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Estimation of Temporal Acute Exposure Guideline Levels for
Emergency Response
- A Brief Case using Formaldehyde -
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***4ccident Response Coordination Division, National Institute of Chemical Safety, Ministry of Environment

ABSTRACT

Objectives: This study aimed to provide temporal Acute Exposure Guideline Levels (AEGL) for a hazardous
substance as a pilot study.

Methods: As one of the substances designated by the Korea Ministry of Environment as requiring preparations
for potential accidents, formaldehyde was selected to estimate the AEGLs. The calculation was based on Haber’s
formula (C"xt=k) using valid toxicity data (for humans/animals). A total of 96 points of AEGL levels were
provided using an interval of five minutes over eight hours.

Results: The AEGL-1 and 2 values were constant for the entire exposure duration at 0.9 ppm and 14 ppm,
respectively. The values were obtained from clinical/animal tests, and the adaptation effect after a given exposure
duration was also considered. AEGL-3 was based on animal toxicity data, and it was estimated from 127 ppm
for the initial five minutes to 35 ppm for eight hours.

Conclusions: More specific AEGL levels for formaldehyde could be obtained in this study using toxicity data
with Haber’s formula. Based on this methodology, it would be also possible to estimate AEGL levels that can
be used at the scene of a chemical accident for other substances requiring preparation for potential accidents.

Key words: Chemical accident, Acute Exposure Guideline Level, emergency response, health effects
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(American Industrial Hygiene Association, ATHA)®]
H] A4t -5 A & %] & (Emergency Response Planning
Guidelines, ERPGs), "] =+%$7 ¥ & % (The United
States Environmental Protection Agency, USEPA)2]
FA=EX 345 (Acute Exposure Guideline Levels,
AEGLs), Tl X ¥(The US Department of
Energy, DOE)lA Asle drNF=E7F
(Temporary Emergency Exposure Limits, TEELS) &
o] 3

ERPGE 3} 722 Q1g A9dat 3 A A}
3 HYS R pEENeH, g Al Fet
=2 F JdE W Fw=2A oF 17019 sshE
Jo] ERPG-1, 2, 35HA|Z AAlE]o] Itk AEGL
sietEd FEolv Alde R Qlgh Uyt AJNle]
A AR, =E3AS 108, 308, 14
, T, Ao R RSt Z) ATt mE s
£ AEGL-1, 2, 3 AR &3t} 20184 71&
1887 Bl tigh HFHIA7E LREHOH, 72
Mol Edol 7Rk(Interim) 22 AAE L YTt
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2 gojEm, dut e g 3,0007H ©]
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Criteria, PAC)S A3t 22t PAC-1, 2, 302 +
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Al AEGL 38 4 2831, sl 71Fe] gl o
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1. LiAEE MH

Ataie] B2 97 & 54, EA e 5 =
Ao fald =E27E A S A 5948 FF
o] golA, FudlA LA ALAK 5 TFA
o7 y#sle] FUdEol=(frEEd, AEdR
T AHE A do dAAsH H2 5d(2015-
2020)7F LAYE = sFetAba WA g F U
slol=o} HEE Ale F 167oE FelFE gl
o, Ak, Al kYol F BT} 3 AlAL v
HEFE YAEL Aok Fdustel== Tz
E A JY 39 A5 S 5 don, )

7F =& A 2ebA (carcinogenity)o] EHelE EZo]
o1 A A A& (International  Agency  for
Research on Cancer, IARC)*|A1E= Group 1 ZUE
AR AAstaL glom, Ig=F oA AAEE 4
Y =27IEE olF AHdte] b A Al
Het 71F 0.5 ppmeZ #E]= 3L JH(Table 1).
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Table 1. Basic information on regulatory status and exposure limits of formaldehyde

Classification

Contents

- Chemicals
- Chemicals
Occupational Safety - Chemicals

requiring regulatory management
requiring special management
kept below permissible limits

and Health Act - Chemicals requiring workplace monitoring
. (MOEL, KR) - Chemicals requiring special health diagnosis
Regulatory list - Chemicals requiring submission of PSM report
- Chemicals not allowed as trade secrets

