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Characteristics of Formaldehyde Exposure during Cooking Work among
School Meal Service Workers

Kwonchul Ha" * HyeSeung Lee

Department of Biochemistry and Health Science, Changwon National University

ABSTRACT

Objectives: Lung cancer occurring in school meal service workers has attracted social attention, and there is a need
to evaluate the level of exposure to cooking oil fumes (COFs). The aims of this study are to determine the possibility
of formaldehyde exposure, which is suspected to be a causative agent, in the cooking environment by measuring
airborne concentration and to evaluate whether improving ventilation facilities can reduce exposure to COFs.

Methods: A total of 115 samples were collected from 10 school kitchens in Gyeongsangnam-do considering
factors such as whether cooking was occurring, the status of ventilation facility improvements, and the indoor
temperature and humidity. Airborne formaldehyde were measured using 2,4-DNPH-coated silica gel connected
to a sampler, and the samples were analyzed using ultra performance liquid chromatography (UPLC).

Results: Formaldehyde was detected in all ten school kitchens, and the average formaldehyde exposure level of
meal service workers was 3.3 ppb, which did not exceed the occupational exposure standards set by the Ministry
of Employment and Labor and ACGIH. Formaldehyde concentrations were found to be higher during cooking
processes compared to non—cooking processes. The average concentrations of personal samples from improved
schools and schools not improved were 3.0 ppb and 3.6 ppb, respectively; although there was no statistically
significant difference. However, area samples showed a statistically significantly lower distribution in improved
schools, indicating the effectiveness of ventilation facility improvements.

Conclusions: The detection of formaldehyde in all school kitchens raises the necessity for COFs management
through continuous monitoring and risk assessment along with improvement of ventilation facilities in the
cooking environment.

Key words: Cooking oil fumes (COFs), formaldehyde, school meal service workers
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Joll Akt =t olEol gt A7} EAI7E AHE A
]vﬂ HHA 28 @ g $29 Jag7E AA
QITHKOSTAT, 2024). ESH wS-Ho|A wxst 2}
Eoﬂ 2 F4] SAR A3 23 Hok IRt
Hl&o] 0.13%(24,005% % 319)= LRkl o/49] 5
& WEER] 0.03%2] oF 49= FA] SARAPE Hdt
T A A AL G A BRI S rk
(MoE, 2023).

2] F FAEAY Fo - AR s, A,
25, YIRS 24|, €% SHo= 1% e vie
9] "|I1EZ 5ol AoH, IeHy [ofIRtEE 2EE
(cooking oil fumes, COFs)I} AAE SIIE2 S0

oIt} ZelEold 1.20] 7|20R HA Zesle ot
A== 741 A Q] viEE(visible emissions generated
during cooking by frying with oi)& =AGATLA
(International Agency for Research on Cancer,
[ARO)= AYstal vt ddstA J(fume)oleh= &
o= AMFEZ FofollA A7} a1Fo] o) 7]ete &
371 SolA ¥zt=o] BAE= volA2ny & o]
st 3719 1A JAHEEA 2R A= 1129
2 F e AJEATHE [l 8=
Aot FAY B 5 ALRE 20 E JMESH &
A olggt J717F YA ==Y ZuAIEA] Qofx ofjof
E2Z 7IEYE, da 4E, 77148 7MY 2d =4,
371 5ol AJHEHIARC, 2010).

TAGAFA A= 20100 2EE} HdTte] T
A3 diste] Hastledl, 197095 S=, o
o 3, A7tEE 5 17709 AR AqolA
H|ZAR}F o /doflA] At Hhe] Rl s Agzto]
A kEEe 2YEE AAGSH ol ATt A=
28F =23 Hgdue] Ao s FAZHCE
oJu|gt A3 yehtA] 82 A4k IRt BAHL
2 9u7} Sl ek B2 IFos &9 RlEvt
lﬂ?’%‘% ze 7|7to] AAY, 2FY 5=t =AY,

& AlA FA(fume extractor)’} F= -0l “ﬂc’} Ll
A 95lo] =ty B ysty 9ok I8y o9k e
el 4 MY, s 94, 545 A e
Agolgt Bt ofje} Wt Weke] sk Ble] A
= vhed 7 A7) Welh 9 A 9 o
&2 o HFAAE PR o= AH1270 )
ojB g JARCOA«= ZEIYolA TAgsh 129 Hy
Z£E4(frying, emissions from high temperature)
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X2 SAHKe x2| 2t

Jhdof M2 ZEUHPIE & 54 351

1 2YFS ATNAY S At ol x|et AT
SE0A9 weldol ERIE|o] Group 2AE A5t
ATHIARC, 2010).

