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Exposure to Formaldehyde of Ambulatory Care Nurses in University Hospital
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ABSTRACT

Objective: This study aimed to evaluate the exposure status of formaldehyde(FA) among the nurses in ambulatory care departments
of university hospital.

Methods: Two university hospitals were surveyed. The FA concentration in air were measured to target 62 nurses in 8 ambulatory
care departments(89 samples). Air sampling and analysis of FA were carried out according to the OSHA Method ID-205. The survey
was conducted with questionnaire asking about how to control FA and whether the nurses use the formaldehyde protectors or not.
Results: FA was detected in all samples. The maximum concentration of FA was 0.258 ppm and the geometric mean was 0.023
ppm. There was no sample that exceeded any of exposure standards by OSHA-TWA whereas there were 54 samples(60.7%) that
exceeded the standards by NOISH-TWA. Among 62 nurses handling FA, 13 nurses(21.0%) used the protective gloves while
nobody used a gas mask. It was assessed that any of 8 common ambulatory care departments did not use a safety cabinet for FA in
which local exhaust ventilation was fixed.

Conclusions: Nurses in ambulatory care departments were exposed to FA. Therefore, the environment management of a
workplace, the health management of a nurses, FA handling education and installing a FA cabinet with a local exhaust ventilation
were needed because FA as a carcinogen was able to cause any cancer to a human body if it was emitted in air for long time.
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%?_PE}(Shaham et al., 2002; EPA,
2005; Vimercati et al., 2007; Bouraoui et al., 2013).

Atgto] FAo] w713k igﬂ?‘; w3, 713l 4
I R
WEgoz wdd 49 AT 494 JRAE
O ZITHASTDR, 1999; Gerald et al., 2010). 7L £] H+-
oA FAO &% Atz ool 2 fldo] +=ot
L B 7} QJth(Orsiers et al., 2006; Freeman et al.,
2009). =+A|L A4 (International Agency for Research
on Cancer, IARC)®} 3+=+9] 1845 = FAE 4t
AEZAZ Group 13} 1AR FESFH AL, ]2 A LAY
AE71E )8 (American  Conference of Governmental
Industrial Hygienists, ACGIH)= WA 4 E%(A2)
2 A o5} tHACGIH, 2013; TARC, 2013; MoEL, 2013).

welo] TSl HeiAte] FA Bl oje v
2] T (Perdelli et al., 2006; Romanazzi et al., 2010),
| A AL (Costa et al., 2008; Viegas et al., 2010),
WA 7 A (Gannon et al.,, 1995; Ghasemkhani et al.,
2004)9) ARE FHORE F2 BB S
Ak 2y BE W YRl g oA 2] Mg

011

Table 1. Description of study subjects

CHaleE Sl LY 9ajZtsAle] ZEUHEE L& Il 447
of g Slstel AAxAL AHste, o] A

HZ317] 93t FA7} 355 FA Kit(Formaldehyde
Kit, FAK)S AHg3ta Qleh el ube] gFeAts
A 22E 17 B BHst] skl FAK Q715
A o) YPHoE FAY wFHrh ZEAYI =S
HFol= PR g AZFZZAE, B YA =
Y, ARQaiEe)y, olueFagely, wrgey
s o A9 A=mE Sl 01111514% A # 3t
FAo| ®gksto] Weluh wi Agh Abolstute] mu
Ak e Fjol A e R 7hEAke] FAo|
5t =229l AZFeldke] tiat 1S 28EE A
% slglon] ool 3o g U A 4w
Zait). o] AFtoA= Y W =
7}§/\]-# A S 2 FA =SAHE ZASHY] Zs
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1. o1 2ChAr 3 e

1. o1 1CH A

2011 195E 20139 697FR] HAbe] &)x|8t 270
g e FaH 8k ﬂﬂlxliq( 7S RIAl Ei,
wAAZEY, ARl EY, oju|QIF ), 23T

i

gREIyy, d3x94, Computed Tomography/“).J
7484} 62 TAFOE FAKS FA SHo-22 23

ME 9 HET ARG SOl BE ARRASE 37 F
FA(897) 5 =2 Z=43}gtHTable 1).

