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A Review on the Hazards of Flavoring Chemicals in Coffee Roasting Proces

Kyung—Taek Rim"

Chemicals Research Bureau, Occupational Safety and Health Research Institute, KOSHA
#339—-30, Exporo Yuseong—Gu, Daejeon 34122, Korea

ABSTRACT

Objectives: This study was based on the occurrence of a coffee roasting process—related disorder(bronchiolitis
obliterans; published by NIOSH in the US) among workers exposed to chemicals called diacetyl in a coffee
processing facility. Flavorings added to coffee contain diacetyl and 2,3—pentanedione, all of which are subject to
exposure in a number of food manufacturing processes, including coffee roasting, grinding, and packaging.
Therefore, this study aims to review the toxicity to workers related to food processing and food additive
manufacturing to prevent occupational diseases.

Methods: We surveyed the related literature, domestic and international references, and the status of relevant
domestic and foreign professional organizations. The present situation of workers was investigated by reviewing
literature on the safety and health of workers in the coffee roasting process using domestic and foreign literature
and presentations. Expert advisory opinions were reflected, and experts were consulted by participating in
domestic and overseas academic conferences.

Results: Most of the fragrance materials for coffee were harmful and hazardous substances according to the
GHS classification, and research was carried out through a second external consultation. A literature review
on the measurement of air pollutant emissions from coffee roasters and the estimation of air pollutant
emissions during coffee roasting examined the characteristics of pollutants emitted during coffee roasting.
Conclusions: Two chemicals identified as causing bronchiolitis obliterans in the coffee roasting process are
believed to explain why the disease is difficult to treat. This information can be used effectively in the future
prevention of this disease. Future studies should clearly identify the potential for toxicity of alpha—diketones
and the bases of OELs in relation to the occurrence of obstructive bronchiolitis, including measurement of
various organic compounds and alpha—diketones from ground coffee, as well as various coffee grinds and
coffee bean varieties. In particular, it is necessary to clarify the current understanding of the dose—response
relationship between alpha—diketone and lung disease in workers involved in coffee roasting.
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Abbreviations and Definitions

ACGIH  American Conference of Governmental Industrial Hygienists, 0|2 HE7 |2 AMAMMIT 5105
BFMP Butter-Flavored Microwave Popcorn, HE St2 W MARRIKE T2
BO Bronchiolitis Obliterans, HAE M7 2KIE

CDC Centers for Disease Control and Prevention, ZHSH(OLHIE

CDHS Center for Development of Human Services, QIZHIHUMIE

COPD Chronic Obstructive Pulmonary Disease, e A o st

DA Diacetyl, CIOMIE, 2,3-REC|29| [I2 0|2
EPA United States Environmental Protection Agency, 0223 s=

ERC European Research Coundil, REATLES

FDA United States Food and Drug Administration, Oj=AlZoof=

FTIR Fourier Transform Infrared Spectroscopy, 2|0 Het MM St

IARC International Agency for Research on Cancer, THQUTA

IRIS Integrated Risk Information System, Egt 2lAT HE A|AH

ISO International Organization for Standardization, INEZS |

NIOSH  National Institute for Occupational Safety and Health, O A H A1

NOES National Occupational Exposure Survey, =/t AYLE FAL

NTP National Toxicology Program, STEHEHOIZ M

OSHA  Occupational Safety and Health Administration, O 24

REL Recommended Exposure Limit, oY LE S

SCE Sister Chromatid Exchange, NOHEMEA w2t

STEL Short Term Exposure Limit,
TLV Threshold Limit Value,

TWA Time Weighted Average,
LM E

Aul= A AANA 3 7|7t FPASHA 85k =
712AF082A F AMAZTC] ZIPIH | o]=H
Al A1get FAo] HojA 1L et 20119 A¥| AH] 4
QIR 34709 HE 7IE o2 A4S off 442l 1999
Au] 8 & 71 2F 67070 Eoks AR RAE
o} o]= A9l 1909 o5 B 1.83%1Y] A™E vHAl=
Aretal SHeHIoHE, 2012). Sy 2 A9
A AbQlo] WA 7|, Aud 59 FAx A A
2o e, of7]ol= mZRRo|= FHEY A[&ARI
Z7P7F 2 Y9lo® Z83k1 UtkCoffeeTV, 2016).
2,3-Fe]2(2, 3-butanedione, diacetyl, DA), 2,3-
HE2(2,3-pentanedione, PD) 5°f 2st FAA
B A%} RS QJ5E =4 AT da} {54 Sl Fg
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=, 158 IEERY

BAR! JIEHEY, Jio| BE 22AP| NS WX
R0 DY B0 B 4 Ol 27| B RtigEo
5% EE 2205 elRel 4%

19 RUAZISOI] ARDISER=E71E

o 27EHEE A BAX RS TZo] Baste, &
g &0l AF7 ¥ AFHTE AxdE =EAe

sttt AT 24" T4 5 7FSAIA A HotAEo]
21l Eel= 3RMEA wE2H kA HH A7
A F(bronchiolitis obliterans, BO)°|Zt1 &&=
sl fstal A%t 387] Adto] dAHG= SASC] B
1= o, F ARle BF vl "ARAY] g 24
A A TREoloA Aot EAlAA WA
(Aguilar et al., 2016). H&d A7|HA L A7]EA]
o] &4} XFEl= HFTOE Qlsto] Lot A|7|HA|
HAE 583 @5 Total, 4 thRE o E 2
o] 7o wat sy wizo] &3t Agk2 ofuu, A
71HAYE Ee 718AAY BlsHA vedth A
1~25F 592 5 2=, 713 194 Ay HHYol &
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HE, Aot FASa} 710l B350l UErE &= A
T G471 3 gLl A SAEE= v e A
R}, oy AoAl= E5kARE, Aotof| A= ot
A0 22 587) 7 Fof 7]+ A7t "t
2 AR QIA] HE AR B5AENA Ao
2 {4 A7 BAES SR AF FREA, A
€ 5 4 AA¥oE 4gE 4 9oH, gks | A1
o F7Hd FaE FF totME 2 3-HEH S 3
skl ot fopAgt 2 3-HEt 22 HE AT 24
g, J2R1g 9 24 ZESE thp9] A1F A2
A =Z2HHLiu et al., 2017). =& =5X9 AHS
dstz] el NIOSHE tiotMEx} 2,3-sght] 29
371 ¥ ZYHY, =854 =& £0)7] At 3] ¢
o] 7] WAS At AFE A&sta etk oA
gy}t I AEAQ] 2,3-HE 22 A& g7 9 I A
Aol A SFH S ARSEE A=A, diacetylol 2
FHoZ L& A4S SRt HaA 71BAY,
= E01Z 4 Qe A4S ¥ Aglo] WhAygitt o] gk
oA H9| 7HY &2 ZI=A71BA)E AAE ol =5
o] 3719 24U =t} E3F 2 3-HE 22 5t
st o fAlelY FE RdoA: FARE G395 UEt
W}, A1F ABAF L E5A2] Hal g A7 EA ol gt A
HA T2 19859 Al AAS gt TF= AR A
|5 & F diacetyld} THAH A4 dojt Z o
2 AHFHNIOSH, 1985). 2000d 8¥ HAG=2
NIOSHOA ARFIA] HE 34 AZF] wgAtollA
H44d A7 BA LS 24 f9] 719 83
o} 1 832 NIOSH7} 0|11+ 9+2 oJojzleH, o]
A3k RARE o FEol F71E AZRHE o] A9
919l Aoz WYYt AR AA] HE U Fg A
Z AFJollA] NIOSH 24t Aik= FRE ARSsHAY A
Zohe wgAe] # A3 oo gt 712 & Als3ict.
20129 NIOSH= 317} = A 3 € H2 A&
AJakstal 2A67] ol J1E FRE AR 54t &
oA Hg A7BAAES A AT A FRO
diacetylo] A9 o]gfgt A2 AHIE €27 9
o] E|Qith= Aol &ajytor, o]2 QI An 2AY Y
T4 AollA] Q] AP} o]FolFtt. ol=gt A&
A9l ¥l ¥gto g NIOSHE diacetyl, 2,3-HE]
2 9 Az 2AF oA AAF 0w PP F=
He o2 SEEAS gkt YtHDaglia et al,
2007; Duling et al., 2016). Z43t &2 A1 AF=
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ojZ|gt 3RIE9] 7tA AAE Yol o & EHAS
qteh Aw] TRSAEO A An o] B4 D 7o) HolA|
g3} 2,3-dgtt] 20 gt A =& TP = A2
2 Uehgon ol diacetyl thalo] FEE ARRSH=
A Gof| A NIOSH”} At RELS &R 273, o]
A= ANGE, A5 9 35RA ALEET] tolNE
3 2,3-#gt] 2o e A|HE RELE Zdoh= A
A 7S Rkl ol dA A |ARd e b
olFE H7IE AL g9t} 23-HET S FRet
HE YT ol w28 54004 H 75 FAARE
A 357t HEUAL, o] lesAE2 oXd] HoNE
et HEEA g0 =EE T Vs &4
3-HE2S 580k AYEENA @77t &2
Fog FHEQh AFtolA 4 ET £ U=
2,3-Hgt 29 gL ul= EPA IRIS Z20, =
AdATtA E= NTP A132; L] HiAoA= B
7VEA] EUATHNTP, 1985).

