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standards, and have quality publications to acquire a qualification that is recognized both nationally and internationally.

Thus, publisher, editors, reviewers, and authors are required to strictly follow our guidelines, standards, and

publication ethics.
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11.

Ensure a submitted manuscript is relevant to aims and scopes of the journal. Also examine whether its
quality meet the journal’s standards. However, if an unsuitable submission is found, editors should inform
authors immediately.

Pre-screen the manuscript, check duplications and plagiarism before sending to experts (at least
2 persons) for peer review.

Evaluate the manuscript for their intellectual merit without regard to race, gender, sexual orientation,
religious belief, ethnicity, political viewpoints or affiliation of authors. Ensure that the peer review process
is fair and unbiased. Where necessary, editors should seek additional opinions from experts before
rejecting any manuscript.

Editors must have no conflicts of interest or relationships that pose potential conflicts related to manuscripts
under consideration. Moreover, editors must avoid taking advantage of information obtained from a
manuscript/article or the journal for business or use and misrepresent it as their own academic works.
Invite external reviewers in related field to provide a comprehensive evaluation of the manuscript. Ensure
that authors and reviewers do not know each other's identity (double blind) including blind to an unauthorized
person.

Decide based on feedback from the peer review, whether to seek more peer reviews (in case three
reviewers have different opinions).

Must not make substantial edits on author’s work or alter peer review reports or interfere with the information
exchanged between reviewers and authors.

Collect and send the reviewer reports to authors, work with authors to revise the manuscript in response
to the reviewers’' comments. The revised manuscript is returned to the reviewers to ensure that their
concerns have been satisfactorily resolved.

Once the manuscript has been accepted, editors shall arrange publication in the chronological order of
submission date, content, or other suitability reasons.

In case, an accepted manuscript cannot be published in the journal volume that state in an acceptance
letter at any reasons, editors should inform authors promptly and manage to publish in the next volume
where appropriate.

Ensure the publication process is accurate and timely for both printed and online versions.



Assure the submitted manuscript is original, has not been published before and is not currently being
considered for publication elsewhere. it is the responsibility of authors to obtain permission from copyright
holders, to ensure that the use of images, data, and illustrations in the manuscript do not violate copyright
laws.

Avoid plagiarism. Any relevant prior works and publications should be properly cited with reference lists
at the end of the manuscript.

Ensure the manuscript followed the formatting instruction.

The research contained the experimental with animals or human must be allowed from ethical committee
before testing. The author must submit the approved ethical statement along to submitted manuscript.
After pre-screening, if errors are discovered, authors should collaborate with editors or publisher to quickly
correct their work before sending to evaluate by experts.

The manuscript is an academic work with authors' perspective not by the Department of Science Service
or editorial board. Authors are responsible for their works.

Authors should have read and agreed to publication requirements policies thoroughly.

As standard copyright agreement, we would like to inform authors that you transfer or “assign” copyright
to the Department of Science Service as the owner and publisher of the journal (BAS). After publication
in BAS, the work must not be published and distributed by others.

Authors also should mention about financial and material support.

Provide unbiased, constructive feedbacks on the work's scholarly merits and scientific value. Evaluate
the work’s composition, scientific accuracy, creativity, and interest to the journal’s readers as well as it is
clear, concise, and relevant. Give objective and fair suggestions for improvements and avoid personal
comments or criticism. Disclose conflicts of interest to editors (if any).

Notifying editors immediately if unable to review and/or decline the review.

Evaluate the manuscript in a timely manner. Notify editors when you fail to complete a review on time in
order to set a new agreement.

Maintain privacy of the review process by refraining from discuss or reveal any information from the
reviewed manuscript with outside parties.

Notify editors if any ethical concerns such as plagiarism or similarity between the reviewed manuscript
and other published articles.

The revised manuscript will be returned to reviewers (together with the response letter) to ensure that the
comments raised have been satisfactorily resolved. Reviewers make a recommendation report to editors

as to whether the manuscript should be rejected, accepted, or required another revision.

Manuscript contained plagiarism and copying such as figure and data will not be accepted for
publication in Bulletin of Applied Sciences (BAS) journal

Bulletin of Applied Sciences (BAS) journal will not reveal name and personal information of reviewers.
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This research investigated the changes in chemical and physical properties in salted eggs that had been
pickled along with employing the sous-vide technique with a salt concentration of 28%-30% (weight per weight)
at a temperature of 50+2 degrees Celsius. During the pickling process on day 0 (raw egg), 1, 2, 3, 4, 5, and
6, it was observed that employing the sous-vide technique along with the pickling process led to statistically
significant differences in the chemical and physical properties of the salted egg (p<0.05) at different pickling
durations. With increased duration of the pickling process, the appearance of the egg yolk changed from
yellow-red (raw egg) to red and deeper red. The egg became rounder, more prominent, and firmer while the
exterior egg white changed from being transparent to cloudier. According to a color comparison using the
Munsell book for the egg yolk and the height values of the egg yolk with a Vernier caliper, it was found that the
egg yolk had a color ranging from yellow-red to red and the height ranging between 16.16-26.27 millimeters.
In addition, from the results of texture analysis, the egg yolk using the TPA testing method revealed that an
increased pickling duration led to a tendency of a significant increase in hardness, springiness, and gumminess
values (p<0.05), while cohesiveness value remained unaffected (p<0.05). Additionally, the salt concentration
analyzed in both egg yolk and egg white showed a significant increase in quantity (p<0.05) as the pickling
duration extended, with values ranging between 0.42-0.97 and 0.42-4.88 percent, respectively. The mentioned
changes resulted from the penetration of salt solution into the egg cells and solutions that dissolved in water
within the egg cells diffused outward throughout the egg cell membrane along with the water. This resulted in
alterations in the chemical and physical properties of the egg. The resulted product met the standards set by
the Thai Community Product Standards (TCPS 27/2550 on Salted Eggs). This is to elevate commercial

competitiveness and increase marketing opportunities for entrepreneurs.

Keywords: Salted egg, Physico-chemical properties, Sous-vide technique, Osmosis
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Tubtim Chumphae rice has a red seed coat. Cooked Tubtim Chumphae rice have a clear red color similar
to the color of ruby which has a high nutritional value. In this research, Tubtim Chumphae rice was ground into
powder of Tubtim Chumphae rice flour. Then Tubtim Chumphae rice flour was used to replace various amounts
of tapioca flour at 0% (control recipe), 40%, 50%, 60% and 70% of the total weight of tapioca flour. Tubtim
Chumphae crackers were analyzed for the physical properties, the sensory characteristic consumer liking and
nutritional values. The results showed that an increasing the level of substitution of tapioca flour with Tubtim
Chum Phae rice flour, crispness were different (p<0.05). An increasing Tubtim Chum Phae rice flour, the
crispness decreased. The results of color values showed that the crackers replacing tapioca flour with Tubtim
Chumphae rice flour were light brown to reddish brown. In addition, rice crackers that replaced tapioca flour
with Tubtim Chum Phae rice flour were evaluated the consumer liking. The panelists gave the highest overall
liking for the Tubtim Chumphae rice cracker recipe that replaces 40% of tapioca flour with Tubtim Chumphae
rice flour. The comparison of nutritional values of Tubtim Chumphae rice crackers and tapioca crackers found
that protein, iron and dietary fiber content in Tubtim Chumphae crackers were 97.25, 1.93 and 5.29 times higher
than those in tapioca crackers, respectively. By the way, their energy from fat were less than that in tapioca
crackers. Therefore, Tubtim Chum Phae crackers are more suitable to be consumed as a health food than

tapioca crackers.

Keywords: Cracker, Tubtim Chumphae rice flour, Tapioca flour
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Adsorption removal of colistin from aqueous solution
using NaOH-modified granular activated carbon
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Nowadays, antibiotic contamination in water sources is increasingly being detected, contributing to
the rise of the causes of drug resistance. Colistin is a last-resort antibiotic used to treat infections that are
resistant to other antibiotics in both humans and animals. However, it is not completely adsorbed by both
human and animal bodies, leading to its excretion and subsequent environmental contamination. This research
studies the use of sodium hydroxide modified granular activated carbon (m-GAC), prepared by a simple and
low temperature activation process for the adsorption of colistin in water. Batch adsorption experiment was
investigated at a colistin concentration of 250 mg/L. The maximum adsorption capacity of the m-GAC was
significantly higher (83.9 mg/g) than the unmodified activated carbon (GAC, 31 mg/g). The adsorption behavior
matched well with the Freundlich isotherm, and the pseudo-second-order kinetic model. Additionally,
the m-GAC exhibited a higher rate of colistin absorption compared to GAC. The predominant adsorption
mechanisms are likely a strong physical adsorption, including electrostatic attraction and hydrogen bonding.
The increase in oxygen-containing groups on the surface of m-GAC enhances its adsorption efficiency. This
study offers foundational insights for improving the adsorption efficiency of activated carbon on a scalable
production level for colistin removal application in water and further aiding in the control of colistin resistance-

spread among microorganisms.

Keywords: Adsorption, Colistin, Activated carbon
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chromatography tandem mass spectrometer, LC-MS/MS ﬂlﬁ@ Agilent q'u 1290 infinity/6495 Triple quad) AU

ANAINITlUNT9RATY (at, mg/g) Tneldannns(1):

o =GV 1)

m

Tnad c AaAudnduGusiu (mg/L) aaselrdafuluasazans, C AaANudunuRaaaenTadasy
. A

Tugnsazane o aINMIRAFURAIUUA (mg/L), V AatiunmAstesaisazatenlafasiu (L) uay m Aeviuinaes
sapadu (g)

3.1 MSANMANHUENNMENINUAETATIASIANTRIAIAATY

ddeiildvinnisdaudsiiuiio GAC faeualnineslansenlad LA m-GAC 317 2 wansdnuguinen
X A X s o 2 o = P sy e
WUR9299 GAC Uar m-GAC WU WuHaTessnataisaeslaneuzagssuasilasaainagngunliasane
uanaNifandn GAC Aeunisdauils (m-GAC) Hgwguinauialungjuardaiauaiu asdilanianentadafuazing
dnldlusgaduliuinnds annisimezinan SEM faaimaiia EDX uwanaliiliugn m-GAC Hesdilsznaues
519ANFUAUN 29NTIAU LazlHIRNOLLIUNUHITNABAARBITLNANTAATZTRIALIszNaLSE (191901 1) LAAS
Iiiudn m-GAC Hifiunnuaessineaniiauigendl GAC
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| T —

BT |
S0um um

911 2 W SEM 284 (N) GAC (1) m-GAC WAZNTNNINTZANUUIFIELU M-GAC (A) 516A151UaY (C)
waz (9) saneendiau (O)

F19797 1 Feearasfilsenauandsns WRaaWIL USHIAIgNIU LazAY pHPZC 1839 GAC Lar m-GAC

q

%Element BET Pore volume® (cm%g)
Average
surface 3
Adsorben q Pore IEP
area . Total .
C H N (0] 2 Micropore size (nm)
(m*/g) pore
73.9 0.10 0.70 25.4
GAC 1,145 0.40 0.45 1.64 4.3
(£0.20) (£0.06) (£0.30) (£1.50)
68.7 0.06 0.80 30.4
m-GAC 1,111 0.38 0.45 1.65 <3
(*0.4) (+0.01) (+0.04) (+6.80)

"Annlngldaa Brunauer-Emmett-Teller (BET)
ZAuanulae 1438 t-plot
%|soelectric point

317 3(n) uanalalmifunisgadunisaauialulnsiauaesdagadl GAC waz m-GAC tagAiuiianlFain
NNIATUIUANEATE BET (Syy) WATLENIAIINIUAMNA (V) waATUA1919% 1 a1nuananaaeanudnlansea¥is
gngudaulunjaessingeduiaasuuuiuwuulatamas (Micropore) vitidnmuzgngunuululaswafaassingady

o o cY

GAC (1an13A1) TaeialUiialuannnssuqunissireNauingus lnsldwmatianisnedusiusfaeaani1enienin

| v
) o

G = N Y a b4 '8 o A a
wsan1aad liiAalaseairegngununlalaswes (suna < 0.2 wnluwums) WerinfawilsWuin
o = - o = \ , A da 4
soalainnlansanladnieuds (Post treatment process) asliaHARaNUNRILALLTHIATINIUNIUNATD
tuiudusaselidadAny
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Zh 10
‘*UE' g —=— GAC Adsorption —a— GAC Desomption
& . —s—m-GAC Adsorption —&—m-GAC Desorption
0 0.2 0.4 06 0.8 1
Relative pressore (P/P,)
(v)
E
]
[ ]
%]
[ =
£ !
E il -3
& —m-GAC —H A
|_
4000 3500 3000 2500 2000 1500 1000 E00
Wavenumber (em™')
(A) 40

L]
(=1
1

(=]
L

Zeta potential (mV)
' ra
(=] [=]

&
=

2 4 6 pH 8 10 12

917 3 (n) lelaiifunisgadu/nisanauialulasiau () aulnpdu FTIR uaz () Ardndlnindniaes GAC uaz m-GAC
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nsAnEuyiaridueessianadu GAC uay m-GAC Lﬁ@mﬂﬁumﬁ?ﬂﬁmmuﬁm’%mwdwﬁq@méﬁuﬁu‘iu ana

1e9enlunszuaunsgadulaeldinatiadunssealninealnd mﬂgﬂ‘ﬁ' 3(1) WU mﬂnmﬁ*mmﬁq@msﬁuﬁmm

gilailangfefiiaandn 3200-3600 cm™ Guduresvylansania (OH) Te9uaANegeiaaInAINAT LTIt

lusagdng uAnudinzes m-GAC flannadanuuaziinnaduresiiniisdu saudenafnfiadaauisumi

3400 cm” ifeeannnasilig OH wnTuatnMs s uLeInsaAIfLENGAn (Carboxylic acid) WasannHw

nadaudsdaelniaslansanlas [15] FagenadaatuRATIR LML 1700 om’ 293uyAfuanda (Carboxyl)
- &

PiANdiNgeTuuAY uananUfnunis@auteaianawms 1511 Tohilu 1556 cm™ (msf C=C aromatic)

'
1l o

B sAnfialyafisumle 1364 om” waznamiFindsduieumis 1100 cm’ ﬁél\il,ﬂmm\my; C-O wansl¥iiindn
Lﬁmmﬂ'ﬁqﬁﬁumﬁﬁﬁﬁm@@ﬂ%mu Taun mgmi‘um%Lmzmﬂamm%uuﬁuawm GAC finumasaus
snslmpenlansanlas (m-GAC) [16]

mmmﬂuﬂm-mmLﬂuﬁﬁwﬁqﬁmmﬁ@m@@msﬁu LﬁmmﬂmmL‘fluﬂm-mmﬁmﬁuﬁ’ﬁuﬂ?:quuawm
AanAdy m@ﬁﬂmmm:fﬁuamﬂuquﬁ(Isoelectric point, |EP) Lﬁ@ﬂ@nﬁqﬂ?xquuﬁuﬁwmﬁfa@msiuLﬁ'@ﬂ%islu
a19azan pH #ing < uwazldilsznaunisedunanalnnisgeduls gﬂ‘ﬁ' 3(p) wansAAnElWANG 098 nadUlY

A1722ANET99 pH 3-12 WL4N A1 IEP 289 m-GAC F1N31 3 UnueiiAn IEP 229 GAC windu 4.2 wanaliidiugn

'
=

X o4 Ly A o ox ot ey - . .
m-GAC Hufiafiilutlszqauninndn wetliflasanniaindusesiyiaiiundsineendiauiusflsznaunas
AszuaunIsaLUsutnsqe R lansanlas

