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Abstract

BACKGROUND: According to Korean regulations,
bottled waters (BWs) can not be treated with chemical
disinfectants like chlorine, so UV and ozone disinfection is
applied. During the past several years, chemicals were
detected in some BWs, and the public was concerned about
the safety of BWs.

METHODS AND RESULTS: Mineral waters were stored
for 180 days at 25C and 50°C, tested acetaldehyde and
formaldehyde by HPLC. When mineral waters were put in
a PET bottles, the formaldehyde level ranged from 5 to 66
ug/L during 180 days at 50°C. While the acetaldehyde level
ranged from 31 to 221 pg/L, it was low than 16 Lg/L in glass
bottle.

CONCLUSION(s): This result showed that formaldehyde
and acetaldehyde were detected higher in PET bottles than
glass bottles, these also increased depending on the time of
storage. Concentration of formaldehyde and acetaldehyde
could be significantly influenced by the time of storage and
temperature.
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7o) thstel AJge] Haef s HiAEe] &
ol HgZee o] E(Polyethylene terephthalate, PET)
Sof Hsle] Zizte] Bul=R wEo] AA. 51
ok PETH el HSl® E(E)0l FuA AHE 5 Qe
UE 50 A3 QAER FRERT Z5sve
33 3zl0] Ak £ gk Alwdl] & Zlolehs
3} A= o] QltiLeivadara ef al, 2008). NEE/d=
M= vhd 4= 9l Bol gl ebdstths o] wlEel ¥4
T2 F7 n5thAbua, 2010). 28U Byt FEERLT
g bdstAY 737l A& oltiHelander and
Tottmar, 1988).

PETHe e EolMe A eed&4S 7k,
58] 27 s ab7] S8 PETH el H7kshs T4k
o ~E| 27} o]H5H7] wlEo|t{Montuori ef al, 2008). V=T,
AR, 73 Told= Wdreld A5H R aldehyde ¥
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PETHIA vEgfalede] &2 st 0 7 Qe
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Formaldehydei= %, alcohol 52 =4 &vljol] & 5=
A, A=5739) A54 71AEA 7] T Hgelu tE
7ol Flel] whg-sto] AkstE o] s, v sl o4
tAkE]o] 34 o] Add oz EASH HrEPA il
A, 1976). B3, TFAZY AR, ok SR At
5 oy Ax Aol wWo] 2o)7] wlFo|(EPA HilA,
1976) $7doll :=EH7] 4151, AAdelA FaHold A4
=2 A4 formaldehyde®] 9 AFAA 072 WA E= oF
B} 4 WriChae et al, 2009). Formaldehyde =& A
QA B Fw0] e 7Rl s A=etal dEEE Yo
] = 9lom F9) Al 5%, dwg, WT 2 dU2] 55
kel ek ohdel vk A Al EdH B AbdeHA &
T Qv reEdE U4#A otkYang and Lee, 2000).
Acetaldehydes= alcohol 55 kA1) A1 A 4178, 1
AlFEeE B4 0% ©f3hr]7]3L, mitochondria®l 7154l
92, IWEe SEAR 9 B E dA v =19,
acetaldehyde® acetate® thAl WS 7] aldehyde
dehydrogenase(ALDH)E H|%3F o2 42] &3 A4
oto] IC] acetaldehyde 7370l acetate® THAFEA]
Fohal dH7E dRE Fote] H9 e AR olEst]
et Jes Frlu delA- SltiHelander and Tottmar,
1988; Huh ef al, 1989).

1 Aellx= PETHOIA 2 A8k formaldehyde
4 acetaldehydeE® DNPHE FEAslohs SAHE &
gt fre T HeAlE 79700 diel Sy AskIth
3 1O AEE T 9N AlES st B ViR, £
H, Ry-g7ol mE FLEHsE ARl el b
ek BAShaAl shgltt
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2 Aol AHE-E formaldehyde ¥ acetaldehyde 3%
542 AccuStandardAHUSA)eIA 43¢t 1,000 mg/L
o] EFANE AHESIGi o, FEAS Aok TCIAKJapan)
©] 2,4-dinitrophenylhydrazine (DNPH)< AH-stSith &
A9l g2 J.T.BakerAtHUSA) HPLCH-S AHE3IS10
1, 94k} n-hexane ¥ ethanol:> WakoAKJapan) 75
OF AJRS ARE3ISITE Citric acid 9} sodium citratei= Sigma
AldrichA(USA)elM 741815197, ammonium  chloride=
Cica*HJapan)ellxl T§lkSith ARE-sE 1Al 7HEZ A=
waters’HUSA)®] Ciss T3t ARESISItE HPLCE
KNAUERAKGermany) ] dH]& AHE-3131.0H, detector
= UVE ©]&3to] 360 nmelx] S48tk HPLC/UV Y]
A 271 Table 13 2t}

