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Evaluation of Formaldehyde Exposure for
Formalin Spraying Work of Fish Farm Workers

Eun Young Kim” * Sungwon Choi * Sungsook Lee * Hyerim Son * Jin Ee Baek * Jae Hoon Shin * Deaho Kim
Institute of Occupation and Environment, COMWEL

ABSTRACT

Objectives: Formalin is used as an anthelmintic in farms where flounder are raised. In this study, we aim to identify
formaldehyde exposure levels for aquaculture industry workers and provide basic data for managing formaldehyde
exposure.

Methods: Exposure levels of formaldehyde in the air, including formalin spraying operations, were assessed
separately for personal and area samples. In addition, considering the formalin administration method, dermal
exposure to the hands was estimated when administering the chemical, and dermal exposure to the legs during
water tank work was estimated by collecting water in the water tank and evaluating the amount of formaldehyde
remaining. Finally, the respiratory exposure level and the estimated dermal exposure level were added to derive
the total exposure level and compared with the maximum allowable human dose.

Results: As a result of the airborne evaluation, the formaldehyde concentration of the worker (1 person) who
performed the formalin spraying and flounder sorting was 33.61 ppb, and the arithmetic mean of
formaldehyde concentrations of the workers (3 people) who only performed the flounder sorting was 3.28 ppb
(range: 2.25-4.89 ppb). In the case of dermal exposure, when spraying formalin once, the amount was
estimated to be 0.33-2.62 mg when wearing protective gear and 3.27-26.12 mg when not wearing it.

Conclusions: There was a difference in the formaldehyde exposure level of workers depending on their
operation of handling formalin and whether or not protective gear was worn. In particular, because the level of
formaldehyde exposure due to dermal exposure can be significant, there is a need to improve formalin
administration methods in a way that avoids skin contact as much as possible.

Key words: fish farm, formaldehyde, formalin spraying work, skin exposure
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HR5749.1%) S 7 Bol] &4t Q= Aoz &9l
=]k (Statistics Korea, 2023).

= =

S Aol AR QRS ARSIt 4RE 9
oFEolek =8 oE Ax - W - 5

FASHY O] QP - 84 AARE AA EESUME
ko OJoRE S Wittt ARE OJoFE2 g 2
@A, F=E, 73A), 2371A 2L < A oF
(HIEEIA], LA, A=THAA (WAL, H| A 2]7]A
2hg HEEEA), AAFA g HEHAD, o2&
HABAD), FF (A, BX2F oJokE 5o] AUtk
(NFPQMS, 2022).

o] & 4kE FFAE ARE DL = Aol HX =
(bithionol), Z2LH(formalin), TUFZA(fumagillin
dicyclohexlamine), Z&}A#(praziquantel), E&E
275 E(trichlorofon), IHs}=4(hydrogen peroxide)
7F om, J2|2} ofgh(FA/E0] E Aol F714
QE5F(Ichthyobodosp., Scuticociliatida) 2 S+t
(Saprolegnia spp.) 74 {40 2= ZEUH, HX|9
ATETVE(Scuticociliatida) FA| BA O ARSI A
7} B50] 2 Z 0= ARt IA = FXe] AR
ZETRTEE AASHAL 1o, F o= dHikslea
7h 712 ZFEJ FFAE ARESHL Sl 22T
= 37% ZETT YHojm, FoF HRHL ok HhAlo g
T2 AFE 5 E5 9 100-200 nfe] H&=2 FoF
T A4 Algto] At & 54 wjEoh= Aol HRt
A AR Sl5= ozl Ao] o, =& S ShH
Al AArgo] AoteH FAYSAAES] Tete = A4dgt
okz o Eokeltt ghHH, E2WH(formalin}S EZEUT|S]
Z(formaldehyde) 35~37%7F &l =0} Q&= 48
AR, Z2gHE Hgohs AYgAs Z2EHY 714
AEIQl ZEYHs|E0] EE o AT ZELHS|E=
=AY A+A(International Agency for Research on
Cancer, IARC)OIIA BEH(leukemia) FLL 5= U=
Group 1202 E5Fol1l Q= 7383t HekEZlolct, TJ8ut
olz|gh oMol E-otal FAIYH SARES A=
AREE|DL Sl ZEYTSIES] YRS A= QIAIHA]
Folal itk TS FUiQlolla] A SARES tHe=
371 F ZELUIE 23S VIR A EEA
o|20{x 1 YrHKim et al., 2022).