3.2 lalmiisnuasmsaadu

lalmiiifuaesnisgadu (Adsorption isotherm) ldaBunsdunsizenseudnaluianaressagnaaduriu
ﬁuﬁwmﬁq@mﬁu 307 4(n) uansdayanisgaduanladafiues GAC uaz m-GAC finnnududu 250 mgiL
mdnesesuusaeslelefifuaesuuagldfnsd 2 mnuammeaemLE m-GAC flaamugnann
lumsgaduenlpaanuldunninilenanfieusu GAC n waRuai wazfinaniuiu fgadunegesia
anansngeduenldunTu aufanan 1500 Wil GAC aziuansauarlianansngadusnléan 1niil m-GAC
deanansngaduenselilly filaan 2680 unf m-GAC anunsngadusnlnaaiulfgegn 83.9 mg/g nan1aAnm
lalaWifuaesnisgadunudniacnasandesiuluuanaensgaduaesnguadd (A1 R? 11nndd 0.90) 1anngn
nsldunuanaesnisgaduaeduadiiias (A1 R? 489 GAC Lag m-GAC Wil 0.702 WAz 0.44 ANNATAL) AILAAN
‘lugﬂ‘ﬁ' 4(7) Lmmﬂﬁl,ﬁudqm?@mﬁﬁumiﬂamﬁuuu‘ﬁu%mm GAC taz m-GAC {lunsgadu LLILTANEF (Multilayer)
B4 ”ﬂwm;ﬁuﬁq*ﬂmﬁf;@maﬁuﬁmmmﬁmﬁiﬁmnmﬂﬁﬂ SEM ﬁqaﬂmﬂé’mﬁumuﬁﬂmmi@mﬁﬁm@mgumamﬁdﬂ
Nufnresingadudansnizageszuazlalifuife e (Heterogeneous) andae wananinanarasenlrdaiu
asiidunsmaen Ui AagATULAY aa1NNITinEURITTENTUeITEdnaly Laqaiu%uﬁm"l,ﬂ gngl Al
FuresnsgaduRldlaisnta vteanaisannisgaduu LU R dewifuuiesnaninsaiiiduden
vasluanasntpaany [17-18]

lafiansane 1/n ﬁiﬁmnLmu'ﬁmmmi@m%mmﬂa;umamm;ﬁ GAC waz m-GAC wudiAtiaendn 1

wanedn Bunuiuiauwigaduisaessiaianianarldlunisgaduenladasu
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0
n .
(m) —s—rrGAC . (1) Freundlich isotherm
¥ 1 —w—oac ’ R
™ = e e
X . el 3 —
.- E- s ae « GAC
- x e g Y3 e m-GAC
- e e } i
-] _— 1 —— Linear (GAC)
- Linear (m-GAC)
! - . - T o -
50 1000 1500 o} L] b= 25 3 A5 1 L5 =
Time (rmin) In{Ce) (ng/L)
{H} . nd
o Pseudo 2™ arder /'
-
s -
o
E
oW
E s GAC
= n 4 » m-GAC
™ ; Linear (GAC)
’ 'f . = Lim:ar 1|:an£fo|
- B0 L] 1500 el e] 250 b ol

Time (min)
= o a a o 9 = , as o
gﬂi’l 4(n) ﬂmwmmmmmmmlumi@mumimamumwmmu 250 mg/L NaInIe ] (1) ﬂ?’]WiﬂIsﬁmi‘Nﬂﬂi‘@Wﬁu

WUUWIUART WAz (A) N aaunaAansnsgAdULLL Pseudo 2" order

A4 2 WisiimesraauuuanandlalmifuiedaaluLeee GAC waz m-GAC

Isotherm model
Langmuir Freundlich
Adsorbent
G qn K. R2 m Ke R2
(mg/g) (mg/g) (L/mg) (L/mg)
GAC 83.9 123.5 1.2 0.702 1.3 80.2 0.926
m-GAC 32.0 151.5 1.0 0.440 1.2 92.4 0.907

3.3 AaauwamARIMsgAty

Lﬁ'@ﬁwamiﬁnmm@@msf?umﬁﬂﬂ:ﬂﬂ@inmi@mﬁﬁu‘l‘,mﬂmﬂ%uum"mm@@uwmmfam'mar@mﬁu
2 giluvw un mumiﬂﬁﬁ“ﬁmﬁuﬁwﬁuﬁﬂu (Pseudo-first order) wazrannsUTReNduFLARUNEN (Pseudo-
second order) Lﬁ@ﬁﬂmmmmﬁﬁmmmi@mﬁﬁu (ﬁl’]i‘ﬁ\i‘ﬁl 3) WuAn R? m@\‘iﬂ%mumiﬂﬁﬁ?ﬂwﬁuﬁwﬁuﬁﬂmmz
annsUfisendusuaesiianldunnseiuetaliadAnyuasianlndinea 1 fiag AvPnainnsgaduenleRadin
uu‘iﬁuﬁqﬁq@msﬁuﬁlumimmmiﬂum?@msfumqmﬂmmmm%qm\ﬁLﬂwﬁﬂ nenaNEaHL mm‘ﬁ'mi@msﬁu
(K,) 2184 m-GAC g4n91A1189 GAC waasliiiud) m-GAC arnsngaduanladanulaizandinisld GAC
171'13Jt:humiﬁmu,ﬂﬁﬁ'm@mm’imﬁunmﬂma@msfum‘l‘,mamﬁwum GAC uaz m-GAC fiaanuidiudu 250 mg/L
(gﬂﬁ' 4(p)) WﬂmﬁLmﬁm@auwamamf}’mi@m%mm%mmmmmmmﬁ\‘immﬂ 3
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AN97199 3 W"Iﬂ‘ﬁ?:lL[?]ﬂ§°1]'ﬂ\‘1@@%‘1/‘l@ﬂ"l’&[Flﬂa“ﬂW?@ﬁ%ﬂ“]’]ﬂﬁ\‘i@@\‘i@ﬂﬂqﬁmﬂ GAC uaz m-GAC

Pseudo-first order Pseudo-second order
Adsorbent
q, K1. R q, K2 . R
(mg/g) (1/min) (mg/g) (9/mg.min)
GAC 27.80 -0.0050 0.973 52.08 0.021 0.999
m-GAC 16.60 -0.0038 0.935 51.28 0.056 0.993

34 malnmsgadu

antadaRuiA pKa Uszanns 10 [19-20] Tassafreluianazesenladanuazisnged lugiilszquan
(Cationic form) Nsunisaaanajady lanaaaunisgaduluaninzmiiunats (Ml nsnegaaunisgadu
lunnsAnuiidaanlden pH aavasazaraaniadanu 7 6.2 Tnadnededayas pH 1as@alutiatininann
Tsanenunansyilaundn Samdauums Ussmnalng) andnenislssquuiiuiinres m-GAC fifhiausinndt GAC 71 pH
panang M ldgasi lunisgaduladafuuuiuiares m-GAC 5and1 GAC asannandaussbegauuulninads
(Electrostatic interaction) wazn1siinRusslalnsian (Hydrogen bond) undan [21-22] wenainiilafaison
o ama o o R A @y o R o o o o oA a X ' o
A" R’ agaannisUjisenduiuvilaieniingdiaes 1 muiu fsiiponduldlddnsgedunistuusdeuazends
NM3ATUNIINIBANLLLEBUINAY U usauwawaasanad (Van der Waals force) [8,23] nalnindluli/ls
lunsgaduanla@aiusog m-GAC wansfagilil 5 tsznaudanisgadunisnianiwuuuudenss (Electrostatic
interaction W&z Hydrogen bond) Wazn1RAFLUNINTEAINLLLEEY (Van der Waals force) 3emdnangfilaridu

a a o \o s A A Y o Ao Ao 2 o o0 a . a v o -

paslpRaRuiUMyHeTduLUNURI 89 m-GAC aanadasiueuddanvinAnsnisgaduladaiudaedialask [10]

Yy
-0 o
Electrostatic # A e M,
! "'! i
interaction { 8 j -T:-"-‘._.ﬁ'.x-.f S o
I —t
- ..\. OH " _‘ft'”.f...\"-!"‘.l. "'“-_;_\" x"CH
| T N A of o
Wil NH, [ N . - e
I | H=bhond i : 'I
S - oy oA e ey T,
- F {
| s R
RN I\\ O S, i _.riu., e - OH P - o
N T s Y
pat AF HM-, Fa - o -
w130 Vo TR - T
- of, o, M HH,
'::'M"'T-{ o |
o g,

gu7 5 nalnmduly/lalunsgaduen Colistin Tnald m-GAC
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co AA

AT un s auLsnuRadas Tnides lansanlas (m-GAC) Hujilaridunfieandiauiuesdlsznay
(mﬂ'ma‘fmn%mﬂamm%) AT ﬁﬂﬁﬁﬂwmzﬂimmmmﬁuﬁqﬁﬂim@u (IEP<3) WnFuilenszanss
agflurh uianenziAndemalaliaeuuadllanduindufEuiu mafnundssAnanmmsgeduen
ThdaRunudn dwinduifdunsdnudsiuiafaalnienlansenladamnsageaiuanlraanuldgegn 83.9
faanFusianinaestuiudud Inginssunisgaduasandesiuanninisgaduaeanguais anziidatlssiiu
Al ldeanalnnsgadueninaaiuaesinsuduiiiunsdnulsiuiadelnaeslansenlad S
AaRunIgadunenisn wLunndanss (maiaiuselalnsaunazusabsgauuulninadin) sondunisgady
NNNIBAINBLLBRY (LTILIULARTINAZ) ﬁﬂﬁlﬁmma‘@meﬁurﬁfwﬁmﬁL‘a“qﬁqmdﬁmuﬁuﬁuﬁmﬂﬁﬁmLLﬂ?ﬁuaq
Foiuasiivlddn fanandululéfasiduiuiusiunsdaudsituiafelnmaslansanlasll 14l
thifmindelegeduanlndanuluildetadsz@nsnm daeRansuwtaaiiine Tifudeu aansasenards
Mauanld uenannildmiuusiuLngaiinnugzaanlunnsusnLasindn lduninszana uaglinelfifa
AR SR e AL AR e annsaldandlivanagiuuy et TssuuT T LD AeLe s (Flow-through)
AL LUNY (Batch treatment) Sl anunanU il unszuaunn st AN 7 Wimsnzansia 1

muﬁﬁﬂ‘ﬂiﬁﬁ*unu@ﬁumummﬁ’ﬁﬁmmmﬁ@”ﬂLL‘M’WE (v1.) 1 2566 (z?tyaﬂmﬁ N25A660471), WngLFung
WAZAANYUAUNTAEIWNNAIAL WATUALNIRMLNANN T ANANE NNsadaLazN9aF1auinnasw (Atytyn
e B13F670069) warAutiunlumalulaguad drinsuimuianaiaansuazmalulaguiaas (aamne)
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matszfiuantiReauwnasinsssNaRnAnauaT AW
ANTUMINAFALMIFAEAINNTINIWANNINTFIUAINR OECD 301A
Evaluation of natural water properties in the central and northern regions
for ready biodegradability testing according to OECD 301A

1 Aae

LRLNG @Nﬂﬂﬂﬂ FUNUN Wuﬁ‘Wﬁ"TLl mum ﬁ]lﬁﬁ‘ﬂ_l UNITTTU Z‘lﬁ‘yLLCN\WI’W
‘ﬂ’m.l“ﬂf;l ﬂﬂ’]ﬂu” i LF;I’rﬂEI Al9Fml 5 ENCAEW]‘W? 'ﬂﬂ_l“'ﬂu’] WWH?&‘WQE
Nidtayaporn Sompakdee', Jantana Panpran’, Mirantee Deecharern’, Nopphawan Srasaengta’,

Chanchai Kahapana', Witthawat Yueayai', Sirorat Tungsatitporn', Anchana Pattanasupong”
FULMAYIH 31 WEENNAN 2567 WHLILMANN 7 AANAN 2567 HanFLRRNT 7 AaAN 2567

ﬂi:l,ﬁu@uu”ﬁmmmeﬁﬂﬁiimwﬁdm%’ummummmﬂﬁqmwﬁfamwmmLmﬁﬁm%mmmmgm OECD
guideline for testing of chemicals, OECD 301A :aun1snaadauansldliveiinaaey Tnel¥atnanessia
{undnite Fafiususasanniufionanans 3 dmda éun FminunTLgn ayNIa1AT uaTITLT Mfinawile
5 dmdn lawA Saudanunangs a11ne weien fans wazunsanss ineldans Sodium benzoate luansdnaas
%ﬁﬁﬁfmﬂ'w{fﬂﬁﬁmﬁﬁ@mmwm*mmm%mmgﬂu@mﬂﬁwi”i’ﬂul,l,miq;i’waf;au anvedadluldmsdatmun
NMTFIU OECD 301A weNaNil ANleAtYeEAZNNIAANEFANITINNTRENE19Re usatnsinasnT AT
2 Nl pamszEIza AN TANasay 86.13-97.53 %'mrammﬁmmmmm%ﬁi:qlummgm OECD 301A
fasilenlaiffesndnfasay 70 melusvazionn 28 51 nanalddnnassuTdna 2 Hufl TautFnvLraNdmiL
W lUsziunisaanasianedanineesaliusinumnsgIe OECD 301A TaeAannmagerlunssil azifly
ﬂiﬂmﬁﬁiaé’ﬂi:ﬂﬂumaé"}umamﬁm%ﬁLﬂuﬁmﬁi@fﬁlqLmméﬁfau%\imﬂluu@:rfmﬂi:mﬂ'ﬁ'rﬁmmiﬁwumuﬁﬁ
HARATTEWN A s i ldA N WA NIRguAING

o o

s al o rd‘ 3| a ' al ¥ = o = aaa
AdAty: anusinidudnssadeanday, lnaauuulbies, nsaaiafanisdanin, 1aadn 301A

4

:"vlm@@ummmﬂmmmmwsﬂmmm ﬂu ABN1N LL@Z?JLﬂﬁ‘Wzﬁ—@MUVa?I@Q’S/@@

RENINE
o) mmamLmem‘Eu‘l}@mmqﬂimﬂim

Gl
An11UIREIN

Bulletin of Applied Sciences, Vol. 13 No. 2, 2024 49

y ¥




The evaluation of natural water properties for chemical compounds biodegradation test according to the
OECD 301A including the verification of test method validity. The test method was using the natural water as
the inoculum which collected from 3 provinces of central region, namely Nakhon Pathom, Samut Sakhon, and
Ratchaburi, including 5 provinces of northern region, namely Kamphaeng Phet, Lampang, Phayao, Phichit
and Nakhon Sawan. The quality of the collected natural water does not exceed surface water quality standards
and still meets the OECD 301A standards requirement. In addition, the average biodegradation percentage
of Sodium benzoate as the reference compound in the both of region were 86.13-97.53 throughout the study
period, that achieve to the criteria according to OECD 301A, indicated that the biodegradation percentage of
reference compound not less than 70% within 28 days test period. Therefore, it can be mentioned that the
natural water from both areas are suitable for chemical compounds biodegradation testing according to the
OECD 301A. Through this testing method, entrepreneurs in environmentally friendly products, both domestically
and internationally, can benefit. It aids those aiming to enhance product properties related to biodegradation,

ensuring compliance with international quality standards.

