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A Narrative Review on the Risk of Carbon Monoxide Poisoning Derived from
Dichloromethane in High—-Temperature Occupational Environments
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ABSTRACT

Objectives: Dichloromethane (DCM) is a volatile halogenated solvent whose industrial use in South Korea
continues to expand. Although its regulation has focused on its chronic carcinogenicity, its acute toxicity via
endogenous carbon monoxide (CO) metabolism is becoming increasingly critical with the acceleration of climate
change. This review examines how summer heat waves amplify acute DCM poisoning risk and identifies key
research gaps for the protection of South Korean workers.

Methods: A narrative review synthesized references on DCM toxicology, pharmacokinetics, and clinical poisoning
cases, supplemented by physicochemical and climatological data from NIST, OSHA, and the Korea Meteorological
Administration (KMA). The DCM vapor pressure—temperature relationship was quantified using the Antoine
equation. Domestic exposure data and biological monitoring evidence were examined.

Results: DCM vapor pressure increases by approximately 80% as ambient temperature rises from 20°C to 35°C.
COHb levels exceeding 10% produce symptoms indistinguishable from direct CO inhalation, with DCM-derived
COHb persisting for up to 17 hours. Suspected cases reported to the Daejeon—Chungcheong Regional
Occupational Disease Safety Center—including a fatality during water—tank waterproofing and a syncope event
during use of a DCM-containing cleaning solution—revealed that workers were largely unaware that their
symptoms reflected CO poisoning. There are currently no integrated domestic studies linking real-world use
patterns, temperature—stratified airborne measurements, and worker COHb biomonitoring.

Conclusions: Current evidence cannot fully characterize the actual acute poisoning risk faced by South Korean
workers handling DCM during summer heat waves. Further integrated research appears warranted on: (i) DCM
usage and worker risk perception surveys; (ii) temperature—stratified workplace concentration measurements;
and (iii) blood COHb biomonitoring during DCM-handling shifts. This review provides the scientific rationale.
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tZZ 29 e (dichloromethane, DCM, £+ #3}
wedl, o]dsier CH,ClL)2 HIQIE AAA|, &%
AEAEAAD, AE 49 get SHA|, 5 378
SA|, ¥ T ohIRE AR FofollA FHsHA AR
Hi= T g RS w3l Ao|tHATSDR,
2000). FHoAE DCMS AATHSH =]
A IR EFoEd, EeA3RdddEEdE AAE
o] o IEd FARA Ay 11 FHIFHH AR
AR = AEHoE F7Ioke FA0 ltH(Jeong
et al., 2021; MoE, 2024).

AAPH o2 DCMo] et A A7 4 Al 2342
W 7= 5 FE T 540 HEEo ftt
(EPA, 2011; Schlosser et al., 2015). "]= 2SR
7%(Occupational Safety & Health Administration,
OSHA)YZ HIZER 74 7|82 2 7140 o 44
AF 2EES 7Fe® 8AIZF ARREH(time-
weighted average, TWA) o1& =& 7|&(permissible
exposure limit, PEL)}Z 25 ppml& A7Astal ok
(OSHA, 1997).

I3y of#er WM =4 S dEtelS AE4
Jl 3743 A%, = DCMo] Aol LAkskgtA(carbon
monoxide, CO)Z A== HAYSS 7Hkotal 9
THStewart et al., 1972; Andersen et al., 1991). <l
Aol &Y= DCMZ 7H9] Afo]E=E P450 2E1
(cytochrome P450 2E1, CYP2E]l) ARE &3 At
=u, o] oA CO7F A=l A Y sla=H]
T} Aglel] ASFERAS|EZ 2R (carboxyhemoglobin,
COHb)E FASHHWHO, 1996; Schlosser et al.,

2015). ol 229 Ak AALES §ustR, S
& FE oAHe, AR BE FUAA 49 F
X AAAG Ze A ushes B 4 U

EbfTHLeikin et al., 1990; Shang et al., 2024).

o A3 A= DCMY] Ee3keH E/o] 34
Z270] e QZsHA ¥gttth= Holoh. DCMY] #
=82 39.6°Col Esto], FH 2k #iglo| et F
719ko] BlAg AR F7RRITHNIST, 2024). A A+
A 71SHst 7Kl wet A} E2 1 f
STl 12 9 1% 2ol =EE 1 Stk 20249
2 197349 7143 B olf 7MY HR 952 7S
ofgom, Hat 7|2 25.6°Ce} H thy] oF 3ujjo] &
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8= 20.299) FHioRs AUSTATHKMA, 2024). ©]
A3t 12 - 1 A= I fUIsRES] 571
Pt FEEC| 7|k o FTIRIThE AMdo] Bl
E3 QoKL et al., 2023; Zhu et al., 2024). AAZ
oA = oFHo E71X|e} ofofjxdo] 1 H,
4ol 32°CE W2 FeEZE] HCFC-141b
(1,1-dichloro-1-fluoroethane)7} #J¥sfo] Aujof A
4R o] 34 5 AE S5E A7 Bad
v} QltK(Lee et al., 2009).