oebA 2 A BEHL AFAE ZEUS AR
SHIL = FAGTARAE R ZEYUH5|E 5=
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2022¢ 64 169 ATk W FolE dAsk= A At
A HHEste] IS TElohe FARE gigos
g7kt A; 5t A AFGA 5070 o] 2E E
Fol Y= AR = Z2A 49o] £ B E
okal St mEhA, B dFollAs 9=l 224 43S
o=z 7] F ZELY5|E &7}, 20 e
St QE EEYUCsIE & Ttolr] o) £ W
E(water)d} FolE Yeoto] FFolal Qs ZEL|
3= FE HrlotArt

1) 371 & ZEYH5|E Bt

371 & EZFLHSIE Bk vs SRR
A-+Y(National Institute for Occupational Safety
& Health, NIOSH) method 2016 #ilste] H7}st
At A= AF oJA= 2,4-dinitrophenylhydrazine
(2,4-DNPH)7} Z®" Ag7FA(Cat no 226-119,
SKC in)& AH&31910m, ARl 22719t @ dstol
AT B W AR E2EAG A% Y
T go] A Al et AdRF 183 A At
et ARt 38L o AANEAHE S
(Figure 1), ZE2TY A% FH $X0} v] Ax X
FHONA A AlgE AFHeIAT. HE2T-E FAE ¢
FollA AAISHHH.

2) =2 Lf S(water) L 20 L 7 ZEAH||E LIt
F4hE W ZEGHsIE 3F B42 Kim et al
(2010) ¥ Andreoli(2003) =& st
< @ Bt i FAeIA ARESEL Qe PAIRS
Fojolw, 7 4] FoE=E 3714 At & opA|
EUo|E”R 8% 24-DNPHES F%Hog 7
3087 FEAg ofal, EEd9S iR st A5
=o}

o =

—-

d31= $he 242 Wahed(2016) WHoll #irste]
2,4-DNPHS S0 2 715 ok 3087 S =A4|3)s)
I gGEE o3 & 242 HAAGH. B AR
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Figure 1. Formalin spraying work (top) and flounder sorting work (bottom)
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(HPLC: Agilent Technologies 1200 series, Agilent
Technologies, USA / AZFE47] 3200 Q Trap, AB

Sciex, USA)E AFg5lo] BA5k9T)
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A _L]. A}_Q.s].b 7\1] 5_,_(/\_=,L1:ﬂ—a] /\;131 3/(:11:1—
B, Al iﬁ‘A)i SRIFF o, 5AZE Sl 5
< AYH 1071, AT 21070011, =T A
2 AZe= 10070, ZEAE 3070, AFEA2 837
2 SRl A FARFONA SRR ZE HAo)
I QIR ol FHMANEERETE N ek
20229 $4RE QJoRE AlE Qo dRolA AEES
NEoR AAsie]l JEE FAISIAT. A FAHIA
T oFEL 5FoH, AE F AFTTA1S 1), 22
(18 L), i—A(lS Lol &t_t”'fqol x3ly Ao
A=H, F 213709 AlE= et Aoz gRlFnh
AR o‘ﬂ°ﬂ tishiA= L%*%Ol TR A BT
S5, 100~200 mf/E 3JAlste] ARgskal, 1A[7E
AR T 20 E5 VARG o FUEAAE E
= A FAAolA 597 Bt 3.671/€9] 22=o]
2ZohE oREZ ARESte ACE FHH

3. 712 HUABSZAUEINM EE
AT ol He FAEE Z.‘%* 273

Ao, 20219 sz A 1‘8 AIE FRlot

o, 279 ZAXE gito =

£4% % 89 ppbZ 2 91%&

0

4. 37| 5 BSUCBIE =EH} A

Szo] mEWS Yuss e BEUAL B
SA(SF 200 ppm)le] BZEAIE o} gstol Al
Aole}. £z 174 o 9.5 x 10.39 x 0.5 m'(eF 50
) O], OFE ALE A ¥ 45 2857,
% % AR AR A T 520 B TR, W
A7} 587 EEUY AR F A AIL SAE AR
o] ARIZIEHE SEE 33,610 ppbolAon, 18:F

