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ABSTRACT

Objectives: A collective of workers in the company's cafeteria encountered symptoms such as stinging and
watering in and around the eyes, a sensation of sand in the eyes, erythema, swelling, and peeling of the skin on
the face and neck. The objective of this study is to pinpoint the causes of these symptoms and propose preventive
measures.

Methods: Following preliminary on-site investigations, worker interviews, and literature research, it was
determined that the most probable cause of the symptoms was ultraviolet rays emitted from a UV sterilizer.
Consequently, the study measured and assessed the effective amount of ultraviolet radiation emitted by the
sterilizer.

Results: When operating with the curtain—type door of the ultraviolet sterilizer open, it was observed to surpass
the 0.1 uW/cm? 8—hour work exposure standard recommended by ACGIH TLV in most kitchen workspaces. The
evaluation of the maximum allowable exposure time based on the distance from the ultraviolet sterilizer indicated
only 4.2 seconds at a distance of 0.2 m with the curtain door open, and merely 1.7 minutes at a distance of 1 m.

Conclusions: This study confirmed that the symptoms among restaurant workers emerged immediately after the
installation of the ultraviolet sterilizer, and these symptoms were consistent with those associated with exposure
to ultraviolet rays. Furthermore, the assessment revealed that the exposure level to ultraviolet rays could be
exceeded established exposure standards. It was recommended that the existing ultraviolet sterilizer be replaced
with one featuring a glass door, and facility improvements should be made, such as implementing an automatic
mechanism to turn off the ultraviolet lamp when the door is opened.

Key words: Cafeteria, erythema, ultraviolet ray, UV sterilizer
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(Koh et al., 1990).

2 AT A7 &A ARY iAol A
457 U SEAPL oi 4 ol SRt o
HAgste] A AA|H o R T HR1S FEetA
Shlout Rl BreuliA]l &et AeiolA Al
2 ot o] Folo] & 4= Al $2 AIoNA
87519t £33 BI=EA & AFKIo] AL 37gA}
T2 dfdstr| 3t T AQR AT} HE A=

O BIE AASLAR R

-

[ |

[I. CH S 2
1. AFRE KpH A SHEEZAL

FAAY ARG A7 A 7 ARE ARAFGA
OS2 F TEA = 4807g0lH, o]F AR L=}
400019 ot} -] AFEL JA SAF LS
5 IAHS] KA Gl gt AY EEAEC
Sy, 21 34 A A3 AIH Rl &
a2l9] W5 g 4 & FFHS) I8 4
o LRSS gifoz S digt AERE At
Ak FAFNAT AFGA] g dsdutet T oA
o 54 9 Z2& RV AFH ExAlE ALE
(11€~129)°] AF= ALt

o el

2. 2% ZA Y F4 B QUK Ofo}
2t el A 9 AT SRAES oz Ay
U EES o A AlF A5l

[0)

EL oy, F
~|

i
jus)
i)
0.

1
AE,
rO
)
i)
rlot

o2
43tT Gl 7 geto] @ 4 g £

s} Rolo] YAE 23Hs

Az DEAE0| Tad 4 WY AVE A -5
sfe] 41 R Gl W] et ol
5 9t WS At vaE QPR 2o 41
328 YBIEE 357D TAFL AL, AT

oA ARBEE Y &5 95 HF AdA 457
AAsto] ARSHAL 9l mEtA] ol et g Hslof
of5) AT 4= gl 8 B ST Bl B2
folacle] FARJMIE £ FAE Sl Tefsiqlt
+8
ou|zAL Aet ZHURAE F3 HT 7
o tish &A= A AP ¢ =ErET

3.

Q219 XYR =E2+F 7t L LY

=

Jo0
rQ

el

_8_0

S,

www.kiha.kr



240 FXH -0/ - UHSH

I

7 B4R fol HEE B 96 BRAE

o
~

2 Aystect. £ AL S0 et S48
o ol 1 eE4E e WEd Bad Aol Fol
o] g 4 YAl het ZAHE W ol ol

P7h QT A 257 M2
glon], AelMl 2E7|E Pk JROE niE B
Qolth. Eat F 9Bole AT &7, AT S4%
AR D] Aok HYL

Hagl, FolA Zejaq, Agld HagdoR ot
tolA QUi FE AQISHe Aot FI AH A9

HFigure 1).

o] o]Fojz| L glom, ofF] AARAITES 06A] 508~
07A] 20230, 120), A4H AAAIZES 12A]~134]
(1A17F, 480%), A9 AAMZERS 17A1~17A4] 30830
£, 360%), okt AJARAIZES 0~0A] 302(30%, 90%)

