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Abstract

The aim of this study was to determine the prevalence of antimicrobial residues in pork
and chicken meat on local fresh market and supermarket in Songkhla Province and to investi-
gate about usage pattern of farmers causes that residue. This studied result may help to increase
epidemiological knowledge and to specify farm advice some strategy and policy making to
reduce inappropriate use of antimicrobials. Meat samples were collected during 60 days period
(September-October 2012) from 6 sources (720 pork samples, 630 chicken meat samples), Antimicrobial
residues were determined by the CM-test Kid. The results showed that, 7.5%-12.92% of pork
in local fresh market and 2.22% in supermarket were found positive and positive residues
chicken meat were found of 8.88%-15% and 3.33% in local fresh market and supermarket
respectively. In the second period, the study used over 15 fattening pig farms and 17 broiler
farms in Songkhla, Phatthalung, Satool, Nakhon si Thammarat and Yala Provinces on 60 days
period (September-October 2012). Data included economic and technical factors as well as
antimicrobial administration. The results showed that, from 11 positive pig farms showed the
proportion on 9.09%, 18.18% and 72.72% of large, medium and small farm size, respectively.
From 14 positive broiler farms showed the proportion on 14.28%, 50% and 35.7% of large,
medium and small farms size respectively. The numbers of daily dose per 60 day weight (NDD
60) of small farms were found higher than medium and large farm. Factors associated (P<0.05)
with the use of antimicrobials included: feeding periods, slaughter weight, mortality rates,
withdrawal periods. These factors were related to NDD. Therefore it is recommened to focus
future research on the potential role of socioeconomic factors associated with antimicrobial
use on animal farms.

Keywords: Antimicrobial Residues, Prevalence, Usage Pattern, Pork, Chicken Meat, Songkhla
Province, Sustainable Strategy
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Rnnftedmiuasnaeuitofanos (screening test) LuaamLwaiﬁlmauamiﬂﬁﬂgmaamﬁ
mﬂﬂNmmuaa‘zjﬁlmuaﬁmmmma W 33 European four plate test (EFPT) aziﬂwaﬂmiaummimm
FulnresdonunfiGiuuamuimede ToRinalunmsesouny 18 3l uarlusernn sl
Al (sensitivity) Aoudnes wavenaviliinuaauiiald wSeld3s Microbial inhibition disk assay (MIDA)
fafesannedugatnandndluioosninlagld citrate buffer warldnanlunisnsaaouuuriuieniuls
EFPT dhw338ue W 35 ELISA wagds HPLC LfJuﬁ%‘ﬁﬁmm‘lumsmmaaummﬂ Bitteullutlagdu Tae
Huasitenals wageuuiughgs Woailunisasesey 33 -44 dalus szﬂsusuasummwaavmw “CM-Test”
ldwdnnns Tube diffusion method Immmuaaﬂu‘wwmﬂmwuawqmmmmmmLLUWLia Geobacillus
stearothermophilus Tuawsdaadefifasdnizvses o frunavdamseunEigumndl 65 ssrniwaldea
Wy 4 Flas srumavIndlesmsidsatedeududiag d1u130m5I9d0ULRUYaTNRNARLE 21 Filn
Fauandlunsed 1 (4]

719199 1 WAAIANLANNNTOVDIYANTIVEOU CM-Test lunsnsrsdeumendinugatnanasludiiesilodn’

gIAUATN anududuveseludiodns (ppm) MRL (ppm) Tuiifedas
Penicillin 0.008 0.05
Ampicillin 0.01 0.05
Amoxicillin 0.01 0.05
Cloxacillin 0.015 0.3
Chloramphenicol 10 0 (ladl@iruun)
Enrofloxacin 7 0.1
Norfloxacin 10 0 (LilArvium)
Gentamicin 0.6 0.05
Kanamycin 1.5 0.1
Erythromycin 1 0.2
Chlortetracycline 0.8 0.1
Tetracycline 0.4 0.1
Oxytetracycline 0.5 0.1
Sulfamethazine 0.2 0.1
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Sulfathiazole 0.15 0.1
Sulfadiazine 0.5 0.1
Trimethoprim 0.5 0.05
Furazolidone 8 0 (lallgiruun)
Furaltadone 12 0 (ailarvum)
Nitrofurazone 6 0 (ail@rvum)
Nitrofurantoin 5 0 (lailarvum)

Wu8L) MRL (Maximum Residue Limits) Aa USaunaengeaaisausulvinisnnang lednd wanedis e ans uaz/v3e

Weald waz/visewilala-uny-ung

F189UN5 AR TIIER UEIAIUYATNANANY CM-Test 1W3euwleuriudsn1s European Four Plate
test (EFPT) ua35 Microbial inhibition disk assay (MIDA) Tnsduitegaiieliuasidoansannainan 5 uis
warguesusiin 4 wis Tuwangannumuaslutiaiieudanay 2544 fanunnius 2545 (7 wew) Srum
\ilold 300 et LLazLﬁaqﬂi 300 2819 NuNsANAe 12.3, 0 uaw 1.7% Tushetaileld uas 8.3, 2 uae
2.7% Tushegnailoans musiiu annsliEmansaaeuiUieudiou 3 35 finanaan [a]

1Y

389 aunsal uazdsaduns
nsdansiiudaya
wisnsifivdeyasendu 2 du
daudl 1 iusedailoansuarliuasiandinsedinanndslag Ci-test
Tnedafuiegsnaainan 3 wit wavukunueieansuarldluinsasmaud 3 wis
mussaziBenlumssi 2

M15797 2 wansduuiegiiivanunseilegnstasla

AANAER AIATINAUA

mealveg A #9980 A B C
1
Lﬁas"jﬂi (Ww9) a a 3 3 3 3
fold e 3 3 3 3 3 3
33078
Lﬁaqﬂi (wn3) 4 - - - - -
ilold (uw) 3 - - - - -

* guifiudiegne 3 9a (3 97) luwdaz iy
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Fomeeit 1 Wudeyadnuusvhiy (lahiuansuasvhiul)

fonuadi 2 Wudeyasuuuunsliedugadnlurhdalussezine 60 Yu (Fugieu-gaiau 2555)
(ladeyalaenisaeuaiuglien ermanduiinveshiu sienudnitiewasvegaaine))



NIANIUNTINYRLTIN oM MsAnsAMIYNLALIATIERIULUUYRIN LN
a4 v d " 11 : ¢ o<
U 17 atun 2 nsngnau - Sunaw 2557 GHIGRGLRRNGHR

Thaksin.J., Vol.17 (2) July-December 2014

RNATaYaNYAAININIG 2 Youd Fxideya Umiindnd Meansuazli) wasdeya Yuinves
gildluszezna 60 Tuveamsinudeyaunduanndue NDD, (number of daily dosage per average 60
day weight) @335%841 Van der Fels-Klerx et al,, [5] Ingfuinaingnseail

v
v o 6w

mtndnInvuedignivie @lansu)

NDD =
AnadgmTnmdnIAlansu)annsuluvaeiu (60 Tu)

ndnsidenuinnin 1 stiabugae 60 Tu
NDD 59 = NDD 1 A + NDD 91 B + NDD &1 C.......

ASIATIZANANTITNAADY
fuannuynveansandslaedadu % waviideyanisidorlurhsuundesgirnuuandimi
adfsywinsAiade NDD wazsywineladusngg vesrhsu Tngld risk step wise ratio Tluswnsu Genstat
(risk mark program 2005 V 3.0)

NaN1338 WAzl
a .y o v 1 & v
AAYNVRINTIHEIRILTaTWANA1luLagnsuazillaln
Pnnsiiviegullognsuwasilelian 6 wnas une) Tudisaandous 2 fuegieu - 2 wgadniey
2555 1Juan 60 Ju $1uau 30 ASe9az 45 F29E1e TINeEY 1,350 Meogs WiisthanInTginIsanAmae
YANTIVEOU CM-test IaHan1InAaaUAInIsIen 3

M50 3 WAN1IATIVFOUNIANAIVRIE TN LRaTluleanswawtiloliann 6 was Iminglusvesinan 60 Tu

LUEIRNMNE
51813 AANAER AIETINEUAN

malveg Auve RNy A B C
Lﬁaqns
fé’ﬂmuﬁmsmaau 240 120 90 90 90 90
Snnuilinauin 31 9 7 - 2 -
Aoy % 12.92 7.50 7.78 - 2.22 -
old -
ﬁwuauﬁmwaau 180 90 90 90 90 90
Snnuitliinauan 27 8 11 - - 3

Aoy % 15 8.88 12.22 - - 3.33
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Abstract

Essential oil 0.72% w/w and 0.53% w/w yields from aerial part (leaves and leaf sheaths) and
underground part (rhizomes) of Wan Sao Long (Amomum biflorum Jack.) were obtained separately
by water distillation, respectively. Total 13 chemical constituents were found by Gas Chromatography
— Mass Spectrometry (GC-MS) technique, 11 and 10 chemical constituents were found in essential oil
from aerial part and underground part, respectively. The highest chemical constituent was camphor.
The study of relaxation effect of essential oil from the aerial part was performed on 120 healthy
volunteers: students of Prince of Songkla University, Hat-Yai campus, using purposive sampling
technique during June 2009 to January 2010. The result showed that 4-essential oil-drop was a
minimum concentration that made a highest-ranked relaxation was statistically significant (p < 0.01)
and had the effecting on relaxation with statistically significant (p < 0.01) when compared between
the treatment and control groups.

Keywords: Amomum biflorum, Healthy Volunteers, Relaxation Effect
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Bt 2 dauannduiitunenszielaeiinsdundusaei (water distillation) Tuwanndu

AN 10 G0 mu%%msmé"uﬁqﬁwamxmaﬁizqmuﬁwswmmgwumagﬂwﬂm&J waznidunensyive
lsussqlavindon iivlugifugamgll ¢ ssmwaidea
2. msAneaeAUszneumaaivesiduiuaavas

thihduneussmeiinduldnndrunilonusardiuldfuveriuaivaannsiamedussnouna
wnsisnawmalln GC-MS (HP 5890 Gas Chromatograph - HP 5972 Mass Selective Detector , Thermo Scien-
tific Inc., USA) mﬂ@uét,ﬂ%aﬁa%mmmam'% WnAneduaaiuniuns @anny GC fldvaaeu Usznausie
AANUYHn HP-INNOWAX (30 m x 0.25 um x 0.25 mm) Tuuan1saauwuy split 3§ split ratio 50:1 fngsian
Ao Bden 9nT1nsiva 1.0 afwns/ il gamgivesdiudaas 275 eswrwalea lUsuNgumgil oven
By 40 ssmwadea asly 3 uit ugumgiiludng 15 ssmwadea/uniiowdu 185 ssrnwadoa adld
3wl uaziingauvnTludng 15 ssrmwaBea/unfioudy 250 ssmwaidea Aty 10 i anzves MS
\Ju electron ionization Qmﬁgﬁ transfer line 250 srwaliod ¥19m7alunITUATIER 35-500 amu U
FoyailtiuSeuiiiou fo Wiley
3. MsAnwrasenskeunasveiTueNsHMEIuA1 VA

thihfunensvmeiinduldandiumitenu Fdiviinaannnidnddiu iemesensmaaeuasd
ssrUszneumaalifidfy 5 suduusnlduanseiy umeaeuratenisiouraslueaasinslags ey
WIUYDUINAMENTTUNISIILEITU

3.1 Usgynsuazngufiagng

Usznsildlunsnuedaiine tnanunluuminerdedwaiuniuns Inenunmelneg)

= <

nauseEanAndantenysening 19-22 U launmudanss afduudyzauysal asnsadornuvangdilala

q
a

Liflsavszdnd lidulsaietussuumaiumela lieglurisszernavoamssngss luoglurisszes
nawesnsiszddiou lufivssiansguyvs Liwinaueiomevietduveusyive warlussesnan 1
ouiinnuun Lifiusyfansauueanesed nsldendivinldndunilereunats nsldeniivilvasy nsldend
annfnasasnseniifinadennuduladin s1uu 120 Au ln8LdonNguAIeg1IUUANZA (purposive
sampling) wualungu v Pre-test 40 AU NFUNARBI 40 ALLAZNAUAIUAN 40 AL
3.2 w3asdlefildluntsinfiuntsidouvadu 2 Usaan
1) wdadloineimaninisunng Uszneusie w3esindnsniswiuvesiila Stethoscope
Classic Il S.E/ 71 cm (Littmann, USA) waziasasinausiuladin Sphysmomanometer B&C mercurial CE
04383 (Riester, Germany)
2) sesiefililunmssiusndeyauszneude 3 dsieil
daufl 1 uuutuindeyaraly WWud e o1y sedutudnsfinu
daudt 2 wuutufindasnsmels Sasmsduresiala anudulain
daufl 3 wuuUsslunseuraneviinuieuiisulaeanen (visual analogue scale) [3] fidnwe
Dudupsauueudanuend 10 wufiwns suntdsuareganisdiesionsilu 0 avuuu assfuanuddnlineu
ameiae Uansrnanidu 10 azuuu Saramneivieunaiguniign Tumsussilfenmadinsviiedosane
AnasasUuELiTauIesTa s ursuuduiuansiesssuaireuasefinuiesiinluune iy fessdy



