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GRAPHICAL ABSTRACT ABSTRACT

This study aimed to evaluate the increase in microplastics (1 to
5,000 pm) in PET (polyethylene terephthalate) bottled drinking water
under varying storage durations and preservation conditions. The

concentration of microplastics in unexpired bottled water was 944+307
MPs/L, which increased significantly to 5,239+84 MPs/L in water stored
for four years beyond its expiration date, and peaked at 6,065+60 MPs/L

Expired for 11 yea.n %
51,480 :n'y';
& 3

Expired for 4 years N

B in bottles that had expired for 11 years. These results demonstrate a clear

correlation between storage duration and microplastic accumulation.
Notably, over 99% of the detected microplastics were smaller than 20
pm. SEM-EDX analysis revealed that most microplastics originated from
PET bottles (60%) and HDPE caps (36%). Environmental storage conditions
also played a crucial role in microplastic release: bottles stored outdoors

exhibited accelerated plastic degradation, resulting in a 205% higher

MICROPLASTIC
Size 1-20 pm > 99%
20-5,000 um<1% |

microplastic concentration compared to those stored in dark, room-
temperature environments. These findings underscore the importance of
enforcing expiration dates for PET bottled water and highlight the need
for proper storage practices to minimize health risks associated with
microplastic-contaminated water. Moreover, the study provides crucial

PET bottles

insights for developing standards to ensure safe and sustainable plastic
packaging production and effective waste management in the future.
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UssafanfiiiUTinunsligsis 2.048 Erususiel
1] \flevssasfasinanainvanigninnisesialsl
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flowdnnan 5 fadwns (2] ﬁawmim%@,méafw
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anufnafsafunsuudeuvedlulas
wanadnluAufingedu lnsewzosBadlefing
Funveymenarainludesuyudidundiusn Tae
wunedwesTidftie Polyethylene terephthalate
(PET) BaiTuTanuanilinanvantintu fenududy
«ade 1.6 lulasniudefioddns [11] uenaind lulas
warafndeoraunmziigdunidnelsadng
TuMeuardmanaUsyans N nveteUf¥Iue [12]
Fslalaswanafnfiazaneglusisniovesuyuddin
Tugdvurnmannit 20 lulasiuns Iaeu1a1nnns
vilnewdndasifiuudoululaswanain [13] Ssvan
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NARNIAINWANEANTUA Polyethylene
terephthalate (PET) dauannuiniindiluwudld
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[15]
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2. 3nsfine
2.1. Ysunalulaswanafn
VﬁmiLﬁuﬁaadwaﬁﬁmsiqmmﬁm
Polyethylene terephthalate (PET) wuula Svio A
(Figure 1) wavun 9 19879 FaanmueausIasael
Hsogluanmiuainlsaudn fefhissgegidy
mauazdilidaviauaziusneilunaasiiuues wua
Lﬂuﬁéﬂﬁumﬁﬁ;mﬂﬁé’ﬁimmmq N PRERK
(W.7.2567) uarinAnusIguIndivaneiguds 6
eg Inerunorguudnduna 4 was 11 U (un
918wl w.A. 2562 uag w.A. 2555 aua1siv) (Table
1) Berewhnmmeaesinthiegeiamagnify
$nwilundesfivuasfigumgiivios uazviinis
Anrziviinalulesnanadnluhdununeigly
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Figure 1 Brand a PET transparent bottled drinking water used in this study includes (a) Thin bottled drinking

water that has not yet expired, (b) Thin bottled drinking water that has expired for 4 years, and

(c) Bottled drinking water that has expired for 11 years.

Table 1 Details of expired and non-expired PET bottled drinking water from Brand A.
Brand Expired Status Volume Characteristic Number of
date (mU) samples.