AR RJA] FE I wsAbs HE YRle=E <l
APgEo] AAro|X|ut COPD ¥ H|-go] &9ith &
ojdof 1-&H egAt= Hod eEo] Stk vd
To] tog 349 439 LA HlA Al71EA]
Ao 2 ARttt o]= 19604 2003 Ato]
of FAollA 73t 175789 oAt AdolA =&, 55
7] 34, ® e E &9k TAO] gt AR ojoj
ok {715 9 357 S4° tigk AEA] HolelE gyt
QA MEF vl sk EEA] o2 YiE X 5o
2709 2+ Hlwste], Hobd & =54t 5F
7] 37, Q] 713 9 o] joJstA ke Bl
Ut &3} FEV; Afe]9] BA ESH A QIct. o] 58F
A AT E|MY] 557] 3449 It HolAld AB4to]
A AFEE o718 AARFHvan Rooy et al., 2009).
20049 84, 2| o} HABIARA(CDHS)2 AFY
PHEAR(Cal/OSHA)= A ote] Fgr AR k&
29wl d A71TA A ol gt A MR BEIAE
Horal, 20069 4%, T2 ALY Fu| A4t E Ao
gk F WA Azt FSE QAL ofE sAtE AR}
Q1] FW2Z Aol FAKSHA] Ak, = o A7, okEE,
o, e, ox| e} 22 1Ede U Ve =
£ ABiboks g8 A2GA9 eAEeldth F kst
T QxwE W 7|et FREO| HEQ &4 tiopA g}
AzxZ3Ao] Toist= 71 sEdS HaEF Aol
w29 tolNEof LEEH FEoA A%t T84T &

Ag AE)]

N oo 4

do
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Fe 4or)= AR Ueith 9 Alxo= 2,000
727} de sfeEdo] 23ET] iRl YekA]l g
AZAA L] A= F2 HE 2 AR AR
A B A9 esAtET ¢ B2 SlehEdo] kEH
(NIOSH, NOES Survey 1981-1983). m]=oj|A] T]o}A]
dof| FAfHoz w=Ed AFgol] 3,438 (44 1,628%)
ojlgtll AR Pt AAYA &2 tjoAdo| P4t
EAY AREE= Aol o] e &Y 9 oF e
E2 QA9 TAT & Stk ZYHF 9 ARE flo]Ed]
mEH el HE go] U= 371 &Y, 24 2 2=
= AF, 2 AE AR, HobMlgo] ShRE tE A
AELe] oi HES B0 toEe] =22 4 ot
(Lewis, 2004).

Table 19 BEAIES B3 BoiXl HotAde] =
AAE AEst] eI

A AZ &0 gt 7|Eo2, TLVE 8AIZF TWAZF
0.01 ppm, 15% STEL®] 0.02 ppm(ACGIH, 2016) ©]
o, Lo = 7]5—(ppm)oi HE 384 o7
6 33~15 28, -2 A& 28.17~49.94, A Z 3.68~7.95,

9 A 0.69~9.20, 29 6.01~62.18, Y5 A=
11 17~35.08, Agteld 3F9 13.45~26.58, 1&HH]0]
7.19~25.04, o}t A9 10.65~30.08, X |AIE
10.50~25.50, &5 A& 27.81, 9AIE 4.70~7.00, &
Z 2= 10.35~21.43, 24 A& 0.38~0.76, £2ZE 7

Table 1. Toxicity values of diacetyl from animal tests

o] 17.13~43.32 5OIt}. ofo]A=d, & AF 9 vprt
U2 A2 ARSEHTHFEMA, 1994). £ dAFolAE A
u 229 FAAA wad A7EAEE ol AL
= gRlE 239 spetEdo] niAe Il o 1
S| HuSg SHOE 1 fde s Hazt st
om, A 248 FHoNA Had AVEAES 2o
7le Aoz gld sstad 239 SA7IHE Eske
24

g =go] Hux}, 7 st ds gt At Id
(mRNA expression profiling) Hlo|EH|o]AE &
n| 2= Gl gk 1S Bl

o
ol
-

o] % 2}5E o] ?
399 =54 9 AR Ego] Hat st
Il g1

1. BUQ B3 23 U UHXIZ S8 0|83 AL 24
§ B3 5N AuT WA

=49 ¥ 23 J dude Eé A, Z-g-sto]
ﬂfﬂ 22Y 37, "40}/\119(23 l_), 2,3-dE &

‘547%44 Moﬂ 2a3kglch 2w,

574004 TAYstE SiekEd R QIeh 1
qeof FFe = —’F = A9 e =7 5 EEARE
=3¢} _'_xﬂoﬂ 7{1.4 LE] 4_1-101]/\-‘14
2l }Oﬂ st =410 A7oder W KWy}

Toxicity

References(Links)

FAO/WHO Joint Expert Committee on Food Additives; WHO Food Additives

Male Rat gavage LDsy 3,400 mg/kg

Series 42: Safety evaluation of aliphatic acyclic and alicyclic alpha—diketones and
related alpha—hydroxyketones(1999). Available from, as of April 28, 2016:

http://www.inchem.org/pages/jecfa.html

FAO/WHO Joint Expert Committee on Food Additives; WHO Food Additives

Female Rat gavage LDso 3,000 mg/kg

Series 42: Safety evaluation of aliphatic acyclic and alicyclic alpha—diketones and
related alpha-hydroxyketones(1999). Available from, as of April 28, 2016:

http://mwww.inchem.org/pages/jecfa.html

FAO/WHO Joint Expert Committee on Food Additives; WHO Food Additives

Rat gavage LDso 1,580 mg/kg

Series 42: Safety evaluation of aliphatic acyclic and alicyclic alpha—diketones and
related alpha—hydroxyketones(1999). Available from, as of April 28, 2016:

http://www.inchem.org/pages/jecfa.html

Mouse oral LDsy 250 mg/kg

Lewis, R.J. Sr.(ed) Sax's Dangerous Properties of Industrial Materials. 11th
Edition. Wiley-Interscience, Wiley &amp; Sons, Inc. Hoboken, NJ. 2004., p. 586