NananIsHauAaNglueENHIASY MIASUMINYaIINTeU
& o a . 20 ~ o o
At ANSIANA WAz NUNT yanmay U 17 adui 2 n3ngna - Suew 2557

Thaksin.J., Vol.17 (2) July-December 2014

AseauAaNEaInINIUatsUansineiiafesesuiiananatinsinesawanaly Svihoduwuiuns (nwd 1)

wuvlsziumsaeunaty

0 1 2 3 4 5 6 7 8 9 10

y= Y=L A
Iy ﬂllllwﬂuﬂﬁ']ﬂ Eﬂﬂwﬂuﬂﬁ’]ﬂn‘]ﬂ‘ﬂqﬂ

<

Al 1 wansuuuUssfiuntsieurateriaueuiieulneaiani (visual analogue scale) [3]
nsUsziliusgaunsHaumae Ao 0 - 2 Azl (ldsuraswas) 2.5 - 4 Azl (siauﬂmmﬁﬂﬁaa) 45-6
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7.28 1.94 1,8-cineole (C10H180) 7.29 3.48 1,8-cineole C10H18O) 5.42
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i . gns1n15vela , . ,
pre-test ala 90U 819 NOUAATE
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*p-value < 0.01
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av 52.5 AUANEU 2NANS1ER 3 AnwraveuhsurenssmeIndumilioRureriuamas Tnsonanang
nammvﬂm Lildguisunenseine LLasi‘viaﬂmammﬂawmamamummwamzmamﬂmumuammamm
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o AIUA y 3.569 < AIUAL N -5.672
‘Té (TO) n=40 | e 18.50 e (To) n=40 | & 5.59
S VIZR0N +3.13 & AR +1.51
" o
C 1 : I
% . nou 19.85 = . Aou 4.89
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Abstract

Nipa palm (Nypa fruticans wurmb) has been reported to have the potential to produce
ethanol, with two folds higher than that of the sugar cane. Since nipa is a salt-tolerant plant, therefore
the objectives of this research is to assess potential growing areas of nipa palm together with a database
of geographic information systems. For this pilot stage the assessment of nipa areas was conducted
along the east coast of four southern provinces of Thailand in 2012. The natural growing nipa sits
were mapped out using GIS and then ground survey. Then potential sites for growing nipa palm was
assessed using FAO principles. Results from the assessment showed that Chumphon, Surat Thani,
Nakhon Si Thammarat and Songkhla had a total area of 279,000 ha including an area with high
potential of 168,366 ha, moderate 65,463 ha and less potential 45,156 ha. Among these, Nakhon
Si Thammarat had the greatest potential growing area of 124,109 ha representing 44.48 percent of
the total potential. Next is Songkhla of 717,232 ha representing 25.71 percent of the total potential.
Surat Thani had 57,306 ha representing 20.54 percent of the total potential. Lastly, Chumphon had
25,857 ha which representing 9.27 percent of the total potential.

Keywords: Nipa Palm, Nypa fruticans wurmb, Nipa Growing Area
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Abstract

The purpose of this research is to compare two forecasting methods which are Box-Jenkins
method and Holt’s exponential smoothing method for predicting the egg prices. Time series that used
is the monthly data from the website of Office of Agricultural Economics during January 2001 to
August 2013 (152 values). The data are split into two sets, the first 140 values from January 2001
until August 2012 for the modeling and the last 12 values from September 2012 until August 2013
for finding the most suitable forecasting method by the criterion of the lowest mean absolute
percentage error. The results show that Holt’s exponential smoothing method is suitable for this time
series than Box-Jenkins method which the forecasting model is f(t+m:3.209995+0.010026 (m) where m
represents the number of months to forecast ahead with the starting value of September 2013 (m = 1).

Keywords: Egg Prices, Box-Jenkins, Holt’s Exponential Smoothing, Mean Absolute Percentage Error
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1. msafesuuunensallagisuand-lauiud (Box-Jenkins Method)

Fuond-auiud WuASmswensaliifianugndesgs iesanldimunsuuulnensasiaaey
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L’Jmﬁﬁﬁ’lLﬂ?ﬂlﬁlLLam’J’mLLﬂﬁUiUumﬁ [4] f?hLLUUﬁb’JVLUmaﬁguaﬂ%—muﬁuﬁ Ao Seasonal Autoregressive In-
tegrated Moving Average: SARIMA(p, d, g)(P, D, Q) LEARMIAIANNTT (1) [5]

9,(B)®, (B)(1-B)’ (1-B°)" Y, =5+ 6, (B)®, (B*)e, 1)
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(Seasonal Autoregressive Operator of Order P: SAR(P))
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Moving Average Operator of Order Q: SMA(Q))
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4) ARLdENAILUUNYINTUNTALNYIENTAUmMALUDTEU (Bayesian Informatlon Criterion: BIC) ¢
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Method)
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91N ACF uag PACF fanmdi 2 wui asl ACF lunwdheiidnvaznisindeulmuuvanas
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Abstract

This research is descriptive study to survey of methicillin-resistant Staphylococcus aureus
(MRSA) in area of Tambon Health Promoting Hospital Ban-Bangkoo, Nakhon Si Thammarat. The 79
samples were collected from nasal cavity and palm of people who live in Ban Bangkoo. All samples
were investigated for MRSA by plating on mannitol salt agar (MSA) supplemented with 6 pg/ml of
oxacillin. The results showed that the isolates of MRSA were detected from people in the percentage
of 46.9 % (37/79). AL MRSA isolates were resistant to oxacillin but susceptible to amikacin. It found
that 5.6%-10.9% of the strains were multidrug-resistant. It should be aware the dispersion of MRSA
in the area for preventing the MRSA infections.

Keywords: Cefoxitin, MRSA, Tambon Health Promoting Hospital

unu

Methicillin-resistant Staphylococcus aureus (MRSA) ‘WUL‘Uummma’mmmaﬂimmmLﬂjasluiiqwmma
39n71 health care-associated MRSA (HA-MRSA) wmauﬂmﬂmmaawaamimLszja A MsHdin n1seg
Tsangnuna viemslaanarudlududon [1-4] MRSA Bunudaust w.e. 2504 mmamamnam pemoltmase-
resistant penicillin Tn&n15u@A penicillin binding protein 2 (PBP2') %30 PBP2a Maﬂm‘wummaau mecA
ViduiueInga beta-lactam nawialalid WWunalieingy beta-lactam aaﬂqwﬁhﬂ,m o MRSA sfnrels
LﬂmmimLﬁzjaiuiﬁawmmaimaiaaau 30 919 60 W99 S. aureus ‘1/1Lﬂummmmmimwdu‘[mwmmdu
Uszinalneidu MRSA 9ndoyavensuive1mansnIswnng nssnsiasisagy VIVLG]TJUTJZJL‘UE]LLauLLUULLNu
mmhsuamjmwﬂwLismﬂiﬁawmmamaLLaquwmmamMmﬂiuwmﬂ'n 30 uvie Aausid WA, 2543-2548
WUNIEHD MRSA fanuyniesay 35 10 . 2543 LLavmmémﬂaumamﬁ’tuimwiaaau 30-35 Tuang 5 U
uas m@mauuamwmuWﬂsuuiuiiawmmam MRSA Idnmefudeuszsiu (5] wasdhhaulasnnniniuie
Liumwmumimmﬁna MRSA Iu‘umjuml,mﬂ W.A. 2523 138n71 community- acquwed methicillin-resistant
MRSA (CA-MRSA) Fadunsindovenismea I@E’Jﬂ’]i(ﬂﬂL‘U@@]ﬂﬂa’muuﬁi}uﬂuﬁLﬂﬂﬁ]’]ﬂﬂ’]‘iLLWiﬂiwﬁ]’]Eﬂaﬂ
LGUEJ MRSA mﬂmﬂ’w‘wmEJEJaiinwsnmamawﬂmﬂimiLwawumiLmummau (colonized) @ ENL‘UEJ MRSA
1/1wﬂ’a&J"lmwmvaa"LuquwmmasmmmiamaEﬁ,umﬂa&Jiwuulﬂmwawmau LLauLmeium&ﬂﬂmumaau
lunseurdald uaide MRSA mawuﬁmmumhmammwmu WU AdUALBFY (clindamycin) 1a prsfion
gla@a (co-trimoxazole) Lﬂumu muma MRSA wﬂa”mmﬂmsmLﬂua’l,uiiqwmmauaﬂmmmamamnau
beta-lactam NnvilnLA? mmamamﬂamauma i ozilundelalys (aminoglycosides) uuplaslast (mac-
rolides) [6] N5AATD CA-MRSA JJﬂWUTlJN‘U’JEJLfﬂﬂLLauﬁ’J‘lﬂ‘MmLUumimm‘U@%N’mu&LLawL‘uE]LEJEJ K] L‘U‘L!BJ
'viiamvmaamau mwwmﬁ]‘wuumimquamuuin ¥ Yonsniau 3o necrotizing fasciitis wona1niions
umﬁmmammmﬂ LLauﬂ’le?]G]L%E]IUﬂi“LLﬁLaE]ﬂ‘VliuLLNLLauiﬁ’lﬁlﬁ’]Uﬂ’liLﬂSﬁU’m@]’JEJﬂ’]ﬁG]fﬂlflja MRSA Tusaivu
[1-4, 6-9] athslafionunisanide CA-MRSA suaammafl‘uﬂivmnﬂ"lmamwuimuaamﬂLLavaﬂmmwmumwmﬂ
2939 MRSA “I,uisawEJ1mas~mUauu,aviiawmmamiﬂmaﬂumu suddluusnuyrueseu FethuddRale
MANUYNVDI MRSA mwmLLUULLNumm"meLﬁzjamﬂfcmmamﬂgmuvmﬂﬂiwﬁ%ﬂuww B GERTAITRNG)
Sunevuen Seinueseissiuse Wedunmadhe Wliimsusnseneresderumadunstostulsls
Aelsafaide MRSA Tugumustely
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EGLIGER R

Tnssmsiildsuienansnisiuseslngnmznssunisasossauntsideluuged wninederdednual
@il 009 U w.a. 2556 Tnedszezandigusu Tlufouw gy w.a. 2556
1. wuAnisy

S. aureus TISTR517 way MRSA 334 T%Lflut,mﬂﬁL%'EJmmuﬂ’lsmaaumva’mmL%asiamﬁmﬁ;a%w
#8733 Kirby-Bauer duiunduidiofiluaziesentenei@adu (oxacillin suddy
2. @156719a9N

TAuA wae1 oxacillin (Sigma-Aldrich, USA) uaglaiugiae) (Oxoid, UK) 1ewn ezfin@u (amikacin:
AK30) Adunnsiedu (clindamycin: DA2) wilen@du (cefoxitin: FOX30) Tulasngusuladu (nitroflurantoin:
F300) eonen@adu (oxacillin: OX1) wiuildadud (penicillin G: P10)
3. mangaanude MRSA 9y

ATmIIVEYeIde MRSA Tudssanuy (Wi ynedis ‘Uﬂﬂammaa MRSA Lﬂ%mmimsﬂ,ml,ammﬂﬁ)
Tnginudagnsusnailnssaynadiumi wazdhilosma 2 mwaaﬂivmwu‘iummumm vyjil 3 ‘wsamma’iu
T T Y T M AT ——" mamiwiuwumaaﬂummaa (0.85% NaCl) ¥ 1
Ihiudddndes Wisliinndeduiliiiud a LLaﬂ%’luwumaummmnaﬂ,mwmnm 2414 1 swab wagihile
2 473 1 swab Wnrpudausaudlifsiuiilizanidu Ussana 5-10 ﬂsaLLavuuumuiﬁlUma e liduda
vosliudElaiussloniothaiud snfuthenmuiiweemnadssdouds mannitol salt agar (MS)
Adn 6 lalasn3udediadans (ua.n./ua) ¥8381 oxacilin (MSOX) mﬂﬁ?uﬁﬂﬂﬂmﬁymﬁqmmﬁ 35 84N
waided (°0.) Wunan 24 $alus (vn) dndenlaladdmvdesidusnaseulalaiiduvassanaumeite
uparaue ez 1 lolsian luﬁmsnmm"bﬂuaqL%asiaméhma%w
4, f77iWﬁ)ﬂE)‘UF)’J71/23?/808/75)71&76’7%81.17 lng35 Kirby-Bauer

a:uLaaﬂiﬂiauLmaﬂumuammammmm MSOX 91A1 3 (Iﬂiauamaawminmiauiﬂiaulﬂuﬁ
wided) 9uaz 1 lelwan Tfenduuuunsy uasnaaeuteulssl coagulase winduduindute s. aureus

LW%L‘UE]VIL‘UuLL‘UﬂVlLSEJLLﬂ'iiJU’Jﬂi‘UﬂaiJLiENGnL‘U‘LJﬂaJJLLauIW\IaU’JﬂﬂUﬂ’ﬁVIﬂﬁaU coagulase UL
wawwua Mueller Hinton agar (Difco) firay 4 % NaCl uag oxacillin AuEdudu 6 ue.n. / ua. (MHOX) Ux
Lammqmwgu 35 9% i 24 Hlusnnusngleladuansindude MRSA thunaaeumuhvesdese
g1dnugatnaiindu (de 2) fuA5 Kilby-Bauer waziananuinasives Clinical and Laboratory Standards
Institute (CLSI) [10]