£ 2R =&o] A7|sk= i 7ML 7|1FRskE <l
g 12 @43 DCM E-+2] CO tiAr HixYFol 2
ot A F4 59 AT EZ(perfect
storm) < AT 4 AUtk= Aotk ot o= &3t
st et oFEet HIAUZO| SA o]lEd FE
oy, A& AwE B3 HFol BRI /MYE Ye
=t ZE 27(20-25°0)°04 FHsital oAR|=
A2 ggolzt YA, o|EHoE= o FE FE X
ZoA F7] & DCM &7t @Azt st 57
A AT & UL AR P

AAE SEHTuHA ARS & HHSHAGE
QFANE(KODSC, 2024)°ll= Z+ DCM S-=°] 94
= AHElEC] o HAEo dExdoes 93
ZAZ7F DCM 522 ARgSE Ak, DCMe] X
H AAAE FHFotd 5 Ailste] dAstEA S5
OHEUE AR Sl HAESI ol Ak olA
402 gRlH H2, eAEe] EEMHEARR
(material safety data sheet, MSDS) W23} F& %t
A 9 FHoA T, T8, AATK 59 4
o] EEEHE thA} 4AREQl FAkSeA] 9t =
THUES AR QAAISHA] okl Uith= Holtt. o]
23t Q19 T2 27| SAES B HEY 234%
o7 QRlsHA whEo] 85 e XA AgH At
£ olojd 4= ittt

I8 olegt Y8 Aoz Jrigt 4= Qe =
Y A== i AgHdoltt E9] (1) AA 2 @30
A9l DCM AHE AH], (2) o953 12 7oA 2
¥ 571 5 DCM &=, 3) DCM FF Z=A9 &
Y % €% COHb F=o] I3t 584 A= A=7t #
Asier. & A= =93y HlolE, oFsehE HAY
&, 291 29 A4 5 AHEeS 58 B4
O 2ZX 7|53} Ao DCM =&°] 7= A<=
Azxgotal, FF FXEojof T AF A9 HRFd
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1 B4 ANSTA B

——%“ 0E T 282 SHHL —g—’iﬁ At
HAML PubMed, ScienceDirect, $F=5haA]|Q1-8-4Y
ol(Korea Citation Index, KCI)& &83}3lon,
9 AMoj= “dichloromethane”, “methylene chloride”,
“carboxyhemoglobin”, “occupational exposure”,
“biological monitoring”, “heat wave” §°2& +4
SHTE. ESE DCMe| =814 41 22 715 B4,
Y AAESE ARE v AHIZTEATL
(National Institute of Standards and Technology,
NIST), OSHA, 3§ 714 (Korea Meteorological
Administration, KMA), S=AAPARE AT HKorea
Occupational Safety and Health Agency, KOSHA),
A (Ministry of Environment, MoE) & AlZ&
% Qe HoleMolzoln 37 Selsi

2. 24 D293
1) S2/3H8tx 24

Antoine ®d4l(logi)P = A — B/(C + T)= &&
3te] 15°ColA 40°C Atole] 2% Fufo] wE DCM
37149 vAdgd I ALt DCMoY tigh
Antoine ®4] wj7fH4= NIST dlo]E{#o]AofA
A = 453691, B = 1327.016, C = —20.474% &
SFATHNIST, 2024). E3F 2T fAE A& HIE
O MHEI} HGA FEY AAY S ool u]x]
L g3k AESIYTHLI et al., 2023; Zhu et al.,
2024).

2) OF=SHM H A

i e R R SR |

AEJsh4 255K physiologically based pharmacokinetic,
PBPK) 2dli} =/4doha] Lruldlg o]gsto] CYP2ElS
&% DCM2] CO HjAF A=e} 19 W& COHb A5
HAYSE EA5199tHAndersen et al., 1991; WHO,
1996; ATSDR, 2000). =3t DCM =& 710] 28 713t
AA BUEY A I(EF COHb, 7] CO, &1 F v|tiA}
DCM)9] E43 28 IS HAESFITHSakai et al.,
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2002; HSE, 2010; ACGIH, 2012).

3) U ALl H E X2 B4

Aok Z7gollA et 3/ A% A ARll(Shang et al.,
2024), vl=roll A At 85719 APY Abl £4(Hoang
et al., 2021), 7F*+ =459 COHb =4 AHj(Manno
et al., 1992) 5& #AEsI & 374, COHb 44,
a3l A Ay 7] AHBAE TS5 U
AR2= HEEEME AR - AR AT 22AY F
AE 243324 A= (Jeong et al., 2021)2F KOSHA
9] AATE=A SA(KOSHA, 2023)5 E45t0], =4
L= A" ®7ie dgy AE ERlsku

n.z2 i

1. DCM R4 ULSIE:

@t 84 2YE § A
= WEEY IEE 77 (volatile organic
compounds, VOCs)Z &2, DCM2 If3t oF =
A HAYES 7Y §9€ DCMY A4 722 7F
9] &3 7|5 ABtaAa AAH]L &3] CYP2ELQ] o5
AREITHWHO, 1996; Schlosser et al., 2015). o] At
3}l 2= DCME x=219 FZEo]=(formyl chloride)
2 HIA7|H, o]z Aoz Fojo] COLt A
(hydrochloric acid, HCl<x A/33FHNIOSH, 1986;
ATSDR, 2000).

