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Abstract

This study aimed to develop and evaluate the efficiency of coconut-shell
activated carbon for treating wastewater from giant freshwater prawn ponds at the
community scale in Kalasin Province, Thailand. The research was designed to enhance
the value of local agricultural waste while reducing environmental impacts from
aquaculture activities. The novelty of this study lies in the application of coconut-shell
activated carbon to actual wastewater from community-based aquaculture systems, a
context that has been less studied compared to laboratory-scale research, which
primarily focuses on material preparation. The study consisted of three main stages: (1)
production of activated carbon from coconut shells through controlled carbonization
and chemical activation using phosphoric acid (H; PO,), (2) characterization of its
physicochemical properties, including moisture content, ash content, volatile matter,
and iodine adsorption value, and (3) evaluation of pollutant removal efficiency using
actual wastewater collected from a community-based giant freshwater prawn farming
enterprise in Buaban Subdistrict, Yang Talat District, Kalasin Province. The results showed
that the activated carbon exhibited a high iodine adsorption capacity of 982.33 + 4.93
Milligrams per gram, indicating strong adsorption performance. Batch jar test experiments
demonstrated that the material reduced ammonia-nitrogen (NH;-N) by 34.21%, total
suspended solids (TSS) by 34.85%, and total Kjeldahl nitrogen (TKN) by 43.35%. These
findings confirm that coconut-shell activated carbon has strong potential as a low-cost

adsorbent for community-scale wastewater treatment. The material effectively reduced

159



Life Sciences and Environment Journal 2026; 27(1): 158-174
key pollutants, including ammonia-nitrogen, suspended solids, and total nitrogen, while
improving water quality to conditions suitable for aquaculture. In addition, this approach
promotes value-added utilization of biomass waste in alignment with the circular
economy and Thailand’s Bio-Circular-Green (BCG) model, thereby supporting sustainable

community development across environmental, economic, and social.

Keywords: coconut-shell activated carbon, aquaculture wastewater, adsorption,

ammonia-nitrogen, biomass valorization
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Figure 1 Aerial view of the giant freshwater prawn farming area in Buaban Subdistrict,

Yang Talat District, Kalasin Province, Thailand.
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Figure 2 Smokeless carbonization furnace used for producing coconut-shell activated

carbon under controlled pyrolysis conditions.
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Figure 3 Physical appearance of coconut-shell activated carbon samples.
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4 (Figure 4)
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Figure 4 Adsorption kinetics of coconut-shell activated carbon fitted with pseudo-first

order and pseudo second-order models.

6. Mmyvszdluduasugiauazduinaau (Economic and environmental evaluation)
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Table 1 Economic evaluation of the community-scale coconut-shell activated carbon

wastewater treatment system.

Item Value

Initial cost (C;) 45,000 THB
Operating cost (C,) 25,200 THB/year
Maintenance cost (Cy,) 5,500 THB/year
Replacement/regeneration cost (C;.) 6,800  THB/year
Total life cycle cost (LCCA) 82,500 THB
Direct benefits 74,500 THB/year
Indirect benefits 17,000 THB/year
Total benefits 91,500 THB/year
Benefit—cost ratio (BCR) 1.11

Remark LCCA and BCR values represent preliminary economic estimates based on
assumed operational conditions and cost parameters. Further analysis
incorporating long term operation, discount rates, and uncertainty assessment

is recommended.

