemistry Fan: 1
. Acetone, benzene, chloroform, DCM, Sealed Fume
Molecular Analysis, column, . . o ] Gloves,
drugs 2 > 10 extraction. and reaction N,N-dimethylacetamide, n-hexane, ventilating  hood: 2 lab coats
’ methanol, THF cabinet Fan: 1
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(1): 1-12



2 AL, FAAARE ARg-ste] A
ethanol 5-2] 7] &Mz o9 =5
gt dubAQl HIAIA o2 A AIFER &
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= AHgRTh AdoA AR f71EkET olE
o7 flsl AHE-Sh= 7182 Qlsf shehad =
<ol T o i(filtration)= HA| EEolA 1L
A 24L& Eoohs AYor o Egds 2]
of AgEolE 7192 TFHE TErh == acetone,
DCM, EA, n-hexane, methanol, tolueneS ARE-3}lH, =
TdHE ALl s ot ARE ded AFSO]
£ AxAZ off 3letE4 o] WA E T vg 2 g
X(reaction and synthesis)S ¥ot= E2S wt== %+
o Zetade] RstuA e BAES Y §
7|8 = =ol7] wjiZof o7 FFY setEAS
gty A A A (recrystallization) S 14 529 S==
Seol7] 91 Aejo g AE ol gstol BoE
2 A|A3E. =2 DCM, EA, n-hexane, isopropyl
alcohol & A8, 270l ANE-Sh= &1l Z+= acetone,
benzene, chloroform, DCM, diethyl ether, EA, ethanol,
methanol, toluene, THF o] It} 7| 80| Ho|H
A A ABEES =olal oty EeEs AAT
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49 A9 % ZABS A packing stepolt.
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Table 2. Distributions of TWA concentrations of chemicals by laboratories

(unit: ppm)
Lab.(N") Sampllpg Variables Acetone Chloro DCM Diethyl EA n-Hexane  THF Benzene Toluene Xylene
time(min) -form ether
Organic synthesis ~ 175-452  n (%) 23 (100) 00 12(52) 1670 29 22096 1# 0 (0) 0 (0) NG
chemistry(23) median 2.86 - 264 079 - 0.91 - - - -

(range)  (ND-59.3) (ND) (ND-7.17) (ND-8.65) (ND-1.68) (ND-3.66) (ND-1.95) (ND)  (ND) (ND-0.24)

Fine chemistry

(42)

227-686 1 (%)

35 (83) 2 (5 13 (31)
median 4.29 - 1.15

2048 12(29) 3379 1(@2) 0 9@21) 00
0.40 0.80 0.50 - 0.25 -

(range)  (ND-11.9) (ND-3.10) (ND-3.59) (ND-1.75) (ND-3.81) (ND-4.69) (ND-0.26) (N_D) (ND-0.31) (ND)

Organic metals 211-509  n (%)

6 (100) 0 (0) 4 (67)

2033 0() 1717 3(0) 30 233 00
- - - 0.44 0.15 - -

(range)  (3.59-14.8) (ND) (ND-5.63) (ND-1.61) (ND) (ND-0.96) (ND-1.27) (ND-0.20) (ND-0.73)  (ND)

chemistry(6) median 4.10 - 2.12
Molecular 359-597  n (%) 6 (100) 0 (0)
drug(6)

6 (100)
median 29.8 - 4.12

3(0) 5(8) 6(100) 1(17) 0 0 00
0.87 5.17 241 -

(range)  (11.2-447) (ND) (ND-9.19) (ND-1.86) (ND-9.40) (ND-3.15) (ND-1.09) (N_D) (N_D) (N—D)

MoEL TWA OELs'

500 (250%) 10 50

400 400 50 50 0.5 (0.1 50 20% 100

" Total number of samples
" Number of detected samples(detection rate)