A 23/03/2567 Unexpired 550 Thin, transparent bottles 1
26/03/2567 Unexpired 550 Thin, transparent bottles 1
06/04/2567 Unexpired 550 Thin, transparent bottles 1
28/02/2562 Expired for 4 years 550 Thin, transparent bottles 3
30/09/2555 Expired for 11 years 600 Transparent bottles. 1
30/09/2555 Expired for 11 years 600 Transparent bottles. 1
30/09/2555  Expired for 11 years 600 Transparent bottles. 1

Total 9

2.2. am'wmstﬁu%'nmﬁ'la‘u‘usiqma
Lﬁuﬁ’saeimfﬁmiiqmwaﬁm Polyethylene
terephthalate (PET) wuula S%e B au1m 600 ml
fiunandenniswdniieniu (Expired date:
30/04/2025) Hevun 156 van iusneluanisd
uansafy 4 dnwase Ae 1) yaruau LuTigamgl
wadluanmituuas 2) delinanaudnasainan
(Direct sunlight) 3) iiuluanmugiiiu (Cool) @nw
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fluwasii 4°C uaz @) ivluan nududs (Frozen)
annfiunasdl -10°C vinsduaogiamnviing
Aasgrvsinalalaswanainyneg 1 e faegns
av 3 971 1Juna 12 iou
2.3. BWnsananazdasizilulaswaadn
nsetietInieg1sIntALHY
ATLNTINTOIVUININTOS (Pore size) AuA 1,000-
5,000, 300-1,000, 60-300, 20-60 pm Wag NTLANY
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N384 Polycarbonate u1A§NT®dI 1 um UINZUNT
nsesluaufigamail 60°C auninazusi uazven
Nile-red $717% 3 Mg asUUNSEA¥NTaRTiofond
lulaswara@nvunm 1-20 um [14, 18] ua3etu
Sunululasanainuaazvun LLaxﬁq%é’ﬂwmxgﬂ
s1unelanded Fluorescence stereo microscopes
(Model camera KOnigsalle optronic, Germany)
e 40 wh Futulilasnanafniinuasly
Microtiter plate fiflievuea 50% [16] wagyinis
mwaaué’mﬂmsLLazamuuﬁuﬂwaﬂﬂmwmaaﬂ
PR Scanning electron microscope - energy
dispersive x-ray analysis (SEM-EDX) [15, 19] B
LEO §u LEO1450VP 4 viesUjufinsndesganssmi
ANEINGIANERT UNTINGIRLYTN
militetlestunmsuudeuvedlasnanaiin
Mnanmznedeluiesufuing muuzynduily
Tumsiinsesiazgndnsdietindu RO (Reverse
osmosis) AinsesrIUNTEATYNTOIIAT 0.85 um
Aeun1sthluldau wasyinsnsisdeuingUasuuu
UUAZLATINTDINIBNADY Stereo microscopes Way
fadnliiynauanaun M Tinzilaglddnines
wum 250 ml Uiiﬁ;ﬂfwﬂé’u RO fisunsnsesse
nIgATYNIBIILIAS 0.5 pm 100 ml udaiTlusel
Tusa fURn1susuiviinisiesg R
nswenuaztuiuululaswarainluganaaes
floravudouananzuindesluiesjifinng
wariheiilduninavesnanuanisiasevilalas
wananninuludegraiiy deiusuadalnag
wanadninuluyamuaudesiiliiiu 0.5% vos
Gadlalasnanadniinulusheshaiiag [14] Fva
annsoldnanisiaseiiuld
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3.1, GinallaTaswanafnvastinluvaaay