289 AR 5 28 AR 25714 A%
AL T e JRoEE ZFYHSE, ofZEH
Ql, WAIHA] 5ol AAI=L Sltt. vlAHA] & A
=49 A= B2 34 W 717]1e0] =] A

H-&0 & goJsHA ST 4= YA FAAHY] =2 &
Lo o= Ferel Ao A7 9l o=
E9Q12 F4] Fh FHA PRz FAY FF=
H=the= AgHgdo] dtiLee & Oh, 2020). °] & E&
dHslEs  vlaERAY A E7TE Q3] (American
Conference of Governmental Industrial Hygienists,
ACGIH)oIA A71=9} ol 955 ¥o7]al 7=
4 FoleE AS TAZ QA4 Wto] ERlE =
A9l Al(confirmed human carcinogen)2.& &3}
1 QTHACGIH, 2024). E3t TARCOIAE QlA|o] T
3k Hobgo] SE3SE Group 1 HIEARE ERokaL L
ow, Lyt T HoNE AFdOlA SES T
F A7 e EZQ 1AZR FESI JTHIARC,
2006; MoEL, 2020). F3l, ZEQdH sl g 4
7t & o|RojR= SEE/E EiAS #LogKoew©l
0.352 mF 37t 7Es3st EZo|tHKim et al.,
2023).

Z2EE T XY= 7180y A IL20=
7Hdsh= 28] WHel B-2(stir-fry), $17(deep frying)
59 ZHE st= Bl v ez SRt
(Oh et al., 2022). gt xejAH A= olg EAY &
A1t FAKH 7180ld At 120 = 7Hhsh=
g el Bs, FA,

BN

B (pan-frying, shallow
frying) 5= BI¥sHA ARESIE=RE EZFLH5|=7) T
Agstal oo 2] FARE Ed 4 Ut oJAH" X
SYHsIEs AT fo FFS v ¢ qlen A
544 28 S04 T 7580l w2 &4
Qo] x| FARE gAFoR 3 ZELT S|
LE H7l= o|FolAA] %Sk

SHH, 27 SARRES A Y A AEE AlRe R
StuofA Lok 28 SAKRY A7 ZAI7E AR A
o2 & 3571 H olF wSRe} 18 EFoA
4] SARY] A7E Hoskal bk 2 3
A& Hal 2023dRE 2027E7HA] FA R AL
AT 28 S iSRS S
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:L/k]/u }_E]i]—ﬁ 7Hk] H]—;g._s]_Oﬂq.(MoE
2023). ool mat ZHA oY 11 <F o 19 IS

A hate] §71-u]) AHAE Al&stA FZstal 9o
20234 8¢Y 7|Eo2 /WA o4 9,043% F 76917t
NS dmstg o YA 2027974 74T o
ook, v F44A 28 4 A A 2EE E
Ao 737t Q=R digh Hrk=s oFF o]Fo]z]A|
%31 it

maha 2 Ao g F4 22 849 37
T ZEYHPIE B S 5ol 34 28 IARE
9 zHF k& B4 ﬁJr%}i, @71 W 7H*Li

o
iy

1. AT CHA

BAAEETSA Abst Bl st & 9727wo|H &
T WA iAo 2 AAEAT 2023 8Y 7|FE0 R 27
314 Ao jAH st 1070 oltHMoE, 2023). &
Ao A= 20239 9¥HH 129714 BAE =] YA
158 F 28 7 Al Ji4o] ¥ Shl 5
AN, 7hAo] =R ¢kl dgd g 57 5 F 1071 st
9] xS O Z st F4 f&?éﬂ ALH 2=
FFE FRlstr] ol 9ol 12 23 st3leH, 5
Zaof gl 11~12¢ 3ol 22k S48 AAIsH3TE