BgE CO= AtAHT oF 2008 =2 XIgEo=
g2zt Aglele] COHbE 34stal, 22029
A4 SUES AZFsHA| whefisttH(Stewart et al., 1972).
oo W= 500-1,000 ppm& DCMO| =&= 73
% COHb FX|7F 10% ©FL2 A5stH, o] AR
H 58, +94, AAR 5 ALALTY A 40|
3o YebdtDiVincenzo & Kaplan, 1981). ©
<°0] DCM HjAtollA Fegt CO9l =4 7=
A-HAA CO 7FA FY Al(QF 5AIZHET FA Zof,
A 220 25 DCMo] AJAs] WEEHA CO7k
A&H 0w BAPE7] fol =& F 17A1X0] Av:
COHb A7} A f-A¥tHFodor & Schlipkoter,
1973; Manno et al., 1992).

2 2 5XoA DCMS H|EZEEol 55 Ab
£9] AO|ETE ¢ AFSla A (cytochrome ¢ oxidase)
£ A3 dAIst] Al 5 Audg EE HS
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Figure 1. DCM metabolic pathway and CO-mediated hypoxia mechanism

Inhaled DCM is metabolized by hepatic CYP2E1 (mixed-function oxidase pathway) via formyl chloride to carbon monoxide
(CO). The generated CO binds hemoglobin to form COHb, blocking tissue oxygen delivery and producing typical CO
poisoning symptoms: headache, dizziness, palpitation, and cardiac arrest. At high concentrations, additional cellular
hypoxia occurs via inhibition of mitochondrial cytochrome ¢ oxidase.

Table 1. Clinical symptoms by COHb level following DCM exposure

COHb level (%) Clinical symptoms Equiv. DCM (ppm) Risk level
(3 Asymptomatic (normal baseline in non-smokers) { 100 Normal
35 Mild headache, reduced exercise tolerance 100-200 Low
5-10 Headache, dizziness, nausea 200-500 Moderate
10-20 Severe headache, confusion, palpitation, dyspnea 500-1,000 High
20-30 Disorientation, visual disturbance, syncope 1,000-2,000 Dangerous
> 30 Seizure, coma, cardiac arrest, death > 2,000 Fatal

COHb: carboxyhemoglobin; DCM: dichloromethane. Equivalent DCM exposure concentrations are approximate values and
vary according to exposure duration, ventilation conditions, and individual metabolic capacity. Unlike direct CO inhalation,
DCM-derived COHb peaks 4-8 hours after exposure due to continued fat depot metabolism (DiVincenzo & Kaplan, 1981;
Manno et al., 1992; Stewart et al., 1972).

71 A1 ZItLehnebach et al., 1995). DCM thAl 4 g 9 DCMY &719-2 9F 80% =715ttt o]zgt H]
22} CO i MAAZ 718 Figure 19, DCM = AgH F7H= oJFZ0] DCMe] FLHET 37 & 5
Zof| WE COHb =8 A SA2 Table 19 A 7t F4H A5 oulgith

skt ik ofyet 2 FAGS A9 w2 TH &
T7F veA R HADCM 59 S 753

2. 7|=Hste| Fak n2iut 115 49| 28l o 5 S EASHQinh A HF mH| 571
DCML Z=xo] 3 .6°CE oo o} =¥ 2% B 7} »0—7351 HA BEEE Fd(latent heat)o] 849

0

slof S=& 77sHA §RSEFHNIST, 2024). Antoine S A5k oUAdeR 3} sh= Zoz Ady
S 83t /&%f‘& 2=3 DCM 37I1%2  "rHli et al, 2023). ol F9std, =] 2024
Table 2 ¥ Figure 20 AAStt &4 =71 & W o5y Zo] ARt F9H 2 s sHE
& 27%0 20°ColA BE £ 24 35°CE A5 M= EE §F2 DCMS ArgsiEate =d9)
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Table 2. DCM vapor pressure by temperature calculated using the Antoine equation

Temp. (°C)  Vapor pressure (kPa) Vapor pressure (mmHg) Increase vs. 20°C Saturated conc. (ppm)
15 39.2 294 -16% ~386,000
20 46.8 351 Baseline ~462,000
25 57.3 430 +22% ~565,000
30 69.6 522 +49% ~687,000
33 77.0 578 +65% ~760,000
35 84.0 630 +80% ~829,000
39.6 101.3 760 +117% Boiling point reached

Antoine equation parameters for DCM: A = 4.53691, B = 1327.016, C = -20.474 (NIST, 2024). Saturated concentration
represents the theoretical maximum airborne concentration in a closed system. Actual workplace concentrations vary
with ventilation, application method, and surface area. The range 30-39.6°C corresponds to Korean summer heat wave
temperatures.

