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ABSTRACT

Objectives: The aim of this study was to develop an air sampling and analytical method for estimating worker
exposure to linear carbonate solvents and to evaluate the method.

Methods: The target substances were three linear carbonates: DMC, DEC, EMC. GC/FID was used for sample
analysis. Laboratory experiments were conducted to determine desorption solvents and sample capacity, and to
evaluate storage stability, accuracy, and precision.

Results: Coconut Shell Charcoal (CSC, 100/50 mg) was used as the air sampling media, and a desorption
solvent of 5% methanol/95% dichloromethane was selected. Recommended sampling capacities were 1~11
0 for DMC, 1~18 ( for DEC, and 1~24 ( for EMC. The stability of three linear carbonates was demonstrated
over 30 days in a refrigerator (4°C). Detection limits were determined as follows: DMC 0.26 ug/sample, DEC
0.24 yg/sample, and EMC 0.25 ug/sample. The total coefficient of variation was calculated as DMC 0.064,
DEC 0.079, and EMC 0.07.

Conclusions: This sampling and analysis method is suitable for estimating personal exposure to linear
carbonates in the workplace.

Key words: linear carbonates, DMC, DEC, EMC, air sampling method
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(cyclic)oz FHE &

7tH o] E Qﬂﬂh 3A A&EP(lineand 1173
Atk AREY FHEYo|Edl=

IR UYo|E guf(carbonates solvent):= SA40]
S AgFAR] GuiE “=A-8ufi(green solvents)”
2 FHFEHH gt EoklA  N-vEhE=
(N-methyl- 2-pyrrolidone, NMP), tw|g3xEo}u]
Z(N,N-dimethylformamide, DMF), UWgoE
ot =(N, N’ -dimethylacetamide, DMAc)59 =4
HFAH] & 2 {7189 oA 242 ARE
QtHHuang et al., 2015).

g 7}Eﬂ]0]E(d1methly carbonate, DMC), H°]
g 7}HY|o]E(diethyl carbonate, DEC), ol2W¥
Z}R o] E(ethyl methyl carbonate, EMC)7} t#%]
ojm, 1173 7IHYo|ES jEAQ] &rfi= ogd 7}
HY|o]E(ethylene carbonate, EC), T2Hd 7}H Y|
O|E(proplyene carbonate, PC), € 7IEYo|E
(buthyl carbonate, BC)7} UtHSchiffner et al.,
2010).
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| A7|A SR 4He] HEE glEol2A] ] Ak
o] Z7Iekel wet A1) AfH B2 AREl= 7HE Y]
o|E &ujY] ARgFo] S7Fst= FA1°lH, £3] DMC=
EPAS] HA 7| H(Clean Air Act)oll @t 2009d F2
d F713FE(VOCs) HEEOA A=A, A=
MAA 2 ARgE= EdEZ 2oed(trichloroethylene,
TCE)¥ t&& 29 eH(dichloromethane, DCM)5-&
Aotz g MAARZ 11 E8&7l =okKal AUtk

7IHUY|o|E &= Lyt {71-8A Hls| FA4do] *
O HF Al =, IR 4 3579 &4 A= Y A
¥ 2HY 5 lon FHT AREEo] Sk
FAlo|ng2 ARG Al 2] o] g strH(Zackrisson
& Schellenberger, 2020; Sobianowska-Tuerk et
al., 2021). sHASE @A =Y - QoA F7] F 7HEY]|
o|E &i9] L& B7Ioh= WS FEE] YA &
of AJe A7t Bkt Aot

oH] A 2y, 183 7HEY0lE F ogdl 7HE
YolE(EC) & =204 IA(F=3 34~37C) =
EAote] dAtxlo] BRg XESTIAH AAHIOA &
Ad=HE F713PF E7Fs0ra, 2 7HHY0|E
(PO)= A=Y Ql= wiAl= A AA ZH-o] E7F
ot Aol AlLlstt.

