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IMPACT OF ALKALI AND THERMAL DISINTEGRATION ON SLUDGE
SOLUBILIZATION AND BPA LEACHING FROM POLYCARBONATE
MICROPLASTICS

Wastewater treatment plants (WWTPS) play a critical role in protecting public health but produce
large volumes of sewage sludge as a byproduct.

Ever increasing sludge in WWTPs creates additional concerns since it accumulates pollutants
which are difficult to degrade including microplastics. Anaerobic digestion (AD) offers a
sustainable solution to handle the large volumes of sludge by converting sludge into biogas.

However, since 90% of the microplastics (MPs) entering WWTPs accumulate in sludge, they
interfere with digestion process and complicate sludge reuse and disposal. One mechanism of
impact has been noted to be the leaching of toxic chemicals in plastics. On the other hand, to
enhance biogas production and improve sludge stabilization, various disintegration methods have
been tested in recent years. This study aims to investigate whether the stress conditions introduced
during sludge disintegration accelerate microplastic deterioration, increasing the release of toxic
chemicals.

This study investigates sludge solubilization by alkali, thermal, and combined alkali-thermal
disintegration and bisphenol A (BPA), a monomer of polycarbonate (PC), leaching during
digestion with or without disintegration using PC MPs (425-500 um) as a model. Additionally, it
assesses how these methods affect the physicochemical properties of PC MPs.

Results show that the degree of disintegration (DD), which is an indicator of sludge solubilization,
is observed as 32.8% after 48 hours at 0.3 M NaOH alkali application and 19.8% with thermal
disintegration at 127°C for 120 minutes. Combined disintegration achieved the highest DD at
65.9%. In the presence of PC MPs, alkali and thermal treatments caused significant BPA leaching.
Thermal disintegration alone led to a 7.3-fold increase in BPA release, while combined method
resulted in a 932-fold increase compared to the control. Finally, combined disintegration caused
the greatest effect on MPs, with a 19% mass loss and a 38% size reduction.
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ALKALI VE TERMAL DEZENTEGRASYONUN CAMUR COZUNURLUGU iLE
POLIKARBONAT MiKROPLASTIKLERDEN BPA SIZINTISI UZERINDEKI ETKIiSi

Atiksu aritma tesisleri (AAT'ler), halk sagligini korumada kritik bir rol oynarken, ayni zamanda
biiyiik miktarda aritma ¢amuru tiretmektedir.

AAT’lerde olusan camur, mikroplastikler (MP’ler) gibi biyolojik olarak zor par¢alanan kirleticileri
biriktirmektedir. Anaerobik ¢iiriitme ise bu ¢amurun biyogaza doniistiiriilerek stirdiiriilebilir bir
sekilde bertaraf edilmesini saglayan bir yontemdir. AAT'lere giren MP'lerin yaklasik %90
camurda birikmektedir, bu durum curitme slrecini olumsuz etkileyerek camurun yeniden
kullanimin1 ve bertarafini1 giiglestirmektedir. Ote yandan, biyogaz iiretimini artirmak ve ¢amur
stabilizasyonunu iyilestirmek amaciyla son yillarda c¢esitli dezentegrasyon yontemleri
arastirilmaktadir. Ancak, plastiklerde bulunan toksik kimyasallarin sizma potansiyeli de bu
stireclerde artan bir endise kaynagidir. Camur dezentegrasyonu sirasinda uygulanan fiziksel ve
kimyasal stresler, mikroplastiklerin bozulmasini hizlandirarak bu kimyasallarin salimin
artirabilmektedir.

Bu calisma, alkali, termal ve alkali-termal birlesik dezentegrasyon kosullari altinda, camur
¢Oziiniirliigiinii ve model olarak kullanilan polikarbonat (PC) mikroplastiklerinden (425-500 pm)
bisfenol A (BPA) sizintisin1 arastirmaktadir. Ayrica, bu islemlerin PC mikroplastiklerin
fizikokimyasal 6zellikleri Uzerindeki etkileri de incelenmistir.

Elde edilen sonucglara gore; 0.3 M NaOH alkali uygulamasinda 48 saat sonunda parcalanma
derecesi (DD) 9%32,8'e ulasirken, 127°C'de 120 dakika boyunca uygulanan termal
dezentegrasyonla DD %19,8 olarak belirlenmistir. Birlesik dezentegrasyon yOntemi ise en yuksek
DD degerine (%65,9) ulagsmigtir. PC mikroplastiklerin varliginda hem alkali hem de termal
uygulamalar BPA sizintisinda artisa sebep olmustur. Termal dezentegrasyon, kontrol grubuna
kiyasla BPA salimini 7,3 kat artirirken, birlesik yontemle bu artis 932 katina ulagmistir. Son olarak,
birlesik dezentegrasyon mikroplastikler {izerinde en biiyiik etkiyi gostermis; %19 oraninda kiitle
kayb1 ve %38 boyut kiiclilmesi meydana gelmistir.
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