Table 1. HPLC/UV operating conditions for formaldehyde
and acetaldehyde

Item Condition
KNAUER

Waters SunFire Cig
(150 x 4.6 mm, 3.5 um)

CH:CN : HO = 50 : 50 (v/v%)

Instrument
Column

Mobile phase

Wavelength 360 nm
Flow rate 1 mL/min
Injection volume 20 uL

Column temperature 40°C

Table 2. Site of investigation (domestic : 7 site, external : 2 site)

Brand ID Area Name Volume (m3/day) Geological
A Gangwon 510 diorite
B Gyeonggi 920 metamorphic, syenite
C South Gyeongsang 800 gneiss
D South Jeolla 300 rhyolite
E Jeju 2,100 trachyte, whinstone
F South Chungcheong 620 leucogranite
G Nouth Chungcheong 611 granite
H external 1 - glacial deposit
I external 2 - -
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ANz 7HF H 24

Azl e 51 HedE T =9 187E =23 F 79
N AES 7310 formaldehyde ¥ acetaldehyde®] &
FE Al s B4 8 $ O AEE T 59 20
= 3 T ol Aol el 22 A AlEE let
o] 180 77+ F<k 25C 9} 50T oAl 22t nasle] 2, 7,
14, 30, 60, 90, 120, 150, 18042 =¥ 7]7te uwpE
formaldehyde % acetaldehyde®] %% W3E AR
o} 27l ofst FEFS Ak Sl TS Aol
df PET'Jol Bast Zls} dafe]gel dol nadt Zlow
tFrol PETHH 9¢ 2%, $Ud Byt 7zl uet
formaldehyde % acetaldehyde?| ¥ W3slE FAlsto]
H] sl

A2 Mz

Al=e] A WS Fig. 17 Zo] A& 100 mLE &
2 ZetaTe] FHeto] 94l 4 mLE Yl 2,4-DNPHS
M 6 mLE W] 40T oA 1A17F B3 Fr=Algh vhe-& AIA
th Hkgo] it AR HSMEF E3HEd 10 mLE YL
FFEYA] st §l8l vle] MEre 10 mLe}t ¢34 49
10 mLE ¥ 7lERA|) A|l8E 29 1~2 mL/min?] %
TR Tt ARE 2 § 1A AlEYRE dx
AJZ1 ¥ hexane 9 mLZ $&A17# ©]& autosampler& H}
ol A Hol AlFEHow B3Itk

Sample 100 ml

Citric acid butter solution 4 ml
6 N Hydrochloric acid — pH 3
2,4-DNPH solution 6 ml

40T, 1 hr ‘

NaCl saturated solution 10 ml.

‘ Solid-phase Cig

Methanol 10 ml

Citric acid butter diluted solution 10 ml
Flow rate : 1 ~ 2 mL/min

n-Hexane 9 ml,

HPLC/UV, 360 nm

Fig. 1. Pretreatment of formaldehyde and acetaldehyde in
water sample.
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Fig. 2. Distribution of formaldehyde and acetaldehyde
concentration.
(a) : formaldehyde, (b) : acetaldehyde.
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H=ME0M HE T

= e T 6170 uiAlEE 187) =l el
formaldehyde ¥ acetaldehyde 555 FAF A3}, 7970
AA) AlFelA el formaldehyde HESE 3 ug/Lolw,
T H9E 0~29 ug/LE UERsth SlAlREelM s e
2 ug/L, &% W= 0~23 pg/LE HERtoH, of=AlE
M= Het 7 ug/L, % W= 0~29 ug/LE SulAlE
Hep G A|7h ok A HERstth