weha 2 AFoAs ZIAFZETHRE o]85
of F7| & A&EF FHEYO|EE &4 - B0k U
< Jidote] AEd Qe =E H7F BEE AlgotaAt

o

(¢}

LI

Table 1. The basic information of target compounds

1. CHAL S e

1. 697 Ui =2

2 AFolA= ZHEYIo|E &1 5 By 3dAdo]
2 AEY ZHEY0|EQ] HHE 71E o] E(dimethyl
carbonate, DMC), o€ 7} Y|o|E(diethyl carbonate,
DEQ), ol€H¥ 7}XHY|o]E(ethyl methyl carboante,
EMO)E tioz sttHTable 1).

A& QFH &2 45| fioto] 22571883
£ AR&SHo] AdE X35 Figure 12 AMEE #
FZ718A 8w o] RA ot Jang et al., 2022).

AHAE I (syringe pump)e} 712FFAE ARE-SHo]
7t 248 4% 52 TRl & 23 gy
(mixing chamber)olX 3719} T3 & AIF Y
(test chamber)ollAl 7HRIAZAF7I(GSA SG350ex,
GSA Messgeritebu, Germany)©l] ZAETS AZs}
I 58~2087 AEE AF st 2YHE 5528 H7lo}
of i &2 APFstlth

Ao 852 FEdol €48% 100 g XA &
MAXNEARF7Z2 oot HAFS 2Pt A y<
g 24 v= i 5= oAd 7kA EYE
(photoacoustic multi-gas monitor 1312, Innova,
Denmark)}E AH&sto] AAZEOR Z7513]

. Density Melting point Boiling point
Compounds CAS number Molecular weight (g/m) %) )
Dimethyl carbonate 616-38-6 90.08 1.069 3 90
Diethyl carbonate 105-58-8 118.13 0.975 -43 126
Ethyl methyl carbonate 623-53-0 104.10 1.006 -14 101
— = >
Syrings pump
Purtified -
Compressed air 1
1L
Exit
[ r Multigas
moniter

Figure 1. The schematic diagram of test chamber
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(2) 24 = =

EX4 A= GC/FID(Gas Chromatograph/Flame
lonization Detector, Agilent 7890N, USA)E A&
stolom E4 2L Table 29+ At

Table 2. The analytical conditions of GC/FID

Variables Condition
Gas chromatography — Flame
Instrument ionization detector (7890N,
Agilent Technology, USA)
Inlet temperature 210C
Injector volume 1 ul (split 10:1)
DB-624
Column B0 m x 0.25 mm x 1.4 um,
Agilent, USA)
Carrier gas N2 (99.99% purity), 1 md/min

40°C — 10°C/min, 200
230°C

Column temperature

Detector temperature

Q) &2 80 MF

=2t 8l A78E fio /9% 3H100/50 mgrS e
2 20019 A= 55} 3579 23 &uE Jresto] A
Aok A& sk 7 i EEEE Aek(eF 0.03
mg)9t IEE(%F 0.3 mg)E ¥R Y2 S V&
AN ESY g =49 23 &R 2 AMEE &
uje}l B3 12ks B HxEzE SuiE SURE AS AR
SFRTHKim et al., 1996; Son & Kim 1997).

H A lojA= gzt gufj& o|&slEka(carbon disulfide,
CSy), 1% yugx2Eotu]|=(dimethylformamide, DMF)/
99% CSy(v/v), 5% WEre{(methanol)/ 95% HE=Z=H|
EH(dichloromethane, DCM)(v/v)& AR&-3}%itt.