Elevated temperature \
| accelerates DCM volatilization,J

| raising acute poisoning risk.

16 TS
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©
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S 300-
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Q 200

300+

}294 mmHg
200 1 T T T T
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= DCM vapor pressure calculated via Antoine equation parameters:
A=4.53691,B=1327.016, C = -20.474

Figure 2. Nonlinear increase in DCM vapor pressure with rising temperature

The Antoine equation (logP = A = B/(C + 1)) is applied to plot DCM vapor pressure from 15°C to 39.6°C (boiling point).
An approximately 80% increase in vapor pressure is observed at 35°C relative to the 20°C baseline, indicating that
airborne DCM concentrations may surge rapidly during summer heat waves. The shaded zone indicates the South Korean
summer heat wave temperature range (30-39.6°C).

she A4 BB ols) BAZe] TBES R9) vl 3, ABE ZY B A 24
Agol 248 /Mol U ZoE FFECE & 3Lt gia viAUZo] A% ol2d gune A
wolelet 242 4% ARE U dB0] WAL A Q4 ARISOI HlFHoR selEeh gEA A

= —8‘:]_—
SF29] ZPAS A= Table 3 9 Figure 3°] & £ Table 40 29kt
251t Shang et al.(2024)2 A|°F 5742] 494 G4 2
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Table 3. Heat wave days trend in South Korea (2018-2025)

Year Heat wave days Summer mean temp. (°C) Tropical night days Notes

2018 31.5 25.4 17.7 Record high heat wave
2019 13.8 24.5 10.5 -

2020 9.8 241 7.3 Prolonged monsoon season
2021 8.1 24.3 6.8 -

2022 17.0 24.8 1.2 -

2023 12.5 24.6 9.8 -

2024 28.0 25.6 20.2 Hottest since 1973
2025 29.7 25.8 21.0 Projected (Jan-May data)

Source: Korea Meteorological Administration (KMA, 2024). Heat wave day defined as maximum temperature >33°C.
Tropical night defined as minimum overnight temperature >25°C. Trend: +0.71 heat wave days per year. The 2025

figure is projected based on January—May data.

Heatwave Trend Line Graph
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Annual heatwave days are rapidly rising,
increasing workplace DCM exposure risk.

Temperature-Driven COHb Risk Model
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Elevated temperatures significantly increase
COHb levels for the same DCM dose.

Figure 3. South Korean heat wave days trend, and temperature—dependent DCM poisoning risk model

(A) Annual trend in South Korean heat wave days (2018-2025), showing a mean increase of +0.71 days per vyear. (B)
Projected COHb risk model by temperature: for an equivalent DCM exposure dose, COHb levels increase nonlinearly with
higher workplace temperatures, substantially elevating the risk of acute poisoning.

A7} i =22 Qs DCMO| e&F 35 o4& ¢l

1 ot G4 ABAE 4ol AHE EAsith
54 WY Al sHE 7tA 24 At A7k A4k
AZ(THE AAXESIE arterial oxygen saturation,
a0z 71%), AFS(pH 7.2)3 @7 COHb 217} 6.4%
2 A= J=52490 Auadedt 35979 5
A AEE Bo o5 AESIFod, o] A=
DCM "i7)l CO F=°] Fdsk= S244o|1 X542l
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AEHA SHE ofAs] HojEroh

Pacheco et al.(2016)< HQIE
21 274 2GR Al E Ha1stS] ‘3} o] 222} COHb
A= 23.9%00 Dotlon, 353 {6 APAaA =
(hyperbaric oxygen therapy, HBOT)7} 40|l
t}. Hoang et al.(2021)9] ¥7-= 1980 HE 20184
7HA] al=rol A ¥hASE 85749 DCM A ARG AHEE
24515t A AH AFERHE S dF 314D ditk+=

AA SN 23
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Table 4. Summary of acute DCM poisoning cases
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Case Reference Patient Work environment COHb (%) Key findings and outcome
Pharmaceutical plant, Sa0; 71%, pH 7.2, cardiac arrest;

! Shang et al. (2024) 4M pipe leak 6.4 survived (35d ICU)
. Loss of consciousness;

2 Pacheco et al. (2016) 27M Paint-stripping plant 23.9 survived (HBOT)

3 Leikin et al. (1990) 5 workers Con_ﬂned space, 8-12 2 fatalities, 3 survivors
paint removal

. Various Median age 31;
4 Hoang et al. (2021) 85 fatalities (56% paint removal) up to 14 56% without respirator
5 Manno et al. (1992) 36M Furniture refinishing up to 8.9 Linear COHb rise with work hours

COHb: carboxyhemoglobin; ICU: intensive care unit; HBOT: hyperbaric oxygen therapy; M: male.

