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Pedepar

3arpsisHeHue pbI6 MUKPOIIJIACTUKAMMY MPEACTABIISIET OMACHOCTD [JISI 34,0POBbSI Yesio-
Beka. CKyJoCTh MPeabIAYIIUX KCCIeq0BaHNUIi IO 3aTPSI3HEHUIO PbIOBI MUKPOIIJIACTH-
KOM, 0COOEHHO B MbIIIIEUHOJ TKaHY, TOAYEPKUBAET MPO6Eebl B 3HAHUSIX B 9TOM 06-
nactu. Takum 06pasoM, 1esbio JAHHOTO MCCIeIOBaHM S ObIa OlleHKA BCTPeYaeMOCTH,
06U U XapaKTePUCTUK MUKPOIIJIACTUKOB B Che00OHOI YacTu PbIObI, BBIJIOBAEHHOI
1“3 NpUAUBHBIX pek Cabaxa. Bcero 66110 BbIJIOBJIEHO 146 06pa3iioB pbiObI, U U3 BCeX
MBIIIeUHbIX TKaHEI 6bIIN U3BJIeUEHbl MUKPOIIACTUKM. Pe3ynbTaThl yKa3bIiBAIOT, UTO
45,9% 06pa31oB MbIIIIEUHOI TKAHU PHIOBI OBIJIN 3aTPSI3HEHBI MUKPOTIIACTUKOM, TIPU
cpenHem comepxkaHuu 2,0+ 4,3 egquHuI Ha 0C06b. MUKPOILJIACTUKYM HEGOJIBIIOTO pas-
Mepa (87,6%), dparmenTsi (39,1%), uepHsiii et (36,5%) u Brucko3a (53,4%) Gblu
rmpeo6aganiMMy XapaKTepUCTUKAMM MUKPOIIACTMKOB, 0OHAPYKEHHBIX B MbIIIIIAX
pbI6EL. [ToTpebaeHe 3TUX PbIO, 3arPSI3HEHHBIX MUKPOIIJIACTUKOM, MOXET MPEICTaB-
JISITh OMACHOCTH AJIsI 3J0POBbsI MECTHBIX XUTeseii mrtata Cabax.