NAN1SANEN
1. HANISATIVNININEYDIUTD MRSA
PMNSATITATWNE MRSA mEJﬂ’]'i{]WEJIWN‘DJJﬂLLﬁuﬁJﬂiJE]‘ZJaQU‘Ju‘lJWﬂIUIUWUVI Fnam. TruuRe 31U
79 AU AUUIUBWNTEBUTEUTY MSOX wuinsanuLUATiSeResn oxacillin nnguUsTYuAndy
46.9% (37/79) Im81@1621Lawmmmiwaﬂﬁaaual,mimuJuu;UﬂmLiaLmimmmﬂﬂauﬁmmmuﬂamaﬂma
MsNAEBULINTUNSNAGEY coagulase dvannsaduduldinduie MRSA Sademhlunageumlives
WereUfTuesrely
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2. wamumn/bwmma MRSA mammwmfw

o MRSA VN‘VIJJWWMN@U%ﬂﬂUﬂ’]iVI@ﬁ@U coagulase mmamﬁ]imlmuummit.awlfua MHOX ER
Pudulaindu MRSA «’\Nuﬂﬂwmaaumwﬂa%aqLmamammuﬁ;amwaummamm Kirby-Bauer WU MRSA
HvuaResos oxacillin (100%), cefoxitin (100%) waylidosn amikacin (100%) fauansluaisnad 1 ways
LLUULLNUV’YJ’]MVL’J%@QL%E]Giaﬁl’lﬁ’lu?\]a%‘v\l 7 WUy Lmuﬁwummﬁmﬁaga oxacillin, penicillin G Wag cefoxitin
whﬁ‘u 97 % (mswﬁ 2) E]ﬂmﬂUENWU’NL‘UE) MRSA maﬂlmmﬂwmma clmdamycm Al 43.0 % (wuu
71 2) ey LLau‘WUlIL“UE) MRSA Fuenldannmme 1 lelsanuansuuuununisaesmansuinanidu 5.6-10.9
% (WUUTl 6 uazwuUil 7) Fauanslumsned 2

M19199 1 Foray (%) N15AREIFIUIATNYDITE MRSA

. Smaude $oay (%) MshoreyIFugaTnTeate MRSA
wnas
MRSA AK3 C30 DA2 F300  FOX30  OXI 0P10
NI 37 0 16 32 5 100 100 100

P10, penicillin G 10 gﬁ(ﬂ; C30, chloramphenical 30 uA.n.; OX1, oxacillin 1 wA.n.; AK30, amikacin 30 4A.n.; F300, nitrofu-
rantoin 300 {A.n.; DA, clindamycin 2 ua.n.; FOX; cefoxitin 30 uA.n.

M19199 2 WuuuANhIveTe MRSA Muenlaannniveseeiuadn

LLUULLNUW'J']JJI’JEJ’] %@8@3
AK30 C30 DA2 F300 FOX30  OX100 P10

WUl 1 S S S S R R R 97.0
W7 2 S S R S R R R 43.0
WUUTi 3 S S S S R R R 220
wuuil 4 S R S S R R R 11.1
Wil 5 S S S S R R S 56
WUl 6 S R R S R R R 5.6
Wuuil 7 S R R R R R R 10.9

MRSA, methicillin-resistant Staphylococcus aureus; R, resistant; S, susceptible
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'“amsniwamiﬁnm

nsineluadeilldidendomsdes MSOX itedmdenide MRSA 9nwneluiiud swan. Tuunen
aflssaruinfinlageds 90.7 % wazdianuduniz 96.0 % [11] ‘lumﬁﬂmaaﬂlfnanaumﬂan Falalod
Lﬁ]smiummﬂamszjamnm’mﬂmaﬂwmﬂﬂ‘lauamaaqL‘Uaauammil,amlfual,ﬂuamaaa Faaenndeafiu
Snvarlaladfidouonldnnmnmglunsinueded uasdonamzleluanilinansnagouduuainiunis
naaeu coagulase TUAnwLUULILANLTesTaRDei et nedsenuinduideo MRSA lu
Tssmenuna (HA-MRSA) sfhagReswianewiia [6] da CA-MRSA Shwufimsesniufunuuusmmsldenufime
[6-8] LLasﬁﬂWUﬁmmLmﬂﬁmﬁ’uaaﬂlﬂiul,wiasmsﬁuéﬁLLaﬂiéﬂuLL@iazdaumaﬂaﬂ [12] nemuindinlinese
vancomycin, linezolid, cllndamycm ey gentamycm mewumama ciprofloxacin ag co- trlmoxacole
[13-14] wilumsinuasinuindide MRsA fesie clindamycin tlag chloramphenicol (5797 1) ety
mstleatulilliAnnisunsnszansveade MRSA msmaﬂmﬂmﬂamawmumauﬂmvmma&JLa:ua $nwImw
ar01nveIUIAUNALA g UNTalTITluN T IuNE LLawmawamammsamammLmamaawumaumamﬂw
LLa‘“ﬂ’Ji?AmLLuUuﬂ‘LJﬂ”IS‘lJQUGIG]‘LJGlaIiﬂGIWL‘?J@ MRSA gnuvan standard precaution atlaafunsumsssun
voue [15] Tilasegsfiuszansnmeely

e 5D 2.

a3Unan1sAnen
W0 5. qureus Auenldanmmeiofe oxacillin, cefoxitin Lag penicillin G wsilame amikacin (1009%)
uaﬂﬁnﬂﬁmﬂaimaw%a@ia clindamycin ag chloramphenicol Fafuvuununnuhresuniloutiu MRSA
334 MIGULUummmmamﬂiumsmaau wanslidiuinernesiinmzueade MRSA luiluil swe. TRNTRRG
mauua]amiﬂaqﬂuiaﬂ.w,ﬂmmsuwmﬁumammlfnaa]uﬂmsJI:LJu CA-MRSA ¢nemannsued standard precaution [15]
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Kinetic and Adsorption Isotherm of Ammonia Using Egg Shell Powder
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Anwmsgadunenludelngliudonlyelanauuusssumuazuuutasalusiu wuin msgaduiiia
Judoiuiinasgaduiazanuduturesasaras Sovazvesnagaduaasiifioraninuly 30 unit @
Hunawidaunavesnisgadu nsasansveadentaisaedioniili pH vesasazaneifindu Sovazves
nsaadusenlanfisvesdenlusssunuasiudenluasalusiiu Wiy 91.53 + 2.42 wag 76.17 = 1.43 anu
f1du iodieszideyansadinuinudenlvsssumgaduusulindeldunnninddenliasalusiuegsdi
dfey (p < 0.05) lssnidenlisssuaiinisazanesinivinliamsagaduldfniy saumaniveanis
gaduidulunuannsufisodusuniadion fdasisns 0.00852 uay 0.00461 uii !l dwmsuidenls
sssuauaziUAenluuaoalusiu smuddu eAnuwlelumenmsgadunui aenndesiulolumennisgadu
vosaudles Anuasalunsgaduvelionlisssunuaziudenliuaealusiu dawviniu 51.813 uax
46.512 fiadn3usioniy muddy didivimgaduduuuiuiduien nansiseluadsduandiiiuds
UsyAvsnmmesnisliivdentddusigadunenludeluinds Ssuenvinazdistrimindelduddediean
UsinauBenldmdetisldBnymanilae
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Abstract

Adsorption study of ammonia using normal and non-protein eggshell powder showed that
when the initial concentration and adsorbent dosage increased, the adsorption increased. The removal
attained the equilibrium was at 30 minutes. Dissolution of eggshell made the pH of the solution
increased. The percentage of removal using normal and non-protein eggshell were 91.53 + 2.42 and
76.17 + 1.43, respectively. Normal eggshell adsorbed ammonia was better than non-protein eggshell
significantly (p < 0.05). That was because of the lower dissolution of normal eggshell. The kinetic
sorption data followed the pseudo-first order reaction. The rate constants were found to be 0.00852
and 0.00461 min™t for normal and non-protein eggshell, respectively. The data was fitted to the
Langmuir adsorption isotherm, which was the monolayer sorption occurred. Adsorption capacity for
normal and non-protein eggshell were 51.813 and 46.512 mg/g, respectively. From the study, it could
be concluded that it was possible to develop the adsorbing materials from eggshell for wastewater
treatment and also decreasing the waste materials.

Keywords: Ammonia, Egg shell, Adsorption isotherm

uni

ansussneuwenTuielunil 2 'i‘ULL‘U‘U‘Vlﬁ’]mU I uonlantledass (NH,) uazuouluilevlesou
(NH ") mmnmiﬁuumasuaaLaaéumammm‘lumsaummiLmLa&Jﬁummﬂmms (1] ﬂﬁmmuaﬂmuamﬂm
i‘ULL‘U‘U“U‘lm‘U pH uazaaumail [ 2] TngUndtidunansuesluiess aglusUrasenlaniovlosausnnnii us
fpHg awumwmmﬂmuammﬁuu LLaMIummﬂuwwmaiywmﬂaLLamﬂwmwuwaqammﬁwmamaq ina
Laamaiu‘uumummLaamqmmwLWi%Wﬂmamwmuﬂﬁuauma"l,uimmﬂmwumm waziduiurowuaiise
flasadinu [3] uaﬂmﬂﬁLLwaqﬁmauﬁmauﬁmﬁﬁu6]é’qéuaﬁ[,%'l,mﬂmLﬁamm’j’ﬂmmm dlosnannsatily
Ttasransnezilulalnanss [4] LiJE]‘lJSiJ’lmLLE]JJIEJLUEJI‘LM’]?N‘UH nssivlnvesunasrneuivuar vt e
flasmnalusne viliAnusngnisalglnsiladu (eutrophication) Usinaeendinuazaneluthagsas

msthiawenTudieluiiivans®s wu msldnssuaunmsmedinin nmsladeeine msanaynau
MaAdl waznsiiuaaesy [5,6] svmumsmmuLﬂmﬁmumLLaaﬂuLuawuﬂsvawﬁmmwm ladne way
Lifdunounsidnadng (7 {‘]f\muummﬂ%‘lalamﬂ%LLamIMLu&mmmmﬂuuamwwamamm Togldaanu
mmszﬂ,ummaﬂLﬂ?fau‘dsva;mﬂsuaqLLauI:umamlaaaunu‘lﬁmamlaaaumg”LugwwmawIa”Lam 1 usiglalavi
fisnangavinlvinssuiunsidauenludedduyuganiuluiae [9] ﬂ'ﬁiﬁi’flﬂﬁaﬂlﬁzﬁjaﬁ@mamﬁamamamwuag
vmmﬁﬁmmwﬂuﬂflﬂ%’lﬂuﬁ’mm%’uﬁaLﬂummﬁanmﬁqﬁmaﬂa dosanesAuszneundnvesdonladiu
wAaeNANSUBIA (CaCO,) fouay 94 Taenhwin [10,11] anansagadulavevinuay ansaulalasnisuan
Lﬂaaulaaauuavmﬁmmumﬂusww Faldruanann Kaus 7,000 - 17,000 ievlas umﬁwsummm‘ium 0.022
- 0.029 fiadwnT wag JAFUVLIAEN 0.0038 — 0.0054 Tadkuns AUy [12] 1uLaaLUaaﬂ1‘uuamwzjau
Iﬂﬁmumiﬂiwammmisﬂ Uszanadevay ¢ vosimindenls lassasneUsenausenyaiuenda (COOH)
viflansonda (OH) uagnydains (SO ) SnunfiasnsaadsansUsznoudsdoussninsanssunicuay
Ia‘wwvmﬂim [13] mmummaﬂuﬂiau aefinwivaumansn1snadu (sorption kinetic) waglolanaunsgadu
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(adsorption isotherm) vosuenluiiislngldudonlusdaniwuusssuniazuuulasalusau e lidilanaln
nsgaduuenlanily aunsdnundadeninestes liun nadltlunisgadu miazanevesdenluniinaste pH
Yesansaraly AnNNtuesasazansnenlully tazUunanddenlunly

149 gunsal uardsaiunis

1. mawFeuasafiuaziadasiotiae

ansazanpunsgukenliily (NH,CY Wudu 100 Sadnfuweslullosedns arsazansunniigon
Fan (MgSO,.7H,0) Wudu 0.1 lua1d arsagansiluea (C,H.OH) wauiy laluideululnsuialos
(Na,Fe(CN)sNO.2H,0) eiudiu 0.5 Tudns ansazaneluifienlalupaslsd (NaOC) ity 150 adniu active
chlorine way ansaranglnunadeslansonlyn (KOH) Wuduiosas 20 lnsuiaseysung arsynvilaldings
A% (AR grade) M53T814A5 Bottle point method [14] yimsvieaesiigamadl 30 ssmwaideoa 1we
asavanefienuid 150 seusound ynnsmaassaseisuyamuanliduuFenluiiieliiduiiiou
Weu Aeseidinaunenladlon1uidnisves Strickland and Parsons [15] lngwiseuansavaleunggiu
woulwde Wty 20, 40, 60, 80 way 100 Tadnsuuenlullurodns aasazansunsgiukenliiense
asaratediieg1d 10 faddns adluringuyuy WinasavasuuniGendamnadly 0.2 Taddns mudeans
avaneiiuea 0.3 addns wazansavantlelumaslsd 0.3 fadans waulvidiu deidld 3 dalus Wl nen
nsgandunasfiaueedy 630 wluwns fewedesanlasiuladives ves Libra S22 Biochrom Auial
USunaumeuludiadisuiunsinuinsgiu
2. MsnsEufleg1Udenldutiaug