A
=2

=

717t St US4 HRIE AA &Y
i APgstelon, 1S B3 544t Bk
T2WH COHb X i 14%7HA] Uehsdth. E3
Manno et al.(1989)2 DCMO] &% AJAIoA =
14% =2 g% COHb A7F AP A HH o= Adt
ARE Histed, DCM "7l CO 0] A|¥4 24

3’Jr§ ojojd 4= Q&S LHo| A

£5] Manno et al.(1992)°] A Eix= & 2R
T A 2oy A4EEs 583 2AE AT
7t =4E0 ]Oq‘:* 3541 B304 T AFd W AIZE
Ao w2 8% COHb A& v =43t Ay}
COHbe &% ]\_Jf} XPA o & H|Fsto] F7}5I%le
o, 284 37] 5 DCM sE=25F dl&3st COHb
#k AZSA7E Wi fASEIE ol AdRE 571
=4 (area sampling)?t A ZYEH(COHb &%)
WS A9 AA L5 JFHoE WUKE & s
= AlARRIT

ol

mlo to
r_ri ol

oN rigs

=

4. 12 AL AIHX| F 2!

54 DCM 54Z SEA7= AIHA 919 82
Table 5°] 25Ut 122 Antoine B4l T
719 HIAdY 712 B9l 371 5 sE 349 A

A

70, TEEE o 948 £ 2UEL yi&seiok(l;
et al., 2023). EF<llo|} wlAlT} 7o HiekE EtslA

of ¢4 =9 %<9 CYP2El 8471 f&=%o DCM2
CO A% {27} 71438k=w(Pankow et al., 1991), AL
L 3149 DBy IR Au] T4HE Z7HAA AW
Z Bo5lEkS 5YtHTakeshita et al., 2000). 7] £
A ) 23, 4 Bol olefet 917 AT 2T
0 Agael s olold 4 Sk

1. 81 9I5h F4 AT 3
R = L EE R L LU

Table 5. Synergistic risk factors amplifying DCM toxicity in summer conditions

Risk factor

Mechanism

Effect on toxicity

High temperature ()30°C)
High humidity (070% RH)
Physical workload
Co-exposure to aromatics
Inadequate ventilation
Heat-induced vasodilation

Dehydration

Vapor pressure rises non-linearly per Antoine equation

Increased respiratory rate and cardiac output

CYP2E1 enzyme induction (Pankow et al., 1991)
Accumulation in confined space

Increased transdermal absorption (Takeshita et al., 2000)

Reduced hepatic blood flow, metabolic changes

t t Airborne concentration

Latent heat from water vapor condensation accelerates evaporation t Evaporation rate

t Inhaled dose

t 1 CO production rate

t 11 Concentration surge
t Body burden

Prolonged COHb elevation

RH: relative humidity; CYP2E1: cytochrome P450 2E1; CO: carbon monoxide; COHb: carboxyhemoglobin. Arrows indicate
magnitude of effect: t moderate; t 1t substantial; t 1t severe.

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(2): 91-101

www.kiha.kr



98 A%l - LT - 0|3y - Z[MA

7t DCMQ] 34 =74 1™ 7ol Slo] Azt AFA]
tE 73 9L Hoizrh OSHAY) PEL 25 ppm
9 HA|7HeE7]&(short-term exposure limit, STEL)
125 ppmit Z2 A 7182 22 25 9 F(get
A0 g 20-25"Cr2 7Hysto] AA=UATHOSHA, 1997).
o= 7|He=E Qg vigsh= Sd94]] 94538 59
KA ZstEeA o R 7ol TS Ae WY
1A ESICHNIST, 2024; Zhu et al., 2024). 112 &+
7dollA DCM= AHEE A S48 7|32 ekl
7] AlAglo] FEakd ThsAdo] slem, AZH <t
HAsHA HAFT 5 U= F2 &7Fo] AFHo= A8H
ol Evlaz w3 2 ot} I o]sl 22L&
Z5keh wdlyl EH ARl AA; Ablol o]&gt Aol
AR =9 o5d 112 AFEHA DCMo] o
L7 7] § =g Fsk=Aol et 54 A
5 Ame AHY RSk

2. ZAHO| HIEO0| AT} ZITto| 022

DCM "7l CO $59 9132 5749 HIEod wi&

o H& 7IsdH AYAEe] 4= 56, oAEe, =
23, AARRE oA5E ZAAgoA &3] Dot
Gapgolu ey JAHCE 0| ﬁ%E}(Leikin
et al., 1990). A AEofA AFT A =t
HAE S o4 AtlEd Zol, AAAt %‘ﬂo] ol=gt
TAE O fEY H9 BeE gAY, &5 -OJE
Zlo] o] 24 gz eQId A% 7|A9 S=
52 AEs] AT /T ALk Fo 5 F 7‘401
SIAR7} X A=Eo] 2EAQ] ZAyw o]opg 2~ oJt}h
(Pacheco et al., 2016; KODSC, 2024; Shang et
al., 2024).