KnroueBbie cioBa: Pri6a; MUKPOIIACTHUK; MBIIIIIbI; Cabax

BBEJEHUE

MMKpPOMIACTUKOBOE 3arpsi3HEHNE CTAJI0 BO3HUKATh TTIOBCEMECTHO B BOJHBIX
cpenax, B pe3ysJbTaTe COPOCOB MECTHBIX M MPOMBINIJIEHHBIX OTXOJ0OB, CTOKOB
OUYMCTHBIX COOPYXKEHUI,  phIOOX035IICTBEHHO IesaTenbHOCTH (Soo et al., 2021).
MuKponaacTUKM MOTYT 3arpsi3HSATh BOJHBIE OPTaHM3MBbI, TaKMe Kak pbiba, pas-
JIMYHBIMU MY TSIMM, BKJIIOUAs TIPSIMOE TI0TIafaHye B OpraHu3M pbid, TpohuyecKmii
nepeHoc u abcop6bumio (Soo et al., 2021). MUKpOIMIACTUKM ObIJIM 0OHAPYKEHBI
B Pa3JIMUYHBIX YaCTSIX PbIO, BKIIOUAS JKeTyIOUYHO-KUIIEYHBIN TPaKT, }Kabpbl U MbI-
meuHyio TKaHb (Daniel et al., 2020; Jaafar et al., 2021). MexaHu3MBbI 3arpsI3HEHNS
MMKPOIIACTMKOM MBIIIEYHOI TKAaHY PbIOBI TOKA YETKO HE MPOAEeMOHCTPUPOBaA-
HBI, XOTSI HEKOTOPbIE MCCIeJOBAHMS TIPEIII0AaTal0T, YTO 3TO MOXKET MIPOU30ITH,
KOT/a MMPOTJIOYeHHbIE MUKPOIIACTUKY TIEPEHOCSITCS B CbeJoOHbIe TKAHW U T10-
cpencTBOM (GU3MUECKON amcopOum yepes KOKHbIe MoBpexkaeHus (Abbasi et al.,
2018; Barboza et al., 2020).
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VccnenoBaHye MMUKPOIJIACTUKOB B MbIIIEYHOI TKAHU PbIOBI MMeeT pellaio-
IIee 3HaYEHMe 13-3a BO3MOKHOCTY YIIOTPeOIeHUS B MUIIY YeJIOBEKOM, IIOCKOJIbKY
5TO BBI3BIBAET OMACEHMS T10 IOBOAY 0€30MacHOCTH MUINEBbIX IIPOAYKTOB, €CJIN,
M0 COOOUIeHNSIM, MUKPOTIACTUKY HAKATIJIMBAOTCS B MbIIIEUHON TKAHU PbIObI
(Daniel et al., 2020). IIpu3HaBas MOTeHIMalbHOE BO3EIICTBYME HAa IPOJOBOJIbCT-
BEHHYI0 6€30TacHOCTD U 3IOPOBbE UeJ0BEeKAa KOHTAMMUHAIMY MUKPOILIACTUKOM
pbIObI (Barboza et al., 2018, 2020), Ba’KHO pelIUTb pacTyLIYIO TPO6IeMy KOHTaMMI-
HallMJ MUKPOIUIACTUKA B MBIIIEYHOJ TKaHM PbIObl. OJHAKO COCTOSIHME MUKPOILIa-
CTUKOBOTO 3arpsSI3HEHMSI B YaCTU PbIObI OCTAETCSI HESICHBIM IO CPAaBHEHMUIO C BHY-
TperHumn opranamu (Makhdoumi et al., 2023). CiefioBaTesibHO, 11€JIbI0 JaHHOTO
MccyiefOBaHYS ObIJIO BOCIIOJHUTH MPOOEJIbl B 3HAHMUSAX O 3aTPSI3HEHUM MUKPOTLJIa-
CTMKOM MBbIIIIEUHOJi TKaHM pbIObI B miTaTe Cabax ocTpoBa BopHeo, Manaiisus. Lle-
JIbIO 9TOTO UCCeIOBaHMSI ObIJI COOP MpeBapUTETbHBIX JAHHBIX O BCTPEUaEeMOCTH,
00OMJINM, U XapaKTePUCTUKAX MUKPOIJIACTUKOB B MbIIIEYHO! TKAHU PbIObI. DTU
MCXOIHbIE JaHHbIE MMEIOT pellalollee 3HaUeHMe AJISI pAHHEro IMpeayIpeskaeHNs
MEeCTHBIX XKUTeJielt 0 6e30MaCHOCTU MUIIEBBIX MTPOIYKTOB U 3aK/IaIbIBAIOT OCHOBY
IS OyAyIMX MCCIeOBAHM 110 pa3paboTKe MOHUTOPWHTA, CMSITYEHUIO TTOC/Ie]T -
CTBUII U IIJIAHOB JeMiCTBUIA.

MATEPHUAJIBI U METO],

Hacrosimee uccinemoBanmue npopoauaoch B Cabaxe, KOTOPBIN SIBJISETCS Ma-
JIAa3UMCKUM LITAaTOM, PACHOJOKeHHBIM B CEBEPHOI 4acTU OCTpoBa bopHeo, Kak
rmokasaHo Ha pucyHKe 1. OT60op MpPo6 MPOBOAMIICS C UCIIOJIb30BAHMEM KabepPHbBIX
ceTeil HA YeThIpeX BhIOpAHHBIX NMPUMJIMBHBIX pekax B mrate Cabax. Bce moiimaH-
HbIe pbIOBI ObLJIM YOUTHI B pe3yibTaTe repeao3nupoBky pactBopa NIKA transmore

T
L116°06" | ﬁ[pv N
E116°10”
’ A
Tuaran
— N06°06"
_ 0 SABAH
d
7’
‘ :
)
) &
10 km
BORNEO
SARAWAK
(& =
——N02°06° =
INDONESIA
L 100km 1