=92t 883 H|wsto] 22t GulE A5 {8 vt
O|ARARIAE AMETI] ZF tiY 24E ST o

ZQshaL S B WS 5 BAshr

(4) A=A 2 IS

£49] AE3HA|(limit of detection, LOD) ¥ H&F
SHAI(limit of quantitation, LOQ)= NIOSHOA A
Algt 9o wEt 7slctiKennedy et al., 1995).
A AH] 27014 74 Vst B s EE 8
T g3zlsto] £A5k0] ok 37HA] W
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Y=mX+b)z} HFQZKstandard error, SE)& AF=SH
T A1) AREste] ALt 3t @ AFAY 7P W2
AR 5%, @ X-EH(Y-EHo] 521 49). LOQ=
o2 27HA] Ho R AkE 3 ¥ =2 g2 ARSI
s @ #F LOD gk ARESte] offf 2l(2)°f w2t A
AbE g @ 237 a8 75%01 39 MY W2 sk

LOD=3><Sy/m ................................................. (1)

S, : ATAIel EEQXHstandard error, SE)
m : ZALAEA 9 7]127(slope)

LOQ = 3.33X LOD +++reevereeereereeesenesenneinennnienne (2)

(5) AgHA 7t

AP WM 350 BES 247 o] Wrtst
o 7 g BAL nolaRUANE Aol B
o o 93 5 PHUC) W FLQIC)OIA Batst

3R

o)

o 245 Alae FER 4 571E AdAste] Al
2 3FY 719, 39, 79, 149, 219, 30¥] A5t

of B 7|7lo] mE B2 58S WS

6) A= AFH E 24 g9 Hete ¢ YUk Frt

ANE &4 - 24 e Aot = g3 88(%< A
S5l AdEs AR B7F AR A AY
9] N=E ARESte] BrlskT: AW Ad2 7 24
= Y HEE Tgcto] PAX & od TkAs B
YEE ARESHo] AAEC R 57t AASHA F-A1%=
AE ERlsta 4~5719] A=E EF ko] EA51% o
AP 434 HHESHGIH

NIOSHS®] 7tol=giRlof w} o} 2](3)o= F9t ¥
o|AI4x(pooled coefficient of variation, CV,)& A&
o}al o=} A(4)°] u=t AA AP E(overall precision,
CVp)E AFE319tHKennedy et al., 1995).

CV, : BdHol ARG (pooled coefficient of variation)
|Al4(coefficient of variation, &

fi + AFE(A &A1)
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CVp=/(CV)?+1.0954 % (CV,)? + (8, )? oo 4)

CVr : A AUx(overall precision)

CVy + AR 87 Al59] EgHClAIS
(pooled coefficient of variation)

CVy : ¥ AY A59] SHoAS
(pooled coefficient of variation)

Sp 1 B {=FH0](0.05)

. Zop o 0E

1. A4 o Al EE 8 MY

g 249 a9 X 37] Y 8FE APgs|
flste] BES7IEIFEHONA tat HdS PSR

Table 3. Comparison of precision according to sampling capacity

A &2 A s Aol 7 24 1124
YERAIZ]IL QF 0.05 0/ming %522 10, 20, 30&
BN 47 4719 A=2E AF ot EE £t
(Table 3) o &F2 2179 £4& Y dlo] 1=
A WA AZ & oAd 7k ZHYEE ARESHo] what
AEE 3ol th(Figure 2~4). NIOSH2F OSHAO) A
= 5%  AIRE Alm AF I 8o =R Hirst
£ Aoz s 7to| ==iRlE 2ol tHKennedy
et al.; 1995, OSHA. 2023).

DMC9] ¥4 &7 4P 23} 0.05(/min = 10&
& &F 0507 A% 529 F3 #HolAlTt
0.0300=2 oA o=r AF7} ZFEHTable 3).
Ao &F A4S Y3l F 250 ppme] E=olA 0.1 4
/min®] F&o=2 Adsielon oF 904 uIrt

Compounds Air volume (0) Concentration (ppm) cV Pooled CV'