Lo AR 29 A= o7 sekEdl ot
Aog LEhe= A7t gt EFdoly vy} 22
WS H@alpad] 3 =59 A9 CYP2El 34 &
o] fxEo] DCMo] COZ A== &=t 71453}
o, AayHor COHb F#A7} ©& A&A Hoh
(Pankow et al., 1991). E3F 72 S A= T B

H|e d @rﬂﬁ Qls mF F3Hdo] FTeHERE,
DCMY] A1 &F7F EXE0] AW F FolF(body
burden)2 Z7HAZ 4 AtHTakeshita et al., 2000).
DCM & COY ®¥E717F oF 1741t = A==
A2 F7H80 8 BAIE  AAZHFodor &
Schlipkoter, 1973). 9458 &F § =29 A=
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o Folim A 220l DCMO] AATs] & - tiAt
H‘?_w COHb7} A% 548 &= 9lol, =&
ARk Fell S7do] FHL
al., 1992).

A
R

zZo] @& 4 It Manno et

3. LY ¢Lo| Zu
%q%)ﬂ/ﬂ DCM& /ﬂ'%*?_};ﬂiﬁmoﬂ 02 ZAeHH
d WI=EAEHE 771 6719), %:}E]W%%OHE A4 5
BAFHGEED(F7] 127092 AH = o] qlom,
5 oleEd BARA A 11 g AR AR
= AEH o= FTleke FA0] ATHMOE, 2024).
KOSHAS] #Ad&4E54 A #4°14%= DCME =
SA l’\ 4530l &ols 2AAFFF ol A= A
S5t GU|SER HaEo], 2 4T diAF

wﬂfﬂ AJTHKOSHA, 2023).

Jeong et al.(2021)9] A+= =W DCM A= - Ak
_Q. /\]-0421-_,] 7(1—04§]-7ﬂx7§) X]—EE _‘:r‘_/_\ﬂlo]- 7%_,] 0010]—
AAH Biz FHE = 2o & "3t 245t
o AR FHqME E 7ES 2ot Y kb E
o] d¥ehE Hltt 12y o] A4S EZFIL U A}
252 () 32 219 ©7] 43kl 7156, (2)
54 12 A7|9F 11 9 A719] = AelE EASH
A g, (3) AJAY A 2UHE A=(EF
COHb, ©7] CO, &% & m[tfAl DCM)2F AA =] o]
WA Ath= TEH ﬂﬂli 7}%1‘4.

ojzigt Atz o] T2 UM FAIA B et &F
do= vepdth tH3E 3.1?3 HeHAlE o FeE 9
A AHEONA ER1E vRel Zo], t] kEAES
MSDS w53} AA 24 49 g EFoA DCMO]
AollA Litsttag thAEt= AR, 183 =&
- oA EE - SEE - AAIRR 59 Sl I A
2 YU iRl S5 SAolgkes A Al
=2 QIAJ51A] 30}7 AATHKODSC, 2024). o]= ‘?_VF—
5] 719l w& HE EA7E opde, U A} A4 &
2] AA7F DCM— ojds] W IAEE FHeE o
Fol gtom, G4 CO 5= ol gt s &%
(risk communication)® ZYA} wL0] 0j5gS A
Argtet.

TAF R v FAG AR 22l (American
Conference of Governmental Industrial Hygienists,
ACGIH)7F DCMell  digt  AJA|k=EX]<(biological
exposure index, BEDE AW F u|tiA DCM 0.3

oﬁ ri oX,

o -

L

_4
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mg/L(EF A T8 AR, F=r HPAH(Health
and Safety Executive, HSE)Z &7] &% CO 30
ppm AAARUEE 7loldA FHbiological monitoring
guidance value, BMGV)2.& Hxstal QUTHHSE,
2010; ACGIH, 2012). Sakai et al.(2002) Ukai et
al.(2019)2 Y& &AM ZAeH 371 5 DCM
5 A8 F DCM s=7F A5t Ad AATA(r =
0.70-0.85) Eistqrtt. 12y o= olzgt
A mUE o] dgHQl AY A% Teof FEE ]
AR gor, E3] F COHb &4 $F9YsH4 #
& 54 Qo= A% =& HUF T2 A9 &8FH
A gl Utk

F%sHH, DCM FHg AFFAolA -
s - 3N T & T - &4

- e

[e]
COHb A5 — ¥4 4 T olgte <9 At A
=2 AR ASE & 3 3 Ame A &
AsHA] et SAOl €A AR Hd A &
g HE35E 208 g ol 7|¥H3st Ao ¥
At Qs Brtet 22 A HEE Sl FF B
Yol "ot Aol sWios HeHEn:
V.2 E

7|19 RHgE QIg 29| Yt HEZEHEY 7
AU ARkt As AR S35t
48 549 AEE 34 4 UKL et al,, 2023;
NIST, 2024). o]&g &40 DCM =&9] YAH
AFZ A714Q1 deldo] ofdzgt, F23ola X3
Q1 F4 ALAS 9 ABAY 75430l 2™ (Hoang
et al., 2021; Shang et al., 2024), 1 42 LukZ
Ql dAkletA: F=3 FYUSHA F6, olAIEE, St
2 AAZR 5o2 YePdtKStewart et al., 1972).