911915797 1 (Table 1) HamsUszduduasughonazdunndonnansliifiuinszuy
thimindeilddwiuiudanudonueninidnenmnlunsilvldaidussdugueu Ined
AunuTINeaennInsiIamiadu 82,500 um uazdnauselevdsiuwindu 91,500 umsied
dawalifan BCR windu 1.11 Feu1nndn 1 waneinszvuianuduaimaasughad oy
uennd wadnddindmiasouliidiuinnslitanmdofmmnanunsluiosiuaansndae
anfunumstisatdeussuyadvoadsdunaldosnadugUssy

7. M3LATILYveya (Data analysis) TeyadieuSunugniiasigriniglusingu SPSS
iierSeuiisuuszansaimnisgadunieldaniiesing o saeadid One-way ANOVA fiszdiy
Foddny p < 0.05 n¥oudinizriaduuszans anduius (R?) vosuvudiasiniigady
Lﬁaﬁué’ummaamﬁawaﬁaaﬂaﬁ'mwm‘haaqquwﬁ (Saleem et al., 2024) HaNSIATIEN
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(Fixed-bed column test) nan13nAaRY NUITANAINITIANANUTNTUVDIATUAT VAN tau
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nsvaneTaiuRa (Gainma et al, 2024; Saleem et al,, 2024) lngnan1sInsiaudivesian

WARaFIRNS 197 2 (Table 2)

Table 2 Physical and chemical properties of phosphoric acid-activated carbon derived

from coconut shell.

Parameter Measured value Reference standard Reference source

Moisture content 5.27% < 10% ASTM D2867

Volatile matter 14.35% < 15% ASTM D3838

Ash content 4.12% < 6% ASTM D2866

lodine number 982.33 + 4.93 mg/g > 800 mg/g (Ahmedna et al., 2000)
(TIS 900-2547)

BET surface area 920 m?/g > 900 m2/g (Ahmedna et al., 2000)

Ansgadulelefuiiganinnasguisiivanssous magaduiiniBunve sduiuiiug
wardanmassus18auLas (Gratuito et al,, 2008) %qwudwmiﬂiséjuﬁwﬂimhal,ﬁuiﬂiqa%ﬁﬂ
lulasnesuaruszdnsammsgaduannndt 40% ewfisuduauililiunsnszdu aonades
JUIIUVDY Wunsri et al. 2021 Wag Chuaythong et al. 2014 ﬁiwmudmfcjuﬁqﬁ%’uaaﬂ%Lﬁ]uuu
fuieuteiuusdamieslifhadnuaznsuanddsulessuiu NH,* Tuansazay

JEHGET dwuﬁuﬁuﬁmﬂLﬂﬁaﬂuzw%'nﬁshumiﬂixﬁuéha H,PO, Haudfnianianin
waziafifunzaudensUszgndldlunmsidathidessdugmu wasnoulanduumg “Yanga
FuHlTe1 (Green adsorbent)” TuszuuiaswgRavyuisuvesseimalny

2. Uit myleresiaunwidernuaiissdeinunsalugaey

§ o a
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q

v '
A
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VAaa oI ATIZRAINI 1T 003 NAEnduaz Al nuuInsgIu APHA (2023) Hanis
Aasziloswruuandlunisnedl 3 (Table 3) WUl AIAMUTNTUTDIAINANENANVAIETIBNT
WuAINIAsFINEIT T Amualae (Office of Natural Resources and Environmental Policy
and Planning, 2025) 740151497 3 (Table 3) agvioutiadymamnnindelussuumeifes

WWamalvdnlalarnunisindnegnadiusednsam

Table 3 Initial Water Quality Parameters of Wastewater from Giant Freshwater Prawn

Ponds Before Treatment.

Effluent Standard

Parameter Initial Concentration (mg/L) Status
(PCD, Thailand, 2025)
NH;-N 5.25+0.18 <20 Exceeds standard limits
TKN 9.12 £ 0.27 <4.0 Exceeds standard limits
TP 235+ 0.11 <10 Exceeds standard limits
COD 1732+ 4.5 <120 Exceeds standard limits
TSS 1205+ 6.2 <80 Exceeds standard limits

AauniAInanUIddsanvaidesisuiufidgnyiduwvasazauvesarsenis
drufundeslasunisiidaneussunegdauangaeu
3. UsgAnsamnisgaduluszuuuund (Batch adsorption test) NsnadaulUULUAY

Tatuiugiug 5 nsu Ty 500 Haddns AR pH 7-8 NANIVINADILEAIAIANTIT 4 (Table 4)
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Table 4 Pollutant removal efficiency in batch adsorption system.