39.9t1.5 0.038

0.5 56.1£0.4 0.007 0.030
63.912.2 0.035
60.3£1.3 0.021

DMC 1 60.5£0.5 0.009 0.015
61.60.8 0.012
58.56+1.3 0.023

1.5 60.1£2.4 0.040 0.031
64.3£1.8 0.028
19.240.9 0.049

0.5 40.7£4.7 0.115 0.074
38.311.1 0.028
28.911.4 0.048

DEC 1 35.2+1.5 0.042 0.039
37.8t1.0 0.027
40.1£1.0 0.026

1.5 34.4+0.8 0.023 0.023
37.7+0.8 0.022
44.0£2.0 0.046

0.5 50.445.5 0.109 0.059
47.20.8 0.017
26.9+1.6 0.059

EMC 1 45.1+1.6 0.035 0.039
50.80.9 0.018
34.2+0.3 0.007

1.5 46.4+1.2 0.026 0.024
51.411.5 0.030

"CV : Coefficient of variation

www.kiha.kr
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Percentage, %

Volume, L

Figure 2. The result of breakthrough test of DMC

Percentage, %

0 20 40 60
Volume, L

Figure 3. The result of breakthrough test of DEC

Percentage, %

0 2'0 4'0 6'0 80
Volume, L
Figure 4. The result of breakthrough test of EMC
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AZE Yo 110914 5% olie] mt=Ey, niat
L7 10%E 25k €52 9F 12 0= 33t A|7to]
o2 23 HT 22 Ho|HtKFigure 2).

DEC= 0.5 Z3 Al B3PHo|71 0.0742 AHH 2
2 Q5 ko Hol7t e, =Y &F 10014 &
3t HolAl4 0.039=2 QMEFo=E Amrt ZYE T
(Table 3). o} &5 AP AH2 9F 145 ppm9] &
To)A 0.2 0/min9 §&02 AFES APyt =
7 &7F oF 13 (004 ozt A& =9, 18 (oA
5% ool ==Y 20 (oA T 8] 10%E
202 & & AAH(Figure 3).

EMCY] #4 &5F oAM= 23 85F 1 (o4 &
Ho|AIS> 0.0392 FgH o= Alwrt ZYE UK Table
3). A 87F AP F 170 ppm2] 5EoNA 0.2¢
/min®] &= AASIAL TP} AR A oF
17 A -o)9it}. A 5%9 5%E X3t ot AH
2 9F 24 (°]1L 10%E stz A-S F 2702 HE
EAE0] vl5| ZFo| £ Ho|HrHFigure 4).

wbd B dFoAE DMCE 1~11¢, DECE
1~18¢ 183 EMCE 1~24 (7} Agst AgA5 &
FOoE UEGiT

o

o 1

Q

2. && 20 MY

AEY ZHEYo|ES] &2l 8 S {9 359
g% 8 g ARgote] g3 58 AYE ofgleH Zit
& Table 49} Zt}t. DMC] 3% 5% wekeo| a4
DCME ARE3S 1 101.0%2 7P &2 g% 582
Yehlom CS, ARE Al 67.8%%2F 1% DMFE $H
gt CS & AHETE 39 87.9%9] &3 85 UEHY
At DECE 5% mgkZo] 32 DCMoIA 101.2%
ol gz §85 BT CSE= 76.6%, 1% DMFE &7
gt CSolA e 92.9%9] g2 288 YeRAtt. EMC
T 5% HEe2o] g8 DCMS 237 Sz AR
A% 101.0%=2 7P =2 g2 588 YEIL CS;
oA 83.7%2 1% DMFE A3t CSolA 97.2%2]
2zt 288 YeERic

24 Z3to| mep 2 Ao ST T AR
A2 stof 5% HgREo] E3-E DCM= 22 1=
AAstal AEE Yoot

3. Ao & A
g 2o ASAE sl #lsted DMC

www.kiha.kr
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Table 4. Desorption efficiency of linear carbonates by desorption solvents

Desorption efficiency (Mean+SDT, %)

Desorption solvents Loading level” (mg)