Llaswanafnynuuna 1-5000 lulasiuns u
dfuussquandvie A Addlinuneny fusua
944+307 MPs/L (Table 2) #siiU3anaunnniilalag
WmaaﬂﬁwviuﬁﬂﬁMUiiﬁ;mamaﬂﬂUizmﬂ%u [17]
Tne [14] wazdand [19] (Table 2) il lalaswanain
mﬂmsﬁmwihﬂﬁuﬁy’uﬁmmmagﬁwdw 6.5-2,000
um zAluAuTIraeaIndena (191 Ui
lulaswatafnauin 0.5-10 pm ged9
5.42x107+1.95x107 MPs/L wiutfigafiunisdinenlu
adsiifinuilulaswana@nuunndn (1-20 um) 3
Fnduannnin 99 % vedlulaswanainiinuiavan
(Figure 3) W@netaANNEURUST N USE IR
warUsnavedlilasnanannluday Tnglalas
nanadnvuataniivsunauinninlulaswanadn
vunlig [14, 16, 17] Hdunaunannsuansa
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Table 2 Total amount of all sizes of microplastics (1-5,000 um) in PET bottled drinking water. (MPs/L)

Microplastic . Expired  Expired for
Samples . Unexpired Ref.
size (um) for 4 years 10 years

Brand A 1-5,000 944+307 5,239+84 6,065+60 This studly.
Germany 1.5-50 2,649+2 857 - - ORmann et al., 2018 [16]

China 10-2,000 72.32+44.64 - - Li et al,, 2023 [17]
Thailand 6.5-250 140+19 - - Kankanige et al., 2020 [14]

[taly 0.5-10 5.42x107+1.95 x107 - - Zuccarello et al., 2019 [19]

defisanUFsuiisuiinalilaswanain
TuthAuussaviniive A fivumengudn wuidusun
wnnnRUTIEIaTistliunengii 5 wh (Figure
2) uasiAuITTIRTianoIgud 11 U Ut
Lilaswanafnunnninthisussqneiivanesudn 4
¥ eghaditfuddnmeadniisesuanuderiu 95% n1s
hdusTuIninunegudiuialilaswanatin
innnRsussefdsliveeiu fidesnan
ihiuussgnn PET fidvlivunengtussasdiani
auysalvadlassaisluanavesuin PET uagmsuan
Uaeglslasnanadnainan PET Adslsimunetgfd
tfoy 1osnussiusidsnsmuudussuagliiiin
AMsaanefInsideuanInLazn1suaniNves
Tassadhenan PET Tnsiameideifiuluannzndon
Alaimunzay Wy guvpligavdeduiatuuasuan
wenanil mMsdonanméuinanuiitensendiadu
Tuih 1wy msvanUdeslensendaishda Seviil
lassasaluana PET wandaaunatsidulules
wanafn [22] Food and drug administration [23]
Igvuslvinananadnyiia PET findnasniniiony
msldnulaifu 2 9 fdunsideuanwuoswan PET
Fududaduddylunsiiavinalalaswanafinly
1hALUTTIIn NMSUFUUTNASEILNITKEARLAENTS
fdnrnegnamineaniadudeddnlunisannanse
mu&iaqmmw;ﬁﬁiﬂﬂﬁﬁu (14, 24]
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Figure 2 Total amount of all size microplastics
(1-5,000 um) in Brand A PET drinking
bottles.

dlofiansandwuinvesiulasnanaindinu
Tuthduussguan PET wuirdusuimveslulas
WANEANIUIA 1-20 pm wIAnI1 99% vedlulas
wanaRnTaun (Figure 3) Wuiieafun1sdnuives
Kankanige and Babel (2020 ) [14]; Ofmann et al.
(2018) [16]; Zuccarello et al. (2019) [19] and
Schymanski et al. (2018) [25] finuinillalng
waraRnuuIAdnuInnI 70% Wewsuiulules
warafnvuindug Alungnin Radiilesan
ASEUINTLEBNANTNUEIUIA PET 91nn15bisunas
UV, padou, wazmsinasuln saumansuanuse
nsussSuTliaainuandutududn q 16
$1e msaaneiidunssuiunisaeieidemal
Aalulaswanafnuunadnunndy [21] dauite
mmﬂaamﬁeﬂuﬂ’1iU%InﬂfTwﬁuusa@mmﬁﬂmiwﬁﬂ
Besmsiivn PET Buiwiulundeiiusnely
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A 10-50 pm WU 67.85% YesUSunamavian [17]
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lulaswanafngusaduleluthiuvnede PET g
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il