Pucynok 1: Hccnedyemblii patioH, pachonoxeHHslli 8 wmame Cabax, BopHeo, Manaiizus.
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solution, TomeIeHbI B aJIOMMHMEBbIe TepMeTUUYHbIE TTaKeThl, U XPaHUJINCH B MO-
pPO3MJIbHO KaMepe npu Temieparype —20 °C B IHCTUTYTe Tponuueckoit 61oJio-
ruu u oxpansl npuponsl (ITBC) YuuBepcutera Manaiizuu Cabax (UMS), u gamb-
Helilero aHaan3sa. Bce cobpaHHbIe PbIOBI OBV OTCOPTUPOBAHBI, MOJACYUTAHDI
U UIeHTUOUIMPOBAHBI 0 BUIOBOTO YPOBHSI, T/le 3TO ObIJI0 BO3MOXXHO, COTJIACHO
MMEIOLIMMCS KHUraM TaKCOHOMMUecKoit uaeHTudukanuu (Annie & Albert, 2009).
B sTOM MccenoBaHUM i U3BJIEYEHU ST MUKPOTIJIACTMKA MCIIOIb30BaIu B 001Ie
CJIOKHOCTU 146 ocobeii pbib, oTHOCAIMXCS K 20 BugaM. I/l KOHTPOJS KayecT-
Ba IMCTUJAMPOBAHHYIO BOAY MCII0Jb30BaJIM B KaueCTBe 3aTOTOBKM U MO Bepra-
JIV TeM 3Ke TTpolleccaM 3KCTPAKIIMU U aHaau3a, 9To 1 06pasipl. Bo Bpems cbopa
06pasioB 1 J1abopaTOPHOTO aHAMM3a MCIOIb30BaacCh XJIOMUYaTOOyMakHas ojie-
kaa. Bce ycTpoiicTBa, MCIIOAb3yeMble B 1a60paTopuy AJisT U3BJIE€UYEHUS] MUKPO-
IJIACTUKA, ObIIV M3TOTOBJIEHBI M3 CTEKJIA UM MeTasa.

CHauaJsia ¢ pbIObI CUMINAIM YEIllYIOo, pa3aeblBaayu Ha ¢ujie U mepeBapuBain
B 10% pactBope rugpokcupaa kanus (KOH) npu ontumanbHo Temnepatype 60 °C
B TeueHMe 24 4acoB. 3aTeM MUKPOMJIACTUKU IKCTPArupoBajiu MeTOoOM paspere-
HUSI 10 IJIOTHOCTH B 5M pactBope xnopupaa Hatpus (NaCl) u dunbTpoBanyu uepes
CTEKJISIHHBIN QUIBTP U3 MUKPOGUOPHI ¢ pasmepom 1op 1,2 mkm (Whatman GF/C).
®uabTPOBAJIBHYIO OyMary moMeniaay B YUCTYIO Yalky [leTpy u cymmuau Ha BO3-
nyxe nepen uneatudukaimei (Daniel et al., 2020). YacTuirel MUKpOTIJIaCTUKA,
ocTaBIIMecs Ha GUIbTPOBATbHOI Oymare, ObIIM BU3YaabHO KIaCCUPUIIMPOBAHBI
U TIOCYUTAHBI TTO], cTepeoMuKpockonoMm (Leica EZ24) B cOOTBeTCTBUM C pa3Me-
powm, popmoii u uBetom (Peng et al., 2017; Singh et al., 2022). OTo6paHHbIe 06pa3s-
1IbI OBLJIM OTIIpaBJieHbI B jabopaTopuio ALS Technichem B Illax-Aname, Manaiisus,
IS UAeHTUGUKAIMM TUIa ToauMepa ¢ ucrnoab3oBanmem Mukpo—FTIR (Nicolet
iN10 MX) co cnekTpanbHbiM auanasonom 4000-1200 cm-1. Beisa paccuuTaHa ya-
CcTOTa BCTpeuaemMocTy (%) MUKPOTIJIACTYKA B MBIIIIEUHOM TKaHM 146 pbIO, M cOCTaB
MUKPOTIIAacTUKa (%) 1o pasmepy, bopme, IBETY U TUITY MOJMMepa ObLT Ompe/iesieH
Ha OCHOBE MMKPOTIJIACTHKA, 0OHAPYKEHHOTO B MBIIIIEYHO! TKAHU PHIOHI.