Chemical Substances - Hazardous chemical substances

Control Act - Restricted substances
(MOE, KR) - Substances requiring preparation for accidents
Occupational exposure limit
MOEL (KR)  TWA 0.5 ppm; STEL 1 ppm; Ceiling, N/A
ACGIH (US)  TLV-TWA, 0.3 ppm; TLV-STEL, N/A; TLV-Ceiling, 0.3 ppm
NIOSH (US)  REL-TWA 0.016 ppm; REL-STEL N/A; REL Ceiling 0.1 ppm (15 min)
OSHA (US)  PEL TWA 0.75 ppm; PEL STEL 2 ppm; PEL Ceiling, N/A

Regulatory exposure Emergency/Accidental exposure limit

limit AIHA (US)  ERPG-1, 1 ppm; ERPG-2, 10 ppm; ERPG-3, 40 ppm
NIOSH (US)  IDLH, 20 ppm
- AEGL-1: 0.9 ppm (10, 30 min, 1, 4, 8 hours)
EPA (US) AEGL-2: 14 ppm (10, 30 min, 1, 4, 8 hours)
- AEGL-3: 100 ppm (10 min), 70 ppm (30 min), 56 ppm (1 hour),
35 ppm (4, 8 hours)
DOE (US)  PAC-1, 0.9 ppm; PAC-2, 14 ppm; PAC-3, 56 ppm
MOEL (KR) Group 1A (Carcinogen), Group 2 (Mutagen)
ACGIH (US) Group A2 (Carcinogen)
Hazard rating CLP (EU) Category 1B (Carcinogen)
EPA (US) Group B1 (Carcinogen)

IARC (International)  Group 1 (Carcinogen)

Abbreviations: MOEL, Ministry of Employment and Labor; MOE, Ministry of Environment; KR, Korea; PSM, Process Safety
Management; ACGIH, American Conference of Governmental Industrial Hygienists; US, United States; NIOSH, National
Institute for Occupational Safety and Health; OSHA, Occupational Safety and Health Administration; TWA, time-weighted
average; STEL, short-term exposure limit; TLV, Threshold Limit Value; N/A, not available; REL, Recommended Exposure Limit;
PEL, Permissible Exposure Limit; ERPG, Emergency Response Planning Guidelines; IDLH, Immediately Dangerous to Life or
Health; EPA, Environmental Protection Agency; AEGL, Acute Exposure Guideline Level; DOE, Department of Energy; PAC,
Protective Action Criteria; CLP, Classification, Labelling and Packaging; EU, European Union; IARC, International Agency for
Research on Cancer.

2. BMLEI|E SMXE ME £ Sim & Pattle(1957)94 W ArelM AR 30
TAEEIE S Sg Fdustel=e] 54 B 7ol w3 5 138 ppmE ZlWroE di), o
Ag= v]= EPAS] AEGL EZA<) AAE AEE =T Z]-:LOE ols] ¥t #f-FZ(lacrimation)g
259 tH(Table 2). AEGL-1 AHFHS 913 54 = el 52 Fold, $57] =29 9 7= A
L8 = A (irritation)ol] thek HF543-8%F(No o] Z7}sl7] A FsteE o x| (threshold)o] T
Observed Adverse Effect Level, NOAEL)S %|-8-3} AEGL-32] A%, S EddIREZRY d& =4 =}

, AYE FHraE ddez A7t

&% (highest non-lethal value)el] =

of, 22819] PPN 50009 TFO] FolAE
Bgow @AY AuE 48U AEGL2
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Table 2. Experimental data for estimating each exposure level'”

. AEGL
Variable
1 2 3
Endpoint 0.9 ppm 13.8 ppm 350 ppm
Toxicity data Subject over 500 people 12 healthy males rat
Exposure duration 6 minutes 30 minutes 4 hours
Time scaling no data no data 3
Total 1 1 10
Uncertainty Interspecies no data no data 3 (rodent)
factor 3
Intraspecies 1 1

(susceptible population)

Over 22 clinical studies
involving 500 subjects

proved concentrations
less than 1 ppm are
non-irritating

Data adequacy

Many of clinical studies Long-term and repeat-
involving over 500 subjects exposure studies support
support the 14 ppm 4- and 8-hours values
concentration as a

reasonable value

Data evidence (Key study)

Bender et al. (1986)'?