DMC DEC EMC
0.03 65.917.0 74.216.4 82.146.3
CS, 0.3 69.613.6 79.0£2.8 85.242.1
Total 67.85.4 76.65.1 83.7t 4.5
0.03 89.8+0.8 94.2+1 .1 99.4+1.2
1% DMF in CS; 0.3 86.1+0.8 91.6+ 0.8 95.0+0.9
Total 87.9+2.2 92.9+1.7 97.2+2.6
0.03 101.8+1.1 102.5+1.8 101.1£1.5
5% MeOH in DCM 0.3 100.140.7 99.9+0.7 100.9+0.8
Total 101.0+1.2 101.2+1.9 101.0£1.1

"Number of samples at each level=3
"TMean+SD : Arithmetic meantstandard deviation

(0.26~2.36 ug), DEC(0.24~2.16 ug), EMC(0.25~
2.20 199 57 Tk S S5 o T+ 7
Zsto] APE] 4 (r°=0.999)7 EFLAE ARgdlo]
Ailst et

A(D= AskE "HESA= DMC 0.11 g, DEC
0.07 ug, EMC 0.06 ugo.2 Yelgtt sAqE 714 &
2 AFAY 5=t AXlE AETARET 52 522
B7Eo] & AFolAs 7P B2 HFAY 5 E A
STHAIR A|AlotLA}; gt

7t B9 HFeAe AETANA ALE 520t
23 38 75% ol 7PE W sZ=(DMC 0.53 ug,
DEC 0.48 ug, EMC 0.49 ygpRth &2 202 et
U ALk sEE AR AASHI

et 2 AT Ade] wE 24 £E9 AEH
(LOD)?}F A#HA(LOQ)= DMC LOD 0.26 1g/LOQ
0.87 ug, DEC LOD 0.24 ug/LOQ 0.80 ug, EMC
LOD 0.25 1ig/LOQ 0.81 1igC& ehyict,

yorg

&

0x

I}
A E AR 717 D By 250 ot A
7¥sld.om 1 A3 Figure 5, 6, 73

=~
N>
it
M

c

o2

5
-0,
ox
ox,
fto
o,

3
iy

DMCE A2ol4 53 & %9 797k 96%2) 22}
8L BEOL F 27 FHE AR £4o] B
oh SARAAOR AN A3t 489 olF I a g
o] 75% gEOR el RS Bl T 4 AUk 3
ARk W BRI AS e A

:‘o{,

©

71t B3 94%°]

www.kiha.kr

120

@® Room temperature (21°C)
60 1| A Fridge temperature (4°C)

40 4

Desorption efficiency, %

20

T T T T T T
0 10 20 30 40 50 60
Time, days

Figure 5. Graphical representation of storage test data for
DMC

120

100 ———Sg—0—yp—4__ o

80 A

@® Room temperature (21°C)
60 1| A Fridge temperature (4°C)

40 4

Desorption efficiency, %

20

T T T T T T
0 10 20 30 40 50 60
Time, days

Figure 6. Graphical representation of storage test data for
DEC
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80

@ Room temperature (21°C)
A Fridge temperature (4°C)

Desorption efficiency, %
3

T T T T T T
0 10 20 30 40 50 60
Time, days

Figure 7. Graphical representation of storage test data for
EMC

o

>

St AP Hol DMC Alges ¥4 Hardt
A& AR HFigure 5). DECE B3 2% HA Y
o]
o

]

0¥ B9 ALy YAHI R:oA 98% o]4t9]
93t AR PYAdS HAtKFigure 6). EMCE A&
2 Y HaolA 309 B9t 242 95%9F 94%2] 4=
SF &2t 888 Ho] Hy 250 A glo] <=3t A
APgAdE HAHFigure 7).
T3 AEE 7HHY0|E 332 AL 9 Y Hito]
A 309 Bt Bastoe oF F9] AT H o=
oj7}= ols AR HAYSHA] QT

juit

5. ANz MF H 2 2pHo| Hair 3 HAUX HIt
NIOSH 7Fo]=(Kennedy et al,. 1995)0] W= A
= A3 9 24 39 Age grke 37 23 AR
E e g sto] FIISHES Hof Qo E AtofA
= 37 & YAEE AR sEE Aot AEste
o] E7Fs5t] Y Alme] A= thAsto] Brtst
AHJeong et al., 2000; Shin et al., 2002).

