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ABSTRACT

Objectives: Laboratories have various latent physical, chemical, biological, and ergonomical
factors according to the diversification and fusion of research and development activities. This
study aims to investigate the chemical exposure concentrations of college laboratories and
evaluate their health risks, and use them as basic data to promote the health of college
students.

Methods: The sampling and analysis of harmful chemicals in the air in laboratories were
performed using Method 1500 of the U.S. National Institute for Occupational Safety and Health
(NIOSH)2] Method 1500.

The harmful chemicals in the laboratories were divided into carcinogenic and
non-carcinogenic chemicals. Risk assessment was performed using the cancer risk (CR) for
carcinogenic chemicals and using the hazard index (HI) for non-carcinogenic chemicals.

Results: The harmful chemicals in college laboratories consisted of acetone, diethyl ether,
methylene chloride, n-hexane, ethyl acetate, chloroform, tetrahydrofuran, toluene, and xylenes.
They showed the highest concentrations in laboratories A (acetone 0.001~2.34ppm), B
(chloroform 0.95~6.35ppm), C (diethyl ether 0.08~8.68ppm), and D (acetone 0.07~14.96ppm).
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The risk assessment result for non-carcinogenic chemicals showed that the HI of methylene
chloride was 2.052 for men and 2.333 for women, the HI of N-hexane was 4.442 for men and
5.05 for women. Thus, the HI values were higher than 1.

The risk of carcinogenic chemicals is determined by an excess cancer risk (ECR) value of
1.0x10”, which means that one in 100,000 people has a cancer risk.

The ECRs of chloroform exceeded 1.0x10™ for both men and women, indicating the

possibility of cancer risk.

Conclusion: College laboratories showed the possibility of non-carcinogenic health risks for
methylene chloride, n-hexane, tetrahydrofuran (THF), toluene, and xylenes, and carcinogenic
health risks for chloroform, methylene chloride. However, this study used the maximum values
of measurements to determine the worst case, and assumed that the subjects were exposed to
the corresponding concentrations continuously for 8 hours per day for 300 days per year. In
consideration of the nature of laboratory environment in which people are intermittently
exposed, rather than continuously, to the chemicals, the results of this study has an element of

overestimation.

Key words: Organic solvents, Chemical laboratory, Human risk assessment
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(Table 1) Characteristics of University Laboratories Studied

Unit : ppm
Pollutant Laboratories TWAY
A B C D
Acetone 0.001-2.34 0 0.14-2.04 0.07-14.96 500
Diethyl ether 0.03-0.41 0 0.08-8.68 0 400
Methylene Chloride(MC) 0.03-1.2 0.01-1.41 0 0 50
n-Hexane 0.05-1.69 0.22-3.43 0.01-1.73 0.04-4.58 50
Ethyl Acetate(EA) 0.03-0.7 0.29-2.27 0.02-2.66 0.04-1.60 400
Chloroform 0 0.95-6.35 0.06-1.93 0.005-0.28 10
Tetrahydrofuran(THF) 0.02-0.07 0.2 0 0.01-0.05 50
Toluene 0 0 0.02-0.20 0.01-0.03 50
Xylenes 0 0 0.02-0.08 0 100

DMOEL TWA TLV, Time-Weighted Average Threshold Limit Value set by Ministry of Employment and Labour, Korea, 2017

2. Exposure assessment
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(Table 2) Exposure factors to risk estimates

Parameter Unit CTE RME Distribution Source
Parameters
Acetone 14.96 -
Diethyl ether 8.68 -
Methylene Chloride 1.41 -
n-Hexane 3.43 -
Pollutant Ethyl Acetate ppm 2.66 -
Chloroform 6.35 -
Tetrahydrofuran 0.07 -
Toluene 0.20 -
Xylenes 0.08 -
mean : 74.0
Male 74.0 SD:11.52 Statistics Korea -
Body Weight kg 7% Korean Body
mean : 55.7 Index Survey
Female 55.7 S.D:9.38
Exposure Male hour/ 8 -
Time Female day 8 -
Exposure Male day/ 300 -
Duration Fernale year 300 _
Lifetime Male car 79.30 - Statistics Korea -
Female Y 85.41 i} 2016 life table
mean: 19.4
Inhalation Male m’/ 194 SD:838 MOE - Korean
rate day 166 Exposure Factors
mean - 10. Handbook
Female 16.6 sD:88
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Table 32 @42 Chloroform 6.35ppm% 74-%-

=&7]7t0] 104, 204, 183 304 4 of Zz

s
o

028, 0561, 0.842 (mg/kg*day)°]%lom,
Methylene Chloride 1.41ppm< =&7]7t0] 104,
204, 1932 309 € wf ZkZF 0.044, 0.088, 0.133
(mg/kg*day) 2= H7} =9ict.