PE3VYJIBTATBI 1 OBCYXIEHUE

Hacrosiee ucciaemoBaHye mokasasao, 4To 45,9% pbiObl MbIIIEUHON TKAHMU,
o6pasiibl, TOJy4YeHHbIE M3 MTUKOI pbhIOBI B MPUIAMBHBIX pek B mTaTe Cabax, Ma-
naiisus, 6pUIM 3arps3HEeHbl MUKpPOTIacTUKOM (puc. 2). CpenHee coepkaHue MU-
KpOIJIaCTMKa B MbIIIEYHO TKaHM pbIObI cocTaBuio 2,0+ 4,3 en./ppiba, Ipyu 5TOM
npumMepHo 19,2% o6pasioB MBIIIEUYHO TKaHM PbIObI comepykanu 1-2 en./pnioa,
TOTHa Kak 4,8% 06pas10B MbILIEUHOJ TKAaHM PhIOBI comepskany 6onee 10 eq./ ppida.
YacToTa BCTpe4aeMOCTM MMUKPOIIJIACTUMKOB B MBIIIIAX PbI6 B MpeAbIAyIIei Tu-
TepaType BapbupoBajgach: oT 7% pbib, comepkalmnx MUKPOITJIACTUKY B Cheno6-
HbIX TKaHgX (Daniel et al., 2020), 1o 32% 06pa3iioB pbiObI, B CIIMHHBIX MBIIIIAX
KOTOPBIX ObIJIVM 0OHaApysKeHbl MMUKporiacTukyu (Barboza et al., 2020), u no 100
MPOIEHTHOE CofepskaHMe MUKpoTIacTuka B Mmbimax peio (Jitkaew et al., 2024).
CpenHee comepkaHMe MMKPOIIACTMKA B MbILIIEUHO TKaHM PbIO B HACTOSIIIEM
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PucyHnok 2: Hanuuue u xapakmepucmuxka MUKponiacmukos 8 MulileyHol mxkaHu OuKkux pulo, 8vl-
JI08JIEHHbBIX 8 NPUNUBHBIX pekax 8 wmame Cabax, BopHeo, Manati3us.

MccaemoBaHUM ObIJIO CONOCTAaBUMO ¢ JaHHbIMMU (1,97 0,19 1IT./pbi6a), 0 KOTOPBIX
coobuuau Jitkaew u coaBT. (2024), HO OHO OBIJIO BbIIIE, UeEM CpeaHee comepKa-
Hue Mmukpormnactuka (0,07+0,26 mT./pbiba), 0 KOTopoM coobinmau Daniel 1 coaBrT.
(2020). OgHaKo ciegyeT OTMETUTb, UTO pa3IMUHbIe BUIbI PbI6, 06MTAOIINE B 3TOM
paiioHe, pa3auM4usi B BULOBOM 60OTaTCTBE pbIO, pa3mMepe BbIOOPKY U MeTOax, UC-
M0JIb3YEMBIX JIJISI M3BJI€UEHUS U UAEHTUDUKALIMY MUKPOTIJIACTUKA B KasKI0M MC-
c/eIOBaHMM, 3aTPYOHSIOT IIPSIMOe CpaBHeHMe ¢ 60Jiee paHHMMU UCCIeTOBAHMSIMU.