A A= sta(A, B, C, D, B /A &=H gt
I(F, G, H, 1, )9 ¥xt 4?1 EAL Table 13} &t}

*z-

1%\1 o}—],]g]— Z/l]o]l,]» A-]/KU]}

on, 2] SAA} 1) 228 o
Qeich. 107430 BF % FAR 4 oF 1230]9
o8l A2 e 03, G e 1690 29kl A3

74AQ200A A=

2. AT H

Z28 A w52 5 e FOlIA T ZELTs|=
et A= 3= g A4 7IAAE R o7 28
of &, AE(E, A=) 5= st er 7iIA =} A
JA| = FHZ QFH It A GA =] ¢ A A
AIZE A, 28, HREYE RS, 28 5 FoQA
7t 7V o] g Ao R AiEE Fa FiH 25

7} o]Fo] A= & ZA(F 1m W)olA A5 7il

Ao A5 54, £, 73 59 28 g9ot= =
SAAE o E Alm AF wiA 7 5719 YAIste
Z 5to] §4] ARlA F =E5EHE ZEYH6E 55
_3_7(‘] o]‘ Tq-

Ag AF el 2 Ag = i AlE(full-
time)] 4% st 470% F 4070(38.8%), A A
e g 6~77048 F 6370(61.2%) %2, A Al

29 A% HA & Azl sidE=(full-time) A&
2070(19.4%), == Al 2470(23.3%), v]=E] Al 1974
(18.4%) At

Al A5 2 24 P2 vl AR R A At
¥(National Institute for Occupational Safety &
Health, NIOSH)S] Manual of Analytical Methods

Table 1. Characteristics of school cafeteria (kitchens) subject to sample collection

Improvement  Sampling Feeding student No. No. of meal No. of customer |Installation  Shift
status school Breakfast Lunch Dinner service workers  per workers year work
A (B 1,677 14 120 1999 X
B (B) 1,185 16 74 2005 X
_To be C (H™) 630 442 9 119 2009 0
improved
D (H) 124 715 208 10 105 2008 0
E (H) 713 280 10 99 2006 0]
F (B) 1,080 10 108 2000 X
G (B) 1,229 11 112 2008 X
Improvement H (E) 1,301 11 118 2007 X
completed
| (H) 127 816 590 (N 139 2011 0
J (H) 145 1,144 520 16 113 2003 0

*E: Elementary school **H: High school
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(NMAM) 20160 ot &4 2 EA45HIEHNIOSH,
2016). A& AHF vjAl= 2,4-dinitrophenylhydrazine
(2,4-DNPH)7} 9% AZ7Hd(Cat No. 226-119,
SKC Inc.)S 571 A=A37](Pocket Pump Touch
Air Sampler, SKC Inc.)2} 94519 0.2 L/min®] 3+
07 A7E AF5IAHJeung et al., 2000).

Ze| SR 22| & JHH0| ME ZSYHPIE =& 58 3583

X

2 EELYPIE 24 A AFEES
St glolA Watat EEWAR Uehfglon, 22 &
3 A oI, 28 o, Ado| W Aolg Yol
§15to] ANOVASH Al B4 5 AAlsiolet. 4 2
o] BA A= Microsoft Excel?] A4 Hlolg &
A& ol 839t

o,
ofx

ot

o,

A% A|BE Table 2] A% A=A Z0HE T2
(Ultra Performance Liquid Chromatography,
UPLC, USA, Waters H-Class)E o]-&5}o] 4513t

. A+ Zat

1. X2| $0) TEUCSIE 24 U 5 SN

Table 2. Conditions of UPLC for airborne formaldehyde AT oAt st 107804 A AE Sl X 103

ot
— — AL W oy oA 5170, hH e sl

t 5 -

e e A 527908, AERE ABE AR 507, AL
e i UPLE. Waters 1) Az 537igem, 7 st AR 4= 10~1170%0ch
ra perrormance liqui , aters m—Llass - — = = o=
chromatography ZE7F AgEE 224 WRolA AW 228 45t