HoT W § 167) Alnol 9 agw Ylw

2 W, ]

GC/FIDE 0|8%t AEd 7I2UH0E 352 £ - 24UY 461

o thet B4k @ ZK|Bias|)S ARESte] BHrlsIIch
(Table 5). NIOSHOA+= €2t && 75% °l4; 181
9= 10% olst= @Ity Jom E 1o tiit
B49] gzt 783 9= DMC 99.4%(bias 1.6%),
DEC 100.8%(bais 1.1%), EMC 100.4%(bias 2.2%)
2 NIOSH 7|0l Aget 235 et
AYRNEE B7F ANRE ARES B4 9 e

e ARgstY o B3t 7|7hE HolA+E AMYSH &
Z 29709 ARE o= B HolAFE AP
tt. DMC®| &% ®HolAls+= 0.016, DEC= 0.017,
EMC¥ 0.026 o]fith.

ANE AF 9 B4 g JUr 37t ik Ay
AY A FE AREoltHTable 7). DMC= <9F 44
ppm, DEC F 25 ppm, EMC <F 34 ppmojA] A3
S AP 0.050/mine] §&02 THHS &
sk 4~53] BHE 519ty DMCY &% ®¥olA
4+ 0.036, DEC9] B3 ®HolA44+= 0.059, EMCY]
E3t HolAS= 0.0412 UERgT

AN A 9 B4 39 F AdZ(overall
precision, CVr)& AAMAAE H7ke]l B wHolAls¢
(CVpet e Aol B3 BolA4(CV)E AREsto
ALkl 7+ 249 F FdUx+= DMC 0.064, DEC
0.079 1831 EMCE 0.072 YERtt

lo

i)

v.2 E
2 APoAE AEY 7HEYo]E 3E(DMC, DEC,
EMO)ol| tigt 371 & A= AF 9 24 s
Cli=g
ANz A3 mAZE &9 $H100/50 mg)o] A7t
stRoH, 5% Hereo| gid HERZHEHDCM)S
ARR35te] GC/FIDE HA51ch.

Table 5. Accuracy of analytical procedure using desorption efficiency samples

Desorption efficiency

Compounds n’ (MeantSD™. %) Range (%) Bias (%)
DMC 16 99.4+1.9 96.7~102.5 1.6£1.2
DEC 16 100.8+1.0 99.4~102.8 1.1£0.7
EMC 16 100.4+1.9 96.9~103.8 2.2+1.6
‘n © Number of samples
"Mean£SD : Arithmetic meantstandard deviation
Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 455-463 www.kiha.kr
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Table 6. Precision of analytical procedures using storage DMCY ¥1 A& AF S22 1~11(00]H Alg=
stability samples AR Byt A 253 SRE AR $&4o| iA¥sh WAk
. . Difsorptim oyt Pooled B A] 3097H] 959t 22 58(94%) e
ORISR MeantSDT %) e AR9] AEWAE 0.26 1golvl FFAAE 087 ig®
5 971415 0.016 & NIOSH A= 7|0l Agst 435 HloH Al
5 97.741.2 0.012 2 A5 9 24 349 F Adx(overall precision,
5 96.842.0 0.021 CVpE 0.064% B7H= Q]
4 98.610.6 0.006 DECY A& AF §FL 1~18(2 HIEHY A7
5 95.742.2 0.023 Bt 250 #TAQlol 309 5t 959 AR
EC 2t o BT ose maiek. ARl AETA 9 BRAL 2%
e . o 1} 0 2§93 oI
. 94.940 1 0.022 0.24 ug, 0.80 o2 UrE}M_H% ?21 a7 _ix}L
5 939416 0017 100.8%(bias 1.1%)°l9 % HUEE 0.0792 B7te]
4 94.141.0 0.011 o] NIOSH 7|0l Aeket A& YeErigith
5 92.142.2 0.023 EMCY] A% AiEes Ala RF 732 1~24 (0]
EMC 5 94.5¢1.3 0.014  0.026 o AlgE 309 BE¥ & AL0)A 95%9} YAoA
5 90.8£1.2 0.013 94% ool & aE&RE 5% Alm HEAEe B
2 Zgzig-g 8-8‘13(7) o AR ASHAS A= 42 0.25 wgt
; o :
S ' 0.81 o= "WrIEAL Al79 && a87 ox=
4 Qo265 0027 . PG NS S 2w 2%