Parameter Before (mg/L) After (mg/L) Removal (%)
NHs-N 5.25 3.45 34.21
TKN 9.12 5.17 43.35
TSS 120.5 78.5 34.85
COD 173.2 125.7 27.42
TP 2.35 1.52 31.50

4. Usgdnsnmnisgaduluszuuneduil (Fixed-bed column test) ssuupedutivun
unuAugnane 10 wuRuns a1 60 wufues Meanusinisiva 10 daddnsaewi nanis

U1UAERIRIAI5199 5 (Table 5) S¥UUABANULANANISUITARNILUULUAT LA8aNF1TBINS
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|
(N, P) ¥nnnindewas 50 Fsaenndasiuauves Ahmedna et al. (2000) Miausina s
mnFunaeunsalfidutunsesaaielussuniimindewuy downfow fiter [Fognadiusyavs nm
wonnil nasenaddenndes iy Bampi et al. (2024) fi518971U3158 VY fixed-bed column
TiUszansnmmsidnansuutiouganiuuuuund esninisdudasewinsansazane
futangaduet et esuavasaneannnin WewSsuiisuiuiangesudy wu dleladuas
Mudey nuIauiuiudandenugnililsedniainnismda NH;-N wag TKN gandn

Foway 20-30 Wewniilassaislulaswesuasvyilsidusandiauinnniy (Siipanee et al., 2019)

Table 5 Pollutant removal efficiency in fixed-bed column system.

Parameter Before (mg/L) After (mg/L) Removal (%)
NHs-N 5.25 2.86 45.52
TKN 9.12 4.38 51.97
TP 2.35 0.97 58.72
COD 173.2 110.4 36.24
TSS 120.5 73.1 39.32

5. wuudtaesleloinouuazaaunam1ans (Isotherm and kinetic models) Han13
AATeidayan1snAguNUIT Luudaed Langmuir isotherm TiAauduiusesean (R2 = 0.986)
wanaitnnsgaduifuuuululuaises (Monolayer adsorption) Uuilufiaifindssuasiiaue
yarfiuuuIaesaaunarmans pseudo-second-order WAnAmELTLS (R? = 0.981) genin
WU pseudo-first-order tntios UstinnsguauntsgnaunslasmauaniUdsulosauuazuss
Saniieameliiadnseninefaduiuansuaiiv naddenadesiunuves Wang et al. (2022)
Adnuinsgadunenludelulasiouvuaudutudainnzaiueni1n ddduanisnensal
ngAnssunagaduiilndiAsetu Snfisdiaenadesiu Moreno-Pirajan et al. (2011) fis1891u7
WUU31a89 Langmuir Uag pseudo-second-order @13113083UNENHANTTUNTAATUVDINATY
vudusuinnraendHlER lnaseufvunumuesiefiuiagnsusasy fauiudidaed
UuRIan naRnssuaugan1sgaduvesnuiuiudainsaetugliainnsml adsorption isotherm
Fauanslunmil 5 (Figure 5) vauziiieaiu saunamanimsgaduresianaunsnesuelinig
WuUSaee pseudo-second-order fauanslunind 6 (Fisure 6)

vonanil nslfdutusudanudenuenindssanmstdesfneeiveulnoanled
9INN15WY1a18T9308111NIT 1.2 FU CO,-eq Aolayuu 4 saenndosduidimaneg
Net Zero 2050 wossznAlng wadwsinens i “Jangaduddemminennavissiu’ W

Waste-to-Value Innovation fineulangisdauwinden 1asugna wasdeny
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Figure 5 FTIR spectra of coconut-shell activated carbon before and after phosphoric

acid activation.
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Figure 6 Pseudo-second-order kinetic model of coconut-shell activated carbon for

wastewater treatment.
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