A Azl st acetaldehyde 5%+ 20 ug/Lel

, &% H9E 0~154 ug/LE Uehstth SuilEels=
B3t 17 ug/L, &% W& 0~154 ug/LE YEsoH, 9
sAEAE E 32 ng/L, % W9lE 0~131 ug/LE
formaldehyde$} P72 Uizl Z BT 2)=A] &l 3
A7 A YERstT

Formaldehyde9} acetaldehyde’} AZ¥ A%l di3l
ARG A3} tiiEo] eEAYE § ZloR YERton, @
EAYstA] ok thE Aol Wlsl vlid =A AE | e
2 ZAE QI Dabrowska 5(2003)2] ATolx e}l k7
A% aldehydet QEASTAEEA, @3 IRESEIGS

8 A Uehhs ZloR ARSI
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Hak 712t 25, J{E=Y| WE formaldehyde S&E #i5)
HEAE 97) A]EOH il 180 717t &3+ 25°C PETH
A2l 1t formaldehyde % W= 3~16 ug/LolH,
N A= AAY F5E M= 0~124 ug/Lol3ith ZEH“O
ol 970 A& ZH2he] e s 2~7 ug/L, F% HS
i 0~27 ug/Lolgith A3 A7t 604 o] 125&
AE 2] wHoE YelR o 904 o] FHEHE F
7} szolA C Al%2] 79 PETHeIA ﬂm 124 ug/L7HA
A AR 28 g AES 90dS FHd 714
O A} 180U7HA] A} YholA| = 73%% H3om HEE
A 71391 500 pg/L Plgke® R
Byt 2% 50C PETHIAE] HaAlE 97l Als 2429
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%1t formaldehyde 5% H91= 5~66 ug/LE UEFHS
U%, S5 W9E 0~171 ug/Lolgiek A feHelA 97y
L% Z}7ke] et FEE 4~9 ug/L, % WS 0~29 1
LolSitt. ®at 7]7te] 144 A7) = S7Fshe7} 30445
EL_ 2, 12094004 BA] S7kske B ES v
Ak %}/‘"oﬂltﬂoﬂjﬁ YA AESHA FelUTt
12047 A= F7ketl o, i WHO a7l 90
g/L oJUZ 7% ¥ %lt<Fig. 3>. Formaldehyde &%+
Nawrocki 0(2002)JqL Mutsga 5(2006)2] 1-ollx| 9} Zo]
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Fig. 3. Concentration of formaldehyde in bottled water depending on the time of storage.
(@) : 25°C PET bottle, (b) : 25C Glass bottle, (c) : 50°C PET bottle, (d) : 50°C Glass bottle,
(e) : 25°C Average for 9 sample, (f) : 50C Average for 9 sample.
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Fig. 4. Concentration of acetaldehyde in bottled water depending on the time of storage.
(a) : 25°C PET bottle, (b) : 25C Glass bottle, (c) : 50°C PET bottle, (d) : 50C Glass bottle,
(e) : 25°C Average for 9 sample, (f) : 50C Average for 9 sample.

By 717te) wet 25°C, 50C B F7kehs e e
01, 53| Dabrowska 5(2003)°] %174 formaldehyde
7F 197 e fre o) PETY 25 1.3~14 pg/L 5% 4
A& Holtpk 1709 A¥ § fr2ellA9] formaldehyde
£ 0.5 ug/LYl v PETHIME 60 ug/L7HA S7Hs:
Aoz ZAME A3 FAFHA & ATrellA = PETHo] 24
frefgel Baket Al R o A UebteS ¢ ATk

PETH AlZ3y ol 12Ate] dials dor)a of 3
el aldehyde /o] o]Fojx= 2o i 3o
(Dabrowska et al, 2003), 48%7} =55 PET Y
aldehyde?] $1=o] & 7102 A4 QIrh=rHed s
AT BalA, 2010). FEst, =2 SA7 CO, 7R o wiE
ol aldehydex= &7 Ett Wolld H=E2 o €7 ©]
5% 4 9191, polypropylene cap®ll ¢J3} aldehydes
ek 5= 9l Aoz A4 QltlDabrowska et al, 2003).