Fadenllifazern Advurs ualviasden wiadu 2 dw dwil 1 sendewdenlidulusen
(Waenldsssum, normal eggshell) dhudi 2 utluansazanelnuvadevlensenles Wududosas 20 wiu 5 Ju
wEdshendu (wWaenluaealusiu, non-protein egeshell) ﬁ’lLUﬁE}ﬂlﬁjﬁ%ﬂﬂ@Wﬁ@lﬂaULLﬁﬂﬁquQﬁ
100 + 10 samwadea 1ivlufiwis wazgumniives
3. Uadelunispadunasluiislnaiudonliviiang
3.1 naniililunisgadu (contact time) waz n1sazarevaadenlisia pH vasansazany

Fadenls 4.5 n$u Tdvinguuan] Wnasazanssnnsguuesludedudu 100 Sadnsusiedns Usuns
150 3addns In pH wasiiusogslinsyiUSinamesludedinan 5, 10, 15, 20, 30, 60, 90, 120, 150 uay
180 U a%’wmeiwdwﬁaaasmaamigm%’uLLaxmsLU?iamuJaa pH T3asazAETAENeY
3.2 aAnudanduvesianluilledanisgadu

Favdenly 4.5 n3u Tdluvanguua iuasazansanasgruseslandodudu 50, 100, 150, 250 uas
500 fiadnusiodns Usinns 150 fiaddns Wiusethaiiedinsivsinauenlndeiina 30 wifl afens
seminnudidusuduresasaranewenluies fu m’mrﬁm%’uﬁumLL@MI@JLﬁ&JﬁQﬂQW%’U uaz SoUazveInIs
Andu
3.3 Ysuanddenludanisgadu

Favaenld 1,2, 3,4 way 5 n3y Taluvinguoay Wnansarangansgukesluieduty 100 dadnsu
fedns USuns 150 fiaddns iiumegrafiedeseiviinaweslindedina 30 i aunsmlsewinsdesas
YaenspeduivUsnanydenly
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3.4 nM3Asgideyan1eadn

Tuusiazn1snaasssing 3 ads ﬂwmwaiugﬂmaamLQ?}IEJLLazdauLﬁwwummgm WisuLieu
ﬂ"]Laé"amaﬁaaazmi@m%’uLLaaﬂuLﬁaéf’;&lLUE@ﬂIﬁdﬂﬁ@f}NLLUUﬁSi@JmLLazLLUUUaammiauﬁ’maaa t-test
4. IUAIEATVDINIIYALU (sorption kinetic)

Favdenly 4.5 n3u Tdluviaguvuy Wuansazanesnnsgiueslufodudy 100 fadniusodng
Y3ums 150 fadans ifuiegaiielnsesiusinaeluidefina 10, 20, 30, 60 90 way 120 U9 @514
nyaaumansnsgeduneldaunignuin nsgeduienludemeenvuianadulumuaunisvesu fizen
Susunilaiiey (pseudo first-order reaction) fifundulilld (ireversible reaction) we3 Lagereren [16]
Faaunsil (1) uag (2)

A —> B 1)

K

c
1055 - z.anzt @

o C o mudiuduEusy Gadnduredns), Ce Ao ﬂmwfﬁu%’uﬁuaamiﬁmwau@a {adnSuneans),
t fio an (W) wag K fo masidhsesufizondusuviladion (i)
5. lalginauvaansnadiu (adsorption isotherm)

asnnsmileleimennisgaduresuadiles (Langmuir adsorption isotherm) wagleluimaunisgadu
v04 W3uAdY (Freundlich adsorption isotherm) [17] Fraunsil (3) uag (@)

Ce 1 Ce
e ®)
InCs = Inkf + %].nce @)

o Cs fio USinaansigngadu (@adn3u) sieuavesiagady (ladnsy) innzauma, Ce Ao A
dduvesensiinnzauna @adnsudedns), a fio Anuannsalun1sgadu (adsorption capacity) (@adns
fionsu), b Ao mmﬁ"mqwﬁwummmi@m%’wmLLaaLﬁst? (adsorption energy constant) (Anssiatiadniy),
Kf fio aawaunsalunisgadu (adsorption capacity) (Hadniudeniy) uag 1/n fe AINLLTIVBINTYATY
(adsorption intensity) AuANN13YRIMSUARY TinTzinnLdenadpsresmInaiuiulelemeniaowulng
Tdfein r?

Nan1538LazaAUTINA
1. Yadelunsgadunanlulislaeiufenluyiinng
1.1 L’Jﬁ’]ﬁi‘i’ﬂuﬂ’]iﬂﬂ‘ﬁlu (contact time) waz n1sazarevasildanline pH Yasansazaney
NNNANITNAASS mimmuuauimumwmumamemmsi’ﬂumimmu Tngtanglutag 30 wiviusn
amwmwmmwmummm Lummnmw‘uummaaLﬂaaﬂlmmawmmmmmlmummumm wiidlenaWulud
avenduliiautosas mﬂ,uamﬂmim%ﬁmamaumﬂwam (il 1) LL‘LJ’JI‘L!&JL“ﬁuuﬂaﬂﬂa@ﬂﬂUﬂﬁﬂﬂ
Fuuanluiemeatunugdus (activated carbon) [18]
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~m-Non-protein

—+—Normal
100.0

90.0
80.0
700
60.0
50.0
40.0
30.0
200
100
0.0
0

% removal

20 40 60 80 100 120 140 160 180
time (min)

= o = = 1l i
Al 1 nsgedusenlanielaefonluniaisieg

dloneaesin pH vesasaratsfinaldieg wuin pH Buduresasazatsuesludefiniounin
worluieuaaalsd (NH,CY fidwviniu 5.78 msazangveaudenlavinli pH suaqmiawmmﬁu%u Tnatlden
TeUaanlusAuyinlid pH maamsavmaL‘w:umnmwLﬂaanlmwﬁﬁumiaaav 50 wnmmaamammmimm%
fio 30 Wil (il 2) esnwdenlivasalusiulifidewdenlufiney SenzerelldAn sl oH LAy
NN pH Fisduraimsasasvsanenltirennerasreuaa@euaduaiun (CaCO,) [13]

-a-Non-protein

—4—Normal

pH

time (min)

29 2 msdsullas pH Yesansazansueuluiisainnisavarsvesudonly

1.2 ﬂ'ﬂﬁ-lt’dll‘l]u’d@%tﬂlli&lLu&ﬁﬂﬂﬂiﬂﬂ‘lj‘u

Lll@LWZLIF"I’J']&IL‘UN‘UUL?ZJG]U%@QLL@@JIQJLUEJ ‘Uilﬂmﬂ?iﬂﬂ‘dULWN“UU (ﬂTW‘V] 3) Luaqmﬂamﬁmimamma
(mass transfer) W,JmnL‘U‘uwammﬂmmummwmmmqumummmiuumm%ﬂummmmumaamﬂu
#@135azany (concentration grad|ent) (7] LLmLuaamﬂmstmmmmmsuwuaﬂmﬂummmﬂimmmmmumm
V]’]IM‘EE)‘EJ@“"UENW]‘E@G]G?JU?NVI (ﬂ’TWV] 4) LWi’]uﬂﬂ‘\]’]ﬂiﬂWJ‘c’m’JNUuN’JG]’MWUU
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conc. removal (mg/L)
g
°

8- Non-protein

—a—Normal

100 200 300 400 500

Initial concentration (mg/L)

MR 3 Usinanisgaduseslanflevulienluflefiuanuintuvesionluile

60.0

% removal

400

200

100 200 300 400 500

Initial concentration (mg/L)

A 4 Sevazvasnsgadusenluflsuuionlieiuanuuduvesionluily

1.3 Usunauddenlysanispadu

Mnuan1smaaes wuh magadusenludefistudefisinuuenty (nwdl 5) uazdosazues
msgaduuenliniogegaileliiudenty 4 nfu uddlewiiudenluilu 5 3 msgaduanasesay 1.27 uas
0.31 dwiuwdenlusssuauazivdenlivasalusiu muddu lurisusnmsiisTnadenladunsiia
fuihsfiannsogaduuenlindel3lé aonadostuuideres Moussavi et al. [7] Ganaedidlolasisssumi
anduuonluidle wud msgaduiintunniesay 31.5 Hudesar 84.8 WaiinuTinadlolayian 1 niude

U
a

% removal
8
°

~&-Non-protein

—a—Normal

S

1 2 3 4 5

Adsorbent dosage (g)

ns 10u 10 nSusedng uazndsantunisgadunai Wesniuiignunaquaieluanavesuenluiiouds

Muil 5 SewarnispedunesluilisvuUienludlowfsuudasUiunauiigadu
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Slewdsuiiteusesazassnisgaduuenlindes sevinadenlaa 2 wiin wudt fosaznisgadu
werluloveaudonlvsssumuaziudonliuaanlusiu Wiy 91.53 + 2.42 uas 76.17 + 1.43 muddu e
AATERdoyanisaiinyin Lﬂﬁaﬂlﬂjﬁﬁumm%mmﬂmLﬁﬂléfaﬂ’iwL‘Uﬁaﬂlﬂdﬂaafﬂiﬂﬁauaﬂwﬁﬁaﬁﬁm
(p < 0.05) VILUuL‘U‘uuLuaﬂmﬂL‘LJa’e]ﬂl‘UﬁiiumumiaumﬁluaﬂﬂﬁL‘Wi’]uENiJLEJE]LUﬁE]ﬂI‘UG]@E)EJ@TLﬂu Saflitud
N’Jﬁ’WﬁUﬂ’liﬁ](ﬂ%‘um’]ﬂﬂ’J’]LUaE]ﬂVL?J‘lJaE]ﬂI‘UWlu Saaavmmmwmummm’l uam’mu Lﬂaaﬂvl,waamiﬂﬁmu
L@JaawmﬂaﬂﬂlumsavmEJLmeavnM pH Y8%Ensara1egen i waziile pH awu woulanileazagluguves
woslufledasy (NH 3) Ny RNLﬂuaﬂmmwuwmﬂwmmmmuauimuamaLﬂaaﬂlsuﬂaamiﬂﬁmu Sl
mmwmaaﬂhﬁsimm
2. JUAEATVDINIAATY (sorption kinetic)

NMIAnwaumansnsgaduvetetlinielagldivfonluviiane aeldauufgiuin msgady
wenlsndesneden el dulfisedusunilaiion (pseudo first-order reaction) Aundulsllét imeversible
reaction) fsaunsit (1) waz (2) nedldidulunmunmd 6 duumesiisasvesfitendusundaion
758 K 91nAnuduveans i Wity 0.00852 way 0.00461 uniit e‘h‘m%’uL'Uﬁaﬂ"Lsu'ﬁiiumLLawLUﬁaﬂlﬁdﬂaam
T:dimu AU mimmszmmLtJulﬂmmJgﬂimaumwmmsm wanaloAinIn amwmmmmmmwuﬂumi
ady tufe Anududuvesesliy aamﬂaaammamwmaawwmnﬂimmmimﬁnumeumaL‘w:umm
WutuSusuvesenlude

ﬁmmiﬂﬂmmsmmuLL@;JI;JLueﬂmstszmmsuwm&Jﬁuumaamﬂaamwgnimaumwmmau [22,23]
wenINi nalnnspadudl 2 Tupeuman Ao TUNMTUNTVBINTUNRMIQATU (film diffusion) UAETUNITUNIVDS
Imaﬂamﬁmaiww (intraparticle diffusion) mumaumnmmulmama ImaLa‘wwvLmalusvuummwmmﬂma
suaqmmmeusummi‘uummm%ﬂummLﬁumumaﬂmﬂumiaumaam wid intraparticle diffusion (sl
TReREaT mmmuﬁuumwumamwLﬁqﬁuaamimﬁnu (rate-controlling step) [21]

®Non-protein
14 ANormal

10 & A A - A
s ™
A
S os - B
g A - _n = non-protein
04 . m

time (min)

M 6 nsmresUisendusunilaiieuvesnisaaduuenlanie
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3. lolewasvaen1sgadu (adsorption isotherm)

doasslelmonnisgaduvesuauiosuarlolumennsgaduremsundy faunsi (3) uag (4)
wuih msgaduaenadesiulolmesweailefnnni fimrsanainei 12 (Ml 1) mIgaduiiaenades
fuaumsvesuandles (Ml 7) wandlifiudsnisgeduidunuuiiufindiuien (monolayer adsorbed model)
wumwwummawaqLﬂaaﬂlﬁuwmhLanammuau‘[mu&fl,mwm 1 Tuana [22] Wefnadauansnsaly
M39Agu (adsorption capacity) woulBanlisssumuasienituasalusiu Toefvrsanaand a luauns
oAl A 51.813 uag 46.512 Hadnsumensy muaIRU denndediusuITeves Englert and Rubio
[19] wa Bernal and Lopez-Real [20] Aidnwinsgaduusslanielaglidlelavisssumnd wuin msgaduiu
Tupulelgmenvauandies IAnnuanunsalunmsnaduagsening 11.4 - 14.8 fadnsusensy uay 8.149
- 15.169 fafinsuseniu auasu