Fi
rlo
1)
\Val

F =5715(300 ppb)¥] 1/10 s<Eelth. 1 9] 2=
AEE SHA] QAT AR 39| Few Akedat 3.282
(2.249-4.894 ppb)2 ERIE UK Table 1)

xady A ZHAo] st WAI7F &8 FHUeH]
SIS BEE A} ojsolHolok HAT, T4
ﬂ7}oﬂ/\1 l—r@]—gmu} —6378}1—117} ] =uhy] Ak XHQ
Z19] ZHo] W8-& kst Ayt __hl;__l:ﬂ—E] A A7l 58
2 AT BE Y T B2 22 I 48

412 Sastert F—Mﬂ%ﬂ q1 o mefehd e
2 ALE A2 B Aol A2E BEAYSE A2
e 5H710] ALE B0 zcgla P A o)A

LEH o] ik eEgoltal wE oo Ak
Q1 37 HirHolx|qt A AR} HEFolA A 2
2t 37golA AEH EZELU5|E B AEFE AT
o] ZETHUE SEL AESIHA =2H ZEYTS|E
LE&fFolgtal 8% 4= 9lom, ol= 2F 3.065 ppme]
4] 1-2). o= v AP E A (Occupational
Safety & Health Administration, OSHA)S] ©A|7F &=
£7|&(short-term exposure limit, STEL)S! 2 ppm%E
o} oF 1.58) =2 FFo|t}

241 FYE

A E A

54 ) FA T T EELHI = 5 (ppm) =
FAELELUNINEAEHF (ug) 2445
%) 30.03
2 L E(water) & Z0{ L} HLEAH5|E "It

Table 1. Airborne formaldehyde concentration in the fish farm (2022. 6. 16.) (unit : ppb)
FIEEEES [ tslrirgglflﬁ?r% No' (Arithmetic) mCe(;TwcentrannMin—l\/lax
Spraying(dmin) and sorting Personal 292 1 33.610 -
Sorting Personal 267 3 3.282 2.249-4.894
Fish tank with formalin Area 266 2 206.780 165.443-248.116
Fish tank without formalin Area 268 8 2.323 0.856-6.250
Control Area 205 1 2.344 -

"Number of sample
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Table 2. Formaldehyde content in cultured flounder and water in fish tank (2022. 6. 16.)

e ZEYCISIE =587t 407

No. of sample

Formaline Location o &7 Celsied @iks) Mean content(%) Unit
Water in tank 1(1) 0.125 mg/L

Head 3(3) 0.435

Sprayed Fillet 5(b) 0.125
Fin 33) 0.218 mg/kg

Tail 3@) 0.240

Average 0.254
Water in tank 1(1) 0.001 mg/L

Head 3(3) 0.351

Not sprayed Fillet 5(5) 0.118
Fin 3(3) 0.236 mg/kg

Tail 3(3) 0.180

Average 0.221

T Shgdol e A X% 0.125 ng/L, @4E7 G
o] A —/F— 001 mg/L_E 1}0]7} At lﬂib} Iz

=5E FJ St & 71405 mg/L)«l Yl it
L e ol

o 42 52 0221 mg/kgi Zzo| TE EZU|
5= gl Hol7t Ao
(Table 2).

6. ZEYHC|IES IR & FH

j‘j,]l-?_ ]]:/—10 E.‘(’)‘]— _?46413 1lﬂ7]- rﬂ/\]‘ C’X] O 7].‘.1 e}
2 A" systemic effect), = JFEZ0| TBEE
ol AWE E5Eo] Ao E2do=2HN 545 ©
oplete MF Fi 243 =R 0}5} oy 3}et
=4o] 84 4 X84 A=E U= =9/3H4
E4%k0] SEE/= EiAIS #olt 14 s 5T A
‘H 7 GA dojur] HsiAe 1 %‘f:}g/ =i

Al FHLogKow)o] -0.5°014] 3.0 Ate]2] EZ(OSHA)
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Identification of substances subject to evaluation

l

Identify handling conditions
(concentration, handling time, etc.)