Classification Department No. of people Age range Sampling time  No. of samples
Health promotion center 3 23-25 480 5
Urology clinic 6 23-39 480 7
Obstetrics clinic 3 22-26 480 6
. Otolaryngology clinic 4 25-29 480 4
A hospital Supersonic waves room 3 23-36 480 3
Dermatology clinic 3 25-27 480 5
Angiography room 2 31-36 480 4
Computed tomography room 2 23-47 480 5
Health promotion center 6 30-40 480 8
Urology clinic 5 26-41 480 5
Obstetrics clinic 7 21-47 480 10
. Otolaryngology clinic 6 27-48 480 6
B hospital Supersonic waves room 2 32-35 480 6
Dermatology clinic 2 25-29 480 3
Angiography room 3 36-52 480 6
Computed tomography room 5 36-41 480 6
Total 16 Departments 62 21-52 480 89
Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(4): 446-452 http://www.kiha.kr/
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AW (Method ID-205)°f uwhe} 54 Al&afF7]2l
3M 3721 Passive Diffusion Monitor(3M, MN, Canada)E
ALE-5Fo] =351 tHOSHA, 1989). 3M 3721 Passive
Diffusion Monitor(3M PDM)E FAKE F&38l= 7t
sake] 557) 9100 Hgstol k% AUAIZHBA
7h) B RS ARl BAL vl
717(0SHA) | &7 A&l "ol w2t Mothed ID-205% ©|
£35}o] UV-Visible Spectrophotometer(CARY 50conc,
Varian, VIC, Australia)® EX43%t & 37| 5 FA &

= 9715 tHOSHA, 1989). A& 2] A 2= 3M
PDM #FWHo|| Z2HE FAS S/ 3 nlE 715l0] 304
ot BERA SAA A REAL FA £9(Junsei
Chemical Co. 35%)°] 1% sodium bisulfite solution<

. 21
=

et

Fouige - MM S - BRI
acid 1 m2 Y1 531519k 3FARE-oH(Sulfuric acid,
8%) el 5 ml HH ‘3}3 2o A 158 WA7E

< 580 nme| upol| A FFEE EFoITh A AT
ZAEE BASh %??_ A= 0.008 ug'sample, %
FotAl= 0.026 pg/sample ©] ATt

3. AR BN

ZFE B412 SPSS 18(IBM, USA)S o]&3slgich
FA HF 4249 LE25422 37 5 s=ol g
718t 84t 71ehEEHA), Hagtat o R FAS}
ek 37] %2 %X OSHA TWA 0.75 ppm(OSHA,
2013)7} NIOSH TWA 0.016 ppm(NIOSH, 2013)2.2
S S S RTAS A

. 12 o}

H7lsle]l BREE 0, 1, 2, 3, 4 ppm= TFEQITh & 7] % FA ZA A2 Table 20 YER T A
zhe 8o 2 mlE test-tubed] %713l 1% chromotroplc Y& 397 =AHAE = 397(100%)0)| 4] FAZ} A=
Table 2. Airborne formaldehyde concentrations (Unit: ppm)
Classifi-cation Sampling location D/N.D GM (GSD) Min-Max OSHA TWA" NIOSH TWA'