Rat i.p. LDsp 400 mg/kg

Lewis, R.J. Sr.(ed) Sax's Dangerous Properties of Industrial Materials. 11th
Edition. Wiley—Interscience, Wiley &amp; Sons, Inc. Hoboken, NJ. 2004., p. 586

Guinea pig oral LDsy 990 mg/kg

Lewis, R.J. Sr.(ed) Sax's Dangerous Properties of Industrial Materials. 11th
Edition. Wiley—Interscience, Wiley &amp; Sons, Inc. Hoboken, NJ. 2004., p. 586
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HAE 8ol tigh &gt A5 =Sl 7
AL PubMed (http://www.ncbi.nlm.nih.gov/pubmed),
Google Scholar (http://scholar.google.com) %
ScienceDirect(http://www.sciencedirect.com)®}
T2 AP|EE ARgoto] £3=|Qitt HA M2 MeSH
(National Center for Biotechnology Information,
Bethesda, MD, USA)9] &019} 71=5 ARSJT, &
= AN Z3ks =8 4 S 220 JHE HESH
gL EF9Uztod, scholar.google.com® HEilAe}
FIFASZ FAESI 7 Al HIAE F7H=E 8RRl

At

2) T2t A22]9
5 AE7Re 295t 2319 A&7 ARs s A

—

2. H| S QXS Comparative Toxicogenomics)
CIO|E{H|O|A ZM . 2

2 AFolA AR F 7HA] =491 HoE d
2,3-dgt] 23 PAE FAAEL] DEAS o gt b
olgHo]A AME 3ol om, MDI Biological
Laboratory & NC State Universityoll4] A|l&sk= H|w
EARAA dlolEHle]A(Comparative Toxicogenomics
Database; CTD) Z¥°o|A|o|A & &4} #AE F4
AL H3} glolHE FMstal, 1 23R Ueid I F
AAES] WHolof| s stk

. g+t Za}

1. e HAES I LHXAE S2 0188 70| 2A

2 3T oSA AT HE|TAL

1) 70 2AE A G| 148
eE FSA B

g A FEskih Sh2 H| B4 H o= o]Fof

RoH, & BioAe Bt dAE H o dHEet

A 2 AIAISHA] ekttt BAAS] 35, 7Hl 39
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A oL FYPor RAYS X

A Au|of Aot 5185}
A= SHA=0 d5st] A 2AY &
Hou g LsAtol gk JERARE o]-85HA] oAk
o 2 A4 A4 dxE, 9 F dAE
of thet AAHSA AIARE ERIstaIA} 5H oL,
AAE L ARG EHT 2= AAIAASAHRZE 4
AgE & gtk 9 AEES HEoE FY A 2
A Ao it FA|1A ] A RARE kA &
Fom, I Au BEAY AFRFAC] gt HuES 1
Zrol= o g2 7HHAR1 AR Tetstaat shoit

20149 "iEY 7]E 5% 3409 @ =1 =W A
Ao A ARHEEL AR 53 S AHA]
Skl Qar, =je] meizto]= 7 B EE= 201649 5
4T @A ZF AF EHlo]Xo I E BEESS HlEeE
Thxfo| = 7HH|9] F HEp= 647271 YER T &
Hxjo]2 BHESLS e X[Fo]| HFHoE HiE
For, AGH JEHER= A2(31.2%), 871(19.5%),
FAH8.3%), AH(5.6%), AX(4.8%)2] &=o|AUA|T AL,
7], A 5l A9S FAH A= mfijol|= 7t
Ho] I7 W= 55.5%5 AAFH. o= =4 ¢l
T 9 JA A HoA B ALKt @] fjEog =74
gk 4= Qled], 7420169 49 719 2 A9 5
A420149 7190014 39 FAKB.28%)1 49 A
(5.58%)°] B A9 tiH] B2 HuEpE 7|E51al U=
HoMz &RIE &= AtHCoffeeTV, 2016).

2) AL V|2 g&BE

A AF 9 An AZof| TFH o 7] F1EE
sl ZARIH.CH, ofeff Table 201 ZF Y712 HEE
of tigt gerEdo] it B - A FA| RS} A|AH
(Global Harmonized System of classification and
labelling of chemicals, GHS) ®-FZ23% $HA AAlSH
ATt

3) M=&lQ E S

12 AR2319](18. 3. 30) 7IeA=(HA=4d Ed 9
AE7hEE, 224 AHES19)(18. 5. 24) 7| HEAE
o Y F dE7he B & A V1A
T tEo] A Al 3 AuAado A e HA o]t
HUFE A% =382 shath

ox fd o 4z
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Table 2. GHS Hazard Classification results of coffee flavoring chemicals’

Concentration

Flavorings CAS No. (opm) Characteristrics GHS categories
(E)-B-Damascenone 23726-93-4 0.195 Fruit—flavored Chronic aquatic toxicity Category 2
Flammable liquids Category 3
B . Ao Skin corrosion/irritation Category 2
2-Furfurylthiol 98-02-2 1.08 Roasted(Coffee)

Serious eye damage/eye irritation Category 2
Chronic aquatic toxicity Category 3

3-Mercapto—-3-methylbutylfomate  50746-10-6 0.13 Spicy, Roasted  Not classified(ECHA)
Flammable liquids and vapor, Serious eye irritation, oral

3-Methyl-2-buten—1-thiol 5287-45-6 0.0082 Amine-like toxic, Skin sensitization, Respiratory sensitization
(ECHA)
_ o . AN Serious eye irritation, Skin sensitization, Respiratory
2-Isobutyl-2-methoxypyrazine 24683-00-9 0.083 Earthy sensitization(ECHA)
no _ Oral toxic, Serious eye irritation, Skin
homofuraneol(EHMF) 27538-09-6 17.3 Caramel-flavored sensitization(ECHA)

Acute toxic(oral) Category 4

Acute toxic(inhalation: vapor) Category 3

Serious eye damage/eye irritation Category 2
Flammable liquids Category 2

Acute toxic(oral) Category 4

Skin corrosion/irritation Category 2

Serious eye damage/eye irritation Category 2
Specific target organ toxicity-Single exposure Category
3(Respiratory irritation)

Severe skin burns and eye damage, Severe eye iritation,
Skin irritation and respiratory irritation(ECHA)
Flammable liquids Category 2

2,3-Pentanedione 600-14-6 39.6 Buttery Skin corrosion/skin irritation Category 2

Severe eye damage/eye irritation Category 2

Acute toxic(oral) Category 4
Acute toxic(dermal) Category 4
Acute toxic(inhalation: vapor) Category 3
Skin corrosion/skin irritation Category 1
Severe eye damage/eye irritation Category 1
Potato—flavored, ~ Skin sensitization Category 1
Sweety Specific target organ toxicity-Single exposure Category
3(Respiratory irritation)
Specific target organ toxicity-Repeated exposure
Category 2
Acute aquatic toxicity Category 1
Chronic aquatic toxicity Category 3
2-lsopropyl-3-methoxypyrazine 25773-40-4  0.00033  Earthy, Roasted Oral toxic(ECHA)
Acute toxic(oral) Category 4
Severe eye damage/eye irritation Category 2
Skin sensitization Category 1
Germ cell mutagenicity Category 2
Acute toxic(oral) Category 4
3658-77-3 109.0 Caramel-flavored  Skin corrosion/skin irritation Category 2