Fom oS- oojzio] 7hEEIL glof Bt &7t
24.7°C, £EE 76.2%AT ALHY BH 2kE
17.4°C, S= 45.9%0130t. =5 &3 & ZaH

Capillary column HSS C18 1.8 im 2.1*75 mm

Operating Condition

Injection volume 0.3 md/min 5 e Hdd EFHARE UEeH, M=

Detector UV 360 mm LOD u|etollA8E X 14.1 ppbE UEFITE

Mobile phase 50 : 50 Acetonitrile/Distilled X AoA S4% ZELHS|E FEE Sh, X7
Water

273 7N o7, A= FEE R Table 39 WERRUH
MAA =] AS AA Bt 3.3 ppb(EZHA 1.6

*LOD (Limit of Detection) : 0.010 ug/sample

Table 3. Exposure level of airborne formaldehyde according to improvements in school cafeteria

Airborne formaldehyde concentration
Winter (December)
Personal Area

Temp. Humidity
No. of AM™+SD™ No. of AMSD (oc) (%)  No. of AM#SD No. of AMSD
samples  (ppb) samples (ppb)

samples (ppb) samples (ppb)

No. of local
exhaust Summer (September)

ventilation - Area
(Canopy  Temp. Humidity
hood) CC) (%)

Improvement School

status Personal

A (E®) 6 235 739 3 5.244.1 2 21+1.2 164 497 3 2.8+0.6 2 29+03
B (B) 7 22.3 836 3 5.624.1 2 3.5£0.8 18.7 76.6 3 5.1+0.7 2 4.910.5
Tobe CH* 5 255 66.3 3 7.245.9 2  6.2+02 227 36.1 3 3.941.2 2 3.6¢0.1
improved D (H) 8 263 759 3 4.4+0.8 2 4.04+0.1 15.6 482 3 7.0£6.1 2 2.810.4
EH) 4 240 77.0 3 4.3t1.5 2 3.1+29 184 322 4 3.3£1.1 2 3.2+08
Subtotal 15 5.3£3.3 10 3.8%1.1 16 4.4+19 10 3.5:04
F (E) 10 239 776 3 5.440.6 2 34+36 17.0 590 3 4.141.0 2 43:03
G (F) 14 262 820 3 7.3+1.8 2 2.5£3.1 181 38.0 4 4.1+1.3 2 2.310.8
Improvement H (€) 13 265 817 3 64453 2 4708 164 435 310811 2 14112
completed | (H) 9 259 713 3 5608 2 32430 134 481 4  20:03 2 2707
J (H) 7 247 817 3 6.9+2.6 2 2713 155 422 3 1.611.4 2 2.8t0.4
Subtotal 15 63422 10 3.3+24 17 2610 10 27407

*E: Elementary school **H: High school TAM: Arithmetic Mean FSD: Standard deviation
Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(4): 350-358 www.kiha.kr
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ppb)goH HQE 0.3 ppbolA FHU 6.4 ppbzE
ACGIH TLV-TWA(100 ppb)2} NIOSH RFELs(16
ppb)& ZISHA| Tt A YA R A§- AA| 5789
Y2 4.1 ppb, 28 349 Hd2 5.6 ppb, H|ZXE
T4 B2 3.8 ppbE YERHTE stuEzE v
THE SPHA] Ao AAE A|Fsto] 27 E50]
o @2 155t e x7 FARPE B 3.4 ppbE,
25N ZHESH= 28 SAKAY] Bt 3.2 ppbE
o § =2 ko] k20| HAN SAZFCE /ot
Atolg Ho|A|= eUTHp=0.6481).