XL Chloroform 6.35ppm< ZZ} 0.296,
0.592, 0.889 (mg/kg*day)°]2™, Methylene
Chloride 1.41ppm< ZHZF 0.046, 0.093, 0.140
(mg/kg*day) 0= AT



(Table 3) LADD for calculating risk estimates
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Concentration LADD - LADD - LADD -
Gender Pollutant (opm) 10year 20Qyear 30year
PP (mg/kg*day)  (mg/kg*day)  (mg/kg*day)

Male Chloroform 6.35 0.28079 0.56158 0.84236
@54 /1) \ethylene Chloride 1.41 0.04436 0.08872 0.13308
Chloroform 6.35 0.2964 0.5927 0.8891

Female
Methylene Chloride 1.41 0.0468 0.0936 0.1405

ADD ‘YAt -EH Average daily dose) o]
ShehEAo] AgAelA Y, A 59 =EHEE
&oto] SFFof| HHAORE LEEe ETIO|H, 5
N9 kAo disto] Hdnt o449 87t At
Table 49} Ztt.

342 Methylene Chloride 1.41 ppmo]l =5
P o, dY B =EFE 0.3518 (mg/kg*day)°l
o, 7} StEA0) 4] 5 HUgY] FEE kE
Atk 7Pt W, n-Hexane 0.8885,
Tetrahyrofuran 0.0148, Toluene< 0.0541,

(Table 4) ADD for calculating risk estimates

Xylene 0.0249 (mg/kg*day)2] YL BT =EF0|
AREE QAT

o4449] 749, Methylene Chloride 1.41 ppmOll
EEEYE W, YU Bt =EFE 0.3999%(me/kg"
day)o|™, 7} SlohEdo] S4A] F A 52
EEHATL 7592 W, n-Hexane 1.01,
Tetrahydrofurane 0.0169, Toluene< 0.0615,
Xylene 0.0284 (mg/kg*day)®] ¥ S1FHd &
ol A==l

Gender Pollutant Conc(:sgrtT:?tion (mg?l?geday)
Methylene Chloride 1.41 0.3518
n-Hexane 343 0.8885
Male Tetrahydrofuran 0.07 0.0148
Toluene 0.20 0.0541
Xylene 0.08 0.0249
Methylene Chloride 1.41 0.3999
n-Hexane 3.43 1.0100
Female Tetrahydrofuran 0.07 0.0169
Toluene 0.20 0.0615
Xylene 0.08 0.0284




3. Risk characterization

Table 5= H-IMAY {87 23 @42
Methylene Chloride®] HI(Hazard quotient)3t
2.052, N-Hexane®] HIi= 4.4422 HIglo] 1& 23}
sto] afidS R oM, Tetrahydrofurans HIZ:
0] 0.026, Toulene HI 4= 0.038, Xylene HIGF
0.8732.% HI7} 19|Rke g 71 Qi)

AL  Methylene Chloride® HI(Hazard
quotient)F 2.333, N-Hexane2] HI&= 5.05% HI

Zo] 1& =7} 319o™, Tetrahydrofurans HIG:
0] 0.029, Toulene HI /= 0.043, Xylene HIFF
0.993°0= ERRI=|3ict.

(Table 5) Non-carcinogen risk assessment result

ey 49 9ol ZH2  ECR(Excess
Cancer Risk)& VeI Ak h2 1.0x107
o 22 FA 0 2 AWt ojA|A H=t] ol= 107H3
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Gender Pollutant HI

Methylene Chloride 2.052

n-Hexane 4.442

Male Tetrahydrofuran 0.026

Toluene 0.038

Xylene 0.873

Methylene Chloride 2.333

n-Hexane 5.050

Female Tetrahydrofuran 0.029

Toluene 0.043

Xylene 0.993

(Table 6) Carcinogen risk assessment result

Gender Pollutant (1 gyC/:eF;r) (ZS\SeFiur) (SCE)y(/:eZ )
Ml Chloroform 2.26x107 4.52x107 6.78x10°*
Methylene Chloride 1.55x10° 3.11x10° 4.66x10°°
Fermale Chloroform 2.39x10° 4.77x107 7.16x10°
Methylene Chloride 1.64x10°° 3.28x10° 4.92x10°
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