Hak 7122 2%, X{RY| [E acetaldehyde S Hi5}

HEME 97) ARl sl 1809 717t <k 25°C PETH
X2l B3t acetaldehyde 5% H 9= 5~51 ug/LolH, 9
N AR AAS w52 H9lE 0~138 ug/LolSith 2]
elld 97 Alm Z47te] it w5 6~16 ug/L, % W
i 0~40 pg/LolSith B3t 717F 90doe] A#et w74
A8 F7FeE 120941 F a7 HwEA 1 o] A|4E)
tashs 4TS Bk

Byt 25 50C PETHAS 9e=i= 97l A= 229
1t acetaldehyde &% W9+ 31~221 pg/LolH, Fk=
W= 0~594 pg/LE Vet 2Afegelx ] Ht &
T 10~22 pg/L, AEHAE 1~47 pg/Lollem, 120
A7kA] F7kelthrh 1 o) F 180U7HA] HIR3h HER HEY
RO PETHoA= 180 A oke F1t 3] S7Fhs 4
& vER
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Fig. 5. Correlation coefficients between formaldehyde
and acetaldehyde concentration.

Acetaldehyde: formaldehyde$} mF7pAE 25C K}
50CelA tf A AEve 4% WA, 1 S7H2
acetaldehyde’t #%1 7lom 53] 50C PET] 729
acetaldehyde”} W=7 F7Fsh= 21 0= VERHTE Nawrocki
(2002) 9] el A2olA Bk 60°Collx 20 o) =
kel om, PETHel 25AF Hobrals W Kot 15AF &
oFFSle W ot A Tk 20 YEht £ Al vk
& A3kS UERIGITE Nawrocki 5(2002)2] ¢1to] wh=s
=& 25oA PETH S W 24l|2h80] aldehyde =&
A AZEA sk Zlo] 1 ARlolga F5Ft

A

Formaldehyde®} acetaldehyde2| Af£Hd

B 717 B9k S ARE 7 FEE RIS A
 AEARE Ade] Z1zF thE Al YEREARE formaldehyde
9} acetaldehyde™ D, F #|¥%S A2st dife] 25C
PETHoIA AeH4do] 0.3163~0.63542] W92 Yepgon,
50C PETWeIAMS A AF 4844 Fig. 5049k 2o
0.4219~0.9797= "l A Jepgrh. 223 25C fr2d
o)X2] formaldehyde9} acetaldehyde 7S CAE GA
= AT F-E AFolA 0.3661~0.5796°1%1.21, 50C
oM AFAFAAMT ddo] e AoE ek
t}l fEHETEE PETHAA, 18] W 2504 Hik=
s 2ollA Adol A Uelk=d o= aldehyde”t
T 250 PETHOIA AEE7] wid] Zow sk

2 o

2 ATelME =l fre TR HeEelA Y Bt 71zt
o] W formaldehyde % acetaldehyde® DNPHZ %=
Agtsto] HPLC/UVE 2483l i 7970 Al
tsto] HAE AS ARIen, 1 5 97f Al el
1809 73t &k B3 dpel whE % B By o] ut
£ formaldehyde 9 acetaldehyde®| ¥% ®slE ZAts}
o] WA= Hd ke Wijke BA SRl E3itt

HEAE 797 AE] Ot AE A%
formaldehyde™ H1-5% 3 pg/L, % W9
i

= 0~29
g/LE UEFLOH, acetaldehyde= H15% 20 ug/L, &
= 9 0~154 pg/LE UERth AEE AF i

< QEAYE ke ZloR yEkton, Ashkeel s &
£} 9-8-3te] formaldehyde S} acetaldehyde”} Ayt 41
O% Abm¥th

wyt 7] mE &% 9 AdE formaldehydes}
acetaldehyde 5% W35 A1 A3}, PETHo) 971 9
e U2 AlEelM S7kske 432 Blth 58], 50C
PETH] Al&= 1809 743 w7h4] formaldehyde %
acetaldehyde B 73] S7keh= 21 0% Ueptow,
2] Al 25°C, 50 C ol B vRe] T2 HEE S
om Byt 7|t wiek & Wiske gle ZoR UEt o
AE & v formaldehyde ¥ acetaldehyde 5% PET
ke ASARE 9 259 s ol S7kehs Jo® U
ERtr, 2 oM PETH 2% E aldehyde’} 34
gl 2% olF & Fo] THEE AR AlREn B
e At 34 T 2540 T 9 AR, 78719, B
B sl st TR AejAErt Fed Alow AZHE
BEWGAN S ezl tg #71 A7 2
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