2. 2H4 QOIH IEUNJ|E & =&
1) 7|4 Jhd o2

ZEA9 = LS gt ey 35, 3HE
7] 5= &% F4 H71e E4E, A T 5=
53 AA 315 AASkAL QAL 1 5 Table 37 &

o] FAHZIAAER ey 7] AAE 57004 14
N7AA] ARESEL Qlelem, S7IAIA A ol St
B 67), 7HA &= stul= Hi 10.6702 4ol &
55 w9 &7 ZA7t /iAol odH Sue] ]
A Eoh oF 1.88) Fx HWokth JHA o8E Stue
ZELHSIE 7 A8 B 5%+ 3.6 ppb(EEH
2+ 1.4 ppb).or, /Aol ghae stue] Bt ve
3.0 ppb(E=HA} 1.7 ppb)R oy BAKoZ Folsh
Z}olE HolA&= AUTHp=0.2056). 1Y Figure 1
I} Zo] AGA=9] ¢ /N4 A Skl 4.2 ppb(E
FHA} 1.2 ppb) /A &% S 4.0 ppb(E=HA}

1 To be improved
5 Z=4 Improved

42

4.0

36

3.0

Average airborne formaldehyde concentration, ppb

Personal Sample Area Sample

Figure 1. Average formaldehyde concentrations of area
(p=0.0286) and personal (p)0.05) samples
depending on improvement.
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o -
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Figure 2. Probability plot of airborne formaldehyde
concentration depending on improvement,
cooking status and season.

2.4 ppb) Fzolglon] B4 1% A3} S5 Aol
®0l(p=0.0286), Mrdoz #7|A4 A9 FH7}
Q= oz UeRth XA A ojxe] me
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F JHd0| M2 ZELHPIE & 59

Table 4. Summary of airborne formaldehyde concentrations (area samples) depending on whether cooking or non—-cooking

Process Improvement status ARTEES ?ar_npling e . of Concentration (peb)
min) samples AM#SD Range
To be improved 149 12 6.514.2 2.6~14.1
Cooking Improved 161 12 4.8+3.4 ({LOD~12.4
Subtotal 24 5.6£3.9
To be improved 296 9 3.311.3 1.9~6.5
Non-cooking Improved 230 10 4.242.4 7~9.2
Subtotal 19 3.8£1.9
A& 5= EXEE Figure 29 Zo] 7h4o] o8 3.3 ppb(EEHA} 2.0 ppb)E AWLE7} =2 90

w7} 7jdle] SRE Start MO Be BT
nE Byom o] gt £3 Aol ags
oA LheRde

I=J HE JEE ro,

2) Z2| o&

FeldolA x| ofFo UJr% EELEF|E 5= &

“% Aq Mgz 27 *17 b shuE=
ll

7H93\31 %“_rl' =7t 5.6 ppbo]‘fxiﬂtq H| 2 349
AR = 197093 B9t 55+ 3.8 ppbl2 LERY
o} 2 offo]| & A9 A5 5% E2Z+= Figure 2
o} Zo| xg| Zo] v APHT; HA|H R =2
T EXE o FEo| Yt E3F 2 Al Y
Bt sk 23X Y T 27 Zo] vjxE A
of H|sto] =11 YA Exstar Iirk 27 FAo] H]
28 FAHEY BHHoE ¢ H2 ZFEYHSIE 5
£ Hoon BAFCR [t AolE HAH
(p=0.0020). E3h, &4 A oo = x7 T4
T Y AR E2EE 3] § ZEYUCIEY &

= 7jAo] &=d StuE 4.8 ppb, 740l A=
Sti= 6.5 ppbE H A YoYU SAHCE &+
oSt = U THp=0.2885).

L

3) xa|)k| QE

zgAe gatos T2 s
= AW B9 257} 24.7C, AdsEE 77.1%° @
e o83 22 dollor, ALl 12¢¥0= A
B 2%7F 17.2C, AHEEs 47.4%00 °l=3Th
7] & ZELESIEY S4% 5 99 B AR 5
5009 Bt 57 4.9 ppb(jﬂ-_—u:‘{ix} 2.8 ppb)
ojglown, 12€d9l= A& 47t 5370RLL Bt =7t

ol

:1_'_
o

1
-
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=25} 71o] 129 A HTF HAA0T Lo wr=

RGP Ol AL RO Holg: vehigls)
(p=0.0012). AU LEo] THE HA| AR F& HE:

Figure 29} Zro] 9¥o| 12¥HT} M HOoRE =2 =
T BERE HYon u Bx WO 13l 9o =3
3F gro] 12¢0] vloto] \A st Ui