Keywords: Environmentally friendly chemicals, Sodium benzoate, Biodegradation, OECD 301A
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‘Corresponding author e-mail address: anchana@tistr.or.th

50 Bulletin of Applied Sciences, Vol. 13 No. 2, 2024

yV N




anmaaduetnemaBiesaulszanslan mlviminenssssuanmgnldlilednsliaiistafunuuay
Fmsldfmmnzas LLmLﬁ'@m"wmmﬁﬁmwﬁﬁﬁ@gﬁﬂﬁmﬁlﬁmmamm NYEETRINENENIWELNANKE LAztANENg
Tusd ) unldlunnsednewns dudgllnaiing LﬁﬂﬂizimﬂmqﬁjmﬁmLmzﬁju?‘llﬂﬂﬁwﬂnﬂwcﬁwﬂ%ﬁ@ummLmzfm
WATHARIUNITHN n'@lﬁtﬁmﬁﬁymm@ﬂuu‘ifﬂummmmﬁﬁumwluﬁaLLmez’i@m”T\‘im\mmmewﬁﬂ A99NENIUTDY
mmﬁuﬁmmiﬁﬁiwdmﬂizmﬁ (International Water Management Institute) fianlusey 10 Teumnssanaunnndn
5 &upumnedaelsniiAaamirliszens wazdsznannsdll a.a. 2025 Uszans 4 wudiuan lu 48 sz
2l 3aagtszannslan) %Lm%fyﬁ’uﬁﬁymm*mmmm@uﬁﬁ 1] ‘Li’ﬂﬂéﬂ’)’]&lL?ﬁl‘ﬂm‘wmﬁ]@\ia\iLLQ@&I@NLL@L’Lﬂuﬁummﬂ
siedeiiiimlneseL %ﬂ%\imﬁLLuQIﬁNQ‘uLLNLWN%u vilmanenlszmeialan 17 anigawnm iﬁﬂu wazngulszme
ﬂTiﬂﬁuﬁqﬁuﬁmmﬁmmq Lmewﬁﬂumiﬂmﬁuumﬁuﬂﬁamﬁ@m fia nsldudnsnsmaanesaldmadanm
m@mummmﬂ%mmﬁﬁﬂ@mmwwﬁqmwiéiﬂﬁﬂ’l,uzhummmauﬁmﬂiﬂmﬁﬁﬁmmmﬂ%\mugq B WA
ALATNNE NARAUTINIAINNATEA @:Lﬂumuﬁ’]ﬁmiummmmmmurﬁi@?ﬂqmeﬁﬂumeﬂmwmmﬁjﬁim
ifmﬁqLﬂuﬂ’mﬁﬁfymﬂﬁmmmmmiﬁum’mmnﬁﬁﬂuﬁummﬁm ot AR AN A LdREN LN AgeL
auAnsaanesldnsianmeneianenlasunstenilussiuanaiedudeyaitusutnonmas@nsio
a4 [2]

flaqtiunismaasuauaimnsnlunisaaesonwtanwilusioulsdrAnyluderiidussuinalssmanansatiu
FfenfuwedlA et suilloudieiiaAuaesanniwg sl Regulation on the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH) [3] hazszidey Regulation on the Classification, Labelling and Packaging
of Substances and Mixtures (CLP) w@3tjist) [4] 1flusiy %qﬁmaﬁmummmﬁmﬂWﬂiﬁ”@dﬁmiw'jwﬂimm a9
Organization for Economic Co-operation and Development (OECD) k&% International Organization for Standardization
(ISO) 1}?\‘15 marmmm@‘ummmﬂﬁqmﬁqmwmmmﬁﬁmﬁmummﬁm OECD guideline for testing of chemicals,
OECD 301 (Ready biodegradability) Lﬂwﬁq’lummgmdw%ummmummmmsﬂummamﬁqmﬁqmwmm
ansursluAanndeumainneldanesiilennia il 6 vindensmageuties (A-F) Irausazvindenismagey
Qe AR NI ANAT LANANTL 1 N2TR BB FauTiazansin (Dissolved organic carbon; DOC) N13m
‘]_I?*mmm@n%wuﬁgnﬁlﬂ (Oxygen consumption) tuiw et mi@@rﬂffuﬁi@zﬁﬁﬂmawmmﬂuﬁuﬂgﬁu@mamﬁ
JaanEnAuT 1iun aiAnisazanerih nsszmeld waznisgnaady IngisdentamagaeunInnIngg1 OECD
guideline for testing of chemicals, OECD 301 #iadiagiag A (OECD 301A: DOC Die-away) Muannismaaadnzunn
Eum‘?éffﬂﬁ'Q:U@u@x@’]ﬂﬁﬁmqm'ﬁ@mnmxmum?ﬂ@ﬂ@mamﬁuw‘%‘é‘immjmﬁuﬁﬁ NIMIFIUITYINAINTAANEFY
yedanmasdedlitieenintenas 70 meluszaznanmagey 28 i [5] faihidansildnaseunilinsildvans
1l920n @19 4,4'-Diaminodiphenylmethane Fugnssedilunsuanadendmiunszans Waemil uazdme [6]
Aniline Lﬂumﬁiﬁiﬂu@qmmummmﬁmmq 21 uiln ﬁﬁmé’wgﬂ 151 vimen thendnseasi Widlusinvhazaned [7]
Alkyl betaines {ugnsanussiainfinesldlunsinaen Cocamidopropy! betaine 'mmmw\‘iﬁqaqﬁsﬁmmimmuwﬂ
isoa] [8] s

£
A aK ao

A aN1AREI f«wmmqﬂixmﬁﬁ@ﬂmﬁu@wﬁmmmeﬁ’]ﬁﬁmwﬁu?émmmmmqLmemmﬁmmﬂimm”lm
Tunsldifungniae (Inoculum) EM5UNNIRAUILAZATIAEeLANN T LAUR93 TN ARRUNNTEAFININTININDBS
Lmﬁﬁm%Imﬂsﬁﬁmiieﬁﬁﬂmuu‘iswamﬁLﬂumaé’ﬁa%qL%\‘imnmmxﬂummgm OECD guideline for testing of
chemicals, OECD 301A %atﬂummmwam*mf&"ﬁL%faslumiﬁmm?ﬁwm@ummmﬂrﬁfmwﬁqmwmummgm
OECD guideline for testing of chemicals, OECD 301A [5] aniisfidamdauuntjs Lnusnfl uaswazuaseiasen [2]
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TunistsantiReeailiurinaaesiomieTanmluganafesnieadn sandeenssAUNIATFIULAZAINEINITT
Tunnsuasdurasgilsznaunisinglupaianisinaina

21 fethainsssuad
ﬁﬁ‘ﬂﬁiﬁ\‘iﬁﬁﬁﬁ‘wﬁﬁmuﬁuﬁﬂ’mﬂm\i 3 UUad (3n C1-C3) iusaetne 3 ﬁ%\‘i Tuszaizingn 11 szndnaman
PANAN 2565 faimnen 2566 uazaenaqaniulUdiuiniamile 5 wiss (39 N1-N5) ludeunnenian 2566
wanafiveglugaessndng 10.00-14.00 w. gauuniainideglugaszidng 28-36 aamgadns Lazguang
ﬁﬁ@gluﬁqqa*:udﬁq 28-32 RNANTALTEIR (m@wﬁ' 1 Lngﬂ‘ﬁ' 1)

A13°9% 1 wnaaifiusoatinassstfLasiianegianans

- . wuadLiL e o . A .«
nANA TUR . IUIA FRLIAIMSLNLABENS
d ABENY - -

azhan ARIAA
©i wdvinaw PG 13.7718 100.2832
§ AT 1 1HIAURAIAN 2565
nang C2 wdtuinang AYNIANAT 13.4235 99.9605 AEIV 2 IRBULNIIAN 2566
AT 3 LABLLNENEL 2566
Cc3 udruinaes 91113 13.53822 99.83958
N1 Wl ANLNSLNTT 16.4514 99.5193
N2 EGIGLS! andng 17.7234 99.1955
wile N3 wiie NN 19.0161 100.2861 WPRUNGHNIAN 2566
N4 waiu Namg 16.0585 99.8870
N5 LHteINITEN UATAITTA 15.6857 100.1107
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IOROO000 POGEOOOD  11MGOO0O0 1133000  11S30000

10520000 TEH0000 11760000

N G o % =
g‘ﬂﬂ 1 9ANURAIBLWNUITITHER

22 \AFasiiauazailnenl
221 1AIITIANNALIBHA 4 AL (Balance) fia Sartorius 71 BSA224S-CW
2.2.2 gaumanniau (Oven) fi%ia Memmert 14 UNE 500
2.2.3 Lﬂ'?';fﬂ\ifimm,%ﬂl,l,?\iﬁuvl,@ﬁw (Auto clave) fire Tomy 31 SX-500 ka3 SX-700
2.2.4 n@pIaanssAlaLneslaTiia 2 /A1 (Microscope) fire Olympus §u SZ 51-SET
225 EaeiaAALTLNgA-Fng (pH meter) fi%a Sartorius 11 PP-20
22,6 ineiaiBuinueandiauazaneiin (DO meter) fiia WTW 1 MULTI 3630 IDS
227 e eiiunaaneudunEdanlugnsazans (Total organic carbon analyzer) fve
Shimadzu §u TOC-L

2.3 @15LAd

2.3.1 Ammonium chloride 1N9A31A31Y (Analytical reagent grade) AMNNLIFgIEaEAL 100.0 e Merck
Nam@qﬂﬂ?ZLWﬂLﬁ'ﬂ?Nﬁ

%

2.3.2 Calcium chloride dehydrate iNA3LATILY (Analytical reagent grade) ANNLTgNEIREAT 99.5
fiia Merck WaRaNUszinAieaInd

«

2.3.3 Dipotassium hydrogen orthophosphate INTA3LATIEH (Analytical reagent grade) mmﬁqw‘é

¥aaiaz 99.2 8a Sigma Aldrich NaRANUszinAigasuil
2.3.4 Disodium hydrogen orthophosphate dehydrate INTATLATIEH (Analytical reagent grade)
AYNLBgYEFReaL 100.0 Evia Sigma Aldrich HAmANszinALeasuTl

2.3.5 lron (Ill) chloride hexahydrate in#A3LAIEH (Analytical reagent grade) AINNLTgNaTaEas 99.9
fiia Merck WananUszimnAieasnd
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2.3.6 Magnesium sulphate heptahydrate in3A3LASNZH (Analytical reagent grade) ANLITgNaTREAY
99.9 fi%fe Merck HARANNLszmALsNE

2.3.7 Potassium dihydrogen orthophosphate iNgA3LATIZY (Analytical reagent grade) ﬂ'l’m‘iﬁzﬂm%r
Saeiar 99.8 e Merck HamANUsynAleasul

2.3.8 Potassium hydrogen phthalate orthophosphate \N9A9LAT1%Y (Analytical reagent grade)
ANLBgNASRtAT 99.7 fia Merck amannLlsznpisiasuis

<y

2.3.9 Sodium benzoate N3A3LAIILH (Analytical reagent grade) AMNLIEANDFataz 100.0 &% Sigma
Aldrich uaRaNLszimAleasuil

Sy

2.3.10 Sodium carbonate 1N3ATLATIZH (Analytical reagent grade) AMNLIF4NEFBEAZ100.0 Bta Merck
naRaNLszmAla il

2.3.11 Sodium hydrogen carbonate 1n3A3LASNZH (Analytical reagent grade) AINLIFgNaIBEAT 100.0
fn Merck nanannuszinAieasudl

2.4 A8AUUNY
2.4.1 MMTNUALRLNUNETINTR
WUAIBENNUNEIINTNR LN UNNIANAN 3 WUA LATNUNNNAULE 5 WHAY ARERTNFALLN R AL
WULA NIeFUANNANLTEN10l 30 EEURWAT [9] 1NN9AI LU aNTRITaFUN19n18A N AR wazTann Taun
ANANNIUNTA-ANY TENNUeaNT I uaTaistn U3NIASUauawyiTeazaneun TN et dwaquans i
N a ~
kAL ANEEIN (197497 2)

dl a o o d” %
ATNTINN 2 NNFVATIENRNLRLLIDIF L

a o aaa L4
518MS5ALATIEN A8LATIEU
1. ArAslungA-Ana (pH) Sarlneudannismelninied (Electrochemical) faeA3aa pH Meter

2. BunieanTLauazaneyii

, Sarlneudnnismelninimil (Electrochemical) AaaiATad DO Meter
(Dissolved oxygen)

3. Funaianfueuauvisdazaetin | e fuewiamaiazasuaneduvisdluansazans Tneldieses Total organic
(Dissolved organic carbon: DOC) | carbon analyzer

4. Funuresndenaiuans i

, NTRNHNUNIEAHNIBY GF/C MN3E APHA, AWWA and WEF; 2017 [10]
(Suspended solids: SS)

5. 5 uAi Besan

) Total plate count [11]
(Total bacteria count)

242 mi%mmuﬂ’]?m’mﬁqmﬁqmwmummﬁﬁu OECD guideline for testing of chemicals, OECD

301A [5]
NNIARNELFININTININANNNIATIUAINA OECD 301A lunismsadniiuinduradaiiueu
AANEN (Dissolved Organic Carbon: DOC) finawaelunsyuounistiessanaansaurded miiunismagey
Tneldanansilszneudaendnideannunsainsssuana (ﬁi’]uﬂ’]ﬁﬁmgm‘ﬁl@quﬁ 2242 aATALTA AN"3 1
AN ARENgFRITiad unan 7 1) WATRNIUAIRILATIZI Mineral medium (mm\i‘ﬁ' 3) 8T 1:4 WALFN
anslnRaniuulneaisFuAINNEd LAY DOC 10-40 faAnsusedns Unidesluszuulla Tagvinnisnay
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atvstaiiies nelsian1nzatLANgIMNN 2242 AIATATEA ARBATZIZINAINITNAARL 28 T1 INITMAASL
3 dsiaganagan wanHailuAfesaznisaaiefianIsTan naesansinmNiuulaen TnaAuIaInlEuan
DOC Aumaamieuiusuins DOC 1839ARILIAN

2.4.3 miﬁ'ﬂmmmﬁ”‘ﬂﬂm:mmmﬂﬁqmﬁqmwmummﬁm OECD guideline for testing of chemicals,
OECD 301A [5]

D, =1 - 27750 g

) Co' Cb\(O)
D, = ZFeuaznisaanasoniedanin
c, = AniaAgFunn DOC luganaaeuasdneds (mg/L) nd F9919a17 0
c, = AniaAgFun DOC luganageuasdneds (mg/L) nd Fn919a17i n
Cowy = AnadeLunns DOC lugarILAN (mg/L) o 29190171 0
Coy = AnadeLuns DOC lugarILAN (mg/L) o 29198171

A13799 3 a9AUIENeLRINITMAIEAATIEH Minimal medium AINNINTFIW OECD guideline for testing of
chemicals, OECD 301A [5]

admlsznay AMNLNDY (g/L)
(a) Potassium dihydrogen orthophosphate, KH,PO, 8.50
Dipotassium hydrogen orthophosphate, K,HPO, 21.75
Disodium hydrogen orthophosphate dehydrate, Na,HPO,.2H,0 33.40
Ammonium chloride, NH,CI 0.50

(Dissolve in water and make up to 1 L The pH of the solution should be 7.4)

(b) Calcium chloride, anhydrous, CaCl, 27.50
Or Calcium chloride dehydrate, CaCl,.2H,0 36.40
(Dissolve in water and make up to 1 L)

(c) Magnesium sulphate heptahydrate, MgSO,.7H,O 22.50
(Dissolve in water and make up to 1 L)