Phenol-flavored,

Guaiacol 90-05-1 4.20 Soi
picy

2,3-Butanedione(Diacetyl) 431-03-8 50.8 Buttery

4-Vinylguaiacol 7786-61-0 64.8 Spicy

Methional 3268-49-3 0.24

Vaniline 121-33-5 4.80 Vanilla—flavored

4~Hydroxy-2,5-dimethyl-3(2H)-

furanone Severe eye damage/eye irritation Category 2
2-Ethyl-3,5-dimethylpyrazine 13925-07-0 0.33 Earthy, Roasted Acute toxic(oral) Category 4
Oral toxic, Harmful in contact with skin, Harmful if
2,3-Diethyl-5—methylpyrazine 18138-04-0 0.0095 Earthy, Roasted inhaled, Severe eye irritation, Skin and respiratory
irritation(ECHA)

3-Hydroxy-4,5-dimethyl-2(5H)- Seasoning—flavore

28664-35-9 1.47 Oral toxic(ECHA)

furanone d

N . . . Skin corrosion/irritation Category 2
4-Ethylguaiacol 2785-89-9 163 Spicy Chronic aquatic toxicity Category 2
o-Ethyl-3-hydroxy-4-methyl2 - ggg_10-» 0.16 Seasoning  Oral toxic(ECHA)

(5H)-furanone
"Sourced by Grosch W. 16th ASIC Collog. Kyoto. 1995, Choi N.A., The Secret of Coffee Scent from Science. Seoul-Commun. 2015
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4) B 2ol Y 20N U

(1) A" 2AH 7| eFE4d W& S0l gt
E8(Lim et al., 2017)0llA4= B2 AT ZAE A
HiEEE 7] 29 EZS MK-600&% 7|9} 7FAA AT
< o]85to] ZEYTSIE | o ELTH|T|E | ofZEH|<
5 3EAR7IsE(Volatile Organic Compounds,
VOCs) 3%} CO, CO,, NOxE AA7toz 4yt
13] 2AH 25 Al HiEH 422 fioto] EAF Hj7|G-
o] WA f& , THAIEE ol&sto] IR} F FFEE A
o1t & 83 R S84 Bt 3.1 mY/I= e
o}, ) 2EAYF)= 2,000 ppm, CHIELHFI= 120
ppm, °FZEH el 10 ppm, CO 5,207 ppm, CO;
2.29%, NOx 35 ppml & ZH=Uth. A1 B+ 1 kg
A Al &R d71 @249 e Hd 5%
oI5| = 440.7 mg/kg, OFMIELHIS]I= 497.4 mg/kg, ot
Ed91 472.6 mg/kg, CO 66.6 mg/kg= UEPATE Faz
VELeFE 1A A2018-243(MOEL, 2018)°ll4 A3t
setEd 9 294 AAY =27 RH(TWA)S thait
2ty ZELHBIE 0.3 ppm(EUAA 1A, BAAIE Hol
¥432), oFAIEL 5= 50 ppm(STEL 150 ppm, ¥+
43 1B), o}=2E9?1 0.1 ppm(STEL 0.3 ppm, Skin), CO
30 ppm(STEL 20 ppm, 441574 1A), CO; 5.00
ppm(STEL 30,00 ppm), NO2 3 ppm(STEL 5 ppm),
NO 25 ppm.

(2) AT 228 A HiEEHE H719EE WEH
F4(Han et al, 2017) Eo=2, AW ZAF A] Hj
EHe LUEE EAS gotEy] HsiA SiY 2
ZARIRAL, AZE =il %= BF T s #iE
AGE ol8ste] A 2EAY A HiEE= tr|d9E
4 &S F43% Halolh

(3) UHFIA BAGAHATLNA 2012 HTH
gt YEATS wixde] HEFzt] oist ®Ei
(IoHE, 2012)°14 e5ATolA HizxnAo] T-FFSs
Ao H, AFAT F FUTAREIRAY) oo
2 22g Hojxl dFANETE dAdez QI I
9] YEATHIERDT} HFuIEA 407 Aot A
ARE Ayl AFE= HE 220~230C00A 308 Hx9
22 IFE AX7Io] LLEEQ] Wz A&
7FsdES dol FAAT tEys] E ERE0|ql &
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for Disease Control and Prevention, National Institute
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Et]2(9.3 ppb)9 RELS WESIOH 7 &2 =74
T ARG tjopAEo] 4.7 ppb, 2,3-HETH2
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9(25 ppb) ¥ 2,3-HgT2(31 ppb)o= HF ©7]
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Table 3. Occupational exposure limits for diacetyl and 2,3-pentanedione

Time Weighted Average(8 hr)

Short-term Exposure Limit(15 min)

Diacetyl

ACGIH TLV 10 ppb 20 ppb
NIOSH REL 5 ppb 25 ppb
2,3-Pentanedione

NIOSH REL 9.3 ppb 31 ppb

Table 4. Personal exposure limits for compounds sampled in the July 2015 and March 2016 NIOSH surveys”

. OSHA ACGIH NIOSH
Chemicals
PEL TLV STEL REL STEL IDLH
Diacetyl - 10 ppb 20 ppb 5.0 ppb? 25 ppb -
2,3-Pentanedione - - - 9.3 ppb? 31 ppb -
2,3-Hexanedione - - - - -
Total dust 15 mg/m’ - - - -
Respiratory dust 5.0 mg/m* 3.0 mg/m'* - - -
Inhalable dust - 10 mg/m* - -
CO; 5,000 ppm 5,000 ppm 30,000 ppm 5,000 ppm 30,000 ppm 40,000 ppm
CcO 50 ppm 25 ppm - 35 ppm 200 ppm(C)T 1,200 ppm

"Sourced by NIOSH, 2018
“There is no OSHA STEL for compounds in the table.

TNIOSH REL for diacetyl and 2,3-pentanedione are time-weighted averages for 8 hours or 10 hours for 40 hours per week.
TACGIH provides guidance on inhalation and respirable dust without TLV for inhalation or respiratory dust. According to
the ACGIH guidelines, airborne particles should be kept below 3 mg/m* for breathable particles and below 10 mg/m* for

inhalable particles.

SOSHA and NIOSH limits are designed to measure occupational exposures in manufacturing and other transactions
originating from carbon dioxide or carbon monoxide(eg, coffee roasting, welding, automobile exhaust, diesel engine
exhaust) sources. Typical levels of carbon monoxide in offices are 0-5 ppm. In an office environment, carbon dioxide
should generally not exceed 700 ppm above outdoor carbon dioxide levels. This generally corresponds to an indoor

concentration of 1200 ppm or less.