fTime—Weighted Average(TWA) Occupational Exposure Limits(OELs) set by Ministry of Employment and Labor, Republic of Korea(MoEL), 2018
§ Time-Weighted Average(TWA) Threshold Limit Values(TLVs) set by American Conference of Governmental Industrial Hygienists(ACGIH), 2017
! Time-Weighted Average(TWA) Recommended Exposure Limits(RELs) set by National Institute for Occupational Safety and Health(NIOSH), 2018
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S AT E B 5 =(TWA) A3 Table 29]]
QokslgTt BE A Ao A acetone, DCM, diethyl
ether, n-hexane, THF¢] <% %11, acetone(83-100%),
DCM(31-100%), diethyl ether(33-70%), n-hexane(17-
100%)& & AZES BTk Ea B A Ao
acetone @] =7} 7+ 2.86-29.8 ppm(ND-59.3 ppm)
o] MR 7MY ¥ £FEE YELL, 1 tggoE
DCMY| 5% 7} &7+ 1.15-4.12 ppm(ND-8.65 ppm) =
E=A YebEh
eI DR Y
H skl S uf, 7S 2aeh 22 ¢l At
=749l benzene> BUiehil 7|53t oA oA
A==, 3718 A=A 0.09 ppm, 0.15 ppm,
0.20 ppmo] Sict. S-elitel 1§ F R} v]F ACGIH
o] w27)2(0.5 ppm)T} hu|Ete], ZF 18%, 30%, 40%
o & YEtou, vl NIOSH =%7]<(0.1 ppm)
3 wmeld, BE /e zuels ol
Chloroform2 AEH st FAststA P A Q] 27 A=
A HEE AL, 029 ppm, 3.10 ppm O 2 =%7]2(10
ppm) thE] °F 3%, 31% FEo = LERT
HE A3 Ao AEE acetone, DCM, diethyl ether,
n-hexane, THF o] tjjsl] A3 Al i% TS vk
t}. Acetone®] & FIHEo] 7Y =& 3t Bojgta
AR08 ppm)ol 9L, AT S5 1Y
o 3o Adshm 71 ARAG93 ppm)ol ek
DCMe] 7%, Brjjst ExtejobAl3 go] w5 2717
i} Ztigto] Z+ 4.12 ppm, 9.19 ppm©
Dichy et et %71%@&%@ 42 4
1 AEEe] 50% olbe]gla, Brfaha £Ajelof
oA 5= F2Hgko] 0.87 ppm, Atistil
SHAA A ) 57 8.65 ppm o= 7MY =
EStth n-Hexane™= BUidti #7|5&3slstd oS
AlJstal HEEC] 79% oo s 2 HEES 23
o}, Bjsbi Bapelepd @ Aol Al % Z7igto] 241
ppm O & 7P =901, | F k= 3.66 ppm&l Ats)
571G ACA b BSrch THES] 49 mE
AR Aol A 74%5]‘212‘% Brjstil {743kt d
= AQsta(FEE: 50%), 171 AlzolA H=E=U
t}. THF7} 4&4 /\]g 2= AUElR 97)aH A A A
27} 1.95 ppm o2 714 =3kt) EAL} toluene, xylene
o9 2 5L % 3 APAA F2EUT FAS) 4

-, %= S%gkol 5.17 ppm(ND-9.40 ppm) o = BTjjst
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BRSO Ao A TP =kt EAFjeraE A
of A1 674 /\]E % 570 AlmolA EA7L AEH A=,
ol= EotAE QAL B8 7] A= Aol H|A|
S ARESEAL QUSL7] wiEol AEA Well HAA e
2 HA AFAEY keEo] s vl Aos wetE
ot ®3F SA7IXE F o] 24L& &4 He FAolA
Hieho] o el ALzt EAste] thE Ao H
3 =2 FEoE HEEHMUS doe=m FA4HTH
Toluene2 A&t A d3lsH4A13 4] ND-0.31 ppme]
= YeEbaL, Bieta f7la53et Al 27 A=

oA ZF 0.35 ppm, 0.73 ppm o2 HZE| Ut} Xylene2
ATErn G713 A Al 2370 AR 2= 17 A=A
AEEAL, T 5%+ 0.24 ppmo]Qlth
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k3L, ot ”ﬁoﬂfﬂh DCM, ®hg 4 ?é}*é Z}ﬁ
DCM¥} THF, & 4% DCM¥} EA, 29 ¢
A= EAQ} n-hexane®] ARE- HIE7} =ttt
D}H&%ﬂ% Mol 2 N EE ZAER 12704 47
MRAAL, 1 2ol AR 2 -5l HEH7]
= OP@E}(Table 3). 7709 A SRS F A 7|7
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.\:1]1