(d) Iron (11) chloride hexahydrate, FeCl,.6H,0 0.25
(Dissolve in water and make up to 1 L)

2.4.4 n9dpziidayanINans
ArrziAIAuLLstsulagld ANOVA (One-Way Analysis of Variance) LasnagaLAuLANGN

N"19alfAfaeas Duncan Multiple Rang Test (DMRT) Tagaldlilsunsugnidagyl SPSS 26.0 (SPSS Inc, Chicago,

lllinois)
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3.1 antniiiasiuaasiatnainessnti

IR GELANT LR ENANEINN AT WAL TN NENFBEN T NB TN ATLIIILIAA LT ANAN
3 undslneiAudaading 3 Ak lusrazioan 1 3 SEUIINRBUAAIAN 2565 DULNMIEL 2566 LATVIINTULE
@qmﬁﬂﬂﬂ"\iﬁuﬁmmuﬂ@ 5 WA LABUNGEHAIAN 2566 WLIFY fhathaissmmiluuiinianansilinanady
nm—m\uaﬁﬂﬂglumwwdw 7.80-8.02 tRunmueeniiauazaneni1 3.92-4.44 Tadniusieans tuniiven
Buviadazaneni 5.84-7.40 Tiaansusedans Funamesudenaauaeslunii 7.85-6.12 Taanuseans uaziFunm
LuATiBesan 4-5 RenlalatAefiadans Ine et eaFunIenIEnIn ATLALTINNY8IFIDE NS 7T
TLRUANIANGNS 3 uviad wansneiuaeluidadAtynieana (p>0.05) (AN1971 4) wanannd ienBaudiey
e aiasuAluRuTnAna Lz AwTle wudn SAeat A NITinIa-A1e 7.90-9.00 1Funnieandia
aranenin 4.23-7.83 TaAnuseAns tFunnAnTLauELYETavanetn 4.75-6.55 Tiaaniusieans thunnmedud
Lauaaslutn 7.06-11.48 Aadniusedns waviiuiauuaiiGasu 4-5 deanlalaildedadans Tnean
AMNTUNTA-ANS LL@z‘]_I?mmmn%mummmﬁ’] fAnuumanseiueeelitladnAtyn19aia (p<0.05) T
BN fueudwidazaiein Bunnmesniuaiuaeslinn wastfunnuuaiiGemy wansafuetnlad
Ug1ATYNNADR (p>0.05) (mmaﬁ' 5)

% AnsEnI TN AU A BN Lsznean migwu@mmwﬁﬂmmm&ﬁaqau wiseenidu 5 Uszinm
pudnwnsensllslemmeaunaai Tngdssand 2, 3 uas 4 anunanldlunisglinauaziding Inasedinu
nssindelsanuUnfinen Lmehumxufauﬂ’wﬁuﬂgq@mmw{iﬁfﬂﬂﬁ@u [12] annn1sUsziliumnInFI8sing
Y9370 8 Wad u_l?ﬂuLﬁﬂ‘uﬁ‘ummsﬁmmﬁmﬁ’]aqauﬂi”mwﬁ 2,3 RE 4 ‘wufi’] fanen i as Al
mmﬂmmmmmmu@ Aaanudunsa-sng mmmmmummmmmﬁmmmmum 31lszinn luaqumﬂ\iﬂ?mm
paNTIauATANE mmmqmmmwmmmmmnuﬂum‘wm 3uaz 4 mmmmm@mﬂunmmmumww fivin
mimammmmm@mmwLLumm@mmqmLum mﬂlmmuﬂgummwmmu@mgﬂwquuuwwwu T w.A. 2562-
2570 luifufl 4 i ldun dmindeun guasnifs uATLITN WATANNIAIAT wudnanin i lsidulu s
mmﬁm@mmwﬁﬁﬁﬁwum Taenidlauantlsn memummmiumﬁm%uﬁﬁLﬁﬂw@e@;uLLﬂﬁﬂﬁﬁﬁu@m@a
LﬁmmmnmﬁuﬁqLgﬂmmmd\mmu YARNMNIIN LATNITNLAT [13] T Funnueendiauazaarindating
thsssafnmamiledinuninihaenndesiulsznni 2 Seinnnmangd

?J%mi‘wma@uﬁmﬁzummsﬁ@uﬁﬁLﬁ@aﬁummﬁfmﬂw{fﬁ dvsldfunddelunmagey tnedead]
unaeeaniauaauaesluiilaifu 30 Tadniusedns waziSuiouuafiGesy 4-5 aanlnlafifafiadans
mmﬁ@mmummﬁ’m OECD guideline fortestmg of chemicals, OECD 301A[5] muu ‘ﬂ’mmj‘[ﬂﬁ"m@'ﬂummum
Haafueaiangnatinas A 8 wiss luuiinnAnaa Bt AL aTwinaes AufianamiteFns
ualvinTh 49 B dnazdnezen whl,ﬂuiﬂrﬂ’mmmsﬁﬁ’mummxﬂummﬁﬁu OECD guideline for testing of
chemicals, OECD 301A [5] asnanaléidn Faeinane T A ALT FanaTian N zan aransonianld
Tungrdalunimeagenld
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R399 4 AN1TRL 9922191 5 ITNTNR LUNLAANANS

A . o ASIN 17 ASIN 27 ASIR 37
F18M3AATIER LNEUA p-value
(71.A. 65) (§.7. 66) (1.8, 66)
1. AnANLungm-Ang 8.02+0.16 7.80+0.03 7.88+0.06 0.193
2. 3unaueenTiauazanein ,
A & o i a ladgzu 4.33+1.24 3.92+1.96 4.44+2 .09 0.093
(NaaNTUFDARNT) 3
3. BuuASUeuBuRTaz a8
A a o 1 a 7.40+3.66 5.8414.16 6.37+1.32 0.837
(Ranansumaans)
4. Bunresidanaauans i
A & o o a <30 10.47£5.12 7.85+5.39 16.12+15.02 0.592
(RaanFusiaans)
5. B LAT Bagan
= Sl oo 4-5 4.33%+0.58 4.67%+0.58 4.33+0.58 0.729
(danlalalAaNanamns)
wanewe " inaisrypiuninggIu OECD guideline for testing of chemicals, OECD 301A [5]
2 piaqe + rﬁhLﬁmmummgm (n=27)
- on Ao o . % aq XA P
M1T1NN 5 mu_lmL'lemwmmfﬂﬂwmﬁﬁm’miuwummmnmmmmﬂmuﬂ
$18MENATIER e’ nAnang’? mawiia® p-value
1. ArAuLilungm-Ang 7.90+0.13 9.00+0.06 0.000"°
2. Bunneaniauazanin , "
e sz 4.23+1.58 7.83+0.13 0.000
(Haansusaams) g
3. BuuASuenduaTazaein
A & o i a 6.55+2.93 4.75%+2.86 0.289
(NaaNTUFADARNT)
4. Punoureandataauans luin
A a o 1 a <30 11.4819.14 7.06+6.82 0.366
(HaAn5usaams)
5. 31N LT 3e1993
= A A aa 4-5 4.44+0.53 4.80+0.45 0.228
(dentalatiseianans)

NNELNG

? Aiade + ANDEULUNIAIEIU (n = 27)

3.2 MSARLAINNTINTINURIAITDNND

n Lﬂm"ﬁ?zi_qlmummgﬂu OECD guideline for testing of chemicals, OECD 301A [5]

ANINAFBLNFRANEFINNTIN WY1 RN LLlTen T ldiluansdnede nneluszazinainimagan

28 Ju tneldFhatnahessumd luiunniananauazaenaqaiullfanunniawmiie 5 uiad ieWRLILATAIIAAaL

ATl FuasRan1Imagay (Vilified method) ANNIATFIW OECD 301A WU ﬁq@ﬂwﬁﬁﬁﬁm’]ﬁﬁwimuﬂ@ﬂgu

fAnedsfauarnisaanafaniadionineludos 87.96-97.53 Tnasaatraniiiululhauiniian 2566

(AFIN 2) HANUANFANNANIABURAIAN 2565 (ATIN 1) LAZIABUNENYY 2566 (AT 3) atialitdAtyn Al

(p<0.05) ”lumm:‘ﬁm“q'asmﬁqﬁﬁmﬂﬁﬁwimwsmm TANRALFREALNNTAAEFININTININUBIRNIN9B

U

ag/lud99 86.13-91.04 UAAINININTYT 89.53-93.36 dvuansneinat1glidltud1Anynvaia (p>0.05)

Bulletin of Applied Sciences, Vol. 13 No. 2, 2024 57

y ¥




a

e Rauiiaumuunaniassumaniiulugasnandeaiu wudn ﬂ"wL@?ﬂlﬂ%"‘ﬂﬁlmmmmﬂﬁQVIW\ﬂ%QﬂWWﬂ?ﬂuﬁN
86.13-97.53 %'\1LL&mﬁhqﬁu@mﬂﬂﬁﬁmﬁ’ﬁﬁmmmaﬁ (p>0.05) ([51’13"1\‘1‘17; 6) eeannaesinerinessnETiinun g
Fundr@elunimaaay ﬁ@mmmﬁﬁmmﬂé’mmmmm%ﬁmumﬁi:u‘lummﬂm OECD 301A (mmﬁﬁ' 4) il
SanLdnfantnan AL A eLINIAL 2566 TiAleatiataynnsaana i niasnddaesnanmALly
Aaunanp 2565 Laziieummey 2566 Tenuua il luianadeiuiuASinueenauazanatinges
FaenatnsssuTATAL AN AL 2566 ﬁﬁmi’i@mdmﬁ@uammu 2565 LAZIAAULENEY 2566 Liadann
ﬂ?mm‘ﬂ@ﬂ%L@ulw:i’ﬁﬁmm@"ﬂﬁmﬁ@ﬁ@ﬂﬁmmﬁqﬁ%ﬁmiuﬁﬂ [10] %ﬂ‘;ﬁmﬁnmmu*ﬁlﬂumﬂ%qauﬁﬁ
Tunstesaanaansaunadaeldaninriennia fari U5unneendiauaranen i ieane LNz ay
sansnelatesgauvid aadhutladeddnyitelianssuoumstesaantansdwyiad wenannid ieu Reufinuethe
11890 A LU UTAN AN AT AN AT Wi ﬂ'ﬁL@ﬁﬂ?@ﬂa:ﬂﬁ@a@ﬁﬂﬁqmﬁfamwagiumq 91.83-95.79
%qﬁmmLLMﬂﬁiﬁ\aﬁummﬁﬁﬂdﬁﬁmmmﬁﬁ (p<0.05) (m@’m‘ﬁ' 7)

anHaNAnEdaEunalEdn faetnainass AU uRinAnaNILaTA AWl S1uu 8 unde wiidn
RantFEnanienIn 1ad wardannusdsznisuansineiunisatia uillandRsenadesnisnnsissyluninsgiu
OECD guideline for testing of chemicals, OECD 301A A Anumunzaugun s difundte gy
nmagaun1sdanasanieiannineldanslameniuultenduasensde danalideaazn1saatasaniedonin
1eea1sdeBelAanseiudnties TnedeliAraenndesniuinuaisryluninsgiu OECD guideline for testing
of chemicals, OECD 301A fifnvunanfagaznnsaanefinisdannaesdnséadedaddationndt 70 melusvey
AINIINAFAL 28 T AAAARBNNLNNUIAET8Y Fang Mei LazATLE [6] fineauAnFeeaLNN2 AN FANeEINI
ya9anstnAeNuUlten 98.9 neluszasinanagay 28 Ju Lﬁ'@wmmumummgm OECD guideline for testing
of chemicals, OECD 301A &wvihnnsmssadaiunns DOC puwdeiieuiuLfunns DOC VRNTAAILAN

A ¥ o = ¥ a Y o ' K a def A
A13719% 6 FREAZNNTAANLAINNTININTBIA 98Bl ne T EF e 89T R LN KAN1ANANS

SRLATMIFINLANITANIN 2
qmﬁu QINRAMN an‘ﬁ” & & & ‘ii’JsiL’Ja']m’a‘LﬁUﬁ'J@ii’N
2 ASIN 1 ASIN 2 ASIN 3
(m1.A. 65) (N.A. 66) (s34.81. 66)
C1 WAz 97.07b0.37 87.96a+2.96 97.53b+1.98 0.002"°
c2 ALNIAAT $aeaz 70 90.68+5.50 86.13+2.27 91.04+1.25 0.242
C3 91113 93.36+7.65 89.53+1.90 93.14+4.78 0.634
p-value 0.409 0.300 0.099

winemR inuTiszymaNIng gL OECD guideline for testing of chemicals, OECD 301A [5]
PAadE + ANDEILNIATIIN (0 = 27)
“Anadeifisadneenimdainguisiianuanseiuluiue uansilpasuansaiietaltiddnymieaiis (p< 0.05)

58 Bulletin of Applied Sciences, Vol. 13 No. 2, 2024

yV N




AN 7 $REATNIIAANLFININTININYBIE13819R9l e M E A8 EN91N 89NN R LN URANANAN L ATAN AT

ABENNUNEITNDR LeueA SRAATMIFALAINISTANIN 2
1. ANANANY 91.83+4.91
Saeay 70
2. nAWTe 95.79+4.49
p-value 0.014"

UHNIEILNG) n mmsﬁi:qmummgm OECD guideline for testing of chemicals, OECD 301A [5]
? Aady + ADeuLUNIAIgIu (n = 42)
? fipanuuansnaiuad el dAuneaia (p<0.05)

LAt TN Al AR RN ANALaT N AWTieresssmAlnason 8 wnas TELA udinvinau mdn
PG wsltiuainags FudnayNIaIATIN LL@:éwaavmwﬁsluﬁuﬁmﬂﬂ@fm wsititle famdmrunainas
Ll s Kandnantig uaiviey Smsansien waitio SaminRans wavuitndmezen dmsaunsansadluitui
AAwmile ﬁ@uﬁﬁLﬁmﬁummﬂé’mmumm%@:ﬂummﬁm OECD guideline for testing of chemicals, OECD
301A AadAumEnzanLazaEnsr HfundrZadiviunimmaaetld Wernnisnageunanaldlive s
Taemmagaunsgaefansdannaasansinfauunloentailugnsdneds denldtesndnfaaas 70 nelusses
ANIINARAL 28 1 @fﬂmﬁmmummeﬁa‘xqiummﬁm OECD guideline for testing of chemicals, OECD 301A
MsAnEnluaFLEaly asvnmstens s et essTR 017 nMARyiueeni@samile ianmagew
LaLILMNaNTRL aduIesFat s e TR ﬁﬁmmmmmmmemmﬂz’\’mmumm%ﬁ@ﬁwumﬁa:q
‘lummgmdﬁﬁuﬁﬁmiﬁﬂuﬂé’ﬂL?';fa wianTansiaaeLAdlF1adialaemAgeLNTEANEFINNTINT NS
anednede anunandaefiudupnugniasuasidedelfredianmesey Svdwmalnansssiaaugnieslummasey
n78AFINITIN N B9 N AT AT

[
a o Al

niddeilAFIulssnuaiuayuaINnawUaNEIT NN A aRS 3

o o

B LasUIRNITH (27%.)

[1] 27999 naLuin, FeugnUNIaRinTeslan [Bumnafinm]. 2563 [L‘?JJWﬁQLfII@ 15 WunAN 2565]. dnnels
R1N: https://www.salika.com/2020/12/02/world-water-crisis.