B o6pasiax MbIIIeUHOl TKaHY PbIO ObIV OOHAPYKEHbI MUKPOIJIACTUKM pa3-
JIMYHBIX pa3mMepoB, GOpM, IIBETOB U IOJMMEPHBIX TUIIOB (PUCYHOK 2). BObIINMHCT-
BO MMKPOILIACTUKOB (87,6%) GbLIM MeJIKMMMU MUKpOILIacTuKamu (SMP) pasmepom
MeHee 1 MM, TOorga Kak KpynHbele mukpomiactuku (LMP) pasmepom ot 1 Mmm 10
5 MM cocTaBistau octaBuimecs 12,4%. B o6pasnax MbIIIeYHOJ TKaHY PbIO HAOIIIO-
IaJIICh MUKPOTIJIACTUKM YeTbIipeX ¢hopM, BKIwUass ¢parmMeHTh (39,1%), maeHKU
(32,4%), BonoxkHa (27,4%) u «mieny» (1,0%), B mopsake yobiBaHus. YepHsiit (36,5%)
U cuHuii (26,8%) 661U HanboOIee pacipoCTPaHEeHHbBIMU IIBETAMM MUKPOILIACTHUKA,
06HaApyXKeHHBIMY B MBIIIIAaX PbI6. [IeBSITH pa3JaMIHbBIX ITOJVMMEPOB OBV UIAEHTMU-
dbuipoBaHbl ¢ moMonibio MUKpo-VK-ananusa, a umenHno noauamuael (PA), mo-
nukap6onat (PC), monustunen (PE), nonustunentepedranart (PET), moau me-
TunMmertakpuaatr (PMMA), nonunponuiex (PP), monurerpadropstuied (PTFE),
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noaunyperad (PU) u Buckosa. Haubosiee pacrpocTpaHeHHbIM TUIIOM ITOJMMepa
OBLJI MCKYCCTBEHHBI 11eK (53,4%), 3a HuM ciaemosanau PU (11,8%) u PA (10,0%).
HacTosmue pe3ynbTaThl OKa3ain, UTO AMKas pbiba, obuTatomas B MpuaInB-
HBIX pekax B mraTte Cabax, Oblia 3arps3HeHa BTOPUYHBIMM MUKPOIIACTUKAMU,
00pa3yoIMMUCS B pe3yyibTaTe pparmMeHTanuy 60aee KPYIHBIX MJIACTMACC, TAKUX
KakK IJIaCTUKOBBIE OYTHIJIKYM, KOHTEHEPbI, YIIaKOBKA AJIST MUIIEBbIX POIYKTOB,
TOJIMATUIIEHOBBIE MTAaKeThl U ONeXa, oJydeHHasl B pe3yabTaTe XXUJI0i U IPo-
MBIIIJIEHHOW esSTeTbHOCTY MO6JM30CTH. DTO TaKXKe IMOATBEPKIAAETCS pacipo-
CTPAaHEHHOCTHIO BUCKO3bI, KOTOPAs MPeACTaBISIET CO60 MOTYCUHTETUUECKIME TT0-
JVMepHbIe BOJIOKHA Ha OCHOBE I[eJI/TI0JI03bl, 0OBIYHO MCIIOJb3yeMble B CUHTETU-
YeCcKoil ofexxae, TeKCTUAbHOM ITPOM3BOJICTBE U pbi600oBHBIX ceTsax (Kelly et al.,
2024); monuypeTaHbl, KOTOPbIe OOBIYHO MCIOJb3YIOTCS B Kpackax, IeHoIacTe,
3JIACTMYHBIX BOJIOKHAX U KUAKUX MOKPbITUSIX (Liong et al., 2021); u monuaMuabl,
KOTOpbIe 0GBIUYHO MCIOJb3YIOTCS B TEKCTUJIE, JecKaX 1 ceTax (Zaki et al., 2021).

BbIBOJIbI

JTO uccjaegoBaHMe MPOJEMOHCTPUPOBAJIO, UTO pbiba M3 MPUIUBHBIX PEK
B mrtate Cabax, 6bljia 3arpsi3HeHa MUKPOIIIACTUKAMM B CheIOGHOI YaCcTy PhIObI.
MUKPOIIACTUK, OOHAPYKEHHbIN B MBIIIIAX PbI6, OB BTOPUUYHBIM MMUKPOILIA-
CTMKOM, COCTOSIIIMM B OCHOBHOM 13 ()parMeHTOB, IJIEHOK, BOJIOKOH ¥ ITeHOIl/Ia-
CTOBBIX (DOPM, KOTOPbIE, BO3MOSKHO, ObIJIN ITOJYUEHbI B pe3yJIbTaTe YTUIMU3aAL UK
OBITOBBIX OTXOHOB M IMPOMBIILIJIEHHON AesTeabHOCTHM BOAM3M peKk. He ciaemyer
YITyCKaTh M3 BUAY BO3MOXHOCTb TPOGUYECKOTO ITepeHoca MUKPOIJIaCTKa MeCT-
HBIM XUTeasIM mrtaTa Ca6ax, y4MThIBaAsI, YTO ITOUYTH IMOJIOBMHA 06pa3IlOB TKaHEel
pbI6 GbIIM 3aTrpsi3HeHBI MUKpOIIacTUKOM. CieoBaTe/IbHO, A/ CHUKEHUS pUCKa
3arpsi3HeHMs pbIObl MUKPOIJIACTUKOM B JOJTOCPOUYHOI IMEPCIeKTUBEe PeKOMEeH-
IyeTcs HajJexaliee obpalieHne ¢ 6bITOBBIMM OTXOLaMM M IPOMBIIII€ HHBIMM
NpeanpUsITUIMMA.