A1571990 1 A" correlation constant (%) wagAAIIANNaNNShaaTes

r2 ArAsfimuELnsLaies
yiinvealdonly
wadles Wyundv a b
Waenlusssua 0.9722 0.9465 51.813 -0.185
Waenluuaealusiu 0.9717 0.9436 46.512 -0.187

MV @ = me/g, b = L/mg

®Non-protein

ANormal

0.50
045
0.40
035
0.30
0.25
0.20
0.15
0.10
0.05

0.00 +
0.00 5.00 10.00 15.00 20.00 25.00 30.00

1ICs

Ce

il 7 lelwimennisgaduauaunisveiailes

asﬂwamsna

miﬂﬂmmimmuLLaafLmLusﬂmsﬂfmﬂaaﬂlwummmuwﬁﬁmmL.La wuulaealushiu wuh nsgadu
meumammmmmmmmuua AN UTDIENTAYANY Lmsasawuaamimmm mmuanmmulﬂ 30
W9l émuJunmmaamamaamim% miavmsﬁumLﬂaaﬂlsumaawuwﬂm pH YesasaraneLiua Sou
awuaqmsmmuLLaafLuLuasuaqr’daaﬂlﬁuﬁiiummmwwaaﬂlﬁuﬂaamiﬂsmu esnnisazanedisniili
wwamsum%lmmnmw fﬂaumammﬁm%L“LJuliJmmaumwanﬂgmmaumwmmsm wanalifiugn
aﬁmLsaﬂuaamimmmﬂuuﬂumimmu Ao anududuvosenludeluh Luaﬂﬂmlaieumaumimmuwmw
aamﬂaanﬂU"LaI%maumimmwmLLaaLuaﬁlwmmwmim%LUuLLuuwumﬁmmmLLavuummwmmm%
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anunsaduivansisiisanidaluana nwansideluasetiuansbiiuiUssagnmeeansliientludusn
anduwesluflgluiide Jauenanasdistndnindelafumdisanysinauddenlimfenslasnmmiig

AnAnssuUszna
IduveveunsEAMavIne maniussgnduazimalulagdinn annalulaganavinssunisinens Midetile
anuntun1sinide wazuminerdemalulagssuspans iueen dmsunisganuunudmsuriinidy
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Abstract

Testing is one of the most importance components of learning. Creating a good testing is
very difficult. The test has to make sure that it can measure the student’s knowledge. A variety of
testing is also critical for the large classroom. It takes time for many instructors to develop such test-
ing. In this research, a web-based examination generator system is proposed. The system composes
of two components. The first component is a pool of examination items management. There are two
input methods; a manual entry and an upload text file. The second component provides users for
generating several versions of an examination. The proposed system was developed by PHP, Javascript,
Ajax, jQuery, CSS, MySQL and using HTTPS for secure communication. This system was uploaded to
web server at the department of computer science and information technology in the semester
1/2555. The result of assessing system efficiency from 30 users and the instructors, who are respon-
sible for the subject of Introduction to Computer are shown in this paper.

Keywords: Examination Generator, Multiple Versions, Test File Importation

uni

TuwsaznasuumIneaerinsulainisaeulusigisnaig 9 ﬁwmﬂwma Hemnadvanealy
MINIVUANE WALYUIAIVUADNLES mzﬂmaaiwwaﬂamimiﬂmuwﬂa Fausazseivasiiidnameidou
Lﬁﬂummumﬂmmammsi‘uamwmenﬂsuume muuiumiammﬁaammqmﬂLLavmiaaUUmamﬂw
Suudedidinudeseuimnzanfusnuifsamadoudoy udidowmndosiametuaauiiuae
svgznalumsdansaeu Soildistymsnuidslusasossounnnifuniiuiluesdeu nafiintu
Aemsinszarisswineditiaeuvesianumazauliifioame Usvﬂauﬁusﬁaaauﬁiﬁui’]Uiﬂuwﬁﬁﬁﬁmawvlﬁau
Soudusununnindudedeudstowuunatssadoniififies 1 JUKUU (Version) whitu SereliAnnms
maeﬂ,uiumNmiaa‘uimﬂwmuummmammu‘lmmmaﬂiuawﬁmwlumiﬂmawaawn‘mmaaama
winidedlals

nsuidgmiduiildvatsuuams Wy madusnuiulumsdageuldinntuninia ey
wAnenduanunsadniandhaeyldnemnyfuiiuiivewiesaeuluusasies wioenaariEnsinaousnn
1 31a%ﬂuﬁmLﬁauﬁ’uLLaviﬁﬁ?ﬁmﬁaaauLwiavs’m’?mwuaé’mt,m swulufanisasesruvansaunAgmsy
aiﬁwmaaawLmﬂmQﬂu’LuLLma x99 WHudu mnmadendinaniuudiay mulmmmaaﬂammaa vas
NANTENUADNNTUSIITANSANYIVOIUNTINGNRBULAY mﬁmmimumiaauuawam muuﬂmumwmmm
mmmmmuwwmLmamaamwaaauLLUU%WWI@aamiuummﬂiuwmwamaﬂawaaauaLamniauﬂa A
mﬂmﬁa’mwauaLuaqmuwmﬁwmmwu%muﬂummisaauﬁ’mnumnmw 1 Ay fauedesdlofinmas
senuuUlisEasodmuasdRRendorous iUl 'Ll’e]ﬂ"\l’]ﬂUULLa’JENWU’J’]IULLG]auT]EJ’J°U’]1(5]1Jﬂ’]i‘WlI‘W
suatureiilddeaeuliudluguuuuredvdienarsdidnvseiind o Frhupdeslofitaunvsiidmaenisiidn
mamamnlﬂal,aﬂamwaamm‘ul’?[,ui UUVL@’ﬂszaqum Lwauwaﬁaummuuuﬂ‘ummamawumﬂumiaiw
T - N nMsaYRtadeULiaY adiszuuay ammﬂmLaaamma‘umﬂmaﬂwaamﬂamﬂu YanNTAY
LmemwmmammLﬂUiWaﬁJaaaﬂugULLUU%@&lWaLaﬂmS (Document File) Wiethlufissiidusuatures
Jodou warausaUsulsanyaensianwestedeulimnzanlanuaudensBneiey



ASWALILAIBNEAS 19TBEDULUUNANEYALAEDR LR MIFANTUNINY TN Teu
~ a a = N 62 A o o o
2381 USv iy way ann Besuuns UM 17 atun 2 nsngneu - Sunaw 2557

Thaksin.J., Vol.17 (2) July-December 2014

naufjuazauideiiiendas

%’aaau%’wwaé’uqm‘émnﬁﬁau

maaammmaaquﬁmamslﬁau winefdedeudmsuianginssumsenoswaiBeuidinnugan
mmsalmiawLiaugmaimumismNumu,mmauaaLwaﬂ,m 1] Soaouiiteldsiag

1. T9EULUUDNLENIDUUUANITYY ﬁa‘ﬁaaa‘uﬁﬁmumimaaumaummu IneIdWeuusseneiay
Seuesmnaulaglinwivesnuedunisuanaiiug

2. faseuustly wadu wuuidenaeu (Multiple - Choice Test) Aedpaeufiusznausiedesany
wardmmeulmdenuaiumneu Lwa’waaauwmﬁmLaaﬂmmaummmﬂmmwam wuugnYisenn (True - False
Test) ﬂamaaaum8mJamm’imaauwmsmnmmmuuaﬂmam 939301, Wuudug (Matching Test) fie
ﬂuaaawﬂssﬂaummgmaammummLaaﬂﬂqwmi'smu Imalmaa‘quLmaumamiwmmummawgﬂ
Fosfign wazuuUAnd (Completion Test) Aedeasuiiusznouseussloanietomnuiidliaysal uazas
Gulifaeuindeninu vieuselua adudesililianuauysal

ARgdpaaU (Item Bank)

ovi yyuseLass [2] WWlvianumngvesedsdoaoun wanet inuvestermaudsdilifiousslov
Tunslifeasumaniunugejsmnevesnisasululenassly

g gnuadudt 3] ndmisuinstenaaey (tem Bank) mnefsaniuiivieunduiusiusude
nageuiiinisumsnsiaivsaznisiosnafissuy wazsuinstenadeumenauiaimes (Computerized
ltem Bank) ianefia aonuiivieunaufununudenaaeudiinsuimsmsdafivuaznisidosafisyuulagly
\3nsmaNRARIYTIY

fiaduuu wazordnes [4] naniedsdeasuidunmssiusmndemanusaunniannsaianldly
nsasadeaaulduazdomaudinanazinatfsng g seyly uWuu-maiumsmmmlmmhawLﬂui“L‘UEJU

KehFenanldhesoreunmnsiundimudesmusaunnifinsansegadussuy e
Useloailunssenldaululaaziinainuanumuig g

NuATefiAeatas
Tuﬂﬁlqﬁuﬁﬁsﬂaw/dﬁl,n%ﬁwL%gﬂﬁﬂ’wméﬁuuﬂﬁm%’ﬂﬁumﬁaaﬂ%’aaauﬁéﬁLﬂuLLUUf\i’mmmLaszu
dauns Tnedlsdundniindrondstunaunnaisiunseilsiduadudaduauansannzfvosudas
ganAwas W 1) WUswnsu EasyTestMaker [5] LﬂulmamaaswwaaauLLuuaau"Lau“lmwawsJiULLUU WU WU
Ustlovanesaiden wuulinalugeing wuudue wuunaugn/He VNSRRI IELY whoutunmsatislng
wnansdedeulalngdnlud® GziﬂuﬂimwLﬂuﬁﬂﬂwwumumﬂmanmu,ma]ulmmmiﬂmﬂ“nmﬂumﬂwm
widdesmslinuiladdufindi wu nsadeddodeu waznsdavidedaunuunaneyn Lusu azdeude
Aldanedusnet  2) TUsunsy Hot Potatoes [ I‘UiLmﬁmqﬂanmmmaﬁwwaaaﬂwmmﬂLLU‘UT.@&J
TUsunsuay Luumsmsuaaa‘uLLavmmmmaumunﬂwLﬂwaﬂ yonantuudadtinuisefauedesdle
Hglunmsasidoasy wu Jgun nsesenss uazaug [7] ezmlﬂweumiswmaaimt,amLﬂi’]wmaaaﬁugﬂ
wuuretennAdudnsunisldnuuuneufinnesiadeaiios (Stand Alone Application) tnsuvadu 2 du
wanAe drveinisaideasulagdentomniuaineaitedoy LavdiuveINTInTeiAuA Ntodey



MIFANTUNINY GV NTeu ASWAULAIDNE DA 9YRADULUUVANEYALATER LU R™
A o A o 63 ~ a N a =
U 17 adun 2 nsngreu - Sunaw 2557 2381 VS mMilY way ann Besuuns

Thaksin.J., Vol.17 (2) July-December 2014

MnemAfedindrndeiu snduldiiedoddlefinutulinlfnulusuuuuiunnseiuudus
fnqusvasdvaanmsideiiu q uaziedesflomaniuduaiiuluiinsiniuadetonoy mavasousoulall s
Tuiamsinsesideasy wilifimaiauiaiesdietislumaiidirdeyateasuanlndienasiionnsdldiae
Foriliud FefideRninduiladduiiddapnnidesanuviinendouazesdnsmasunsfnudiuudiusd
mMsUszgndldeuiiumesiiietivsunisanuazmnlunisiafiuitonansluguuuulnddidnnseindiduszey
nanguuuda fsdunmsiauieiesdiofitiss smimaranlunmididoyaiifeg udggudoyands
JoaeulagdnluiRazidunisuszndanaazaldiglunsaiigudeyardlogeudiannsefindveusiaz
einlffuesned Medrausgdlafifdmivenasslumsusuldnueiesdiofiiauiuge

N13ANTUNITIAY

AdElFunAfemuvdnimnssusening lefleaziBenuesmsiingilazoonuuuiaiosiio
sudimsinuneiasde [8] foil
nsAAszsikazesnuuuLAadle

idelieesinazeanuuuiniesiolnsainsununmnszuatona seaui 0 Jaudsldnudu 3 nau
flo JAkaTEUU Useanuanuinn wave191sdiaeu lnsuwiasunuinazanunsaldauiandulaunnseiulny
wihfiwarausuiingey (il 1) uafmﬂﬁuﬁqﬁﬁwﬁmﬁwm%’UﬂwsaaﬂLLUinuﬁﬁa JEUUNITINYIAY
Uaensievasdoya {Ideilduuinsinnmsiuanudasnsdevesssuuiu 3 daufe 1) msshwianudasasie
Tngldmeluladsuanulasndeues Hypertext Transfer Protocol Security (HTTPS) dwsunisuaniae
foyaszmiaoadinnoiuarlanowd welviuilaideyatugniu-dessariaguuasddenufisyyliase
Tneiidoyaazdedlignuuasuniaudlvluanida 2) msdnmmnudasnsalngnmsinnisavsnsdfedeya
Tuszuu Taudanguifltaudu 3 unumdsildnanliudineiu Judasunumazdosdinnsaaeuuas
ouifavsnaidstoyandsdoaeuluusazrseirveasasmansinmmuidususeuiitmuall way 3)
nsfgldfudutustussuunmelussesnaiidmulife 20 wiit Swuiussuuasdansinulaesplud



nsiawLeseslloasetodouwuUMaE YA LA RLLTRY
2381 USv iy way ann Besuuns

64

. C MSEsUMINeNdeingo
Ui 17 aduf 2 nsngeu - Sunaw 2557

Thaksin.J., Vol.17 (2) July-December 2014

1EE 1Y)
TN

Foyaowianailumnin

floyans Login

¥
dpuasyuy

foyarans Login

s wm o d
Joyamsmpiasoinmoon

LRNET)

fAou

foyams Login

sgsm | foyana

i 1an17 Login NQnAne

AoyaffliTums Login

13 Login

- o
annIn AINNADUANT

mildam FoyaflFlumsaiinsanin

N3 Log:
«
0113 [fayanans Logs

fdou doyams Login vos

uflufioyadld

wwddoungnAn

Foya@Flunmingmnin
v - &
foyaayiTams i

foyanuiniiden

sanisdoya -
Yoyni YU']'“’[’ﬂﬂﬂ

LU doumitrit

Joyanrsopia
swiniamedon >
4 v

4
e

ufludayain

doyaswin

uilutiayaswin
ioviou

ufludoyaminin
.

nAnGoyana-
Hanmnidou

Aquassuy

CRTIC QTN 1 —
Lo eufop e Lo

TR [THTE, U S—

o >
IANVOYA
y

wugw /L L,
Joyarwivindoaniaundly

Update Toyya
vhwaundly— wilidoyain
FWIN

N7 Login VOIHRAL

doyaswin

LaM3 Login 10301913050

y PP
uthudayain j03aM3 Login V030191581

doyaTandniouhnaniigndas

dayamsianisTand

doyaTonditlavnmanlasla
viaudmouiignina
doyadudengniia

5.