Expired for 4 years

100.0%

99.8% = 1,000-5,000 um

99.6% 5 300-1,000 pm
99.4% M 60300 um

= 2060 ym

99.2%
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Figure 3 Comparison of the percentage
proportions of microplastics of different
sizes in PET bottled drinking water from
Brand A: unexpired, expired for 4 years,
and expired for 11 years.
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Figure 4 Microplastic samples under a stereo
microscope: (a) Microplastics sized
1,000-5,000 pm, (b) microplastics sized
60-300 pm, (c) microplastics sized 20-60
um, and (d) fluorescence of 1-20 um
microplastics under fluorescent light.

3.2. wavasnsiuSnEdenIsuduveUsINM
lulaswanadnlufuussquan PET

MnmsAneIEmaAvinyhAuusean
9ln B 9gnU FEnstAuSneafuanen el
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svevnaiiinty Heninended UV Whldlush
Uizentulassaisvemedimedvinliiussiideu
SEINULANeeN deralilasEs1swemediuesll
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Jululaswanadin [26)

dugenuay Jafuinuiigumgiiveduy
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Wnsvunn Fnlsmedwesiinnisuansnesnduiu
Tngflés (27 Bnvtsmsnasuarvanethufsuazududs
Vosafaavinlilassadwomedweddonannly
EaBatu (28] lumsdnwadeiidunisdansld 8
mlldlasunisnszunnnienisdunaaun
nszvaumsanalulaswaainyilinulalasnanain
TuvSinaidites fafu anmmsifvinunhiuuss
¥ PET Asnzauiian Ao maivlugamgiives
wazliignuasuan

—@— Control —#—Direct Sunlight Cool at 4°C Frozen at -10°C

Microplastics (MPs/L)

0 2 4

6 8 10 12 14
Months

Figure 5 Increase in microplastics in PET bottled

drinking water stored under different
conditions for 12 months.

3.3. anuYag u,azﬁﬂquuﬁuﬁwmlﬂﬂswmaﬁn
frumala Scanning electron microscope -
energy dispersive x-ray analysis (SEM-EDX)
Suariuiaveshunimanainiuwinh
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Fonau (Figure 6) Ingthwosntfidsldnuaey
J99T0LYRINTUANYTBVIANDBNAINNINAERNYLIA
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1NNINAFBUSMTINURI VB waz ey
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x-ray analysis (EDX) Wuinswana@niliasusau 94%
0ONTNAU 5% WALs1MAU 1% Tsaeandesiuuin
wanaRnves naIafiniviiunenn High density
polyethylene (HDPE) LazTINTNANERN NUS9)
AISUBU 73% 00NTLAU 25% LLasﬁmSub‘] 2%
donndefiunatadinyiin PET uduwanafnuilai

UNanuIANaIaan (Figure 8)
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Mag= 5.00KX WwD= 9mm EHT = 15,00 kV Signal A = SE1

1

b) Tie—=q Mag= 5.00KX wD= 10mm EHT = 15.00 kV Signal A = SE1

2um

C) 1 Mag= 5.00KX WD = EHT = 15.00 kV Signal A = SE1

Figure 6 Surface of plastic water bottle caps viewed under a Scanning Electron Microscope (SEM) at 5,000X
magnification: (a) unexpired cap, (b) cap expired for 4 years, and (c) cap expired for 11 years.
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Mag= 5.00KX EHT = 15.00 kV Signal A = SE1

Mag= 500KX EHT = 15.00 kV Signal A = SE1

2um
[N —_—

Mag= 5.00KX WD= 10mm EHT = 15.00 kV Signal A = SE1

o)