B paE S AA, o, v 9 B, =,
741340]047 T;]-_O'_,]XPON:H i% l-—_E7]r 7]—7%]— lﬁ-}" 14‘]5]—
A& Aot 2 AM-Sh= =2 <l acetone>
T E713k0] 49.5 ppm(ND-284 ppm)©] 31 il, DCM2
pm(ND-18.2 ppm)o| it A& Z}¢of| ARE-E| %]
Zl = chloroform& 17]] A|2oA HAEEHIE
529 E=7F 3.79 ppmSith. Chloroformoj|
Puel mgwErol ulF ACGIHE| ThA|7h
=E7|E0] glo] vl NIOSH 7|&2|9F Hws}e]aL
7124 2 ppm& ZTp5H= A0 R Lhebeh ofa} 24
of| A== DCM} THF7} Ak AR E|Qlth DCME 55
kol 3.71 ppm(ND-16.2 ppm)°]1il, THF = 4

of A} ARE-E Ao| v 17] A=A 127 ppmo2
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Table 3. Distributions of task-based concentrations of chemicals

(unit: ppm)
Tasks(N") Used chemicals Sampling Variables Acetone Chloro DCM Diethyl EA n-Hexane =~ THF  Benzene Toluene Xylene
time(min) -form ether
Washing ~ Acetone, DCM 9-56 n (%) 10 (83) 1(® 6 (500 2(17) 542 8 (67) 3 (25) 1(8) 18 0 (0)
12
12) median 49.5 - 5.59 - 2.00 2.69 0.76 - - -
(range) (ND-284) (ND-3.79)(ND-18.2)(ND-4.69)(ND-28.3) (ND-4.97) (ND-1.04)(ND-0.12)(ND-2.61) (ND)
Filtration ~ Acetone, DCM, 6-76 n (%) 12 (100) 1 (8) 8(67) 4(33) 325 10 (83) 1(® 1(8) 4 (33) 0 (0)
(12) n-Hexane, THF .
median 8.38 - 3.71 1.17 223 1.41 - - 0.84 -
(range) (1.31-29.6)(ND-4.56)(ND-16.2)(ND-3.11)(ND-2.25) (ND-34.1) (ND-1.27)(ND-0.19)(ND-1.53)  (ND)
Reaction  Acetone, Chloroform, 8-218 n (%) 4289 6(13) 29(62) 14 (30) 16 (34) 39 (83) 18 (38) 10 21) 15 (32) 0 (0)
& DCM, n-Hexane, EA,
synthesis THF, Benzene, Toluene, median 4.06 0.17 2.09 1.16 0.79 0.75 0.45 0.07 0.24 -
@7 Xylene (range) (ND-50.9) (ND-2.61)(ND-10.5)(ND-6.26)(ND-3.51) (ND-8.23) (ND-7.11)(ND-0.27)(ND-2.96) (ND)
Extraction Acetone, DCM, Diethyl 19-121  n (%)" 25(96) 1 (4) 17 (65) 16 (62) 15(58) 25(96) 727 00 8 (31) 0 (0)
(26) ether, EA, n-Hexane, .
THF, Toluene median 8.62 - 2.65 1.40 1.95 1.20 1.23 - 0.19 -
(range) (ND-33.6) (ND-2.17)(ND-17.1)(ND-19.6)(ND-14.1) (ND-10.1) (ND-3.07) (ND) (ND-0.44) (ND)
Column  Acetone, Chloroform, 25-466  n (%) 42 (100) 11 (26) 41 (98) 24 (57) 35(83) 41 (98) 11(26) 0(0) 13 (31) 2 (5
42) DCM, EA, n-Hexane, .
THF median 4.10 0.98 2.42 0.36 1.79 2.08 0.34 - 0.11 -
(range) (0.67-40.3)(ND-1.59)(ND-18.9)(ND-6.45)(ND-6.62) (ND-12.6) (ND-1.05) (ND) (ND-0.46)(ND-0.35)
MoEL STEL OELs' 750 - 29 500 - - 100 25@1) 150 150
p-value <0.001 0.007 0.045 0.032  <0.001  <0.001 0.001  <0.001 <0.001 <0.001
" Total number of samples
" Number of detected samples(detection rate)
fShort—term Exposure Limit(STEL) Occupational Exposure Limits(OELs) set by Ministry of Employment and Labor, Republic of Korea(MoEL), 2018
¥ Short-term Exposure Limit(STEL) Recommended Exposure Limits(RELs) set by National Institute for Occupational Safety and Health(NIOSH), 2018
'Ceiling(C) Recommended Exposure Limits(RELs) set by National Institute for Occupational Safety and Health(NIOSH), 2018
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ppm)o] ATt AH 249 9 DCM, EA, n-hexane”}
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Figure 1. Comparison on concentrations between TWA and task-based exposure levels by tasks. The lower and upper bars denote
the min and max, the bottom and top edges of the box show the 25th and 75th percentiles, respectively. The open square
and the line within the box represent the geometric mean and median concentrations, respectively. Dots are outlier
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