V.o &
AR LA B4 FAR] Heh WA} 71

o] = A% FoldA= 7“34347‘ ol HiEE=
2Y&Z AAskL Sl e &4 =l A7)
(environmental tobacco smoke, ETSAH wj2- ot
It JEo = =0} Slo] HE ARMIEAY TtA
FEAE RS 22 oY AR 1 g
AhE, 29 Azt FAE 59 EHH AR ISt
L AN oapAE Aol Betheky ot 2 9tk ©
U2 o]-&3t 2 TG4 doll sl Aks}, S, E5l
ghgo] dojunl dEs) AR s EAEZE(Group
DI QA ¥t oAM= (Group 2B)Q1 EZEUT|s|=
o} ot EYTs|Ert WY 4 tHPark et al,
2013). E3L 2 A] AGe F9 371 F ZHAEXA
(ultrafine particles, UFP), BIAIHA|(PM2.5)2} 22
PRPSEdo] L5, o3t YAPIEEY HHA =
TRl (polycyclic aromatic hydrocarbons,
PAHs)9} heterocyclic amines 5 7] &%o] &%t
Hol%le Aoz A 7IAYEH e Aol
= formaldehyde, acetaldehyde, acrylamide,
acrolein 59 fotEdo] W¥st= Zo= LHAH
(IARC, 2010).

Lee et al.(2019)0] W2 A F4] 28 FJARAE
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H = interluekin-4, GM-CSF, TGF-81 59 4331}
A 27] ghgo Tofol= AATE AREF O H|s| X
AaoA FeulstA =2 AH3o] S Hirskelth
ESH Lam et al.(2021)2 587] AZS 7HAAL Q1=
28 FARAPZE ZELH5IE0 A&EHoE SRS 4
£ 357] A% SAAEZ A E F Utk= A+ 2
W= HIIsHeH

28 F ZEYYs|E EAYo] gt w2 A+ A3t
It Schauer et al.(1998)2 ZAHA
12~400 ug/g, oFfE-S 82 Aol 20~100 ug/g2
EFUYS| =7t WA A HskoiY. ERE &5 Al
9] 1571 AF= Y CE Tenax tubes ©J&3f Al
=2 AFH F 4 932 AA B4 29 ZEAHIE,
acrolein, acetaldehyde, nonanal®] &£°2 Z&A5}
@O, acrolein, formaldehyde, acetaldehyde”}
AsAE Bl A7t 1.8, 10, 33E0] AAEY 2 F
oAM= <F 7.7, 6.6, 3.0&°] AdHH HISUTH
(Ho et al., 2006). T3t Kelly(2001)9] REilo] w=
H 7S o2 7IAeE H7|E o]-8sto] AH|o]
35 2T o dYol= ZELHFIEY 5L E =74
ot A3} 247} 48, 3 ppbE UEY} 7HAE AR T
b 2 5LE EItty s19loH, ol= 49 7] &
QI 1.93 ppboll Bl 1.6~24.98] =2 Zo&Z Hil
ol Lee & Jeong(2008) S, F4], L4 Al
oA ZAZ HE off ZEYYPE 5 4T
&0 Hele 89.7~345.9 ug/m*(73.0~281.6 ppb)
aow, A4 AlgoA 7MY =2 FEE Hth B
53tk ol £ AqtEo 25~100M) Ak ¥ =2
E FEo|th

A4 FHoA 2] oo g ZELHSIE &
L= AYARE Soi4 54T 25 28 Al B4 &
(5.6 ppb)7t B2 9] B4t 5%E(3.8 ppbh)ETt
oF 33% =2 A SRIsIIANE A HS 23 79
0|3t 2kol= glATHp=0.0638). 7153 A% 5= I
o2 7l¥sl= 2 S0 ZFRUHEIET HE W
o] ¥AElo] H|2Y FAHELT BHE =2 L& YE
= Aolgtal A EHH

£ Ao ACGIH(TLV)?F NIOSH(REL) 59 Z
FYHPIE =E7|ES 2= ey AFE o
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FE29] AR4(98%) ZELHsIE7F HEHAY £
AT S gkl k& VS 2IbolA] gorthal oy
g 7]Eolu A 1202 JtFsto] RE|ohks I}
JollAl Group 1(QIA HAER) EXQ ZELH 8=
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