% 29EE B 290] A% 2R, Az 19

(), @R 1901900, FAEER) =

741 3080 &2elo] 1% 23S 194]0] Bis
o

1
Wx] 2WHL of7kzg ZHE35LT QQlth ot the

| ME3| |

[ mmsrmemg |

SNz 2]

=]
ol

ATt & A 12419} 1440 7zt

A 2R 7A 302004 19417}

H

g Aol A7) £3 & FH T EEo) U

0

o, = Qb Zef7t o7t A, & FHUE =S ¢
™ =]

52, 53 7REE9
34 50l UERT o]
HoA A=

%7] Axjojt},

A ¥57] dul= Y 7IARA HEEEYHE
2o guet 7EA(CAS WE: 75-71-8)9 1,2-TE&E =
HEZZZEQ 2oeHCAS HE: 76-14-2)°] EgH &

Figure 1. Schematic diagram of the company restaurant
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A5 A CFC-120]t}. AMB-El= CFC-12& FA9] oF=
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Figure 2. UV sterilizer used in company cafeteria
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1400A+= ACGIH TLV A7) o84 o 715x 9
A &3t H7o] 7hsdt Auloltt. S0 AREH HY
718 EAL Table 13} At}

Table 1. Characteristics of IL 1400 A

g3 IL 1400A (USA)
ZHIE HY 190~400 nm
oA Signal mode : uW/crf

Integrate mode : mJ/cn
700 nW/ert ~ 350 mWert
14 0.2 %

Solar blind vacuum photodiode tube
SED240/T2ACT3
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Figure 3. The measurement locations of ultraviolet radiation
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A7l wE-gt 29 9 Autd o] AoE o
5}7] 95t 71&0]tNIOSH, 1972; ACGIH, 2024).

ACGIHOIA A3t A4 &7 &(TLV)S 2714 &
F7F ok shbe A A 5 91(180~400 nm)OHH

=

www.kiha.kr

Tt
o2
-

A s R 247k AAlskhe TLV(E@S: J/m? Ee
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A& BAsto] ofg 4(Equation 1)°f weh HA| 3¢
HRAY AJAH FaAKH effective irradiance)2Z
Shakd 9 FHES: uW/em?) ©

Eef = ZEASAZM ............................ (Equation 1)

Bett 5 270 nm&] g0l 49] irradiancel]
et Ao FERAREF (0W/ar)

E; : spectral irradiance in #W/(crf/nm)

S, ; relative spectral effectiveness(unitless)

42 ; wavelength(nm), 1 W= 1x107 mJ/sec

g7t g2 7ol disted 42 i‘ﬁf’; 7éﬂrt Table

291 2ot SR 2 AA0lA 28] B S4% 2

o] Fatgtoltt. A FERARY SHERE dHE
2l

A A&AY] ¢ 0.44~0.63 W/cm BT QF
W/at, F4o] 0.04~0.20 (W/arE Yekgteh 18y u]
4= ® oA %7 AL £5 212 Ad 18 1

S ST A= ARAdE sdcke %ioﬂfﬂ‘:&
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Table 2. UV effective irradiance of main working locations

Effective UV irradiance(uW/cm)’

Location
Open door Closed door
Dish wash machine(7 meters away from ultraviolet sterilizer) 0.44 0.01
Dish wash machine(8 meters away from ultraviolet sterilizer) 0.63 0.02
Front of food warehouse(15 meters away from ultraviolet sterilizer) 0.30 NDT
Cooking area(18 meters away from ultraviolet sterilizer) 0.04 ND
Cooking area(19 meters away from ultraviolet sterilizer) 0.20 ND
Cooking area(23 meters away from ultraviolet sterilizer) 0.09 ND
" Average of two repeated measurements
T: Not detected
Table 3. Effective UV irradiance according to distance from the UV lamp
-~ Effective UV irradiance(uW/cr)’
Condition
0.2 m Tm 5m 10 m 16 m 17 m 22 m
Open door 721.5 30.08 3.26 0.76 0.34 0.30 0.02
Closed door -t 1.26 0.15 0.02 0.01 NDT ND

" Average of two repeated measurements
T: Measurement is not possible with the door closed
1 Not detected

el Aol HEEJ oW T ¥ 0.01~0.02 W/ Y A Sautaeg 2340 Table 33 Zth &A=
Pt XA A5V AE B do] 1 IS Zr ZA QoA 4zt 234 E7goto] HatakE AREst
YT F FF JAE ALet thRE] 2A-F7Ho Aot SAANE AHEE AQA AEY| £ 1 =
A1 ACGIH TLVOlA AAJek= 8AITE 2HY =& 7]&2d Ak o) 721.5 iW/a(0.2 m), 30.08 @/ar(1 m), 3.26