A Health promotion center 5/0 0.029(1.990) 0.011-0.052 0 4

Urology clinic 7/0 0.018(5.876) 0.001-0.149 0 4

Obstetrics clinic 6/0 0.021(3.122) 0.006-0.100 0 4

Otolaryngology clinic 4/0 0.031(2.183) 0.014-0.065 0 3

Supersonic waves room 3/0 0.014(4.167) 0.005-0.071 0 1

Dermatology clinic 5/0 0.017(3.256) 0.005-0.056 0 2

Angiography room 4/0 0.023(1.603) 0.014-0.036 0 3

Computed tomography room 5/0 0.024(3.746) 0.005-0.095 0 2

Total 39/0 0.021(3.097) 0.001-0.149 0 23

B Health promotion center 8/0 0.017(5.723) 0.001-0.192 0 4

Urology clinic 5/0 0.020(4.639) 0.004-0.182 0 2

Obstetrics clinic 10/0 0.034(4.045) 0.004-0.203 0 7

Otolaryngology clinic 6/0 0.038(6.045) 0.002-0.209 0 5

Supersonic waves room 6/0 0.017(3.058) 0.002-0.053 0 4

Dermatology clinic 3/0 0.013(13.578) 0.002-0.236 0 1

Angiography room 6/0 0.051(4.509) 0.004-0.258 0 5

Computed tomography room 6/0 0.017(2.367) 0.005-0.071 0 3

Total 50/0 0.024(4.452) 0.001-0.258 0 31

A+B Total 89/0 0.023(3.822) 0.001-0.258 0 54

OSHA TWA: More than 0.750 ppm
"NIOSH TWA: More than 0.016 ppm

http://www.kiha.kr
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glon, HlsE+x 0.149 ppm, | AEE=+= 0.001 ppm
0]9lt}. OSHA-TWA 27|29 0.75 ppme 27}l
Alge gloH, NIOSH-TWA =%7]52l 0.016 ppm
o 2T ABE 2370(59%) ) 2 2P 7)shE A s
= 75RIANE 0.029 ppm, B]=AYA1E2]H 0.018 ppm,
AHEQIEEY 0.021 ppm, o]H]QlSZE]Y 0.031
ppm, Z=23t4 0.014 ppm, THZ2|Y 0.017 ppm,
24 0.023 ppm, CTA 0.024 ppmo] %L, AH
A AA 715 sE = 0.021 ppmo| it

BHYUE 507 ZAHAE 2 5070(100%)°] 4] FA7Z}
dEEHNeH, HdsEs 0258 ppm, HAFEE
0.001 ppm ©]¢ithk OSHA-TWA *=%7]32¢1 0.75 ppm<
ES g /‘] = ‘31‘213‘11 NIOSH-TWA =Z&7]%<]
0.016 ppme ZTH= AR 317H(62%) G} 2F 7hE
7St A sE = 747PZ{1/§_]E-] 0.017 ppm, H]icAYA]
=94 0.020 ppm, AHFQITHZE]H 0.034 ppm, ©]H]

_4
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1522y 0.038 ppm, 2514 0.017 ppm, 3|5
28y 0.013 ppm, EH#xF4 0.051 ppm, CTA
0.017 ppmo]} 1L, BHY AA| 7|5}E 5= 0.024 ppm
0]041:}.

A} BH Y 897 ZA A= = 897](100%)0ol| A FA
7 Ao, #Hdlsks 0258 ppmolil, HAE
= 0.001 ppm ©]¢lch OSHA-TWA =722 0.75 ppm
5 2= A]ih olom, NIOSH-TWA »=Z7]%
2] 0.016 ppmE ZI= AlFEE= 5470(60.7%) R 3L, A
ot B AA 7|8t w5 = 0.023 ppmo| et 7}
1 Fes ouRlTaEey, R, ARSI
HZedolA =A 2AE ST

B 2Rgat Hyel ARgoli= it Sote] =
ARst Aip REggre 021 13fﬂ(21%, AZAZAA
B 99 5 2%, v =Y 119 5 29, AR
Ay 10 F 59, oHRlatsZey 109 %

Table 3. Using status of FA protector and cabinet in ambulatory care departments

Department Workers Protective gloves Protective mask Formaldehyde Cabinet”