Figure 7 Internal surface of water bottles viewed under a Scanning Electron Microscope (SEM) at 5,000X
magnification: (a) unexpired bottle, (b) bottle expired for 4 years, and (c) bottle expired for 11
years.
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8.4K 3.9K P
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o sifl °F Na Si = F A
o0 1.00 2.00A_ 3.00 %00 100 = 2.00 3.00
a) b)
Figure 8 Chemical components detected on the surface of the cap - HDPE (a); and the internal surface of

a plastic water bottle - PET (b); using Energy Dispersive X-ray (EDX) analysis.

desnmelunahiuduannizdaitng
vudlouaslulaswanainanneueniéites §ise
394 SEM-EDX TumsiSeuiflsuriinvesnediues
Toe EDX WunsiSeuiisuasdussnoumaniifu
FIuUvINeaes [29] TnewTeuiisuainuiuim
ASUBLLATERNTRLTINURATENUSE RN SN WY
nsannseuvasiilulasnana@nindunntoeiiiesla
Iagnee [19,30]

nmsdusegndlalasanainiianniiny
100 Fu Wvhnsieszsivlinvomediueigae SEM-
EDX wuindululaswana@nuda HOPE 36 Hu (36%)
PET 60 %u (60%) uavwedwosaug 4 Tu (4%)
shoghalalamanainunaniimuidilivuney 24
#9619 WU HDPE 12 Fuuas PET 12 Fu thauiinun
01 4 T 30 $2083 WU HDPE 6 Fuuaz PET 24 Fu
5ﬁu‘1‘7€%mmq 11 9 46 %u WU HDPE 18 %y PET
24 Fu wogwodiwesitliaunnszyviald 4 Fu
(Figure 9)

Science33-N4.indd 90

90

IINWANITIATIEAAN BUzRALDIAUTENBY
vaslulasnanafnsiemnaiia SEM-EDX uansliliiu
nsdeuanmuesmanainiifisdunusseznans
fusne Tasemgluriatiivuney 4 U uay 11
U fmsusnivesiuivisikivisuasiaduluves
1ARENTAARY [19,30] WazmniiananesAuseney
mapdinud lulaswanafndauluguiaindivin
(PET) Annlu 60% wagsuan (HDPE) 36% LLaz?)'uG]
3n 4% lunsditfuussguin PET fivunong 11 9
wumsvudeululaswanafinunniian uazinodiuos
Alsianunsaszsyialdtng uandiiuianiside
anmeswaNaRnfisuLITuNTEEIA [31] HA
nsfnmidaiduh madviduussgadunm
wiuiunuaety farudswensuudoulalas
Wmaarmﬂmil,?iauamwsuaﬁaqmsﬁgﬁmeﬁﬁu’a@h
VIUALAIVIA TeoRdNANTENUADAUA YD
U3lnald dedu Sellensuilnahduiinunongud
wazasTimsnuiiuduAeiusansgnuvedlales
wanadnfivudeuluthiusoguamlusseven

9/9/2568 BE 11:16



U1 33 avuil 4 nsngnIAL-G491As 2568 3TN mansuazinalulad

24.UN
30.6K
27.2K
23.8K
20.4K:
17.0K: ‘
13.6K:

102¢ |

68k f T
s
3.4K A:lLo NS
) - .
0.0K: A
a) 2ym Mag= 620K X WD= 13mm EHT = 15.00 kV Signal A = SE1 b) 0.00 100 200 3.00
0.0UN
C
7.74K:
6.88K
6.02K
5.16K:
4.30K ‘
3.44K: o]
2.58K:
1.72K:

0.00K

) 2um Mag= 620KX WD= 13mm EHT = 15.00 kV SignalA=SE1_| ) 0.00 1.00 200 3.00

Figure 9 Characteristics of 1-20 um microplastics observed under a Scanning Electron Microscope (SEM)
at 6,200X magnification, with chemical composition analyzed using Energy Dispersive X-Ray (EDX)
analysis: (a, b) HDPE microplastics, and (c, d) PET microplastics.
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