l

Determination of the maximum allowable amount
for the human body

l

Calculation of skin permeability coefficient of
hazardous substances

l

Calculation of absorption amount
per unit time and unit skin

l

Calculation of human body absorption
(based on 8 hours per day)

Figure 2. Dermal exposure risk assessment procedure
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Table 3. Estimated dermal exposure for hands during formalin spraying (applied to 5 minutes of working time)

Back of hand  Back of hand  Back of hand

Exposure region Hand (whole) (50%) (30%) (10%)
Formaldehyde exposure limit (ppm) 0.3
Formaldehyde exposure limit (mg/m’) 0.37
Formaldehyde concentration used (%) 37
Formaldehyde concentration used (mg/cr) 370
Average daily respiratory volume for adults (m) 10
Maximum allowable amount (ng) 3.68
Octanol/water partition coefficient (logKow) 0.35
skin permeability coefficient (logKp)=cm/hr -2.74
Kp 0.00183
J(flux rate, mg/cm*hr) 0.6777
Area of both hands in domestic adults (cr) 462.34 231.17 115.59 57.79
Protection factor 0.1(1) 0.1(1) 0.1(1) 0.1(1)
Absorption dose (mg) 2.61(26.11) 1.31(13.06) 0.65(6.53) 0.33(3.26)
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Table 4. Estimated dermal exposure for legs during tank maintenance work
Exposure region Leg (spraying) Leg (sorting)
Formaldehyde exposure limit (ppm) 0.3
Formaldehyde exposure limit (mg/m) 0.37
Formaldehyde concentration used (%) 0.125 0.001
Formaldehyde concentration used (mg/crr) 0.000125 0.000001
Average daily respiratory volume for adults (m) 10 10
Maximum allowable amount (mg) 3.68
Octanol/water partition coefficient (logKow) 0.35
skin permeability coefficient (logKp)=cm/hr -2.74
Kp 0.00183
J(flux rate, mg/cr**hr) 0.229 x 10-6 0.183 x 10-8
Area of both leg in domestic adults (cm) 4959.52 4959.52
Protection factor 0.1(1) 0.1(1)
Absorption dose (mg) 9x107%(9x1079) 4x1078(4x1079)

2 29082 % AL5H9, 11 9 e RAE2 5Yst
ot ol Zhgstol tiE] HR w8 AW
4x10° - 9x107 ng HHYE YepdtHTable 4).
o5 EEYUHFE o 01£7F~f3=(mg)4 H] W5}
JeiE & % o), 58718 B wEULS F
04 v afoF ghck, wheha iiﬂ— =3t lna%—
EEAP|E AEHmS F8ot] Y F =&
Y= AA ZELHE P F5A A ﬂ
stk ZHgete o, oElet 557 k&9
25|t =22 0.0002 mgelth. 1Y F
209 18] AXst= AdS & 45, HEAE
,}1% o 0.33-2.62 mg, "1ZE A] 3.27-26.12 ng
whsl

frla=s

[

pY

ommmﬁwd

oo

X HSFHIAF

FH(flux rate), mg/er * hr
LEEE W), S 4 dd9
8 mEAHAY ¥R

& FelEEel AY kEse AlRkhr)

HEJ HSAS . foEHY B+ J’]‘E B o=
10%%}F 100%& 713
=g <t
zaoelS 5E7F A 2HAke] ZEUTH|s|E 4
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%9 AV Ew-s == 33.610 ppb ©|}leH 1
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Z] Ao UL AL 7okste] A7 k&
T2 F5HH 51 AGAE B9te] ZEYH|
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A AFFAFO] 2017WHE 2022E71A] 5EZF oFF -
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A U =2 FH0 AFREY Q71| QloW MEE
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ZEYHT|Ex OF F57F & o|FojX= R E
T e SHE/E BHAS FHLogKow)ol
m& Eo| 7Fs%t Edojty. x229E g
Aok AQd = oA A
Stk AS ARkl 55718 6% k&R
o3 2% 7 Aoz goHEo ok I
H w20] AL AFAog xETo LEEL K
o] ol wet =EpFo] Gk 4= Qlrh ES Ho
S 2hEolih SA e Ho o] Fibgol weh k&
o] Ik 4= Sl=tll, RAF A AFARIA AR
Sl Qe BSTE SISMEARRE Ay F32o] opd
29 HeldS A HaFollrlol Fahgol tigh
JE7F 2A5HA] Sttt 18710 £ AFoAe Y49
2 Bo19 BEIEE 10%(EST 2H8), 100%(EST-
H2&)E 7Hdsto] wi &S S5y, =T
< 13] Axslks AU & A4S HoE 8PS |
0.33-2.62 mg, W& A] 3.27-26.12 ;g2 & FHEHA
th HoE 2R A9 &9 HA FEo] EHH
AP ZEAE|5|E X 6]-85H3.68 mg) Z1}s}
T2 oY AN H e8] oF 71%0l sidsh=