BJIATOOAPHOCTH

ABTOpBI XOTeau 6bI TOGaromapuTh YHUBepcuteT Manaiisuu Cabax (UMS) 3a
(muaHCcupoBaHMe 3TOTO MccaenoBanmst yepe3 Skim Dana Khas (SDK0334-2022).
ABTOpBI BBIPaXXalOT MPU3HATENBHOCTD 38 YCAYTH, MpedoCcTaBieHHbie MHCTUTY-
TOM TPOIMUYeCcKo 6uosoruy u oxpadbl mpupoabl (ITBC) u MHCTUTYTOM MOPCKUX
uccienosanuit bopaeo (BMRI), UMS. 3To ucciaemoBaHye 6bII0 IPOBEAEHO C 0J10-
6penust CoBeta 1o 6mopasHoo6pasuio mrara Cabax [Ccplika HA JULEH3UIO HA
moctyn — JKM / MBS.1000-2 / 2 JLD.16 (53-55)] u KomureTa 1mo sTuKe skMBOTHBIX
UMS [Homep ccoinku: AEC0031 /2022].
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Abstract

Microplastic contamination in fish poses a risk to human health. The scarcity of previ-
ous studies on microplastic contamination in fish, especially in muscle tissue, highlights
knowledge gaps in this area. Therefore, the aim of this study was to assess the occur-
rence, abundance, and characteristics of microplastics in the edible parts of fish caught
from tidal rivers in Sabah. A total of 146 fish samples were caught, and microplastics
were extracted from all muscle tissues. Results indicate that 45.9% of fish muscle tis-
sue samples were contaminated with microplastics, with an average content of 2.0 *
4.3 items per individual. Small-sized microplastics (87.6%), fragments (39.1%), black
color (36.5%), and viscose (53.4%) were the predominant characteristics of microplas-
tics found in fish muscle. Consumption of these microplastic-contaminated fish may
pose health risks to local residents of Sabah state.

Keywords: Fish; microplastic; muscle; Sabah

INTRODUCTION

Microplastic pollution has become ubiquitous in aquatic environments due to
local and industrial waste discharges, effluents from treatment plants, and fisher-
ies activities (Soo et al., 2021). Microplastics can contaminate aquatic organisms
such as fish through various pathways, including direct uptake, trophic transfer,
and adsorption (Soo et al., 2021). Microplastics have been detected in various fish
parts, including the gastrointestinal tract, gills, and muscle tissue (Daniel et al.,
2020; Jaafar et al., 2021). The mechanisms of microplastic contamination in fish
muscle tissue remain unclear, although some studies suggest it may occur when
ingested microplastics are transported into edible tissues or via physical adsorp-
tion through skin lesions (Abbasi et al., 2018; Barboza et al., 2020).

Studying microplastics in fish muscle tissue is critical due to the potential for
human consumption, raising food safety concerns if microplastics accumulate in
fish muscle (Daniel et al., 2020). Recognizing the potential impact of microplastic
contamination on food security and human health (Barboza et al., 2018, 2020), it
is important to address the growing issue of microplastic contamination in fish
muscle tissue. However, the status of microplastic contamination in fish muscle
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remains unclear compared to internal organs (Makhdoumi et al., 2023). Conse-
quently, this study aimed to fill knowledge gaps regarding microplastic contami-
nation in fish muscle tissue in Sabah state, Borneo, Malaysia. The objective was
to collect preliminary data on the occurrence, abundance, and characteristics of
microplastics in fish muscle tissue. These baseline data are critical for early warn-
ing to local communities on food safety and lay the foundation for future research
on monitoring, mitigation, and action plans.

MATERIALS AND METHODS

This study was conducted in Sabah, a Malaysian state located in northern Bor-
neo, as shown in Figure 1. Sampling was conducted using gill nets in four selected
tidal rivers in Sabah. All caught fish were euthanized by overdose of NIKA trans-
more solution, placed in aluminum-sealed bags, and stored at —20 °C at the Insti-
tute of Tropical Biology and Conservation (ITBC), University Malaysia Sabah (UMS)
for further analysis. All collected fish were sorted, counted, and identified to spe-
cies level where possible, using available taxonomic identification guides (Annie
& Albert, 2009). A total of 146 fish individuals from 20 species were used for mi-
croplastic extraction. Distilled water was used as a blank control and subjected to
the same extraction and analysis procedures as the samples. Cotton clothing was
worn during sampling and laboratory analysis. All laboratory equipment used for
microplastic extraction was made of glass or metal.