[2] Aunun Wugwaw, H5uR Aasny, 4nian Aude, Tnydy Auntlug, doumu Waugned. nnsdsuifiuanifoes
L.Lwi\nyl’ﬁﬁﬁwmﬁzi’w%unwwmm@ummmaﬁamﬁqmwm’mmmﬁmmn@ OECD 301A. lu: v1utlszau
AnsszALTREnANEAans malulad uazuianssu Ak 5; Suft 19 4.0 2565, NN, NFUNNL:
AAINENRNATUIATITNIAANTZUAT; 2565. 1. 296-301.

[3] European Chemicals Agency (ECHA). The European Parliament and the Council of the European Union,
directive 2006/121/EC of the European Parliament and of the Council of 18 December 2006 amending

Council Directive 67/548/EEC on the approximation of laws, regulations and administrative provisions

Bulletin of Applied Sciences, Vol. 13 No. 2, 2024 59

y ¥




relating to the classification, packaging and labelling of dangerous substances in order to adapt it to
Regulation (EC) No 1907/2006 concerning the registration, evaluation, authorization and restriction of
chemicals (REACH) and establishing a European chemicals agency. 2006.

[4] European Parliament. Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16
December 2008 on classification, labelling and packaging of substances and mixtures, amending and
repealing Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006. 2008.

[5] The Organisation for Economic Co-operation and Development (OECD). OECD guideline for testing of
chemicals: Ready biodegradability. OECD 301, adopted by the Council on 17th July 1992. Paris: OECD;
1992.

[6] Fang MC, Zhen LY, Nian LW, Ping SG, Qu ZG, Ying XM, et al. A comparative study of biodegradability of
a carcinogenic aromatic amine (4,4-Diaminodiphenylmethane) with OECD 301 test methods. Ecotoxicol
Environ Saf. 2015;111:123-30.

[7] Reuschenbach P, Pagga U, Strotmann U. A critical comparison of respirometric biodegradation tests
based on OECD 301 and related test methods. Water Res. 2003;37:1571-82.

[8] Comber SDW, Painter H, Reynolds P. Cationic and amphoteric surfactant primary biodegradability ring
test. European Union; ETD/98/502063, WRc Ref: CO 4909. 2000.

[9] NINAILANNANY. ﬁ'ﬁmsﬂﬁﬁﬁdﬂﬁumﬂﬁuﬁq@ﬂﬂq{i’wmmefh [Bumasiin]. 2563 [Liﬁﬁuﬁ'@ 17
won1AN 25671, lindeldann: https:/www.ped.go.th/publication/4209.

[10] APHA, AWWA, WEF. Standard methods for the examination of water and wastewater. 23rd ed. Washington

(DC): American Public Health Association; 2017. Part 2540D.

[11] WANHD] 23950uiia, 1511 go9snuiiila. ﬂga%ﬁwmﬁﬂﬂ. NN FINANARINARAINIDINMN TN RS
2547.

[12] NENINNINENNIBITNTNR LA RN DN, Wy ity RAaLATH Lmz?ﬂmammw?ﬁ'mmé@uLm\ﬂmfﬁ WA
2535 ng) Usen A LL@zizLﬁﬂuﬁlLﬁmimﬁmmimurﬁ;umﬁw Fas ﬁﬁuummmgm@mmmﬁﬂmmdﬁq
NAAU. T1TAARYLNEN AT 111 maufieie 16 9, 24 NHNANWUS 2537, 234-240.

[13] Bavmasf ua&mmé’qu. 137 Lmﬁtﬁmil,ﬂ?iﬂw,l,ﬂm@mmwﬁ’ﬁ LL&J‘&W meﬁ_ﬁ 92T 2549-2558 [BUMNBFIIA].
2560 [dnAaiile 20 WoN1AN 25671, lindeldann: http:/lib.mnre.go.th/lib/achievement/a251.pdf.

60 Bulletin of Applied Sciences, Vol. 13 No. 2, 2024

yV N




Bulletin of Applied Sciences, Vol. 13 No. 2 July - December 2024: 61-74

msthtnaLAuNNAINMethiatsz e R NE
mnﬁ‘zuuLLzmmaamnﬁ’mu'mLgn"lu'ﬁ'\mﬁ'ﬁmﬂiﬁwﬁm
Water recovery of brine water treatment from a small-scale desalination
system in Nakhon Ratchasima

aFasin @egassns”, wisdad wmeiloyoynind, 35T giiavuan?
Saranbhak Chuersuwan", Hathairath Techapanyarak', Nirat Phutadmark®
FuunAfN 29 NS 2567 whlaumAau 30 AaNAN 2567 taNFURRNE 30 AAAN 2567

ao Halo o % oo o % A = A e
\Tun‘QﬂuNQmﬂﬂﬁﬁ@\?ﬁﬂluﬂq?uquqﬂﬂuﬁuuqqqﬂﬂf]ﬁ\uquqizuqﬂm\?LﬂNﬂuWﬂ@ﬂﬂ@@ﬂqqﬂLﬁT@\‘lLLElﬂLﬂ@’ﬂL’ﬂ’]Q

fanduuaseing lnasanuuuldamisodinifugamninislugandunigesenisiasuaniuzaesiinssunai
dnduniniiuegnialuganau leuasssgeaulinsenuiuuiunszanlafifiundrfiuuu lfiAansnausa
duneaurneuluasinauaindesasgaeiuiinazindulldlug gandunasefindiauiandne 1 wns
an 1 1wWeg 49 0.5 Wmg Yuaaees 25 a9an daelinaninluaasninuuiaiaidavaaanszantlsauasls
Tnelsnaanauadliluniareshszunefiadudunsuasussqunaua dedenldiudansessusuasaesnin
o @ %3 X 9 oy A @ o oo 4o Y Y v Py Y a oA
Anfiviszunaiadndy Wesainiduian@adosganaunaanuannsieulinmldieluiediu uazlduinde
=

weldindaiuhssunefsdudunanaasunisldnuresgasiuuunlugengruuasfugguuianudt Anaaanisi

o

UnAuAulszanns 150 Hadaassedusetn seiuguuninialuganduatlugos 30-70.1 avagaGe s

©

199 14.00 W. Hgouugigendndaananan IneiAnadsguu) 70.1 asAgadea eszAvvesgmniniely
mmﬂﬁuummﬁmﬁﬁmmﬁmﬁuﬁ“ﬂmm\ﬂﬁuﬁmmﬁﬁﬁmﬁlﬁ mmmma‘tﬂ,uma‘ﬁﬁﬁmﬁuﬁumﬂmmﬂﬁuﬁmmu

]
'

agflugas 1,092-1,265 Aadanssiaiusiadn Imﬂmmmwslum\iqmlu WAy mmmmﬂummuqm‘wmq
fammmimmﬂ@umu 45-55 NadGnIFiRAINNATFR Y gandusaseindiflumadeniidnaundasanuanszny
anthsznefadiduressieaeanindseenanififlutiogmnsindnansifafienadaanssnuszesen
o U 9é lﬂl % | ac o ] o v Qé dl ¥ o o A P
Auunasinseuraeents Wudtlsendn ldilunnsziudguanazeutseann Wnnannlihnduaunn i
% o A4 =2 o o 1y ey vt o o % A & % @
wndauiiannanasinaunn s Tamdan lagadunisativayunisldnuazesuaninaasanaininaualan
MhanldeuussmtlyminanuaalFiununls

o o

AdARY: NanauALNT, nsiTe, wnrzuneRadudy, nsnduunaseniing, nsuanindaannin, uAssTaNT

Tsunsainenaans Tasanisnianisndangs TaaGausuainends woyrln ngamw dszmalne
’neviay WELILATEMNANEN neuninenauil weynln ngamw ssmnalne

Bulletin of Applied Sciences, Vol. 13 No. 2, 2024 61

y ¥




This study aims to recover water from treating brine water of a small-scale desalination using a solar still.
The design focuses on keeping temperatures inside at conditions suitable for water evaporation from the brine
water basin. Water vapor rises and condenses into water droplets on the transparent glass cover, moving
down the slope into a channel and collecting outside. The solar still is 1.0 m x 1.0 m x 0.5 m (width x depth x
height) with a 25-degree slope for a transparent glass cover on top. This slope allows the water droplet to move
down without reentering into the brine water basin below. The brine water was placed on top of the carbonized
rice hull. The black residues can absorb heat energy by being a dark color, locally available, environmentally
friendly, and stable. The test results during rainy and early winter months showed that the prototype solar still
produced the average recovery water of 150 mL/day/set, with the hourly temperatures inside the chamber
ranging from 30 to 70.1 Celsius. The highest inside temperature occurred at 2 PM, with an average of 70.1
Celsius. A correlation was observed between temperature and the amount of distilled water. Water recovery
from the prototype ranged from 1,090 to 1,256 mL/day. Low recovery occurred in the rainy months. Estimation
of water recovery rates in Nakhon Ratchasima ranged from 45 to 55 mL/m?day. The solar still provides an
alternative to recover water and mitigate the direct impact of brine water discharge from the small-scale
desalination in Nakhon Ratchasima from possible effect of salinity water discharge. The method is economical,
less burdensome to the caretaker, and low budget. The recovery water is freshwater; thus, it can be reused
and has no long-term impact. The use of solar still is an auxiliary device that can be used with small-scale

desalination in areas with saline water.

Keywords: Water recovery, Treatment, Brine water, Solar still, Desalination, Nakhon Ratchasima
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The widespread distribution of saline soil in northeast Thailand negatively impacts cultivation, livelihood,
and the local economy due to low productivity and unsuitability for agriculture, especially in Nakhon Ratchasima
province. Saline soil is soil that contains excessive amounts of water-soluble salts. Saline soil was estimated
to cover about 30 percent of the total area in Nakhon Ratchasima [1], which is the province with the largest
land area in Thailand, approximately 20,494 km? [2]. Economic crops in the province include rice, corn feed,
cassava, and sugar cane. Apart from the low productivity of agricultural products, salt contents in soil cause
higher salinity in groundwater and surface water than in other areas of the northeast region. As a result,
the water supply production in a village mainly relies on surface water. It has difficulty removing salinity from
the process, especially during the dry season, because the conventional sand filtration in the village water
supply is used for turbidity removal.

The Department of Water Resources has built water treatment plants for village water supply throughout
Thailand based mostly on sand filtration. The treatment plants in Nakhon Ratchasima, especially in
Dan Kun Thot District, use sand filtration as a process to remove turbidity. The village water supply system
cannot remove accumulated salinity from surface water during the dry season. In 2021-2022, the Department
of Water Resources installed a prototype system to remove salinity in treated water supply using a membrane
filtration technology as a part of a research project supported by funding from Thailand Research and Innovation
(TSRI). The system is a small-scale desalination powered by solar panels. It is capable of lowering salinity in
the water supply. The use of membrane technology produces brine water as a discharge and requires attention
before disposal into the environment because the brine water has a high concentration of dissolved ions. Most
large desalination plants are located near the sea, which is suitable for discharging the brine water back into
deep water to avoid negative impact near shore. With a limited option of disposal of brine water on land or
water in the area, this research proposed a brine water treatment system for a small-scale desalination system
using a solar still system in Dan Kun Thot District, Nakhon Ratchasima. The system could treat brine water
generated during desalination to lower the impact of brine water discharge and recover water as a product.
The recovered water can be reused for other purposes, thus reducing water waste in the system.

Solar still is a simple water purification technique [3]. It uses energy from the sun to heat the water inside
a closed chamber, allowing trapped heat to raise the temperature and evaporate the water into water vapor
[4]. Rising water vapor accumulates on a transparent glass cover and forms water droplets through condensation
on a cooler glass surface. The glass is built with a slope to facilitate water collection and prevent the water
droplets from dripping back into the water reservoir. The collected water is usually clean and can be used as
recovery water. The direct use of solar still is the desalination of seawater. However, it provides a low yield [3]
and requires strong sunlight [5-6]. These limitations are not of concern in our case because the proposed solar

still is for treating brine water from a small desalination in a village.
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2. Material and Methods
2.1 Study area
The study area is Ban Nong Krathiam Tai, located in Tambol Nong Bua Takiat, Dan Kun Thot District,
Nakhon Ratchasima (Figure 1). The village comprises 139 households with a population of 625 as of July 2020
[7]. Approximately 96 percent of the household in Dan Kun Thot District are farmers (Dan Kun Thot District
Agriculture Office, n.d.). Aimost all villagers are farmers. Rice, sugar cane, and cassava are the main crops
commonly grown in the area. However, a large area in Tambol Nong Bua Takiet has a high salt level in the

soil, as classified by the Department of Land Development.

2.2 Description of the small-scale desalination system in Dan Kun Thot District
The small-scale desalination system was installed at a water treatment plant as a research prototype
by the Department of Water Resources in 2022. This plant uses raw water from a nearby pond, storing surface
water from Lam Chiang Krai. Surface water is transported via an electric pump and sent into the process of
removing turbidity in surface water with conventional water treatment. The final product is clear water, which

is disinfected with a chlorine solution before being pumped to a water tower ready for service.

Figure 1 Location of the study area in Ban Nong Krathiam Tai, Dan Kun Thot District, Nakhon Ratchasima. The star symbol
represents the village water treatment plant installing the small-scale desalination system.
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However, the treated water has high salinity during the dry season due to less dilution of fresh water,
causing complaints and discomfort because of the high salinity in the water supply. The Department of Water
Resourcesplanned and tested an alternative system to remove salt molecules, which is the small-scale
desalination system. The system is capable of removing salt content in the water supply at the rate of at least
6 m°/day. Currently, it is used as an axillary system to partially dilute treating water during the dry season and
operated about 2 hours daily. The actual volume of brine water was stored in a 2000L tank waiting for recovery.
Water samples were taken from the tank for the experiments.

The small-scale desalination system only caters to a limited portion of the village’'s water supply.
The system utilizes a reverse osmosis process to remove the salt content from the water at a capacity of 6 m®
per day. As a result, it is unable to meet the water demand for the entire village. However, it serves as a research
prototype for the Department of Water Resources to explore the potential for water recovery in Nakhon

Ratchasima. The small-scale desalination consists of three main components: pre-treatment of hardness with

ion exchange, high-pressure pump, and membrane (Figure 2).

Electrical power production from solar
cells

=

f

»| Brine water tank » Solar still

Figure 2 Schematic diagram of the small-scale desalination at Ban Nong Krathiam Tai, Dan Kun Thot District, Nakhon Ratchasima:
1is the energy production from the solar panels, 2 is the water storage tank from clean village water supply, 3 is the pre-treatment,
4 is the dual filter, 5 is the high-pressure pump, 6 is the membrane housing units, 7 is the treated water storage tank, and 8 is
the discharge of brine water.
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The village water supply is pre-treated to remove residue chlorine in the pre-treatment tanks, and the
dual filter removes suspended solids before entering the membrane. The system applies pressure to the feed
water, forcing it through the membrane to separate the salt and other impurities from the water. The brine water,
which contains concentrated salt and other byproducts, is the primary concern regarding its treatment and

disposal. To evaluate water recovery, the solar still was evaluated (Figure 3).

2.3 The design of the prototype solar still
The design of the solar still was based on parameters recommended by literature [8-11] and local
conditions. The body is similar to a rectangular shape but cut diagonally in half to form a slope for transparent
glass. The solar still has 1.0 m in width, 1.0 m in depth, and 0.5 m in height (Figure 3). The surface area for
brine water storage is 1 m?, and the water level is set at 0.06 m. The total storage of water is 60 liters. The slope

of the transparent glass is 25 degrees. Details are in Table 1 and Figures 4.