0.1 W/args zI3Ict. o] =Hof ARESH A= W/et(5 m), 0.76 W/at(10 m), 0.34 W/ar(16 m),
A =A] Au|ojA ZAREC] 1Y AA ZAAITE B9t 0.30 @W/a?(17 m) 12T 0.02 dV/a(22 m) o],
B =& §8 AA BARFo] ACGIHY 71&2 2 257 22 231 243 gos 1.26 W/a(l m),

B AAAE § 2R 4Y BAE S gk

>
Y RRe] ) g7ko] S871A(TLV)E Ztks) &
T 9lof 4 FYAE0) 19 W LETE o87F

d

30

238 7hs/do] Erial wekETh Table 200 AA|

—e— Open door in UV ray sterilizer
25 4 -0 - Closed door in UV ray sterilizer
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Effective Irradiance, Eggf (1Wicm?)
&
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AR AIIHE] O FE A o ostancs )

H ZA] ARREH ZFRJA &£47)9) 2AHLAE 27}6)o] Figure 4. The trend of effective UV irradiance according to

240] Bohsaige AR =R Azle] 42 A2 distance from the UV lemp

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(3): 238-246

www.kiha.kr



I

244 FXI - O1BE - S

0.15 W/er(> m), 0.02 @W/er(10 m), 0.01 W/ar(16
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7

o
o T
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Y2 AIZHMPET, maximum permissible exposure

time)E& Equation 20l wte} AAlete S skal Qi

3,000(x] /cr)
Arithmatic mean of BEeg(ilV/cr)

MPET(sec) =

.............. (Equation 2)

ol FHARAMNA B2 SFAE &5t 7] 4
of et A 2R £ ZAAAX| L} &l A=)
A A HH G EARE 3 g2 Table 4, 5
o} 2t}

F AAAA oA AL
o H5-8 LEAITRS Aﬂm‘%ﬂ/l A% 80~104
FAXT R 167+, o] 250~1,250%0]|% 2
, Al ’\57li—rﬂ Aol e Hs]E EAl
7&% E 22 99 B2 4% 4.2%20.2 m), 1.78(1
m), 1585 m), 662(10 m), 147E(16 m), 167E(17
m), 12|31 22 molAl= 8AIZE ofidol et HiHO, 4

5719 AR £2 B2 4= F APHA oAM= 2R

8’\14 oo m yetgton, Aol mE dsE =

57] B2 dol &Y

—= =2

o Ao msﬂ

1 molA 40%., 5 melAl 3338, 10 mol4
HAL 8AIZF oo vehges.

HANE HY 4T A4S F2Y 94
(8, Ze) SN AL =2 19 8AKIO
A g B3] MEBAE AAY =F0] I F2 A
PPNE, W5 £E Lok £2L ofd Ho
& WrhEge 21 4 ARG 5 g A% 8
52 9fof AYH 25719 AW H]d AE £ &
P2 b AU SUSHE 49 A £57] A

o=

_

7l %
E7H 0.2 moA9] 28 =EARo] 4.220
Hstrte A3 g 25719 735 F 300779 51’3%
@ 7A=Y —‘?—5\—'6’%% °F7] A 4\— U= %

Ao =3E & Qe ARIeE WHETh
Ao =EFE W] s oldl dFERARIA
AR 717178 A EY] BR AE o34 AR
7% (personal dosimeter)7} glo] Z54] A&
gt S45I37] wizell AdAES] s AJAE T
AM7VEBHo R BrFd #7F gloke A2 old d
94 —8]-74]790] ]1— ;]-1:} 3_3114- H]E 2154] X]—H]EU]—
STl AT AejAl AAmFE PAEE 2}
QAEFS AATE Zubo] gl 1 %i H]’/\]-Fﬂio] A

wetE

ghH ZpQlA A7) AE7|et ol ApeA AAH|o
gt -2yt =7 EEe] EAst=AlE ERRIS
Alo]E(Korea Standards & Certification)ojl4] 2FQ1gt
A3t 71 EFoIY Z]e 7)ol E2A5HA] koo, Sie]

Table 4. The maximum permissible exposure time(MPET) by the main working areas

MPET
Washing Food warehouse Cooking
Open door 10 = 104 min 167 min 250 - 1,250 min
Closed door > 8 hr > 8 hr > 8 hr
Table 5. The maximum permissible exposure time(MPET) by the distance from the UV lamp
MPET
0.2 m T m 5m 10 m 16 m 17 m 22 m
Open door 4.2 sec 1.7 min 15 min 66 min 147 min 167 min > 8 hr
Closed door - 40 min 333 min > 8 hr > 8 hr > 8 hr > 8 hr

" Measurement is not possible with the door closed
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749~ #1713(ANSI/CAN/UL 8802, the Standard for
Ultraviolet (UV) Germicidal Equipment and
Systems)®| 202349 AAFH HAOZE &Rl Hr}
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