4.
sannsdeaoy

Soyanuiniden uiludayaling

Soyaduiiongniin

doyamsiams E=_——
i ii uflidoyagniia

itldnnmamlastid
Hoyadadeniugdo
ldnnmamlasInd

i hld

Yooy

uitidoyaTond

doyalendniondmeniigndas

6.

dioontloya

o o
Ao Foai g4

wihidoynrwin o g g
fmm::‘m,uﬂnu Joyniaifon ;:Jq-,;;w - = uiludfayaivgun ————dayadndoniugur S
_ dayamsiamsddenivggw whidoyadugihe ! s,
Foyariuoy —_— Soyaindoniugun | |Mlesen  udeyadadon Joyasadonuo T
P s = o lAnnmanalid A
150 ji doyaiaidonii 14 . ST s
819150 . ) 35 o SRS
o doyadudon — e o 219130 Y
fou ufldoroy foyamiiamaiandon ! ‘“‘f‘!!“ e o ool
—fen . 0
fayad uiludayadoaoy
fiuoon g
= v o A A oA Y v I o I wa
AN 1 LLNUﬂ']Wﬂ'ﬁSLLa"UE]Ha'ﬁgﬂUVl 0 UBILATDIUDATNNVDADULLUUNAN YN LALBA LU
o =]
ATINAUILAIDIUD

Lﬂ%aﬁaa%ﬁﬁaaavLLUW@WEJGU@I@EJE‘J’@M;‘J’@ Ié’ﬂﬂﬁmmsﬁﬂuiﬂLLU‘Uﬁuaaiz‘uum5aummum‘%mﬁa
Suwmesiiln lagldlusunsuniw PHP, Javascript, Ajax, jQuery wag CSS Taufiuszuudnnisgiudeya MySQL
Uuwumummﬂaamwaﬂﬂﬂmaa HTTPS Imamiawamﬂanmmmaﬂwmwmﬂmmu

1. mmmmmimsmmﬂuaaﬂamaqmmsaQaauLLmauﬂu‘Luiwmﬁm‘wugmmaqLmaumﬂﬁau Tngay
é‘fmlé’%fumiauﬁaﬁwuivwmﬂﬂsvﬁmmmﬁﬁmﬁu’u 1 uwazdleviuanadeusyuvasinstanisldeludau
Guaqmsf«mmiﬁuaaawaqmmiaLLmauﬂuImaaqum

2. mmmf\mmwEJaausuaammmwumummuawwwaau'ﬁamummm 1 Ay Fafuedesile

'
[

#

ANz 0NLUUL 191508 IR TANITOEOULATARLED ﬂ‘U@ﬁa‘UL‘WBﬁiN‘qu‘UU‘Wﬂﬁan’m Aulg

3. anasadanisaiadaaauluuUsty Usenaume Jeaeuluuvangiiien , tadaukuugn-in wag
ToADULUUTUR Iﬂaﬁﬂdaamqﬂﬁﬁﬂm’hﬁ’ﬁaualﬁaé’fmLﬁuiuﬂé’aﬂﬁaaau 2 W/nshe MsTuindedeuNIuntae
YDITLUU LLawmsmmwauamaaawuaamﬂuiﬂLLUUSU@ﬂWaLaﬂm{LuiULLUU txtimaiﬁuaaﬂaiwﬂumimu
JoANNING txt LW@‘LHLﬂJﬂﬁﬁWU‘U@N@IﬁJLL@aUaﬂﬂﬂiuﬂaU‘Uaﬂﬁﬂaﬁ@‘UV}LLG]ﬂG]’Nﬂ‘L! mﬂuumﬁmamaauﬁ]u

mwmwuwma;&a LQaEJlﬂJ’]EjiuUU (ﬂ’]W‘Vl 2)

4. ananseaeyntodeuiunuuigasuldideninadileaeuiiieasslndionatsvesyndoaaulugy
wuulndienans .doc (nMwi 3) Inga1asdanunsaadutonulufas uns ey way/vseaduidaniubiazde



MIFANTUNINY GV NTeu ASWAULAIDNE DA 9YRADULUUVANEYALATER LU R™
apa o A o 65 a a N a =
U 17 adun 2 nsngreu - Sunaw 2557 2381 VS mMilY way ann Besuuns

Thaksin.J., Vol.17 (2) July-December 2014

wndahuuueasiidenndasivyadeaeuldlnednlud@ lneszuvagyihnisinfiusuunageuyniesdui
IaFsanseuuuaziinsdeiaunililugudoyadie

snyRamstia smmui Lot uwi 3 andaud
i i sdaeauidieasiiiaedu (Introduction to Computer)
neiuthafviau
vhniaaay | juinasadedavini_ansandse | au | ud'ly
C o
o n T T a
.’hn‘immqmmqumhﬂ‘ammmfm Jumiinty _. e Hasoy
& — n = n = - + 110755 T@#: oraya preecha ($la1l AsngIA 2555) ujnua“‘)
T L AT LT M U Jansiau of i ot S S (RS2 AT 2555) WEanc)
) I vty 3ot 3 g « anfia Tag: a asm Wiy (@al2 visnou 2555) wanauel
mbnmmmmmmhmmnﬂmmi ][lii]’liil]_l « test-110455 Tan: a5t Wiy @dlall vimau 2555) dani)
i ivispind e Tl e Jdansau o +testl Tau: 2.4 Busuun’ (a1l vnnou 2555 wanuin
- = - « test Taer: 2 a8 Wwndiy Wlal0 wisnau 2555) \dan()
i i N b e of + MA@D-100455 Ta: 8.aan Busuues (fal0 vrnou 2555) o P
¢ EoTHRr Y 4l s N "aa dan(
e ilindnmn | : sl
- 2 R " WA
o [¥] | faafuaauauay Harddisk tuilaatuiimizoiaduarls \San(3)
9ai o - nael
[ | alnsaila’sildalnsaluanvnaraya )
= o wanael
¥ |dalawnafianiawsiandasiaa \Sand)

M 2 vihaekanmsindnlnddeaeundegian AN 3 MhensaTIYRToARURUIUY

NaN15IBLAZRAUTIINE
\dennziidulsiauaiesioairsdoaounuunansyalngsalusifnudeimunaadnvuzves
gonFusilauualiugn arudnundadunsussiiunanislduadasiie Smansisedilaannisussdiu
wamﬂsﬁmmﬂ?aaﬁaLﬁmﬁuﬁ]'ms’ﬂ.%muﬁ’ﬂﬂ LLa”ﬂ’li‘Ui‘”Lﬁuwﬁﬂ’]ﬂ‘ﬁd’mLﬂ%‘@dﬁaﬁl’lﬂmﬁ]’liéﬂ’\ljﬂaui’lﬂasﬁ’l
ﬂaummaiwamu Imamﬂ‘zjLLuuaaumwwamﬂm%mﬂwﬂmumwuﬂu 5 ﬁwmumﬂivﬂuuawmiﬂm
i“’ﬂ‘UlI’]ﬂ‘Vlﬁfﬂ wasdATUULAILA 1 - 5 AzUuUUALEU szmwmaié‘bmﬂmwmamw (Likert) Tumiaiﬂmamﬂ

bUUEDUDY ﬁﬂu?iﬂﬁﬁiﬂLLﬁu@ﬂ‘UiWEJNaﬂ’ﬁﬂ’]Luuﬁu‘lﬂﬂﬂu

Nan15usiiuns I uasasiarla iy
nnsnaaedlieiuszuulaedldinuiu 30 A waznsuluuasunUTiaUsTduAUtnelaluNs
Tdnuasesile agunan1sUsudiulafnisned 1

M13199 1 agunansussiduanufisnelalunisidnuaiesie

Nan1suUsEIsiy
sren15UsTIAY

Mean S.D.
dauvszaumsiadenugldeu
1. vihelinsiningene q egramnzay 4.53 0.53
2. viihaeiinslddegamungau 4.60 0.51
3. sUuuuuardmsnusinumLzan 4.47 0.57
4. vinuilanuianelasensldanussuuil a.47 0.50




ASWALILAIBNEAS 19TBEDULUUNANEYALAEDR LR MIFANTUNINY TN Teu
~ a a = N 66 A o o o
2381 USv iy way ann Besuuns UM 17 atun 2 nsngneu - Sunaw 2557

Thaksin.J., Vol.17 (2) July-December 2014

Wan1sUsEiy
Uiy

Mean S.D.
anudelunsldau
1. svuviiims@enlomihaesis 9 egrafuszuu 4.57 0.55
2. fidresunelsznounislduiitaa 4.27 0.59
3. Sangivilidngnihaoidosnis 4.33 0.67
4. viuanansalgnihaetiaule 4.37 0.63
AUYNADIVRITZUY
1. szuuiinsduiindeyarinsqegegnies 4.70 0.46
2. srUvaINsauanIHatoyasii lneg1atniay 4.77 0.39
AUQNABIVBITEUY
1. szuuandldmuvoundingds a.67 0.44
2. szuuthglimsieuiety 4.63 0.46

nuamsvssduarufielalunsinuedestoludosuasiildi nmenisssdiuianudis
wa‘Lﬂusvé’UMﬂﬁqmﬂﬁm s iunansUssiuEesnudislunmsldnuesessieazaeudadosniinanis
Usefiulusndu 9 szmmﬂmaamauﬂammmiwmaaﬂmmwmw mimmwwmmwmLuu%ﬂszmuﬂauma
wanvane LLavmmﬂﬁ‘LﬂmmLLmavﬁqnm‘mmaamumsmmaaummmmawawumaummmsuaamq 5 AOU
STARFIRh) uaﬂﬁ]’lﬂuuuaamﬂmummamﬂmmmuuivxlamasmw,ﬂusuum Ixt Y0slpdsULAazUTELAN LN
NSTEUATDTUIE FURUURIN S T IENRE AL NI 2 awaamﬂéﬂ,um‘LamaUﬂamﬂUsvLmu Felugwil
mwlmmmiLLuUlWamasmLLm ﬂaumvﬂ'ﬁvLmumﬂﬂmumiamdmsmmwwaau'ﬁmmﬂamwamaiwaq
muiummumlﬂ

nansUssfiunsliaueiasiialnsanansdfaeunsinaauiunaiidesdu

mﬂﬂmummmmwmuwuLLay‘LJ'iuLuuwamﬂm’m‘[mmmiswaauswmmﬂaumLmaswaqmu B3
Huneiniuguduneufiuneiuazsmaluladasauma S 4 euulfiismsusidiunait 2 daundn
A 1) NsUssiiulseansnmuesilesidunisinnusig | audemvuanudnvazanudenisidnugenis
uay 2) MsUsziuan e eiedle agunan1UsziiuldRmgeTl 2 - 3 e



MIFANTUNINY GV NTeu ASWAULAIDNE DA 9YRADULUUVANEYALATER LU R™
apa o A o 67 a a N a =
U 17 adun 2 nsngreu - Sunaw 2557 2381 VS mMilY way ann Besuuns

Thaksin.J., Vol.17 (2) July-December 2014

= a a a A A
A9199 2 @3UNANITUITIUUTZANENINTDIATDILD

Wardumén nan1sUseLiy Werduman nan1sUseLiiy

Mean S.D. Mean Mean S.D.
1. fansdeyaiugmu 4.25 0.38 7. ia/au/udlvdoaey 4.50 0.50
2. alpsaunTn 4.00 0.00 8. dnlvanlndvodouiu 4.50 0.50
3. oyiRavsnsldnu 3.50 050 | 9. a¥undsiodeutitodniusi 4.50 0.50
4. w-auneiniaou 4.50 0.50 10. \dentoaeuiinndsdnfiaum 4.50 0.50
5. oyiiTeinitaou 4.00 0.50 11. thiddeaouanadsdu 4.50 0.50
6. mualassaiaunEey 4.00 0.50 12. msdaiuigadedou 4.25 0.75