TThis is the NIOSH exposure limit for carbon monoxide. Ceiling values should not be exceeded at any time.
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‘O,l Ctd lluminating how chemicals affect human health

Comparative Toxicogenomics Database

7Au e}t A= g v e FRE2A A9 EThE o]
EAE S AER Y 9 5= Z20A W 35 34
< YAlte Aoz YegARt Ave A=Y 92 =
Aol dS 7H & 3l Asietd B4 SkE e
I EkES okl Aol HaEo] A|&HRl =1t

(¢}

o] & 2,3-F&t2(BD, HoE) S7I
of gt ofthy = T E ¥ AYH &2 47
e 3E7] A #Ro] Qe AR HIEH
(NIOSH, NOES Survey, 1981-1983). TIotNE-2 4]
FolA AdHor AT Y, JfHd, A%, /A
& 9 ATE H|FEsto] AE9] 3 FiE ¢ of=nm}
SRHAIRE AREET vl=ofAl= HotNE 3 ofA EQ]
o] AZ2JH(FDA)CIA A A&l H7toles EE&
TAE Ao R Qbdsittal JIFES F =
< dutdog EF o|23} HEW A%H 7tAaEn;
EJHE AHEsto] A& = Stk HoNE2 oy
tl= 35 AACIA LT o low HdogAES

O Diacetyl

Name Diacetyl
CAS Type 1 Name 2,3-Butanedione

Equivalent Terms 2,3 Butanedione | 2,3-Butanedione | Biacetyl | Diketobutane | Dimethyldiketone | Dimethylglyoxal

CAS Registry Number 431-03-8

Definition Carrier of aroma of butter, vinegar, coffee, and other foods.

Structure

H }\_4\ H
Top Interacting DCXR
Genes AEE
BCHE
ACTA2
AKR1B1
AKR1B10
ALB
B3GAT3
GLO1
L6

0 S

Interactions

MeSH®ID D003931

Figure 1. Database search results for expression changes of genes related to Diacetyl.
Searching results from MDI Biological Laboratory & NC State University(CTD) homepage, which provides gene mutation

data related to two substances
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Table 5. Function of expression—altering genes associated with diacetyl
(referenced from Genetics Home Reference in US National Library of Medicine, https://ghr.nim.nih.gov/)

Genes Function

The DCXR gene provides instructions for making a protein called dicarbonyl and L-xylulose reductase(DCXR), which plays multiple
roles in the body. One of its functions is to perform a chemical reaction that converts a sugar called L—xylulose to a molecule
called xylitol. This reaction is one step in a process by which the body can use sugars for energy. There are two versions
of L—xylulose reductase in the body, known as the major isoform and the minor isoform. The DCXR gene provides instructions
for making the major isoform, which converts L-xylulose more efficiently than the minor isoform. It is unclear if the minor
DCXR isoform is produced from the DCXR gene or another gene.

Another function of the DCXR protein is to break down toxic compounds called alpha—dicarbonyl compounds. These compounds,
which are byproducts of certain cellular processes or are found in foods in the diet, must be broken down so they do not
damage cells.

The DCXR protein is also one of several proteins that get attached to the surface of sperm cells as they mature. DCXR is
involved in the interaction of a sperm cell with an egg cell during fertilization.

Acetylcholinesterase hydrolyzes the neurotransmitter, acetylcholine at neuromuscular junctions and brain cholinergic synapses,
and thus terminates signal transmission. It is also found on the red blood cell membranes, where it constitutes the Yt blood
group antigen. Acetylcholinesterase exists in multiple molecular forms which possess similar catalytic properties, but differ
in their oligomeric assembly and mode of cell attachment to the cell surface. It is encoded by the single ACHE gene, and
the structural diversity in the gene products arises from alternative mRNA splicing, and post-translational associations of catalytic
and structural subunits. The major form of acetylcholinesterase found in brain, muscle and other tissues is the hydrophilic
species, which forms disulfide-linked oligomers with collagenous, or lipid—containing structural subunits. The other, alternatively
spliced form, expressed primarily in the erythroid tissues, differs at the C-terminal end, and contains a cleavable hydrophobic
peptide with a GPl-anchor site. It associates with the membranes through the phosphoinositide(Pl) moieties added
post-translationally.

ACHE

The BCHE gene provides instructions for making the pseudocholinesterase enzyme, also known as butyrylcholinesterase, which
is produced by the liver and circulates in the blood. The pseudocholinesterase enzyme is involved in the breakdown of certain
drugs, including muscle relaxant drugs called choline esters that are used during general anesthesia. These drugs are given
to relax the muscles used for movement(skeletal muscles), including the muscles involved in breathing, and are often employed
BCHE in emergencies when a breathing tube must be inserted quickly.

Pseudocholinesterase also helps protect the body by breaking down certain toxic substances before they reach the nerves.
These substances include certain pesticides, poisons that attack the nerves, and specific natural toxins including a compound
called solanine found in green potato skin. It is likely that the enzyme has other functions in the body, but these functions
are not well understood. Studies suggest that the enzyme may be involved in the transmission of nerve signals.

The ACTA2 gene provides instructions for making a protein called smooth muscle alpha(e)-2 actin, which is part of the actin

protein family. Actin proteins are important for cell movement and the tensing(contraction) of muscles.

Smooth muscle a2 actin is found in smooth muscle cells. Smooth muscles line the internal organs, including the blood vessels,

stomach, and intestines. Within smooth muscle cells, smooth muscle a=2 actin forms the core of structures called sarcomeres,
ACTA2  which are necessary for muscles to contract. Smooth muscles contract and relax as part of their normal function without

being consciously controlled.

Layers of smooth muscle cells are found in the walls of the arteries, which are blood vessels that carry blood from the heart

to the rest of the body. Smooth muscle a—2 actin contributes to the ability of these muscles to contract, which allows the

arteries to maintain their shape instead of stretching out as blood is pumped through them.

AKR1B1 -
AKR1B10 -

This gene encodes the most abundant protein in human blood. This protein functions in the regulation of blood plasma colloid
osmotic pressure and acts as a carrier protein for a wide range of endogenous molecules including hormones, fatty acids,

ALB  and metabolites, as well as exogenous drugs. Additionally, this protein exhibits an esterase-like activity with broad substrate
specificity. The encoded preproprotein is proteolytically processed to generate the mature protein. A peptide derived from
this protein, EPI-X4, is an endogenous inhibitor of the CXCR4 chemokine receptor.

B3GAR3 -
GLO1 _
This gene encodes a cytokine that functions in inflammation and the maturation of B cells. In addition, the encoded protein
has been shown to be an endogenous pyrogen capable of inducing fever in people with autoimmune diseases or infections.
L6 The protein is primarily produced at sites of acute and chronic inflammation, where it is secreted into the serum and induces

a transcriptional inflammatory response through interleukin 6 receptor, alpha. The functioning of this gene is implicated in
a wide variety of inflammation—associated disease states, including suspectibility to diabetes mellitus and systemic juvenile
rheumatoid arthritis. Alternative splicing results in multiple transcript variants.
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‘o,l Ctd lluminating how chemicals affect human health.

Comparative Toxicogenomics Database

O 2,3-pentanedione

Name 2,3-pentanedione
Equivalent Term acetyl propionyl
CAS Registry Number 600-14-6
Structure

Top Interacting

AKR1B1
Genes

AKR1B10
CXCR4
ADAM10
ADAM19
ADAMS
AKAPS
AKR1B8
ANGPTL4
APLN

MeSH®ID C013186

2 3 B
Interactions

Figure 2. Database search results for expression changes of genes related to 2,3-Pentanedione.

Searching results from MDI Biological Laboratory & NC State University(CTD) homepage, which provides gene mutation

data related to two substances
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Table 6. Function of expression—altering genes associated with 2,3-Pentanedione
(referenced from Genetics Home Reference in US National Library of Medicine, https://ghr.nim.nih.gov/)

Genes

Function

AKR1B1

AKR1B10

CXCR4

The CXCR4 gene provides instructions for making a receptor protein that spans the outer membrane of cells, specifically
white blood cells and cells in the brain and spinal cord(central nervous system). Receptor proteins have specific sites into
which certain other proteins, called ligands, fit like keys into locks. After attachment of its ligand, called SDF-1, the CXCR4
protein turns on(activates) signaling pathways inside the cell. These pathways help regulate cell growth and division(proliferation),
the process by which cells mature to carry out specific functions(differentiation), and cell survival. Once signaling is stimulated,
the CXCR4 protein is removed from the cell membrane(internalized) and broken down so it can no longer activate the signaling
pathways.