2.4 Evaluation of water recovery and treatment of brine water of the solar still
A prototype solar still was built by the Department of Water Resources according to the proposed
design. The evaluation of water recovery and treatment of brine water was carried out using brine water

collected from the discharge of the small-scale desalination in Dan Kun Thot District.

Preliminary test an
leak & drain from
design and build

Bulld solar stil

-
Literature review on
solar still design Design solar still
parameters
L
}—‘r
L.

Field expariment

v v ooy

Water Air Water
recovery lemperalure quality

|
ooy

Salinity Conductivity TDS

Figure 3 Steps in research on water recovery from the small-scale desalination
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Figure 4 Drawing design of prototype solar still for water recovery and treatment of brine water: inside configuration without glass
cover (top); carbonized rice hulls in dark color submerged in brine water (light color); drain channel at the lower end, outside
configuration with glass cover (bottom)
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Table 1 Parameters used in the design of a solar still for water recovery and treatment of brine water from

small-scale desalination in Nakhon Ratchasima

Design parameters Design values

Width x Depth x Height Tmx1mx0.5m

The surface area of distillation 1m?

Height of brine water basin 0.06 m

Total brine water volume 60 L

The slope of the transparent glass cover 25 degrees

Thickness of the transparent glass cover 0.5cm

Heat-absorbing material Carbonized black rice husk granules (0.02 m in depth)
Height of heat-absorbing material 2cm

Material of construction Aluminum

Water salinity, conductivity, and total dissolved solids (TDS) were measured from the brine water and
recovery water using water quality sensors (YSI Pro30 and ProDSS, YS! Inc., OH, USA). The temperature inside

the solar still was measured by a thermometer.

Recovery water from the solar still was hourly collected via silicone tubing for every experiment.
The experiment was repeated 10 times. An electronic balance was used to weight the water volume (ENTRIS
423i-1S, Sartorius Lab Instruments, GmbH, Goettingen, Germany). Water quality was performed when the
volume of recovery water reached 300 ml. Standard solutions were used to calibrate the instrument according

to protocol recommended by the manufacturer (YSI Inc., OH, USA).

3.1 Performance of the solar still design on water recovery

The solar still design with a 25-degree slope of the transparent glass allowed the water vapor to
condense on the glass surface and helped prevent the formed water droplet from moving downward without
dripping back into the brine water basin. The slope is sufficient for the prototype to perform three functions:
heat trap, condensation surface, and water droplet formation. The surface area of 1 m” exposed brine water
to sunlight, which was large enough to recover water from brine water discharged of the small-scale desalination
used in the village. With a 0.06 m height of brine water level, the recovery capacity was 60 L in each batch.
The prototype held temperatures inside the chamber between 27.9 and 71.4 Celsius during the rainy and early

winter months. High temperatures inside the chamber accelerated evaporation of water from the brine water.
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Using carbonized rice hulls was an excellent material to facilitate the absorption of solar radiation
inside the solar still. It has a dark color that is good for heat absorption, stable, cheap, and ubiquitous.
The carbonized rice hull did not become waste after use because it can be mixed with soil or diluted with rice
hulls and used as a soil amendment in the areas [12]. The estimated cost to build a solar still was about 2,128

Baht, excluding labor. About 92 percent were the cost of a sheet of stainless steel and glass cover.

3.2 Water recovery from brine water treatment of the solar still
A solar still prototype was built and tested by the Department of Water Resources in Nakhon Ratchasima.
Two testing periods were between the rainy season in August and September and the early winter months
in October and November 2023 (Figure 5).

Thermometer

Figure 5 The prototype solar still was tested for water recovery and treatment of brine water from a small-scale desalination.
Digital thermometer was placed inside (arrow).

Recovery water volume was collected and measured. The highest water recovery occurred at 2 PM
in rainy and early winter months (Figure 6), as high as 71.4 Celsius, coinciding with a higher 2.2 mL water
recovery during this afternoon hour. A similar pattern of temperature levels inside the solar still was observed
in both periods, low at night and early morning. However, lower temperatures occurred in the rainy season
due to cloudy and occasional rain.

The total volume of distilled water ranged from 1014-1185 mL/day during the rainy and early winter
months. Lower daily water recovery occurred in the rainy season, or about 170 mL less. However, the distilled
water from solar still in other studies was higher in other literature, with maximum of 3070 mL/day [10,13-15].

Temperature is clearly a factor of water recovery in the prototype solar still experiment. The relationship
between distilled water and temperatures was relatively strong in rainy and early winter months, with the r* of
0.84-0.87 (Figures 7 and 8). The prototype solar still could remove brine water and produce distilled water at
the rate of 1.0 mL/hour on average under the temperature ranges found during the experiment. However,
if the prototype could keep a higher temperature inside the chamber, the water removal rate would be faster.
Thus, the design should focus on conditions that can sustain high temperatures. Using trapped heat inside a

closed chamber is a treatment method for brine water and is capable of recovering the water for further use.
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3.3 Characteristic of recovery water

Brine water from a desalination process is known to have high total dissolved solids (TDS) and
conductivity [8]. This project measured both water parameters from brine water discharged from the small-
scale desalination and compared it with the recovery water collected from the prototype solar still. Water salinity
was also measured because it is the focus of water treatment and recovery in this project. The conductivity of
brine water ranged from 3921 to 4518 pyS/cm and TDS between 2295 and 2711 mg/L. Salinity in brine water
ranged from 1.9 to 2.1 ppt.

Recovery water collected from the prototype solar still was measured in the same manner, and
the results showed that lower concentrations of all three parameters were observed in both seasons (Figures
9 and 10). Conductivity was between 4.3 and 5.2 uS/cm (99% reduction), while TDS remained low at 3.1 to
4.3 mg/L (99% reduction). Salinity was not detected. These numbers were lower than the limits set by the Royal
Irrigation Department’s discharges into the irrigation water, conductivity less than 2000 uS/cm for conductivity,
and less than 1300 mg/L for TDS [16]. Tap water usually has conductivity between 500 and 800 pS/cm [17].

The recovery water was formed from the condensation process using heat energy trapped inside the solar still

chamber.
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Figure 6 Hourly temperatures (Celsius) inside the solar still and water recovery as distilled water (mL) during rainy and early
winter months in Nakhon Ratchasima.
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Figure 7 Temperatures inside the chamber of the solar still and distilled water produced in rainy months.
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Units were adjusted to reduce the effect of large differences in numbers.
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Figure 10 Conductivity (mS/cm), TDS (g/L) and salinity (ppt) of brine water (in) and recovery water (ot) during early rainy months.

Units were adjusted to reduce the effect of large differences in numbers.
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The design of a prototype solar still was used and evaluated water recovery and treatment of brine water
discharged from a small-scale desalination in Ban Nong Kratiam Tai, Dan Kun Thot District, Nakhon Ratchasima.
The prototype can recover water as a product and treat the brine water as well. The slope of 25 degrees was
enough to prevent water formed on the glass surface from reentering the brine water container. At the same time,
the water was able to flow down along the glass surface and collected in a draining channel as clean water.
The prototype has a surface area of 1 m” and is capable of water recovery at 1014—1185 mL/day in rainy and early
winter months. Based on these numbers, our calculations on water recovery were 12-20 days if a set of five solar
stills was used as a batch of 60 L of brine water during these months. The highest temperature inside the chamber
reached 70.1 Celsius, and 22 mL was the maximum water recovery at 2 PM. Maintaining high temperatures inside
the solar still chamber are the main factors in water recovery as well as treatment.

The carbonized rice hull was suitable as a substrate inside the solar still as heat-absorbing material. It is also
a very economical way of utilizing agricultural waste in this experiment because it is available locally, does not
degrade over four months under brine water, and is biologically inert. for safe disposal in the area. Salt remaining
in carbonized rice hulls may be of concern, but the study area already has widespread natural deposits of salts.
Dilution with soil or rice hulls before disposal in soils may be possible. Future analysis of salts may provide insight
information for extraction of valuable trace elements if there is enough sodium or lithium within salts. Recovery
water had low conductivity and TDS, while water salinity was not detected because the water was the product of
the condensation process inside the solar still. The results suggested that the prototype solar still was capable of
water recovery and treatment of brine water discharged from the small-scale desalination. However, the rate of
water recovery and treatment was less than those reported in the literature. This issue could be improved by adding
a series of the solar still to recover and treat the brine water at the same time, testing a new design of the chamber
size and slope for better heat accumulation, and painting the chamber with black.

This research estimated the low end of water recovery to estimate reasonable yields during rainy and early
winter months in Nakhon Ratchasima. Further long-term tests during summer months may provide a higher rate
of water recovery due to strong solar radiation. Replacing the small-scale desalination with a large-scale array of
solar still would be very challenging to accomplish due to slow recovery or production of water to meet the demand
in the village. Solar still should co-exist and work in tandem in the area with high salinity soil like Dan Kun Thot
District. All the future improvements are important for keeping high temperatures in the solar still. With a limited
option of disposal of brine water on land or water in the area, this research finds that the solar still is a decent
method for water recovery and treatment of brine water from the small-scale desalination used in Dan Kun Thot

District, Nakhon Ratchasima.
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This study aimed at the method validation for determination of lead contamination in paper for food contact
materials (FCMs). They were digested with acid and using the microwave digestion. Then the amount of lead
in the solution was determined by inductively coupled plasma mass spectrometer and the performance
characteristics which are linearity, limit of determination (LOD), limit of quantitation (LOQ), bias, precision and
matrix effect were studied. The target uncertainty associated with the quantification of lead in paper, should
be no bigger than £15%. From the study, it was found that LOD and LOQ are 0.043 mg/kg and 0.40 mg/kg,
respectively, while working range of this method was 0.40-4.0 mg/kg. The method bias was evaluated from
the recoveries of the standard substance added to the lead-free paper at 3 concentration levels (low, medium
and high) of the working range under repeatability conditions. It showed that the recoveries were 97.0-103.2%.
The precision study, the same concentration of the bias study was added to the samples showed that the
relative standard deviation was less than 10% and the matrix effect was investigated by considering the
relationship between the concentration and the amount of lead in the paper sample solution. It was found that
the coefficient of determination, R* approached 1. This indicates that there is no matrix effect. The information
obtained from the bias and precision can be used to estimate measurement uncertainty. It was found that the
expanded uncertainties of this method at the confidence level of 95% was +15%. Therefore, the proposed

method for determination of lead in paper is accurate, precise, reliable, and fit for the intended use.

Keywords: Inductively coupled plasma mass spectrometry, Paper for food contact, Lead, Microwave digestion
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yeflen 4 sumids ldaslunaen Vessels 1eauiastiataanasansinedneszulalasonlude 2.2.2

2.4.1.2. wunsalusisnidudiu (HNO,) 65% wiv Tudia 2.3.1.2 1funms 10 mL satlszanns 1 dlua
aunsziidlaiffFenssuhasesinaiuna

2.4.13. thidesestlenaanasetednesyululnsom

2.4.1.4. Fonafimefiiddwiunstessnetg iy HIUNNH ANHNAL DAY LATWANIU AR
lumed 3 Teddanangilensldanueiesilasion S Analytik Jena AG 1 TOPwave

A3 3 W RRDS WaziaINIseansiaesing [9]

Step Target Temp [°C] Presst;tr)zrll_imited Ramp Time [min] Power [%]
1 170 50 B 15 90
2 200 50 1 30 90
3 50 0 1 10 0
4 50 0 1 10 0
& 50 0 1 1 0
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2.4.1.5. \Hadaatwtauanysnindo WiaanunseielSlidungungiives antdudraansazans

a

Relaslfasluanndntfuansaun 100 mL Usuil3unnsdnasindsaannlessuauielninlnnms
2.4.1.6. NIVNANTATANLFIDLNFAILNILATHNIBILLAS 6 YTDLUDT 42 LAALANIAZANLTNNIDILAD
o e -
adluzanaaAnNHLNLe
2.4.1.7. Wa1sazananlelud A el im0 aLA3aa uA N NWA AN ANAN AN
uNagidninsimaslude 2.2.1 T,mﬂLﬁﬂuﬁum’Mmmﬂﬁmmmmmmmm‘gmm:ﬁﬂuﬂ”@ 2.3.2.4 wazldwiadmes

AUFLNNINARALANATIST 4

R399 4 W Rme s LN sinziasaeLeTas ICP-MS [10]

WaNeas S1EAZLREA

Mass 207.977
Analysis mode KED
Reaction gas He
Reaction gas Flow, mL/min 3.5
RF Power, W 1,550
Nebulizer Gas Flow, mL/min 0.96
Auxiliary Gas Flow, mL/min 1.25
Plasma Gas Flow, mL/min 18
Pump speed, rpm 20
Delay Time, s 45

2.4.2. pF92@AU Sensitivity %ﬂdLﬂqii@\‘l ICP-MS
1dansazant Setup solution ATIAEAL Intensity, Doubly charged ion, Oxide wa¢ Background
Tmﬂm@ﬂmmumewhmmummmmumumm\m 4 LL@“’M@\W’]ﬂﬂ’lﬁ‘ﬂﬁ‘u[ﬁl\‘iﬂ'}[ﬁH\‘i | L??JU?@?JLL@’J AN Intensity,
Background, Oxide Wa¥ Doubly charged ion mm’aﬂum\‘mmuummLm@\m@[51’134[51’@’1\1‘1'1 5

19NN 5 ATNIAIFIUNIUUATBLLATRS ICP-MS [10]

318ms UTMUUR
Intensity :Be 9 >4,000
Intensity :In 115 >55000
Intensity :U 238 >35000
Background: Bkgd 220 <=1
Oxide: CeO156/Ce140 <=0.025
Doubly charged ion: Ce++/Ce140 <=0.03
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2.4.3. mswgaamslEnuaasasasiia (Instrument working rang)
"a”mﬁmmm’@ﬂsm@qmmmwmmgmmrmui@ 2.324 mﬂﬁuﬁﬁmﬂaﬁié’m@mﬂmwLL@m
ANANUEIEMIaAN NN IIBea Az AN uATANIAReLlTYe
2.4.4. M3WIAAANNAMSASIAUN (Limit of detection, LOD) wazlinarnamsIntgaLsunae (Limit of
quantitation, LOQ)
vhmameseninnmsislumeazaeietihenszaneilaifing viefingia sunnaten 7 dszanns
1-5 WiN89A TSN IR Ia I TeATadlle (IDL) 911491 10 7 BasiAaad ICP-MS lifayalinaninniangmam
(LOD) #1AMIUANsz Ml nanimnI139alEasunns (LOQ) FaiAwindu 10 wiwmmmmﬁmLuummgm
(SD) wazEiusi LOQ femsmageuiBunnmzilugsaranefednenssmeinnsinasazaenzifiasdid
fszdildannTasnianismsaam vﬁ‘m’f{mmlﬁu%uﬁmmmﬁgﬁﬁmmu,m'ulmzmmLﬁﬂq'af;JiIuaneﬁﬂﬁiﬂﬂu%u
1% 10 97
2.4.5. MsAIAMNTaULEEN (Bias)
‘Vf’mﬁi‘wmmauﬂ?mmmrﬁlummmm[;TfmﬂNﬂ?mwﬁﬁmﬂﬁummmmmmgmmﬁ%
fipmadudus nan Lazgy 19919an1sldeuetsnasey awuaNdnduas 10 1
2.4.6. msANMKAnIzNUAINaIALlszNaUURIA2ENe (Matrix effect)
ldfayaanAranlewdaslude 2.4.5 id@aunsmnuansaanduiugsendnsannduduaes
mmzmﬂmmgmﬁLﬁuﬁuﬁmmﬁ'maﬁmié’mﬁﬂluﬁq@ﬂw
2.4.7. MawIANAMNLTIEN (Precision)
‘vfﬁmfr‘wmzﬁ@uﬂ?mmmzﬁqlummmmﬁq@ﬂ'Nﬂﬁ?mmﬁﬁmslﬁmmmmwmmgmmﬁ%
fipnnandadusin nan WAg9TasTaeTeInIs lMuIesisnasey atstaaadndnduay 10 g1 meldidenls
Intermediate Precision Condition laginnsiasuutasinauassiuiinagey
2.4.8. UszifiuAanulainiuaueaimsdn (Uncertainty of measurement)
wasaINNIsRagauAN el duesis ﬁ@sﬂ@ﬁ%’w’mnmmmmummi@u@m LAZAINITIEN
a1 lunnsdsznnuAiauliuiuay Imﬂﬁmﬂuw@iwmmﬂmmvl,simiu@uﬁa?’ﬁﬁm fefliuneunisszana
Anpnallaiusineuteensdn G

a

2.4.8.1. MuuaATEazidanrasdaigndm (Specify measurand)

a

Conc (ug/L) x Volume (mL)
Weight (g) x 1000

Concentration, mg/kg =

Wa  Conc e ﬂf;m%%’uﬁmqﬁmié’(pg/L)
Volume A8 13u1m3ansazanefiaagng (ml)
Weight A8 vinaating Q)
2.4.8.2. munasresAtamliniveneeinsdnlaeldunugiiiiadan