A13197 3 asUran1sUsEuAMNINYRNATER

. . Wan1sUssiiiu
lfvesAmnn Usziu
Mean S.D.
ALLUE (Accuracy) 4.25 0.75
i idetio (Reliability) 4.25 0.38
AMNNYDIEN AN i
uauNYsad (Completeness) 4.50 0.50
ANUATIUTEAU (Relevance) 4.50 0.50
msldauls (Usability) 4.50 0.50
anmnseuldeu (Availability) 4.50 0.50
AMANYBITTUY - o
msaamwumumaﬂssmuﬂuz‘ﬂm (User Interface Design) 4.00 0.00
AnuBanefu (Flexibility) 3.50 0.50
Anulaeniauaraududus (Security and Privacy) 4.75 0.38
AMNNYBINITUINS
AMUENTAIUNINOUAUDY (Responsiveness) 4.00 0.00

mmamiﬂiumumamﬂﬁumwmamaimaa’msamaaiﬂ,uswmmﬂaummaimamuwmw HaNg
ﬂsumumﬂﬁlﬂmum 2 muaa‘lusmumnmmmawrmamiﬂiumu Lmeumum’ﬂmmiuuﬂé‘lmaLauaLLuuh
W Waﬂﬂmmiaumawﬁmﬂmm GmuuulﬂmwumimWﬁawaaummmﬂ’ﬁaamLuauiwmmmmﬂmﬂmm
ﬂawaaauLLayaumaﬂmUm‘sa‘gummﬂmmiwﬁwﬁwuawnmLﬂuiwmﬂL'iau WlnAnszernandidesse
ﬂa&Jﬂ’ﬁauﬁaﬁwémiﬁﬂ%ﬁ’mauw suluisnnudavguvesssuuludiuresnisidilvddeaeudn losan
svuuvlmmmmﬂl,l,wsuaﬂm Axt mawaaammavﬂivmvﬂ,’aLwalmﬂuhﬂummmummﬂu danalyonansd
maqﬂiuLUaauﬁ‘ULLUUI‘V\Iaﬂauiﬁumuﬁansuummma mumaﬂmﬂmaa"l,mwmmiﬂiLmsu’[,v'a’mmammmau
Jselon ovmsuendiuilidulmduasdidonsenainiu mnuumamm‘umamumaumﬂuswma el
mim‘mumﬂLLUUMLLuuauLWEﬂmaﬂaiwwammuuﬂm’mmmsmmmmLLauLLsmaﬁﬂUsmauma 1 lfoehegnsios



ASWALILAIBNEAS 19TBEDULUUNANEYALAEDR LR MIFANTUNINY TN Teu
~ a a = N 68 A o o o
2381 USv iy way ann Besuuns UM 17 atun 2 nsngneu - Sunaw 2557

Thaksin.J., Vol.17 (2) July-December 2014

d3UNan15Y

maimueIssioadsdoreunuunaeleAluR Ussnaudne 1) ssuudamadeyatiugu 2) ssuu
dansaastadeuwuuUIiY 3) Lﬂ%‘lmﬁEﬂumﬁﬁ’lﬁﬁbmﬂﬁ%@ﬁ@uﬁﬁa@jLaiﬂug‘dLLUU%@JIWéL@ﬂﬂ’]ﬂugULLUU Ixt
4) Lﬂ%’laqﬁaﬁm%a%ﬂwm%’aaauﬁLmﬂm"mﬁuw%mﬂzﬁmﬁw LLUULaaaﬁaaﬂﬂﬁaqﬁum%aauléﬂ@EJé“quﬁa DIGEY
uammuaaaaﬂmauawLLuuwmaaUIuiﬂLL‘UUIWaLanms .doc ﬁqu"l,ﬂmmﬁmaamwwmwanmﬁammiu
YONAWS LLaumimmmmwLwalﬂmuwm‘mﬂammmammwmiuiaﬂmsaumm MnNansUsTEiuANLianela
%aqﬁﬂmmuLuanmuimiﬂmmﬁﬂixmuﬂizamﬁmwum@mmwmaqsw‘uwmmmwUﬂﬁag‘i,uswummmum 270
waagTieundunUgarureedssieifoiitulunmindndeyadereunniwdionasiildasiliuvg Sede
gulganudzAINkazanIzEzaTtuNas g Iulayandadeaeudidnnsetindueudar ey laegnedl
UseBnsnm LLm”lu‘umuLﬁmﬁuﬁé’ﬂﬁ%ﬁﬁmLﬁmﬁmmwwaﬂlﬂ/ﬁ txt maﬁaaauLwiauﬂiumwﬁs’m’alﬁﬁmum
"LaLwa‘l,mﬂuhﬂummmummﬂu adma‘[mmmsamaqﬂiuLﬂaauiﬂLLUUIWaﬂauI‘m’quﬂﬁuumﬂan mmamw

ﬂm’mﬁamamawaamauﬂauﬁbamwﬂiuﬂaumimaﬂwﬁuﬂiqmemﬁiuamﬂm

AnAnssuUsENA
NAdeillasuyuaivayunviiTeansulssanuseld avivendeingas Ussanthudssana we.

9
Yo a

2555 yilvinsviidelidusagaiened fidudveveunmun o lenial

LINH581984
uysed fiugy. (2545). MIUsBRUNNSANWY. N : giseandu.

Y

1]

[2] g7y Yeyuswiass. (2535). msdavitaaedonasau (wuianuAndmiuguimnsanufnuuasgiuinveu
NuedsdenadauvatanIufnen) (Test items Banking). NJH¥IN-I: ASHIAANITHLA.

[3] i anuadud. (2539). surmnstanadaunaznisadauUiulAsudisnouiames. ngamny ;
e,

[4] Millman, J. and Arter, J. A. (1984). Issues in item banking. Journal of Educational Measurement,
vol. 21, 315-330.

[5] EasyTestMaker. Retrieved November 1, 2013, From http://www.easytestmaker.com/ .

[6] HotPotatoes. Retrieved November 15, 2013, From http://hotpot.uvic.ca/.

[7] Y53 nszsinemes, vadan Wiswuluding uazealgouwi nedi3vios. (2552). sruutaeairauaziiasei
fosou. Fuduile 1 wzm%mau 2556, 31N nccitedoc/admin/necitfiles/NCCIT-20110304171039.pdf.

[8] 9581 Uiy wazann Besuuss. (2555). mswanasasiissitadeunuuvaneyalnesnluida
nIgiAnen: iﬂmmwumumuﬂaummasua%miu‘[aaﬁwﬁumﬂ T8I, U INeGeTingal.



UNAIUIY

ﬁ]auwaﬂ'lam“umﬂgn581'1aansmmjua'\sﬂsunamaa‘[sﬂuaa’tumm
Tnelglalasuaseanlunuazdloladuiin Fe/SUZ-4
Kinetics Oxidation Reaction of Wastewater Containing Phenolic
Compounds by H,0, and Fe/SUZ-4 Zeolite

na1ns ygla'” uae lnea Asanqeaie!

B -

Palakorn Boonsai'” and Paisan Kongkachuichay'

UNAnED

ﬂwmﬂmﬂgﬂiawaaﬂszjmeumi’diuﬂEJUﬂaEJIW\Iuaaiumimai%laimiLauLﬂaiaaﬂiﬁjm (H,0,) uay
Floladuiin Fe/SUZ-4 AdaaTwiarnidunay (RHA) ievinufAseniuiluea 2,0- Dichlorophenol uaz
4-Chlorophenol Tngldrudiudu 100 40 way 100 fadniusiedns auadiu 1Wunan 300 Wil 7 pH 3.0
WaYAINNITIATIZNDIAUTENOUNILATIVRY RHA WUl H3aN1 (510,) 997 Wesldud dw Fe/SUZ-4 fwman
(Fe) .72 wosdulnsvimiin dmsulassadioes Fe/sUz-4 wanifuguifuanuen 5.0 lulasuns uasd
wuruAugnane 0.2 lulasiums miﬂﬁmaauwamamﬁuaqmnsm‘wmwIﬂu Fe/suz-4 Dudsaugise il
UgﬂimmﬁamamﬁummaaLLavﬂaa‘bWuaaLsam'lm{[fa suz-4 filsifinsuaniasulessudu Fe lneidns
msamammeumummLﬂumuﬁuamaaisvmaa waz H,0, wazingdnnvesufisensaareduiuujise
Fusumils

° 1Y

AdAey : ngdnsT Fleladuiin SUZ-4 nsduasgndleladanidiunay sendndunaslsiiuea

o

! Doctorate student, Assoc.Dr., Department of Chemical Engineering, Faculty of Engineering,
Center for Advanced Studies in Nanotechnology and Its Applications in Chemical, Food and Agricultural Industries,
Kasetsart University, Bangkok 10900, Thailand

’ Corresponding author: E-mail b_palakorn@hotmail.com



Faunamansvesufizeneendinduasusznau . C MSEsUMINeNdeingo
wa1ns yala wae Inena psAiqeane 70 Ui 17 aduf 2 nsngeu - Sunaw 2557

Thaksin.J., Vol.17 (2) July-December 2014

Abstract

By using synthesized Fe/SUZ-4 zeolite catalysts and hydrogen peroxide (H,0,) oxidation
agent, the degradation reactions of Phenol, 2,4-Dichlorophenol, and 4-Chlorophenol with the
concentrations of 100, 40 and 100 mg/l respectively were carried out at pH 3.0 for 300 minutes. The
analysis of the rice husk ash (RHA) found that the raw material contained 99.7% SiO, and the amount
of Fe in SUZ-4 was found to be 4.72 wt. %. The synthesized SUZ-4 has a micro-structure of
needle-shaped crystals approximately 0.2 um in diameter and 5.0 pm in length. The ion-exchanged
SUZ-4 zeolite (Fe/SUZ-4) was used since the degradation rate obtained was actually higher than that
of the reaction without ion-exchanged zeolite. The rate of reaction were investigated and it was found
that the degradation rates slightly increase with increasing the phenol concentration. In the same
way, the variation of H,0, was also investigated and the result indicates that the degradation rates
also slightly increase as the H,0,, concentration increases. The kinetics of the corresponding reactions
was found that the degradation reactions of Phenol, 2,4-Dichlorophenol and 4-Chlorophenol can be
classified as a first-order reaction.

Keywords: Kinetics, SUZ-4 Zeolite, 2,4-Dichlorophenol, 4-Chlorophenol, Phenol, Catalytic Oxidation.

Introduction

Phenols and related compounds are toxic to human and aquatic life, Chlorinated organic
compounds are also another major source of pollution in water. These pollutants are now receiving
great concern due to ecological concerns and public health. Pollution in water by phenol-like
compounds is a serious problem in both developed and developing countries [1]. Chlorophenols
(CPs) have been listed as potential toxic pollutants [2] by United States Environmental Protection
Agency (USEPA) in the Clean Water Act [3] and used as preservative agents for agricultural chemicals
and biocides as well as widely employed in many industrial processes as synthesized intermediates
in the manufacturing of herbicides and of pesticides and in the paper industry [3]. One of chlorophenol
in particular, 4 chlorophenol (4-CP), is used for the extraction of sulfur and nitrogen from coal, as
intermediate in a synthesis of dyes and drugs, and as a denaturant in alcohol or solvent in a refining
of ails [4]. In addition, 2, 4-dichlorophenol (2,4-DCP), is widely used as an intermediate in the production
of agricultural chemicals and medicines. This chemical is not only harmful to the environment, but
is also very dangerous to human beings, animals and crops [1]. There are several methods for
treatments of chlorophenol compounds; for example, pH-adjustment, biological methods, coagulation
and chemical oxidation [5]. Particularly, chemical oxidation has been found to be effective in the
treatment of wastewater containing high concentration of chlorophenol.
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The Fenton reaction is a catalytic process for the generation of hydroxyl radicals from
hydrogen peroxide and is based on an electron transfer between H,0, and iron ions acting as
homogeneous catalysts. The hydroxyl radicals produced during this activation of hydrogen peroxide
are a strong oxidizing agent and able to oxidize organic compounds under ambient conditions [6].

The advantages of Fenton’s reagent over other oxidizing treatments are numerous, including
high efficiency performance, stability to treat a wide range of substances, and no need of special
equipment [1]. Therefore, this oxidation process is considered to be the most promising treatment
method for wastewater containing chlorophenol. The Fenton reagent is a mixture of H,0, and ferrous
iron, which generates hydroxyl radicals according to the following reaction [5].

CPs +H,0, ——— Intermediates + H,0
CPs +HO® ——» Intermediates
Intermediates + H,0, ——— CO, +H,0+Cl™
Intermediates + HO®  ————% CO, +H,0+Cl"

The ferrous iron initiates and catalyzes the decomposition of H,0,, resulting in a generation
of hydroxyl radicals. This generation involves a complete reaction sequence in an aqueous solution
[7]. In this study, kinetics of degradation of phenol, 2, 4-dichlorophenol and 4-chlorophenol by the
Fenton reaction, using Fe/SUZ-4 Zeolite as a catalyst and H,0, as an oxidation agent, were
investigated.