. o1 2448 0.053 100.4%(bias 2.2%)% NIOSHQ| A&z 7]&o] 2gst
P — : S HYon, I AUE:= 0.072 YR
n : Number of samples . - ps
TMeanzSD : Arithmetic meantstandard deviation E Ao AAIRE o2 F7] F AREE 7HEY
TCV : Coefficient of variation o]E 3Z(DMC, DEC, EMC)°] thdt A4 Q= =4
- £40] 7155t

Table 7. Precision of the sampling and analytical method

) Concentration Pooled References
Compounds  n (Mean#SDT, cvt oyt
Ppm) Huang S, Yan B, Wang S, Ma X. Recent advances in dialkyl
DMC 4 42.841.4 003 0.036 carbonates synthesis and applications. Chemical
5 45.612.2 0.05 Society Reviews 2015;44(1):379-3116
4 40.9+1.4 0.03 Jeong JY, Park SH, Yi GY, Oh SM. Analytical method for
4 44 5%0.9 0.02 analyzing formaldehyde using 2,4-DNPH and gas
DEC 4 22.1+1.0 005 0059 chromatography/FID, NPD. Korean Ind Hyg Assoc J
5 28.542. 5 0.09 2000;1Q(1):126—146 .
4 21 940.8 0.04 Jang MY, Yi GY, Jeor\ HJ. D_evelopment of passive
4 27 340.6 0.02 samplers for vqlatlle organic compounds. J Korean
Soc Occup Environ Hyg 2022;32(4):359-370
EMC 4 32.341.2 0.04  0.041 Kennedy ER, Fischbach TJ, Song R, Eller PM, Shulman SA.
5 36.9¢2.0 0.05 Guidelines for air sampling and analytical method
4 31.041.1 0.04 development and evaluation. NIOSH 1995
4 36.7+0.8 0.02 Kim KY, Ro IB, Kim HW. Desorption efficiency of various
"n : Number of samples cos_olvents for organic solvent mixtures collected on
"Mean#SD : Arithmetic meantstandard deviation activated charcoal tube, Korean Ind Hyg Assoc J
TCV : Coefficient of variation 1996;6(2):209-221

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 455-463



=
g2

GC/FIDE 0|&8% AlEY 7I2UI0|E 359 &

a threat to human health and the environment.

Recycling(Basel) 2021:6(2):35
Son YJ, Kim HW. A comparison of desorption efficiency
by type of solvent for polar and non—polar organic

compounds collected on activated charcoal tube,

Korean Ind Hyg Assoc J 1997:7(1):3-18
Zackrisson M, Schellenberger S. Toxicity of lithium ion

Occupational Safety and Health Administration(OSHA).
battery chemicals — overview with focus on recycling.

Guideline for developing sampling and analytical
methods with validation requirements. OSHA 2023
Schaffner B, Schaffner F, Verevkin S, Borner A. Organic

carbonates as solvents in synthesis and catalysis.
Chemical Reviews 2010;110(8):4554-4581
Shin YC, Lee BK, Lee JT. Comparion of sampling and
analytical methods for determining airbone
hexavalent chromium-Limit of Detection, Accuracy 2020
and Precision of Analytical Procedures, J KOSAE
<M XY >
) A(ATY), o1 FSRATAY)

2002;18(1):39-49
Sobianowska—Turek A, Urbanska W, Janicka A, Zawislak
M, Matla J. The necessity of recycling of waste Li—ion
batteries used in electric vehicles as objects posing

www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 455-463