Sim & Pattle (1957)'"Y  Nargony et al. (1979)*

Abbreviations: AEGL, Acute Exposure Guideline Level; N/A, not available
*The evidence for each AEGL was based on the key study, respectively.

ZEA17] Aol P A4 (uncertainty factor, UF)E 4
2
[¢)

Slek 1

3. BN EIIE A

FAEZ7|E AP 7122 2 Haber7t A
E=x15hz] 7HL:](C><‘[ k)—— HAE A
E3HATEY o] FAALE fFEIIEY =F
(Concentration, C)2} A17K(Time, t)ol] W& =4
BH(FF k, constant)e] FEEHA, B A7
574 BEe) f57keel w2d A5 2 33l

Jo 2
g% g

offt 1ok orr
LA T s

T =S 559 A7k os) A€ ths o] 8ot
eEol| ot JEFk)e =EFEEot ALk Al 9
5l YAl FAEER F5A AATE FA = ook
s, 9T AT ke S tig FH-2H 0
S-S NHIBIER wEEEe} AIZE IA|9] Vel &
58 Aol fEsIt 2F T A7 710l
TS BE Y =EFE Qs JFo] FHu E=
4 k=7 10,9 B E ten Berge
S(1986)°] ARFE =& FES A7 AAC] 5o
R4 (n, exponent)S L S THC xt=k)."” =, A
k #e =29 9 35 Jehle go=, 54
TR PAAE, =E2AIZF B Fo] A o3|
A==, olE olgst Al =EFEEE I9F

http://www.kseh.org/

A8t AEGL-39] 79, 322 e A&
= FEE vEeE 44319 Th Nargony et al.
(1979)2] F=AF AelA AAIS 350 ppm (EH
& A Y M7 =271F) FEE WIRE(susceptible
population) B5-E 913 FU (interspecies) M ES
23 BAAS 33 F7 ) (intraspecies) WA =S
IHE BEAASE 302 slo] 2 BEAAS 10
< ALY So] A+ n @ sEHEAY] &
Aol uwle} ®FX]AME(50% lethal concentration,
LC50)°l et =E3A17t 2Ake9] o]& gk 71E
7] H](ratio)® AR ==, GAI =E2 FL 1y
st 71235k 38 ALY ol EdiE AR
u]= EPACIA] AATSEAL 1= AEGL-1, 2, 39 tigh
SN AIZHI0E, 305, A7, 47]7E, 8*]7P)tﬂ =
715E AlEslete 8AIZE Tkl 2T 5 T

Aoz % 967l T+ A|ABIATE
mz o
Zd|slo|re] FAx-E7]5F = AEGL-13} AEGL-
zoﬂ A

(endpoint)} L 3FATE. AEGL-1 7k 2F el

]_
=
gt 71X 71 GFATFA AR B4
s
H A BEL Bender et al.(1983)°] AA]E YA+
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AL A swroz sgom D oul t7] = = 2ZH x7] & 58 71522 127 ppme] AEGL-3
719} 0.9 ppm7kA] €] FEH|slo|E FEol| =EF Y e Agsld e, 158 71% 88 ppm, 208 80
S o AFE 2R EaAY, /e =S 5t pm, 25% 74 ppm 5 AR 715E =AU H(Fig.
sk Folth. webs & ATk =F 717 Eet 1). Iy 5 =FAIETE ARE AR 127

Aol AAIgle] LA 0.9 ppmeE A|A] 5}
Atk(Fig. 1). AEGL-2 % 4Fgoll= Sim & Pattle
(1957)9] A+ AelA AAE S4AH A

ppmellA 56 ppmeZ 1A]7F oJUle] 27| x=Z7]7F
Eo}_ == 7]‘1‘-’] Hﬂ§}7]_ 7"01]% ]‘o‘ 4/\121_ }\]Xt,‘]
(35 ppmy/HE 7% F= wWart AuEos 29t