Precision

N

Pb, mg/kg

Y

/

Bias

U7 1 unugRiedatzeunasatanldiiveuaeinisdn
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24.83 munnAAnNliLlueuaInnImegauAaN e
n) AurneAtANllL e uIas A AUNALLRATaINANT9IR, U(R )

AINGA9
F_{m _ abs
mspwke
g2 u(m,, N
= _ 5 Mis spike:
uR,) =R, x < °_2> + < >
nx mabs mspwke
dl - A A o dl dl o v
Wa R, AD  ANALNALLRA IR BRNUNRIIATA LA
_ - 44 . .
M., AD  1Bunueasingadnlé lufaesing
- a4 .
M. A8 Ussnuiisnadlusiongng
s? A8 ANLLIUMuTeTNN I RadA e

um,,.) Ae AN liudueuzesBaAnasluiet
n A8 ANUAUIBINITIATIZIEN

uR,)
o = VL 1 =

waziansannanagauInfiladAnyvizall munacinil
1) t, <t

1 o o

_ sanednldfdveddny lifaahaaunauliudainanisdn uadiaaihaanalaiuiuen
109ANAUNALILALTRINANN TR (u(F_im)) TuAuaniAnANliusileuaenanmagay

2) t > terit nanedpfitladnAny IihaAunauldufAmansdn wazdepsiAmanulaiuiuausns
FAUNELIRALRIHANIA (u(F_{m)) TAunAAa s linlile uIeINan1MAga L

3) t

AauldiiveuresinAunauRazIasnanida uR )" TdAnnsaalliduesuaesuanimaaay

o/ a o o o 1 Y ° U e o Y o1 o v o
2>t wanedaddadAny wilddasnisudnArAunauldudainanisdn liauon

< 1-R, >2 ®)
—= )+ uR,)y
uR,)" = K

= A 1 Aﬂl -ﬂl o 1 ] ]
\{e k A8 ANAST (Coverage factor) Mazgnldlunisauaneanuliuiveuaaie

1) AUIUANA N L UL U BN AN AUNALIRAETBINAN1TTANATLARNTINNT U U(R)
UR) = ANFITELIUNNAIFILLRIANAUNAL
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o | I | a
A) AnsAnAN il iueusaNaasAa N TauEes u(R)
AIngms, Wanmuali R =R uay R =1

— 2
- R uR) _
uR) = R, x <—m >+ u(R)?
Rm
2.4.8.4. AanAAN L LLeUANNNINAGRLAIHTIEN
dd‘ o 1 -ﬂld U U dIQJ U 1 U U v
natiimeaauetniANNdniuessnsesnImasauiaendd 5 Avadndu gnaaey
v 6w aa a Vo ~ = v o c@ Y o Y v Ay .y v o &
srasldnaantiaiansandtAdaudesuuninsguianuduiusiiudunsaiuanududuield dfiaouduiug
hudunss Ausidsueauuninsguduingaau (RSDpool) Tneldannis

RSD = (n,-1) x RSD? + (n,~1) x RSD% + ..........

pool

N1+ (1) +

o

Fapin RSD,,, fidnunndld e AanalliiusiueuannnnImedeLAMRE (u(P)/P) 1BNHANTIIA
WmﬁhmulﬁmLuummﬁf]uvl,aiﬁm’mﬁuﬁuﬁﬂmﬁummﬁumﬂmﬁu%’u mm&mLﬁﬂﬂrﬁhdqmﬁmmummﬂmﬁmﬁwﬁ
‘ﬁlﬁmmn@mLﬂumm’mhiLuiu'aumﬂmiwm@umwLﬁﬂwmmmﬁm

2.4.85. mpaladiuuausu (u)
el gunasananaliduiueusing | LLé’qmmmﬁﬁmmmmmuhﬂniu@ummgmmu (u)

angmasasialiil

nﬂl A £ v
WaC An AnNENTULeIEnn i 7
2.4.8.6. AnAaxlaltueuaens (U)

AN lallsueuasne (U) Lﬂumi@mmmmisimiu@ummﬁmmu (u,) FoeiANASH (k)
WweszyszauaNmey InevinlU1d k windu 2 ieuanssziumudesiuiesay 95

U= ux2

wasanliAAuldutiieuteinanisinndn feelimRnissiesiasandidiadnliviueuiiiullnng
Fanuszasinisldaisely
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3.1. daamsldanuaauaiasiia (Instrument working range)
@’mﬂﬁiﬁm:mmimi_l?émmmr‘mmﬂﬁﬂmvxlmmﬂmﬁ'a?ﬁamnmmzmﬂmmgm wodnilendanlsz@ns
nnsRmaula (Coefficient of determination, R?) 1inlng 1 é\”\‘igﬂﬁ 2 uanliiifiudndaennsldenseasiasile S
at/l1199 2.0-20.0 g/l LAYTASNTANNIATIAVNTDILAREA (Instrument of detection, IDL) AAUIUATN 3 WinT8d
mmwﬁmLuummgmwmm@mﬁm Calibration blank (10 %’1) Wwinfiu 0.020 pg/L

0.80
070
- y = 0.0355x - 0.0102 /
] R?=0.9998
8 050 J
(]
=
Tl_,l:? 040
L
c
E 0.30
020
0.10
0.00 T T T T ]
0.0 2.0 10.0 15.0 20.0 25.0
Concentration (pgfl)

g 2 neuanspudniussznd A NduduLazAuaasialsyq

3.2 ARANAMINTIan (Limit of detection, LOD) wazaimarnamsani/aunee (Limit of quantitation, LOQ)

Ina1iANITATIan (Limit of detection, LOD) Lﬂu@mﬁﬂwm:ﬁ'mﬂﬁqmmLiuiuﬁfﬂﬁqmﬁmmmmq@

§ald Anandmn1sTadFunns (Limit of quantitation, LOQ) Lﬂuamﬁnwm:‘ﬁ'mﬂﬁqmwm%’wﬁuﬁil’ﬁzgmﬁmmm

Fonfanadlfedhaflanuusunazanuiios Tmﬂ‘vﬁmiwMﬂ‘umm:maﬁq@ﬂwﬁiﬂﬁmuﬂizﬂ@mmm@mxﬁ%

(Sample blank) visadnyinBunntien 7 Uszan 1-5 YiN189ANT AR ANIATAMNTRYLARadEe (IDL) 4119w
10 91 udatlsuifiudnsnfnnnanam (LOD) k8% Aaanfan139aL5u10: (LOQ) | Fannauniadastelilil

N3N 1 NAdaL Sample blank

%mﬁﬁﬁﬂﬂﬁ?ﬁlﬂ@‘ﬂ"l, LOD = X +3SD

'sample blank

AnaimN1IMIRsALEHNNY,  LOQ = X +10 SD

'sample blank

N3EUN 2 NAgaUAIRtNaN N BNNURLIaUITNNY 1-5 Wina89A1 IDL

o

ARNIANITFATIAUNN, LOD = 3SD

o

al
3
= o o

PpANAN1IRIAIALTNI,  LOQ = 10 SD

N

=) = dl ¥ k7 nl/ dl o ¥
Wa X Ae Aedganududuresneiiingmadnls

A 1

SD Aig Adaudeiuuningg i n = 10
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'
o | o

1 o o 1 a o o o a
WLANTARNANITATRMILAL AL TN A AN T AN TIALTN SRR AIWINGL 0.043 mg/kg kAL
0.14 mg/kg AMNATFL AaLaAlUAI9197 6

A13799 6 TARNTANITATIAUILALANLTZNIUAARN T AN AL BN UL

g18ms Fanaunnsiatnlaafaanlsuunn, pgil 13ununngaainlaiaasg, mgkg

Sample blank (X

'sample blank)

SD 0.0715 0.0142
3SD (LOD) 0.215 0.043
10SD (LOQ) 0.72 0.14

wnewie Panndinsadaldfidiunt (ugiL) = (Funnnasadald, ugil) x (0.50 g)
(hudnsiaagng, g)

3.3. msgugulananamMaInUsune (Limit of quantitation, LOQ)

3.3.1. Asaadiudiu LOQ Ainanuidadas 0.20 mgkg (1.0 ug/L) FaflurnilndiAesiuanisyifiuldann
ANTAANAANTTATAAMN

wuIFesazAAUNAUWINGY 124.4 Lme@'quLﬁmmummgmﬁuﬁwéwﬁﬁ’u 7.3 FuNANIIAIIA
fufil LOQ AiAauddu 0.20 mg/kg lArmuusdnlaagluinmusinisaeniu (80-110%) z\iqumwﬁmmﬂu
nuTTigensULE (feendn 10%) [11]

3.3.2. Lﬁ@ﬂﬁmﬁmwLL;JuLmemLﬁﬂﬁmwﬁuﬁu 0.40 mg/kg (2.0 pg/L)

WugnFeaazAAUNAUWINGTL 103.2 l,mzmmul,ﬁ'mLuummgmzﬁ’uﬁwﬁrwhﬁu 6.8 agluinouat
feeusuld Fahdnsninnisdalsunamsiawindy 0.40 mga/kg ‘ﬁliﬁmmﬁmgmﬁmmeﬁmﬁw,ﬁmﬁmmm
senunadudaa s

3.4. msANEANLAULASY (Bias)

AnuTaAE AANAANNTEMINASRETRIATA LA TL AT svTeA1En98s FernArnuTawEetiuA
sL%ﬂi:LﬁumwLL:Jmer;mﬂﬂﬁmmnmitﬁummmwmmigmmzr‘ﬁ@ﬂﬂiuﬁa@ﬂmmmmﬁlmmLﬁuﬁu 0.40
malkg (2.0 pglL, AudA) 2.0 mg/kg (10.0 pg/L, AMEAINAN) uAY 4.0 mgrkg (20.0 uglL, AN g9
28989915 1H9ue0938 AeldnsiiaseiuLy Repeatability wiaagtANuTlauLBENsINANKANITATUIN.
AAUNEL WudrFesazAnAunduaglutas 97-103.2% wansianesd 7 agllddnfesazAnAunduiiszifiu
mnmﬂ,ﬁummmwmmgmmﬁqﬁﬁmuLﬁuﬁu 10 po/l uAz 20 pg/l aslusnetinnsyaEduTaeMshLAn
mﬂm:mwmwlﬁfagﬂumm%ﬁﬁ@u%’u A8 90-103% (ﬁmmﬁuiu 15 pg/L) drufesarAnAundLRazifiuann
milﬁummmwmmgmmr%@ﬁmwwﬁmﬁu 2.0 pg/L Ardundulaiagflunneifingnn iesannanunanaeReL
L%\'ii:uuﬁ?{m’mLiuﬁur}%wﬁmmnﬂdﬁﬁmmﬁuﬁuqa
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13199 7 FarazAtAunaunanudndusi nans 49 Nrseunguasanisldeuedisnaaey

: N Banuiingiadn ATAUNAL
Spiked sample, pg/L A1R9RY, mg/kg v o i SD % RSD
Tatafe, mg/kg 1afe, %
2.0 (ﬂﬁﬁh) 0.40 0.413 103.2 0.028 6.8
10.0 (ﬁ"mﬂ’]\i) 2.00 1.940 97.0 0.051 2.6
20.0 (ﬁ’]@\‘]) 4.00 4.099 102.5 0.1 2.7
InauIinnseaNsLR AN 15 pg/L [3] = 97-103

3.5. NANSEUATNRdIALsENauARIR9a8Ng (Matrix effect)
Wlunnsdnsuansznuatnasdlsznavaessinetenszans TnenihdayaanAiaoulewdsswniaiaunsw
memmﬁuﬁuﬁ’?wmmwLﬁuﬁﬁuﬁjmmmmfmmm‘gmm:ﬁ"qﬁLﬁmﬂuﬁq@ﬂwﬁuﬂ?mm‘ﬁ'mfgﬁmirﬁmﬁﬂ
vassaging uansdagLlil 3 Anduasdaslaiuansireann 1 essiitadiny uansdlifinansznuainassilsznes

YRNFIALNN
45 _
40 /.
o y = 1.0162x - 0.0372
I R = 09988
z
S 30 |
5 25
=
20 Vertical (Value) Axis
B 20 -
T
S 95
=
03 4 /
|'|~ T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
audisfuiiFussluietng {mgfkg)

917 3 newluanspnudnRusszudeaudnduLaz Buniamadaliiean luasazanssiaetng

3.6. AAULNEN (Precision)

~ & v = 3 o \ = o ~ Aa a
AITHEINEN V’]ﬂﬂr)qlﬂ,ﬂ@Lﬂﬂ\?"ﬂ@\?N@Wﬁﬂ@u'sﬁqﬂl@\?mq@ﬂq\umﬂqﬂu sLuﬂﬁ‘mu‘V]ﬁ'&ﬂu@qﬁ‘@z@qﬂﬂﬂﬂqﬂmu

P v oy o = = o o =
mm:mmmmgmmm NAMHTNTUAT NAN LASH Taainindasunlatinaitazdun IAnunesaag

o o

mmﬁmﬂiuﬁumnﬁhf&'qwﬂmLuummﬁﬂuﬁuwmﬁ (RSD) WAAIAIANITIN 8 WaznI N ANNENAUTITUIN
pndnduAuddauuunIngg Il LanafagL 4
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m137199 8 Adauidauuninsgiuduingnaudndus nans g9 Arseunqudtenisidnuresdsnaaey

Spiked sample, ug/L AR, mg/kg ﬂ?uﬁmﬁmﬂ'ﬁ’ﬂﬁmaﬂ, mg/kg SD, mg/kg %RSD
2.0 (ﬂ’]ﬁ’]) 0.40 0.406 0.0382 9.4
10.0 (ﬂ"mﬂ’N) 2.00 2.034 0.106 5.2
20.0 (ﬂ’]@\i) 4.00 4.154 0.143 3.4
NOUTINNsEaN5L [10] = = <10
AIUIUNNTIAINZIFEN n = 10 - - s

45 _
40 /.
- y =1.0162x - 0.0372
L 3B R? = 0.9988
z
o 3.0 J e
% 25
e
20 Vertical (Value) Axis
B 20 -
"5
g -
- /
03 4 /
I'I‘. T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
diaduiGusslufeta mglkg)