I8y £ g57F &Rt 7P St AR = 7L
ZAloltt, AA, =04 DCM FHF AE, o5& 12
A Y AU =, 183 AGAFe] €% COHb
T2 FEH o BT AS AT AR FAst
= Holot. =4, dASHAAYHAE Ha4H
oA AHElEolA Ed BRel o], I LA
ZHilo] AHchs 78 - T - AARR 59 T4
o] DCM HAl ARER1 gAkskerAo] o3t S5 S0l
g= AHKEZ AdE IAISHA] skl vk Aotk
(KODSC, 2024).
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wEbA e o33t 22 58 At 842 Ao
2 Hlth A, 37448 - A4S DCM AA| AR AH
oF ZAXte] A QUAlol gt AAA | A A+
ojt}. Tt AR RARE o] MSDS 9] Aad
I ZAXE QIAekal Q= DCMe =4 71HA(E5]
CO YAl A=) 9 &7+ JAdol gt Q14 =52 H7}
Sh= Zo| vlEZsitt. 4, Y AGH - ¢ 34
oA FA Al7|et BIEA AI719 &A% 371 5 DCM
TEE H k= AAE dtelth &4 AR89
A4 2, Adisk, &7 21 I 7SS oH

BAS Bo Rk B AR Hrt 2do] A
ol =l ot AR, DCM FH=F ZdAre] 2 A
S % COHbE AAZEHo=E ZHsk= A
B Folti(Manno et al., 1992; Sakai et
al., 2002). o83 &4 A7t SHHTH, 7|1¢H
3} Ao DCMe] 7H&= 84S Hot AfFo=
Frkstal SAC] 7Rkt SE2AF A% HE AAE vk
Sk= d 71od = & Ao=E 7|dEnh

3l i oft

§
ol o 1% o
rR et 4y

uAel 2
£ A7E usRHA A HIARE e
= A H9gU ALl

OfsH2tA|

e
r

7ol diet A9 olsfEA SE2 S Al

|

i

References

ACGIH. Documentation of the threshold limit values and
biological exposure indices. 7th ed. Cincinnati:
American Conference of Governmental Industrial
Hygienists; 2012

Agency for Toxic Substances and Disease Registry
(ATSDR). Toxicological profile for methylene chloride
(update). Atlanta: U.S. Department of Health and
Human Services; 2000

Andersen ME, Clewell HJ, Gargas ML, MacNaughton
MG, Reitz RH, et al. Physiologically based
pharmacokinetic modeling with dichloromethane,

www.kiha.kr



b

100 ATl - HOF - O[3 - A

[Ny

its metabolite, carbon monoxide, and blood
carboxyhemoglobin in rats and humans. Toxicol
Appl Pharmacol 1991;108(1):14-27

DiVincenzo GD, Kaplan CJ. Uptake, metabolism, and
elimination of methylene chloride vapor by humans.
Toxicol Appl Pharmacol 1981;59(1):130-140

Fodor GG, Schlipkoter HW. Die kohlenmonoxidge
fahrdung durch dichlormethan(methylenchlorid).
Zentralbl Arbeitsmed 1973;23(6):173-178

Health and Safety Executive(HSE). Biological monitoring
guidance value(BMGV) for dichloromethane
[Internet]. Buxton: Health and Safety Laboratory;
2010 [cited 2025 May]. Available from: https://www.
hsl.gov.uk/media/1661166/bmgv_dcm.docx

Hoang A, Fagan K, Cannon DL, Rayasam SDG, Delorey
MN, et al. Assessment of methylene chloride-
related fatalities in the United States, 1980-2018.
JAMA Intern Med 2021;181(6):797-805

Jeong SJ, Bae GW, Lee NR. Comparison of work
environment monitoring values and ECETOC TRA
model values for process—specific exposure levels
among workers in dichloromethane manufacturing
and using businesses in Korea. J Korean Soc Occup
Environ Hyg 2021;31(4):317-330

Korea Meteorological Administration(KMA). 2024 abnormal
climate report[Internet]. Seoul: KMA; 2024 [cited
2025 May]. Available from: https://www.weather.
go.kr

Korea Occupational Disease Surveillance Center,
DaejeonChungcheong Regional Center. Cheongju:
Chungbuk National University Hospital; 2024 [cited
2025 May]. Available from: https://www.cbnuh.
or.kr/kodsc/