Health promotion center 9 NO
Yes 2 0
No 7 9

Urology clinic 11 NO
Yes 2 0
No 9 11

Obstetrics clinic NO
Yes 10 5 0
No 5 10

Otolaryngology clinic 10 NO
Yes 3 0
No 7 10

Supersonic waves room 5 NO
Yes 0 0
No 5 5

Dermatology clinic 5 NO
Yes 0 0
No 5 5

Angiography room 5 NO
Yes 1 0
No 5

Computed tomography room 7 NO
Yes 0 0
No 7 7

Total 62 NO
Yes 13 0
No 49 62

" Cabinet attached local ventilation system.
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i}, AegAreetat, WAIHA Sola 229
o, B, HARS flsto] ARESEAL Qlo] FAE F+
= Aol it A e HAader 9ast &
Zlo]ti(Shaham et al., 2002; Vimercati et al., 2007,
Bouraoui et al., 2013). o] dTtollA 27 el 8
N =S dder §7] 5 FA §=5 574
gt Anp = Qg FAZE HEHSIIAL 7]
P atE = 0.023 ppmol itk ol= A &7
A 7Fors0] 2 F FAKS Fgdhe ¢
TF71Z FAO k=293 &S on|git) FA9 =
EHH A& (Costa et al, 2013), FFEEA
(Vimercati et al., 2010), <5 (Hildesheim et al.,
2001) 5 AAIQ] EAo] F713tet Cosat et al.,(2013)
o dTeldE SHte] AAHET] F FA B
WEE 0.36£0.03 ppm)of| A =F FETF SIS S
micronucleus test(R*=0.232), sister chromatid exchanges
(R™=0.250) T-cell receptor(T-lymphocytes: R*=0.303,
T-helper: R™=0.280, NH-cell: R*=0.500)5-0]|4] -3-HA}=
o] 271519k Vimercati et al.,(2010)2] dofA=
SR te] AAxHE7] = FAHIsE= 0.01-0.25
mgm)el A FA FE7b F7HEGE E=(G9%), 2
(33%), E(50%)2] A=o] Z7}3}t}. Hildesheim et
al(2001)2] A-tollA+= FAC] &% 1F°] FAO
eEHA o 2500 vlste] Rt A9 fdol
2.79) =cta BrsEETHRR 2.7, 95% CI 1.2-6.2).
o] Aol Axt LN EL}Y] F7] F FA BHats
T 0.023 ppme 2 OSHA-TWA 0.75 ppm R Th=
S22 F7HEAARE 897 B AlmOA HE
93, HuEEL 0258 ppmOE OSHA-TWAZS]
34% Emsazolglth. 1 I AR 60.7%(547)7}
NIOSH-TWA +=%7]2¢] 0.016 ppmS Z 33}t

ool of &
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S A A AFAEJARC)ONA FAE “Group 170&
Aolstar, Q7oA vAFAS dorj= YUAEHEE
88 ATHIARC, 2013). FAZ} QIAof oF2& fds}
= 24E IRIHoR HFsthe AdAE HIs)
o)5}o] 1=27]%-S OSHA-TWA 0.75 ppm} NIOSH-
TWA 0.016 ppm& L5380} 2883 QTHOSHA,
2013; NOISH 2013). S-@utaloAm= Arjebd A
WolA HGYRA FAS AT Bl dhst
of ZA2Le] S BEE ¢ote] FstEAT A
40-41%), ZAHSHA42x), A7 (AH43x)
= WAISFAL QUTHMOEL, 2013). Z12{uf o] ¢t
A 7] F sEE 2ARE BE QIR oA FA
7F AEE Sl Eetal FA I Al 2AA
AA 62v & R 139(21%)%F 2H8-5%laL,
WimnpAdes ot e 2R8-6hA] gkt 1e|al w4
7| Al4do] FzbE FA EAFe Agdle Xk &
5 gl AR A= 5 fRlE o] gt FA
w7t A= =i A & & 5 UG T

oY of

e, Bu] 5 AU% wAne) e
st

9] YL HAo 7 43519 tH(Ghasemkhani et
al., 2004; Romanazzi et al., 2010; Viegas et al., 2010).
ojg|gt At Ao whet SRHA, e, W
AR HAHERS AP FHOR Bl
AATAZA, AANAZEE, setEAe Fol
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AeHs dder 37 5 FAS S4siglen 1
Ay} B Qg FAE Fges =&
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& AATIE YA, G, mEAE R AT A
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o AEE 0.001 ppm, Fil%T 0258 ppm,
7]6}ﬁﬂ-"n’~5‘—5 0.023 ppm), NIOSH-TWAO{]+= 60.7%(547H)
7} 23151131, OSHA-TWA ZIA| 2= Ql8ith FA
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