Fish scales were first scraped off, fillets prepared, and digested in 10% potas-
sium hydroxide (KOH) solution at an optimal temperature of 60 °C for 24 hours.
Microplastics were then extracted by density separation using 5 M sodium chlo-
ride (NaCl) solution and filtered through glass microfiber filters with 1.2 pm pore
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Figure 1: Study area located in Sabah state, Borneo, Malaysia.
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size (Whatman GF/C). Filter papers were placed in clean Petri dishes and air-dried
before identification (Daniel et al., 2020). Microplastic particles remaining on the
filter paper were visually classified and counted under a Leica EZ24 stereomicro-
scope according to size, shape, and color (Peng et al., 2017; Singh et al., 2022). Se-
lected samples were sent to ALS Technichem Laboratory in Shah Alam, Malaysia,
for polymer type identification using micro-FTIR (Nicolet iN10 MX) with a spec-
tral range of 4000-1200 cm™. The frequency of microplastic occurrence (%) in fish
muscle tissue was calculated, and microplastic composition (%) by size, shape, color,
and polymer type was determined based on microplastics detected in fish muscle.

RESULTS AND DISCUSSION

This study showed that 45.9% of fish muscle tissue samples from wild fish
caught in tidal rivers in Sabah, Malaysia, were contaminated with microplastics
(Figure 2). The average microplastic content in fish muscle was 2.0 £ 4.3 items
per fish, with approximately 19.2% of muscle tissue samples containing 1-2 items
per fish, while 4.8% contained more than 10 items per fish. The frequency of mi-
croplastic occurrence in fish muscle reported in the literature varies: from 7% of
fish containing microplastics in edible tissues (Daniel et al., 2020), to 32% of fish
samples with microplastics detected in dorsal muscles (Barboza et al., 2020), and
up to 100% microplastic presence in fish muscle (Jitkaew et al., 2024). The average
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Figure 2: Presence and characteristics of microplastics in muscle tissue of wild fish caught in
tidal rivers in Sabah, Borneo, Malaysia.
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microplastic content in fish muscle in this study was comparable to that reported
by Jitkaew et al. (2024) (1.97 + 0.19 items/fish), but higher than that reported by
Daniel et al. (2020) (0.07 + 0.26 items/fish). However, differences in fish species,
species richness, sample size, and extraction and identification methods compli-
cate direct comparison with previous studies.

Microplastics of various sizes, shapes, colors, and polymer types were detected in
fish muscle samples (Figure 2). Most microplastics (87.6%) were small microplastics
(SMP) less than 1 mm, while large microplastics (LMP) sized 1-5 mm accounted for
the remaining 12.4%. Four microplastic shapes were observed in fish muscle samples,
including fragments (39.1%), films (32.4%), fibers (27.4%), and foam (1.0%), in de-
scending order. Black (36.5%) and blue (26.8%) were the most common microplastic
colors detected in fish muscles. Nine different polymers were identified by micro-FTIR
analysis, namely polyamides (PA), polycarbonate (PC), polyethylene (PE), polyeth-
ylene terephthalate (PET), polymethyl methacrylate (PMMA), polypropylene (PP),
polytetrafluoroethylene (PTFE), polyurethane (PU), and viscose. The most abundant
polymer type was viscose (53.4%), followed by PU (11.8%) and PA (10.0%).

These results indicate that wild fish inhabiting tidal rivers in Sabah were con-
taminated with secondary microplastics formed by fragmentation of larger plas-
tics such as bottles, containers, food packaging, polyethylene bags, and clothing
resulting from nearby residential and industrial activities. This is also supported
by the prevalence of viscose, a semi-synthetic cellulose-based polymer fiber com-
monly used in synthetic clothing, textile manufacturing, and fishing nets (Kelly
et al., 2024); polyurethanes, commonly used in paints, foam, elastic fibers, and
liquid coatings (Liong et al., 2021); and polyamides, typically used in textiles, fish-
ing lines, and nets (Zaki et al., 2021).

CONCLUSIONS

This study demonstrated that fish from tidal rivers in Sabah state were contami-
nated with microplastics in their edible muscle tissue. The microplastics found in
fish muscle were secondary microplastics, mainly consisting of fragments, films,
fibers, and foam forms, likely originating from disposal of domestic waste and in-
dustrial activities near the rivers. The possibility of trophic transfer of microplas-
tics to local residents of Sabah should not be overlooked, given that nearly half of
fish tissue samples were contaminated. Therefore, proper management of domestic
waste and industrial discharges is recommended to reduce the risk of microplastic
contamination in fish in the long term.
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