Korea Occupational Safety and Health Agency(KOSHA).
Analysis of workplace environment measurement
data for hazardous chemical substances. Ulsan:
KOSHA Research Report; 2023

Lee HP, Lee CY, Lee JH, Lee SW, Yang JH, et al.
Follow—-up results of patients with acute lung injury
after 1,1-dichloro—1-fluoroethane (HCFC-141b)
exposure. Proceedings of the 43rd Autumn
Conference of the Korean Society of Occupational
and Environmental Medicine, Korea. 2009. p.
656-657

Lehnebach A, Kiihn C, Pankow D. Dichloromethane as an
inhibitor of cytochrome c oxidase in different tissues
of rats. Arch Toxicol 1995;69(3):180-184

Leikin JB, Kaufman D, Lipscomb JW, Burda AM,
Hryhorczuk DO. Methylene chloride: report of five

www.kiha.kr

exposures and two deaths. Am J Emerg Med
1990:8(6):534-537

Li X, Meijer JG, Lohse D. High humidity enhances the
evaporation of non—aqueous volatile sprays. J Fluid
Mech 2023;956:A19

Manno M, Chirillo R, Daniotti G, Cocheo V, Albrizio F.
Carboxyhaemoglobin and fatal methylene chloride
poisoning. Lancet 1989;334(8666):274

Manno M, Rugge M, Cocheo V. Double fatal inhalation of
dichloromethane. Hum Exp Toxicol 1992;11(6):
540-545

Ministry of Environment(MoE). Chemical statistical
survey results: dichloromethane[lnternet]. Sejong:
Chemical Information System(ICIS); 2024 [cited
2025 May]. Available from: https://icis.me.go.kr

National Institute for Occupational Safety and Health
(NIOSH). Current intelligence bulletin 46: methylene
chloride. Cincinnati: DHHS(NIOSH); 1986. Publication
No. 86-114

National Institute of Standards and Technology(NIST).
Methylene chloride — Antoine equation parameters
[Internet]. NIST Chemistry WebBook; 2024 [cited
2025 May]. Available from: https://webbook.nist.
gov/cgi/cbook.cgi?ID=C75092&Mask=4

Occupational Safety and Health Administration(OSHA).
Occupational exposure to methylene chloride; final
rule. Fed Regist 1997;62(7):1494-1619

Pacheco C, Magalhaes R, Fonseca M, Silveira P, Brandao
I. Accidental intoxication by dichloromethane at
work place: clinical case and literature review. J
Acute Med 2016:6(2):43-45 (http://doi.org/10.
1016/j.jacme.2016.04.001)

Pankow D, Matschiner F, Weigmann HJ. Influence of
aromatic hydrocarbons on the metabolism of
dichloromethane to carbon monoxide in rats.
Toxicology 1991:68(1):89-100

Sakai T, Morita Y, Wakui C. Biological monitoring of
workers exposed to dichloromethane, using head—
space gas chromatography. J Chromatogr B 2002;
778(1-2):245-250

Schlosser PM, Bale AS, Gibbons CF, Wilkins A, Cooper
GS. Human health effects of dichloromethane: key
findings and scientific issues. Environ Health
Perspect 2015;123(2):114-122 (http://doi.org/10.
1289/ehp.1308030)

Shang R, Tian Q, Liu Y, Liu H, Zhang X, et al. Case report:
sudden death caused by methylene chloride
poisoning. Front Pharmacol 2024;15:1471744
(http://doi.org/10.3389/fphar.2024.1471744)

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(2): 91-101



A2 AASH

Stewart RD, Fisher TN, Hosko MJ, Peterson JE, Baretta
ED, et al. Carboxyhemoglobin elevation after
exposure to dichloromethane. Science 1972;176
(4032):295-296

Takeshita H, Mogi K, Yasuda T, Mori K, Nakashima VY, et
al. Postmortem absorption of dichloromethane: a
case study and animal experiments. Int J Legal Med
2000;114(1-2):96-100

U.S. Environmental Protection Agency(EPA). Toxicological
review of dichloromethane(methylene chloride).
EPA/635/R-10/003F. Washington, D.C.: EPA; 2011

Ukai H, Inui S, Takada S, Dendo J, Ogawa J, et al.
Biological monitoring of occupational exposure to
dichloromethane by means of urinalysis for

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(2): 91-101

ZoIM CISZ20E R wieEs S5 >0 2ot M 1F 101

un—metabolized dichloromethane. Int Arch Occup
Environ Health 2019;92(5):695-703

World Health Organization(WHO). Methylene chloride.
Environmental health criteria 164, 2nd ed. Geneva:
WHO; 1996

Zhu'Y, Guo S, Liang W. A literature review investigating
the impact of temperature and humidity on volatile
organic compound emissions from building
materials. Build Environ 2024,262:111806

<XXHE >
ATHRIERAD), HREEMD, olSHE(QAD, HH(Zu4)

www.kiha.kr