N v o . v v o =
g'ﬂ‘ﬂ 4 ﬂi’W\ILLﬂﬂ\?ﬂQ’WN@NWNﬁ?ZMQ%‘]ﬂQ’mL‘ﬂN“]Juﬂi_Iﬁ'JuL‘LIEIQL‘i_lullﬂ[?'li‘:-z’]u

3.7. msisziiuAianuliniuaueaimsin (Uncertainty of measurement)

idayaainAtaulawdes (u(R) wazAMNAEs (U(P)/P) u1ATUaAIAN L LA NIEIN193R

WARNATEIN91N 9 TeAr AN liuinauaenenA il AdeendAanliwiveuiimane e sl fimnsmvuals

wanedn AraniuiueussanAaldidullnudnglseasinisldou

A ' ' 1 A o Yo ' ' A o 14
R38N 9 ArAnldudueuaeeiAmulituAtaaldudue i uunafin uualy

AU unasrasAAnaliutiuau Adile
1 AnlaudeN, u(R) 0.037

1.1 ArAn L ULe LA AN G LI ALTRHAN 29, UR,))" 0.00804
AnAnal LU AN AUNF LR AL TR HANT R, uR,) 0.0170
ﬂ?mmmﬁlﬁﬁmwé’mimuﬁwﬂw(rﬁ,bs), ma/kg 1.940
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dl U 1 1 dl ° Y o 1 1 ] dl ° % '
As197 9 AN lduduentenaf Al AfuAA Nl wdkeud i einrua 13 (512)

AAU unasrasA ANy laniuau Afla
WBunnuffinadlusngging (M) Ma/kg 2.0
AAunduIRAET0s Funamnmadald R,) 0.970
AaulnmursaBunniinmadald (%), mg’/kg’ 0.0025
AN TIATIIN (n) 10
U(M ke Mgk 0.0015
t, 3.73
t,4(0.025,9) 2.226

1.2 Ared l dLeLIBIANAUN AL Lfaﬁlmmm@mﬁm‘?{m@uﬂ@mqqmﬂ%\im uR) = SD 0.0340
2 | eoidies, u(P)P = RSD,,, 0.065
3 Aulduueusu, u, mg/kg 0.15
4 A lalitiuauaene (U) PerfumnuGesiudenay 95 (k =2), mg/kg 0.30
5 A lduduautenaAnuienay 15.0

mi'ﬁﬂmﬁ;{qLﬁuﬁmuﬁ%wmmumﬂ?mmmxﬁqﬁﬂmﬁ@ﬂummwﬁur:Tmmmiﬁ'mammﬂmmwﬂmww‘
Tnetiaasinatnesiaglaulason Lﬁ@ﬂmﬁu@mmwmﬁmﬁmsﬁm:mwﬁ"ﬁﬁuﬁmmmﬂﬁl,ﬂuiﬂmummgmwamﬁmﬁ
apamnesy ua s fuannadafiflannausiy paraifies 110130 deswdpnanuazarnad duldmminost
mm’amvwnﬁ%‘mmd’gﬁu BS EN 12498 Paper and board - Paper and board intended to come into contact
with foodstuffs - Determination of cadmium, chromium and lead in an aqueous extract 1AEYINN1IATIRADL
ANl lFredianages wuAMZAaNiANIIRTaM (LOD) kasTnanianisdaLianas (LOQ) Winfiu 0.043 mg/kg WA
0.40 mg/kg ANAIAL FaanTsldeuresisnaaeuaglutes 2.0-20.0 ug/L FasazApunauset]ludos 97.0-103.2
cﬁhmmfimLuummgmzﬁ”uﬁwﬁ@@fluﬁqﬁ@m: 3.4-9.4 wazAauliuuauassAaidufenas £15.0 fiazy
Audesiutatiaz 95 Lﬂuiﬂm’mmmfﬁmiﬂfaué“uﬁ%%mmgm BS EN 12498 AN11A LAZAINNITANEINANTZNL
AnNavALTzNaLIasFaasing (Matrix effect) AnANNdLSsE IR LT RNL ez BN nfinsadal dlede
Tugnsazanefnetinenszae wudnAdussanannssndula (Cosficient of determination, R?) 1104 1 wamadn
ldfinansznuainanasAlsenauaessietng ﬁqﬁiﬁ'ﬁﬁﬁmm%ummimﬁ’mﬂ%lﬂﬂuLﬁmiﬁﬁuﬁ%mmg’]u
BS EN 12498 fiffadnin uiesnnuasiiueshethefifuigady wasdanusnzaniumsldaumadpguszad

1098 UAMNGNNANTWITlaNE NavATUTLaTNARnTUTgLInA NINANENAIARTLENE NIENTNNNIGANANEN
eAEnT ITeuaTuinnIIN
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Submission Guidelines

Submission preparation checklist

As part of the submission process, authors are required to check off their submission's compliance with

all of the following items, and submissions may be returned to authors that do not adhere to these guidelines.

Certify that the manuscript is authors’ original work, has not been published before, and is not being
considered for publication elsewhere.

Confirm that results, records and reports are presented clearly, honestly without fabrication, falsification.
When referring to a source accessed from the internet, provide the URLs and a retrieval date in the
reference list.

Certify that the experiment's independent variables are not changed, altered, or influenced on purpose
by the researchers (Experimental manipulation).

Prepare manuscript in Microsoft Word format, align paragraph in Thai distributed, use single-spaced
lines, Cordia New font for both Thai and English, and Vancouver referencing style. More stylistic and
reference list requirements are outlined in the Author Guidelines.

As part of online submission process, the journal will contact authors through your registered e-mail
address, please check your inbox regularly. Ifitis not there, please checking your spam/junk mail folder.
If you still experience difficulties when submission, please contact tci.thai@gmail.com or passachon@
dss.go.th

Authorship list should be honestly reflected their intellectual contributions to the work.

Provide authors, name and mobile phone number in “Comment for Editor” and save. For inquiries,

please also send to “Comment for Editor”.

Author guidelines

Manuscript preparation and submission

For Research and Academic article

.

Title in Thai and English languages. Use font of Cordia New style, bold, size 18 and centered align. For
English title; only the first word has a capital letter.

Name of the author and co-author: both in Thai and English. Use font of Cordia New style, regular, size
12 and centered align. Use superscript numbers (1, 2, 3...) before name to represent author’'s address
and e-mail.

Example

Pranee Junlar”, Nithiwach Nawaukkaratharnant®

'Division of Engineering Materials, Department of Science Service

*Metallurgy and Materials Science Research Institute, Chulalongkorn University

*Corresponding author e-mail address: pranee@dss.go.th
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Research article

1. Abstract in Thai and English languages. Use font of Cordia New style, regular, size 14. The usual sections
should briefly contain objectives, methods, results and conclusion.

2. Keywords in Thai and English, not more than 3-5 words for each language. Use font of Cordia New style,

regular, size 12.

3. Content contains:
* Introduction:
» Main topic: Cordia New style, bold, size 16
» Sub topic: Cordia New style, bold, size 14
» Content: Cordia New style, regular, size 14
* Experimental methods:
» Main topic: Cordia New style, bold, size 16, left align.
» Sub topic: Cordia New style, bold, size 14
» Content: Cordia New style, regular, size 14
+ Results and discussion:
» Main topic: Cordia New style, bold, size 16, left align.
» Sub topic: Cordia New style, bold, size 14
» Content: Cordia New style, regular, size 14
+ Conclusion:
» Topic: Cordia New style, bold, size 16, left align.
» Content: Cordia New style, regular, size 14
» Acknowledgement:
» Topic: Cordia New style, bold, size 16, left align.
» Content: Cordia New style, regular, size 14
» References: Bulletin of Applied Sciences uses the Vancouver referencing style.
» A number in square brackets, [ ], should be assigned in numerical order to each reference as it is
cited in the text.
» Reference lists should be listed numerically at the end of the article, in the same order in which they
were cited in text.
» If citing more than one reference, write a number for each separated by comma e.g. [1,3].
» If citing more than one reference which is numbered consecutively, include reference numbers in
increasing order separated by hyphen e.g. [1-3].
4. Table and Figure:
» Use Cordia New style, regular, size 12
+ Table: Every table must have a caption that includes the table number on the top of the table, with left
align.
» Figure: Every figure must have a caption that includes the figure number on the bottom of the figure,

with centered align. Image resolution should not less than 300 dpi.
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Academic article
1. Abstract in Thai and English languages. Use font of Cordia New style, regular, size 14. The usual sections
should briefly contain objectives, methods, results and conclusion.
2. Keywords in Thai and English, not more than 3-5 words for each language. Use font of Cordia New style,
regular, size 12.
3. Content contains:
* Introduction:
» Main topic: Cordia New style, bold, size 16
» Sub topic: Cordia New style, bold, size 14
» Content: Cordia New style, regular, size 14
» Content: states the written work in the topic.
» Conclusion: should contain the mostimportant message of the study and author perspective/suggestion.
» Acknowledgement: should contain financial support and other research contributions.
» References: Bulletin of Applied Sciences uses the Vancouver referencing style.
» A number in brackets, [ ], should be assigned in numerical order to each reference as it is cited in
the text.
» Reference lists should be listed numerically at the end of the article, in the same order in which they

were cited in text.

Copyright notice
» The manuscript must never been published elsewhere or is under consideration by another journal.
» The manuscript can be written in either Thai or English. Abstract must be in both Thai and English.
- The submitted manuscript will be sent to at least three experts in the field (referee) to evaluate the
manuscript by double-blind (double-blind peer review).

* BAS' editors reserve the right to pre-screening the manuscript and request the revise version.

Responsibility: The published article is an academic work with authors' perspective not by The Department
of Science Service or editorial board. Authors are responsible for their works. The published article must never

been published elsewhere and is not under consideration by another journal within 60 days.

Privacy statement

Personal data protection
On BAS website, we collect and use your personal information (name, email, and other personal data) to
facilitate efficiency and productivity in BAS publishing process. BAS is dedicated to protecting your personal
information and does not share your personal data with anyone outside the organization.
1. BAS is strictly concerned about plagiarism and unacknowledged others’ work applies not only to text, but
also to illustrations/graphs of the submitted manuscript.
2. BAS does not disclose reviewers’ information to authors or other unauthorized persons.
Department of Science Service is aware of Personal Data Protection Act (PDPA) requirements and comply
with PDPA law. Information about policy and personal data management guideline, please visit https:/ph03.
tci-thaijo.org/index.php/BAS/about/privacy

Bulletin of Applied Sciences, Vol. 13 No. 2, 2024 101

y ¥




o (- %4

ASSTUAIRNA

“i wU
n u
NIEANHANNADIUNG 75 UATTITANN 61
NNINAWWAIBARE 61 1NgruNeRadN gL 61
n13gAfy 35

o % o
ANTUILINALAWHN 61 |
n191dm 61 wilad LN 26
nnssiasifaelulasian 75 wilasTudnenas 26
NNTLENNARANNUN 61
o =
NNTRANLFINITININ 49 2
A0AINTA 12
9 AusnANAFAANAFaNLNAALLN N LA 75
F19un3811 26 12235 301A 49
laiLAa 12
A
o =
AMANTANINANNIENIN 12
a o rai @ A ' al 2
AT uiRsAedwInRaN 49
TAaasL 35
o
Tmpsisiuulanem 49
)
RN 75
a
AUANLTUR 35
7
a =

watlAgann 12

102 Bulletin of Applied Sciences, Vol. 13 No. 2, 2024

yV N




A
Activated carbon

Adsorption

B
Biodegradation

Brine water

C
Colistin

Cracker

D

Desalination

E

Environmentally friendly chemicals

|
Inductively coupled plasma mass

spectrometry

Lead

M

Microwave digestion

N

Nakhon Ratchasima

Keyword index

Page

36
36

50
62

36
27

62

50

76

76

76

62

o
OECD 301A

Osmosis

P
Paper for food contact

Physico-chemical properties

S

Salted egg
Sodium benzoate
Solar still

Sous-vide technique

T
Tapioca flour
Treatment

Tubtim Chumphae rice flour

W

Water recovery

Page

13
50

76
13

13
50
62
13

27
62
27

62

Bulletin of Applied Sciences, Vol. 13 No. 2, 2024 103

y ¥




a
231451 BuNTLse@ng

q
FUNUN UGN
asnla AaWNINY
Al yes

=2

a s

ayadt wngyaaulsaid

o

o

Toyde Avuy
o

ndngns Wune
ndgn A3Tu

i}

SUTANY AFNINEFLEFY
AOUIRE WHRITIA

U
UNIITOU ATTUAIA
fnens andAnmel
Wimd yvinunnn
UATUNT WA
\WASATUNT NEjead

1
terud Tunag
inun gnua

ATSTURLLEI

49
75
26

35
49

35
26

12
12

49
49
61
75
75

26
12

104 Bulletin of Applied Sciences, Vol. 13 No. 2, 2024

yV N

n3dsznn naglu

a o s A =®
AN ML DIF
NINUA U99IAANA

bl

HUNNTUR DINLAR

v aa a

N3UR ALATnY

2
23R Yseuzna

a o

WSa 1Eale

al o ol

ATNNT TIHIU

)}

392 avulags

AlsTmil Aagnmng

a5asin L’%@mﬁm

atung nayysen
4NETEN Fu TR
\@1NANED] LRALILAAEING

"

[

wiedadl wneiloyayined

L]

o o &

AUYTY THNSNUT

9 d9
o o

BOY TN WU
fmnasd admng
8713560] anuzFnd
LONUIUNT FUNENIA

26
35
35

26
49

75
49
75
75

49

61
35
12
35

61

26
49
35
35
35



A

Anchana Pattanasupong
Anurat Rammaphan
Areerat Kanarat

Attajaree Smata

C
Chanchai Kahapana

Chayanin Hanwarinroj

E
Eknarin Thanayupong

H
Hathairath Techapanyarak

J
Jantana Panpran
Jiraporn Burakorn

Jitwilai Waluvanarak

K
Khanittha Inprasit

M
Mirantee Deecharern

Montakan Aimkaew

N

Nattacha Siriwarin
Netsirin Gissawong
Nidtayaporn Sompakdee
Nirat Phutadmark

Author index

Page

49
26
35
35

49
35

35

61

49
26
75

12

49
26

26
75
49
61

Nootjarin Phonhong
Nopphawan Srasaengta

Nuttaporn Pimpha

P

Pattama Supaphon
Peerakarn Banjerdkij
Pitak Ngammuangtueng
Pornprapa Tongbai
Pran Pinthong

S

Saowaluk Chaleawlert-umpon
Saranbhak Chuersuwan
Sineenat Thaiboonrod

Sirorat Tungsatitporn

Sutachaya Chuenwatthana

T
Thanawat Siriphithakyothin

Thanwalai Wongsawan

\Y

Veerapat Ramanee

w
Warunrat Buranakul
Weera Suanthaisong

Witthawat Yueayai

Page
75
49
35

12
35
35
26
26

35
61
35
49
12

12
12

75

75
75
49

Bulletin of Applied Sciences, Vol. 13 No. 2, 2024 105

y ¥


































NSUINIANEQSUSNNS

tNS2VNSYAUANUY SngnAdas Sdguaudanssuy
Department of Science Service

try of Higher Education, Science, Research and Innovation

75/7 auunsEs N 6 Wyl
L‘U@ﬁW‘UL‘Vﬁ ﬂEQLWWﬂ 10400
e-mdail : bas@dss.go.th