The CXCR4 receptor is also involved in the movement(migration) of cells. Cells that have the CXCR4 protein in their membrane
are attracted to SDF-1. High levels of this ligand are found in the bone marrow, which helps certain blood cells migrate
to and stay in the bone marrow until they are needed elsewhere in the body. Retention of early blood cells known as hematopoietic
stem cells in the bone marrow is important to ensure that stem cells are available when needed. White blood cells also
remain in the bone marrow until they are needed in the body to fight infection.

ADAM10

Members of the ADAM family are cell surface proteins with a unique structure possessing both potential adhesion and
protease domains. This gene encodes and ADAM family member that cleaves many proteins including TNF-alpha and E-cadherin.
Alternate splicing results in multiple transcript variants encoding different proteins that may undergo similar processing.

ADAM19

This gene encodes a member of the ADAM(a disintegrin and metalloprotease domain) family. Members of this family are
membrane—anchored proteins structurally related to snake venom disintegrins and have been implicated in a variety of biological
processes involving cell-cell and cell-matrix interactions, including fertilization, muscle development, and neurogenesis. This
member is a type | transmembrane protein and serves as a marker for dendritic cell differentiation. It has been demonstrated
to be an active metalloproteinase, which may be involved in normal physiological processes such as cell migration, cell
adhesion, cell-cell and cell-matrix interactions, and signal transduction. It is proposed to play a role in pathological processes,
such as cancer, inflammatory diseases, renal diseases, and Alzheimer's disease.

ADAMS8

AKAP5

AKR1B8

ANGPTL4

This gene encodes a glycosylated, secreted protein containing a C—terminal fibrinogen domain. The encoded protein is induced
by peroxisome proliferation activators and functions as a serum hormone that regulates glucose homeostasis, lipid metabolism,
and insulin sensitivity. This protein can also act as an apoptosis survival factor for vascular endothelial cells and can prevent
metastasis by inhibiting vascular growth and tumor cell invasion. The C-terminal domain may be proteolytically—cleaved from
the full-length secreted protein. Decreased expression of this gene has been associated with type 2 diabetes. Alternative
splicing results in multiple transcript variants. This gene was previously referred to as ANGPTL2 but has been renamed
ANGPTLA.

APLN

ol A4 7hsAdE E0l7] AT o2 WRjtEe] 41 1. 7O 2AE SFOM Edotk= eV ISES

At (Pirozzi & Scholand, 2012). 1 d& F332 2.3-HE] 20| A = AL ZAAloA] &
Aot Aol it kAt 2 FER wS, 3 A, g @ HR FEo= 23-wett o Mg wFo| w

Wy oA M98l 27 ATe) o mEA BN, 4% & olow, R dlolse] zhawl viele T
55879 A8 ¥R Ao Sol AKSmith & ] §9 9 S48 H3AE B 2308

Timby, 2005). &#}4Ql B Aol & HF} &
WS HasHe AW 714S ol8dtel WxA
MATFC.EHN o|FolAck, B olA why W
23lo] 7 7

T3to 2 K
2005).
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= 371 353 totES a3t A2 AFH Isf
29 & 9t} Eg & 7] E HAEE ] S50
H & glon topAdo] &0 = HiEEH &
2ol = EY E WA FVIE olF
o Zlojt}. B B9l wiEA Y Ao= AH
o, P& 95 EaflE 7Fs/dol 7HY &L oFol
49 AoE A g=t HH4 HEdE E=
Had Al71EA ol Bl ol9} SYgt S4do] A
A3t B Eo] AARIA] FE F7gol 4] HE o] =
Ao =EH AEA TAEAA HIEQch
(Lewis, 2004).

NIOSH NOES Survey(1981-1983)= u|=of4] Tj
ofNEof HAFoz =% Algo] 3,4389(cA
1,6287)clztal 8t HotEe] AP =&
topNgo] A AL AR EE ZGAlA &Y 2
NHR-ES &6 9T & o, BUEHY 9 HF
gofefof] m=2H ¥Rl HE Fo] U= F7] &Y,
=4 9 FRS H3H, Gl AFE AR, HotAldo] 3
H oE 4H AEHRY g7 JFHZ S HoAEd
L29 ot HoE ] FY2 AR HE
LE5AA 58 BAE 2o7IH, EAE AloloA
HE o] E=H A4 718X A FARE 1
Hagd ¥ Agto] YT

2. 70| 2AH ZHO|N LMotz sletE2 RS2 7YY
1) S4A™ das

Rat®] A7+ Foiof 23t REXARH(LDso) 3,000 mg/
kg O Z(Lewis, 2004), 2,3-H&t]2Z SUs F7t A
AV I, 718 2 78RS dopith A W A
TolA, FE, Hotdld & 2,3-3gt2 F7]° 6AIZE
5 EH rats AH7E AT 9 3] sEoE &
A9 FdE wErEdol et 71 e BuAg-E AU
F344 rat®] diacetyl Y L=&2 diacetyl? 57|
A3 2 gRlsk= H] AREEIQITE RatollA diacetyl
TE+= diacetyl 3 HE & 7100 gt S-S H]
73t HlsWe] An W3 YARE I3 6AIRE
Z T2 99l diacetyle] &-H HEH g2 &S SUSH
rate= tPEA A 718A 9 ol ESE ofvtyg
5.9]9] ofist Aol 4] NOAEL(No-observed-adverse-
effect level)°] 25 ppm "7t & S-S HAFT,
Fa B u|gAe] 459] 1 ojido] 24 10 um H|wto]
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g 42§ Y 7|z =299 7hsAdol itk ot
(HSDB, 2002). #Et]2(2,3-pentanedione, PD)ZE
FEH OBE 7H rat9] ¥ 718AoA 544 L&
o] ¥gE H7IZ W, A Wistar rate= 25
PD 200 ppm E= 371 6AIY/ Y, 54/5300 =&, =
249 HoA, 475 € HHR5S Eof, RNA 5 ¥
ufo]Z2ojgo] B4 & pH FAA TES Hrieh 2
I =25 FY HREol gle 7180 B2 454
AP E7IRIT}F AE7IRIS] HASE FARE thRao] H]s|
4,6837119] -AA7F AAI5] W= QI djxHo = A
8 71804, 3,807709] FAA7 YFE = =
oA F7t== itk fAA=E dAs] HMP= A
(HSDB, 2002).