S A&k A2 1299 A4 gds ok 8ARE =27 S (Ao AlESHEE AEGL-
Ao 2 13.8 ppme] F=ol 3087 =E2AI F Al 1, 2, 3%+ Table Al (Appendix)oll #| A3} T
l WS A wEskes WA oR o] RojRlon, 2
=22RE o 108 F &Y Fxeol oigk A Iv. 1 &
xj.%(adaptatlon) A4S B kA o] AxE
e s A d =E717F St 14 ppmS WG spetede] FEolu o|& I3 F, sk 5 3}
Al HE 7 F=® A sATHFig. 1). S WA Al ARNA FA] A8 TR =27
AEGL-13} 2 7127F 94 AIZF &<t 54 3 T AL YIS SR Al FEe B8 AY
Sxo =EFH QA wkgel] 7nkste] AAE WA, ARB) R B w2 % 93] oiEES 9
AEGL-3 & 918l 233 AFES (350 ppm/ & WFHo] B & Qlrh MM m AFF %ol 7t
10’240 minutes=k (C"xt=k) 2]o] # &3} 718l A ﬂwhi Q1S HI S A A &
(10,290,000 ppm’ - minutes/o. minutes)'*S =& = & 7Fs3t =E7I1FS AAstaL oy, Bala=
Jedl, =F A F8ste] A AHA & v]= EPACIA AAELAL Sl J4xE7]ES 7IRE
9671 77+e] AEGL-3%k2 AHgakith(Fig. 1). wl= O AR ZPAE AEsteto] F) A SkaLAL S9ITE
EPACIA 57] FZH(10%, 30, 1A17F, 4A17F, 8AIZH) Fdd|stol =] et AEGL 3 10%, 30%, 1
o gk 71EThe AAS v, AE2s A 85te AIZE, 4XZE, A7 E9lE AAskAL Jlont, sl
140
X 10min
X 30min
120 Y 60min 5 point-levels proposed
,é Y 240min | PYthe USERA
8100 X A 480min
=
& 8
2
=1 ¢
B 60 -
G p <
]
]
e 40
o X T AE(
o
20 Estimated levels
Poosoooce X & AEGL Level 2 every 5 min intervals
0 'ofeecKocccks X I AEGL Level 1
0 50 100 150 200 250 300 350 400 450 500
Time (min)

Fig. 1. Estimates of acute exposure guideline levels per every S5-minute for 8 hours
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Appendix
Table Al. Estimated specific AEGLs with an interval of five minutes for 8 hours
Exposure time Classification Note
(min) AEGL-T (ppm)  AEGL-2 (ppm)  AEGL-3 (ppm)
5 0.9 14 127
10 0.9 14 100 EPA AEGLs (10 min)
15 0.9 14 88
20 0.9 14 80
25 0.9 14 74
30 0.9 14 70 EPA AEGLs (30 min)
35 0.9 14 66
40 0.9 14 64
45 0.9 14 61
50 0.9 14 59
55 0.9 14 57
60 0.9 14 56 EPA AEGLs (1 hour)
65 0.9 14 54
70 0.9 14 53
75 0.9 14 52
80 0.9 14 50
85 0.9 14 49
90 0.9 14 49
95 0.9 14 48
100 0.9 14 47
105 0.9 14 46
110 0.9 14 45
115 0.9 14 45
120 0.9 14 44
125 0.9 14 44
130 0.9 14 43
135 0.9 14 42
140 0.9 14 42
145 0.9 14 41
150 0.9 14 41
155 0.9 14 40
160 0.9 14 40
165 0.9 14 40
170 0.9 14 39
175 0.9 14 39
180 0.9 14 39
185 0.9 14 38
190 0.9 14 38
195 0.9 14 38
200 0.9 14 37
205 0.9 14 37
210 0.9 14 37
215 0.9 14 36
220 0.9 14 36
225 0.9 14 36
230 0.9 14 36
235-430 0.9 14 35 EPA AEGLs (4, 8 hours)
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