&im
>

o ke

]

al

3O M N T ooX o
R

%9,
lo

0, o

we = e

¢
ol

W
n
i

(

N o O
ol
Sk
)
_E-
N
-~
A,
fr
_‘:.l_(‘

|

A

L 2
L o

[¢]

O
-

15

|

]

fr R

www.kiha.kr

=2 otk Ik £t AFA oA Z=
TS Axsls AYS HEYS o 545 2R3t
oA £540]8 HIAE ARSRithE HE T otd
=4 3 =20 disf HA =& 0.33 mgoll =EE
Ao FHst= Zo| egoirial weE

ShH, 2 g 285k Qe AFelo] o] met
0¥ F7] o] IYE Ty 4 &3 gejiiat
ofle} 712 ZEYS|=o] kEE 5 Ut 59
oEdoe g2 Ao Qg &, &, dF 52 H5 9
9] Z-g HE Hloluy| wiiEe] Idi2 =29 5 9]
. 2 dAoae ZAAIHolA AduES ot
HHoR Lk&d £ Qe AA L9 &3 tge8E
Aog mi &g ot ey AR &
B3 A9l B= H59)9] FHjof wEt F71Ho =R mR
LS o|Fold £ VA B ArAolA 8%
A bE FEEGE STHH0E ZEYTSEY] E

OYE HEWAS LTS A P4 % HET 3
§ offol] Wetd MR REYIIE wESE
Hol7}h Arke AL AT 4 Ytk B, WR =3
B wBizo] 4T 4 W) B2

=
=1
Y L CLECELLTES
A

_,
-

References

Andreoli R, Manini P, Corradi M, Mutti A, Niessen WM.
Determination of patterns of biologically relevant
aldehydes in exhaled breath condensate of healthy
subjects by liquid chromatography/ atmospheric
chemical ionization tandem mass spectrometry. Rapid
Commun Mass Spectrom 2003;17(7):637-645.
https://doi.org/10.1002/rcm.960

Kim HA, Jang JW, Kim DH, Lee HJ, Lee SM et al. Analysis
of formaldehyde in fisheries products. Korean Journal
of Food Science and Technology 2010;43(1):17-22

Kim KY, Lee KS, Kim MS. Work improvement of
aquaculture workers by investigation to exposure
level of harmful factors. Korea Occupational Safety
and Health Agency(KOSHA). 2022. p. 27-59

Ministry of Food and Drug Safety(MFDS). Skin body surface
area survey of risk assessment. 2010. p. 13-14

Ministry of Oceans and Fisheries(MoF). Aquaculture
Industry Development Act. 2021

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 403-411



National Fishery Products Quality Management Service
(NFPQMS). 2022 Aquatic medicine catalog. 2022. p.
128-141

Occupational Safety and Health Administration(OSHA).
OHSA techical manual(OTM): surface contaminats,
skin exposure, biological monitoring and other
analyses [Accessed 2023 Oct 31]. Available from:
URL https://www.osha.gov/otm/section—2-health-
hazards/chapter-2

Statistics Korea. 2022 Survey on the status of fish culture.
2023. p. 11-15

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 403-411

LAY DA} ZEL AT XA O

i

ZEAMSIE &H7L 411

Wahed P, Razzag MA, Dharmapuri S, Corrales M.
Determination of formaldehyde in food and feed
by an in—-house validated HPLC method. Food
Chem 2016;202:476-483. https://doi.org/ 10.1016/
j.foodchem.2016.01.136

<HMXHE >

AL (@7, AIAST), o HHAT), Wlo]
(@79, LY@, AAHITY), dea(@
7919

www.kiha.kr