2) HO|RGAIE duts

oAl o] A AQIFoA AlFet H7k=Eol §l=
n MES Salmonella Typhimurium NEA o+
TA98, TA100 % TA15355 AR&Sto] &A%t Ay,
A A8 Al 57 52 Ry 249 7R
worom rat 7+ &d E4J3t ofFof wt {23k &
Yk Gk TEER] ¢igktt. o]#3t o= AEH
A7} B4 B4} {570 BAgle] AFFeR =
Hol & g3} Q122 UeEPAHLiu et al., 2017).
Diacetyl o2 848} iAol 43t 4 284
3} 28-S yEilon, Aekd AEF AL tobAd f
I oH &40 JFS vE ¢ vkl FEogt
(NTP, 2007). tjolM€L propionitrile®] &4 3}l
Saccharomyces cerevisiaePlX FAREE FAA T4
£ F=3rh o2 At AlERelA HotdE ti7l thiA
IS 7AW 7HRIR] Q= Salmonella typhimurium
5 TA100, 102 ¥ 104004 EdWHo] f &4
HAOH TAI8 wolli= ol HoldAd® UehfiA|
&ttt CHO AUXBI1 A|ZEOA] bisulfitex diacetyl
< 53 o AujIMEA wIKHSCE)2] w2} =l
435}t AlEZ(endoreduplicated cell)9] HE&S |-9J5}
Al ZAAFHE. Sodium sulfite= S typhimurium <+
ZF TAI100°1A diacetyl?] &9Ho] FHHS E84
3} AFo totNEi} S| EA]E Yol B2
dhe|gjol 59| FAHol S FstAl JAIRH
(NTP, 1994). Al 74 b7tEd 3tE, 224 9
22784 9 topqgo] gt UDS(unscheduled

o N
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DNA synthesis, ¥%47] DNA 34)E FEIoH,
YotMEL Saccharomyces cerevisiaef|X &AW
Ol REsHA| gttt w0l A4 HotNE ]
=80l 448 AlE dAEEd Fof A% A4
3t S tphimurium® ¥/, TA100 90 ug/plate S
typhimuriume] IAY fl= TA104 5~500 ug/plate
oA ¥ UEtith o] AlEH® W Ad= 1,2-97t
2xdo] Ui AF 9 FR9| A=Y 8% 9T
S T 5 U AARITHNTP, 1994). 94 A4S 5
o FollA TR w, diacetyl(300 = 1500 mg/
ke)2 ornithine decarboxylase 43 4% H9to
DNASAS Z7MAFHTHHSDB, 2002; NTP, 1994).
Ho g2 ARl stolA At HigEe] o AERHE
178-85484F ESATAT= A EFoto] o
aAet tAlgo] &44%t 2 EEGS 22 Tt
(NTP, 1994). Diacetyl a4 EAo] JFS v
Qa1 Ad-FopA|zuto] it ARE 90% HAAIZIA] ¢k
owA AEA FA ¢-L-iduronidased] ARF v
Al Aot E WASFE 50% TAAHLeH, v=gt T
271 § 4§59 oAM= TEEUHRome &
Miller, 1980). HotMIExt 1 olvl =412 ¢ A
= AR AllE9] AutEA WhARNES B3t
A AEHAE FES 4= glgo] YA tHKovacic
& Cooksy, 2005). A HollA HotE2 otNER]
ko] Arsh-3h <% 9 QtWyof = Aol Zpf
ofn|i-7]|ete] F3to s FAFH olv|ie SFEF
A 4 QlK(Yaylayan et al., 2005). E3 AA W
ATy 242 toNdo] AHAIQ] Ao = e
o, AlgH Y A= HorMdo] Eddo] fE4Y
2 UERATHNTP, 1985).

M

3) YAMA™ duts

tolAgde] ACGIH A4(Not
classifiable as a human carcinogen)°l sjg¥
(ACGIH, 2016). o]d9] g} Aol #Ht HE=t &
Asto] 2o} Aulo] B = 27t YeEth Y
AWE v = AR Bl ES o, S AdEo] LA
o] & 719, ¥& = EStHLo|EVHFE HXket
Fsto]) Hot U 8 FAKHCE [Tt At
AZF it Ad= Hg EYAES STHAIE 5 UL
0] 5= 7HA|Ql SRl o5l WiE= AR K

H= 14

]g‘?:]l‘}\(—)] T O
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At IR SXoA 2 HHEE EdiH 0]
TE A S HY9 S Y9 & UthHWei et
al., 2017). 245 &<t 15L0 st H FHollA diacetyl
(1.70 ®¥= 8.40 mg/kg [0.0197 E+= 0.0976 mM/kgl)
< BRI 23 o TFS FUorA] &UTHHSDB,
2002; NTP, 1985). oHMIEQI(F FoF 12.0 F&
60.0 g/kg [136 T 681 mM/kgl), 6-7 37to) 3ul/
T Fo) IS Ut A eSkth(Opdyke, 1979).
HF(ung cancer, LO AX=9] & AFgI S
o] RES Fots Azt 35 B4 EAlolH, &4
S 1LCY F82 93 8Qlog 7HEE AN &40 AR}
o] Stoll A9 AR AR, A Al Wy
o] oFgEFe] 27| TAE RISk H 2HS Wl

A Castro et al., 2017).

r
[o]:

4) ™24 M7 2 X|Sl(obliterative bronchiolitis, OB)}
Ot M4Hd HZEESKchronic obstructive pulmonary
disease, COPD)

HAAg A71BAHD(0B)S ZEAT AZksE Az
254 9 vrtdy e HHE fEdeh o] A3
ot AAA dolo=RE S8V 9 g 7|HA

&

A GA R, AFH HARobAE Aol ohrd
o] 7157} AgtE . o] dhgsiti= Zlo] Ergd]
HQIth OB EAAIE BYHoz 3914 A7 Z2

E AREoRA|TL, o]Egt ekE2 FHd 54 7HAAL 9L
o G F= AE9 A7 4 FH 75 7AE
IZ3k5lo] thoket &8 HIEQch H o4 $x &
OB} VFHeskd fAMdol Sl ARl Hiad Al
¥ Z%Hbronchiolitis obliterans syndrome, BOS)’
2 A717t9] 5% ©l4] 715 Aol @ AFge] F8 9l
oltt. EYSHAE, OB= AHE A=A gho} # o] 4]
o gt H7}7t o]FojXHH Ao] s HPxof
2= &8-S ZFstcH(Aguilar et al., 2016).

Ty HAd ARG AR E, chronic
obstructive pulmonary disease, COPD, COLD,
COAD)E o= 5359 Ae7t EFstA =+ 1
A HAgke] oF FFE, Algto] Adol wt A7t et
ke, 9 FAHCEE= S5 7|3, 7 5ol 3l

3
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H(Vestbo, 2013). TH3718AA &} F tithof| AlA]
T w44 HE@gto] UehdthReilly et al., 2011). ¥
d HAd HElEe 7MY S35 HI2 FHoE, e
A3 AT 2L OE QAET FHL2 H|EE IS 7
Kt Decramer et al., 2012). NEEAAE 2F]
U S QI8 E9] 57171 AlYE o]FolX|R] gk= A
o] fj71H9] 7P & llolH, ol=gt A=HdE0] 2
 =E=H Hof d5Hgo] EAYS A7t FoFA AL
¥ ZZo] o == #7529 Ylo] HErkRabe et al.,
2007). A2 H7|5 AA 29 S49 7|7 E9S
o WA HNathell et al., 2007). 143 22 5 7]
FY = G Fofo Jof| ol A SHEA| =
o, Ty Hag HEe deXl BHRlE Hd &2
4o EXN dtd & glom, Az ols =<, A
HE, AL, 7184 HAY Fof, AF|E0|E Fo| 3
th g AHRol= 7179 Ak gRiolu H o]Ao=®
SAE7|E SHRabe et al., 2007). A AAZCZE 3
o 2,900% B, &2 A AA A+S] 5%l 77k AR
=°| T HHd HdgS et=rt g w8 HEs
2 20129 APl 3992 3009 T olAke] Apgiql
O|JTHWHO, 2013). ¥ YetsollA 15ske} w2
FAEE AR = 371 Ao R A tHMathers
& Loncar, 2006). 20109 M3 #H4 HAgo= <l
gt AAA w82 wmst 219 P RHE FHEN
(Lomborg, 2013). FZ AR =axt9] #ag A7l
A9 197} 20008 ml=r wlFESoA] HilE|glow
(van Rooy et al., 2009), 71 o|3& HE o] Y= =
719 e2d AR RIA] HE A2FF9] 5AEoA
HaHg A71BA B 2% 55 D APl o Ast
o] E 742 f3¥0] 7|15= Uk

3. AL 2AH SF0A Z Yot afet=E2
1) Ot ZOI0I0|=(AA) Z X

ofZ oo E(AA)= AMolA F¥tE o= AREE
784 U 24d AR, FAAD TS 7R
ARdsteled® AAEA. 22y A7 AAE
A2loM SaA= ] AHEE= EF| ot dotutel=
A E Aitshe © ARSE . S240lA 9] AA= 3
2 7%, S A, geskE Be 7 obvAte] 25
25E fE ¢ Qe oiagie 5 34 52
A3f o] shehEo] ArgolA F=TA AAR7F BAARR

At=lZ2H|

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(2): 119-140

EE Qe A1FoA AAS] A4, 4H|, 8|3 ojd ¢+
o] Aol Aol tishA ==L, AAC] gt
AA B44 I S 2R Ag ASHYE H2 g A
E Z7 depEo] gt AAY g HAYZo| =9
low, A74A, YA7|H 1Y AE U 7o) gt
AA9] SN2 JFS Hx, AAL} vl &3} A
=9)= 9Tt AAS] digt A9 HEE AFA}, AF A
4 9 9gr A FIF & A}(aya et al,
2018). AAY tisf 39 A+ HA U -2 gest
Eo] FH3E 49 A AF A¥ES 71&3

FAL BEsiTh A ATolN 53] ARz
el gojeulo] A% B3 Aloly AA A 4,
SELE o2 BA, 999 AL e WY 4
ke EAH @77t BESE Aolth. TolE B7s
T AR AN 25 W3] 97 do] AdEo]
of Gk o] FRsit

2) HIZI|AH(Benz[alpyrene) 2K

BEE FobA 9FE Tt BEAY IS EF
ool 7L Xgk Z4Ao] YRR HHEfHA AFA 1
2 A==t o] 7oA 6009 7HA] o]ide] ek
gk seEdo] AAEE Ao A ok #xw
Aol 12 2, TREAl A9 FAHER] ©gt
, GEE ZEkso] B9 daEo] A AEE=
FoEEREA, A7 AFE 58 A &9 Bt
/o] HE5] A71=al ATHIoHE, 2012).

o md rlo

Fa B4 A9 EAl= 1PE, A T T
P2 o] EEE0] =EE 4 3lth. NIOSH ZAto] ot
29 diacetyld] W3t AFH &2 ¥ 7|59 #AE
7HRE 4 lom E3 Hdg AZ|ERdeR gExl
35 o A3e] ¥jlo] & & 9lgo] v At H/3
A71BAFL ol = gle o Aoz At 5
oyt F7HE0] ol Eopte 430 SAEHA Y=
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Table 7. Ventilation considerations in the coffee roasting process

* Ensure that the ventilation system maintains other areas that are treated with sound pressure compared to the rest
of the mixing or compound room and the perfumery plant. This can reduce airborne contaminants in the room and area
from spreading to the rest of the plant.

Ensure that the air from the mixing or mixing room is not recirculated to other areas of the facility and is discharged
directly outdoors.

Collect dust and vapors during packaging operations using ventilated booths or partial enclosures.

When using LEV, keep the collection container as close as possible to the source of the odor component.

Provide an indicator, such as a pressure gauge or pressure gauge, installed in the duct near the hood inlet to provide
a way to verify that the unit is operating correctly. Check the hood's static pressure, surface speed, and capture speed
periodically(monthly) and record the results to verify that the system is operating as designed.

Install an on/off indicator indicating the status of the exhaust fan.

Place exhaust vents near doors, windows, air supply, and corridors to reduce the effects of ventilation.

Replace most of the air from the LEV system by providing an air supply in the work area.

Inspect the hood and enclosure for signs of damage or leaks(rust/corrosion, dog landing, etc.) and obstructions(paper,
gloves, cloth, etc.). If possible, use screens to prevent foreign objects from entering the system through holes(slots,
hood surfaces, etc.).

Prevent re-inflow by venting air to an open area in the open air with no doors, windows, passageways and air intakes.
Properly designed exhaust stacks should prevent exhaust air from re—entering the building.

Assess the efficiency of the system by monitoring worker exposure after ventilation is installed. Integrate the following
elements into the engineering design to the extent practicable:

Use an enclosed transfer process to reduce worker exposure to exhaust.

Isolate mixed areas with remaining plants by walls, doors, or other barriers, and maintain this area at negative pressure
relative to the rest of the work area to reduce the spread of contaminants to adjacent work areas.

Provide mechanical or pneumatic support for bag and sack handling.

Keep work area away from doors, windows, and openings so ventilation openings do not obstruct ventilation and
contaminants.

.

Table 8. Work management recommendations in the coffee roasting process

* Establish, implement and maintain health surveillance programs for all exposed employees. Measures should be taken
to prevent disease progression as it can identify the health effects of workers' initial work through medical monitoring
of exposed workers.

* Workers should not eat, drink or use tobacco products in the workplace.

« Establish a risk communication program that meets the requirements of the OSHA Hazard Communication Standard [29
CFR 1910.1200] and the International Harmonization System for Classification and Labeling of Chemicals(GHS).

* Transfer perfume ingredients instead of manual infusions using as close a process as possible. It should be added to
a mixing container covered with a funnel to restrict the spillage of liquids when poured, keeping the workplace clean
and promptly treated.

* Develop ventilation system evaluation and maintenance procedures and document them in a documented plan. Periodic
monitoring of system performance may include smoke tube testing as well as hood static pressure and face/duct velocity
measurements.

 Limit access to all areas where spices are treated as public to adequately protect workers.

* Establish standard procedures for cleaning vessels and mixing tanks. If possible, use an early cold water rinse and warm
water wash to reduce volatility.

* Establish standard procedures for cleaning leaks in small, large, and moist areas.

* Use vacuum with high efficiency particulate air filter or wet cleaning technology. Do not use compressed air or dry sweeping
to clean particles in the air.

» Cover containers used to mix and store fragrance ingredients when not in use. Empty containers may contain residual
fragrance and should be sealed.

» Use low-temperature storage of spice ingredients to reduce evaporation of chemicals in the air. Volatile components
should be added while mixing and cooling, and do not use heat to mix fragrance ingredients.

» Wait until pressure is below ambient to open pressure vessel.
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Table 9. Recommended protective equipment for the coffee roasting process

* Direct workers to perfume ingredients using materials that are potentially exposed to the skin or eyes to use chemical

resistant gloves and eye protection.

» When gloves, face shields and other PPE are used, require all exposed workers to wash hands and face before eating,

drinking or smoking.

Monitor each process to determine precisely the 8—hour weighted average and short—term exposure levels of diacetyl

and 2,3-pentanedione in the atmosphere where employers may be exposed. Respiratory protection when potential

exposure to diacetyl or 2,3-pentanedione is present.

standard.

If respiratory protection is used, establish a respiratory protection program that meets the requirements for a non-reusable

The provisions of this program include worker decisions that require ventilator use, selection procedures, medical

evaluation, compliance testing, training, use, and a ventilator. For respiratory protection against diacetyl and
2,3-pentanedione, consider using an air-purifying respirator or an air respirator with an electric fan, a respirator, a helmet,
or a loose facepiece. Especially when workers are expected to wear respirators for a long time. Use NIOSH-certified
air—purifying respirators with organic vapor and at least P100 cartridge or canister.
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