Materials and Methods

Phenol, 2, d-dichlorophenol, 4-chlorophenol and hydrogen peroxide (H,0,, 30%) were
purchased from Merck, Ltd. Company. Analytical grade FeCLZ.YHZO, purchased from QRec New Zealand,
was used as a source of ferrous ion. HPLC-grade methanol from Sk Chemicals Korea and acetonitrile
from Honey well Burdick & Jackson USA were employed as eluents. A mixture of silica sol and rice
husk was used as a source of silica for synthesis the SUZ-4 zeolite. All other used chemicals such as
tetraethyl ammonium hydroxide 35 %, aluminum powder 97 % were supplied by Mallinck Rodt
Baker Inc., USA.

Firstly, potassium aluminate solution was prepared by gradually dissolving potassium hydroxide
in water and then aluminum powder was added under continuous stirring for 20 to 25 h. Silica source
was prepared by mixing rice husk ash in proportion to the silica sol. the synthesized zeolite SUZ-4
using a rice husk ash to silica sol ratio of 1:1. Then, tetraethyl ammonium hydroxide (TEAOH) and
distilled water were added and stirred continuously for 2 h. Subsequently, the prepared potassium
aluminate solution was slowly poured into the mixed silica source solution and kept stirring for
another 3 h. The pH-value of the mixed solution was adjusted in the range of 13 to 14 by using
potassium hydroxide. After that the gel compound was poured into a Teflon cup and put into an
autoclave reactor for further hydrothermal processing at 423 K with agitation speed of 250 rpm
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(Model M6, CAT Ingenieurbuero M. Zipperer, Germany) for 4 days [8]. Obtained powder was then
filtered and rinsed with distilled water until the pH was close to 7. After drying at 393 K and calcining
at 773 K, it was kept in a desiccator for further use. The Fe/SUZ-4 catalyst was prepared by a wet
impregnation and ion-exchange methods. The synthesized SUZ-4 zeolite was suspended in 150 ml
iron (II) chloride solution at room temperature for 24 h. At this stage, Fe?* was expected to exchange
with Kt of SUZ-4 and simultaneously, FeCl, was impregnated onto the SUZ-4 surface. Next, the
suspended solid was filtered, rinsed with deionized water, and dried at 393 K overnight. Finally, the
impregnated FeCl, onto the SUZ-4 was decomposed at 673 K for 4 h to become Fe,Os.

The degradation of phenol, 2,4-dichlorophenol and 4-chlorophenol was conducted in a 500
ml glass batch reactor. 200 ml wastewater containing of 2,4-dichlorophenol and 4-chlorophenol was
used in each batch reaction. After equilibrating of temperature and pH, the Fe/SUZ-4 catalyst was
added, followed by hydrogen peroxide solution (30 % w/w), under rigorous stirring. The concentration
of phenol, 2,4-dichlorophenol and 4-chlorophenol was measured by a high performance liquid
chromatograph (HPLC Agilent 1200 Infinity Series LC). The analytic conditions of HPLC are as follows:
flow-rate of 1.0 ml/min; temperature of chromatogram of 298 K; mobile phase 30% methanol; 30 %
acetonitrile and 40 % DI water; wavelength of Photodiode array detector (DAD) of 280 nm.

The chemical composition and crystal structure of the obtained powder were confirmed to
be a SUZ-4 zeolite by an X-ray fluorescence Spectrometry (XRF, HORIBA, MESA 500W). The specific
surface area and micro pore volume of the product was carried out using a BET-N, adsorption
(Quantachrome Autosorb-1-C).

Results and Discussion
Before being used as a raw material, the obtained rice husk ash was analyzed its chemical
composition by an XRF and was found to contain 99.7% SiO,, with traces of oxides of aluminum and
other metals as shown in Table 1. The total amount of Fe in the synthesized SUZ-4 was also found
to be 4.72 wt. % as presented in Table 2.

Table 1. Chemical composition of rice husk ash Table 2. Chemical composition of
(RHA). synthesized Fe/SUZ-4
Chemical W% Chemical Wt.%
Composition e Composition
Si0, 99.7 Si 3332
ALO, 0.2 K 11.89
Others 0.1 Fe 472
Al 3.64

Others 46.43
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The analysis of micro-structure of synthesized SUZ-4 by a Scanning Electron Microscope (SEM,
Jeol Model JSM-5600 LV) is shown in Figure 1. Needle-shaped crystals of SUZ-4 [9] having diameter
of approximately 0.2 um and length of approximately 5 um can be seen.

Figure 1. SEM of SUZ-4 zeolite synthesized by using RHA to Silica Sol at the ratio 1:1

In this study, the reaction temperature of the degradation rate of phenolic compounds was
maintained at 303 K. The comparison of the degradation rate between the reactions with and without
jon-exchanged SUZ-4 was performed. It is clearly seen in Figures 2 that the degradation of the

phenolic compounds obtained by using ion-exchanged SUZ-4 is obviously higher than that of without
ion-exchanged SUZ-4.

®  Phenol 1.06 x 10”3 mol/l with Fe/SUZ-4
\ O Phenol 1.06x 10" mol/l without Fe/SUZ-4
12x10° 5 " 24DCP6.13 x 10°% mol/l with Fe/SUZ4
O 24DCP6.13 x10™% mol/l without Fe/SUZ-4
1.0x107 A 4CP778 x 10 molll with Fe/SUZ-4
% A 4CP778x 10 mol/l without Fe/SUZ-4
£ 800.0x10° -
ke
5
éﬁOO.OXl(}6
8
% 400.0x10¢
200.0x10°6 -
0.0

0 50 100 150 200 250 300 350 400

Time (min)

Figure 2. Degradation of phenol, 2,4-DCP and 4-CP using H,0, 0.50 /1, 0.3 % (V/V) and 0.53 ¢/,
respectively, comparison between the reactions with and without Fe/SUZ-4.
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The calculation on the degradation of phenol, 2,4-dichlorophenol and 4-chlorophenol was
done by applying equation (1) [1].

C, -G, (1)
= 100

Where M is degradation of phenolic compounds, C; and C, are the concentrations of phenolic
compounds before and after reaction, respectively. The results show that the degradation rate of
phenol, 2,4-dichlorophenol and 4-chlorophenol without ion-exchanged SUZ-4 and with Fe/SUZ-4
are 34.12, 20.55, 35.61 % and 93.92, 79.03, 75.95 9%, respectively. Consequently, the ion-exchanged
SUZ-4 (Fe/SUZ-4) was chosen to be used for the rest of experiment.

The degradation reaction of phenol, 2,4-dichlorophenol and 4-chlorophenol degradation
were investigated and the obtained results are shown in Figures 3 — 5. It is evident that the rate of
degradation (—rd) (i.e., slope of each curve) increases when the initial concentration of phenolic com-
pound increases. This is just consistent with a kinetic behavior-the more concentration of reactant
presents in the system, the higher rate of reaction occurs.

1x103

800x10°

§ %
< <

Phenol(mol/l)

0 20 40 60 80 100 120 140

Time (min)

Figure 3. Degradation of phenol using H,0, 0.50 ¢/l and Fe/SUZ-4 0.026 ¢/l at 303 K, pH 3.0.

600x10¢
d 600x10°
500x10¢
500x10©
< 400x10°¢ =
£ é 400x10°
8 300x10°
oy <+ 300x10°
& 200x106 NG
200x10® e
100x10°
0 100x10
0 200 400 600 800 0 200 400 600. 80(? 1000 1200 1400
Time (min) B o o T‘T“e(“ff{ S
Figure 4. Degradation of 2,4-DCP using H,0, Figure 5. Degradation of 4-CP using H,0, 0.53 ¢/l
0.3 % (V/V) and Fe/SUZ-4 0.2 ¢/| at and Fe/SUZ-4 0.1 ¢/l at 303 K, pH 3.0.

303 K, pH 3.0.
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When the slope of each curve was taken at time approaching zero, the plot of phenolic
compound concentration versus (n (—rd) for phenol, 2,4-DCP and 4-CP degradation was obtained as
shown in Figure 6.

13 - ®  Phenol
) o 24DCP
] v 4-CP R?=0.959
B . y=0.874x -8.607
-15 4
— -16 1
o) R?=0.989
£ 4] y=0.885x -10.545
v R?=0981
18 y=0971x-10.845
-19 4
-20 T r T .
9 8 7 -6

In [Phenolic Compound ]

Figure 6. Plot of In [Phenolic Compound] versus (n[-rd] for phenol, 2,4-DCP and 4-CP degradation
The slope of each plot is, in fact, an order of degradation reaction, following these equations:

dc
Iy = % = kCgPSCEZOZ )
dc
In ﬁ =nInCp, +In(kC} ;) ®)

Where Ccp, : concentration of corresponding phenolic compound , CH202concentration of H,0, that was
kept constant, n: order of reaction with respect to C, and k: rate constant.

From Figure 6, since the obtained slopes are close to 1, it can be concluded that the
degradation of phenolic compounds follow the 15Corder reaction scheme. Then, the degradation of
phenolic compounds repeated by varying H,0, concentration and fixing phenolic compound
concentration. The obtained results are presented in Figures 7 — 9.

®  Hr05294X 1073 moll

1x10° R
o H0p 882X 103 mol
800x10 v Hy0 147X 102 moll
H202 162 X 102 moll
é 600x10°
z
§ 400x10°
i X
200x10%
0

0 5 10 15 20 25 30 35 40

Time (min)

Figure 7. Degradation of phenol 0.10 ¢/l when [H,0,] was varied, using Fe/SUZ-4 0.026 ¢/|, 303 K, pH of 3.0.
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®  Hy0p7.03X 103 mol/l
o Hy0p 294X 103 mol/l

600x10° o Hp02.11X 102 moll 700x10°¢ 3
5 °  H0p 882X 1073 molll
v Hp023.51 X 107~ mol/l 600x10¢ s
500x10 Hyllp 703 X 102 mol v Hy0p 156X 102 mol/l
500x10°6 Hy0; 1.62X 102 mol/l
< 400x10° | ~
2 E 400x10
& 300x10° 1 =
a O 300x10°
< <
& 200x10°
200x10¢
100x10¢ 1 100x10°
0 T 0 . . . . , . ‘ :
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200 250 300 350 400
Time (min) Time (min)
Figure 8. Degradation of 2,4-DCP 0.10 g/l when Figure 9. Degradation of 4-CP 0.10 g/l when
[H,0,] was varied, using Fe/SUZ-4 0.2 ¢/, [H,0,] was varied, using Fe/SUZ-4 0.1 ¢/1,
303 K, pH of 3.0. 303 K, pH of 3.0.

When the slope of each curve (i.e,, -r ) was determined and plotted against [H,0,] in

logarithmic scale as shown in Figure 10,.

®  Phenol
o 24-DCP
-14.0 v 4CP
R>=0.940
145 { e—————** (05351423
-150
-155
I 160
4
-16.5 R*=0.985
170 - *
175 R*=0955
YV y_0052x17.460
-18.0
% 5 4 3

In [Hydrogenperoxide]

Figure 10. Plot of n [HZOZ] versus ln[‘rd] for phenol, 2,4-DCP and 4-CP degradation.
it obviously shows that the slopes of all three lines are close to zero. These slopes are
corresponded to the order of reaction with respect to H,0,. This means the rate of degradation does

not depend on the hydrogen peroxide concentration.
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Conclusions
Catalytic degradation of phenol, 2,4-DCP and 4-CP by the heterogeneous Fenton reaction
using self prepared Fe/suz-4 zeolite catalysts was performed, and it was determined that the optimal
reaction conditions were maintained at pH 3.0 and a reaction temperature at 303 K. The reaction
kinetics study illustrated that the degradation of phenol, 2,4-DCP and 4-CP follow a first-order reaction

CCPs

scheme.” The rate law of reaction, following these equations In =InCg,, +Ink.

References

[1] Yinchun, Y., Liping H., Chenghua, X., Zhixiang, Y. and Shengyu L. (2009). 2,4-Dichlorophenol
Degradation by Heterogeneous Fenton Like Reaction Using Carbon-Fe Catalysts,
Bioinformatics and Biomedical Engineering ICBBE 3" |nternational Conference. 1-3.

[2] Lai, T.L,, Lee, C.C,, Huang, G.L., Shu, Y.Y. and Wang, C.B. (2008). Microwave-Enhanced Catalytic
Degradation of 4-Chlorophenol Over Nickel Oxide. Appl. Catal. B:Environ.78, 151-157.

[3] Zhou, T., Li, Y., Ji J., Wong, F. S. and Lu, X. (2008). Oxidation of 4-Chlorophenol in a Heterogeneous
Zero Valent Iron/H202 Fenton-Like System: Kinetics, Pathway and Effect Factors. Sep. Purif.
Technol. 62, 551-558.

[4] Garcia-Mendieta, M., Solache-Rios, M.T., and Olguin M. (2003). Comparison of Phenol and 4-
Chlorophenol Adsorption in Activated Carbon with Different Physical Properties. Sep. Sci.
Technol.38, 2549-2564.

[5] Pera-Titus, M., Garcia-Molina, V., Bafos, M.A.,, Giménez, J. and Espuglas, S. (2004). Degradation of
Chlorophenols by Means of Advanced Oxidation Processes: A General Review. Appl. Catal.
B: Environ. 47, 219-256.

[6] Lucking, F., Koser, H., Jank, M. and Riter, A. (1998). Iron Powder Graphite and Activated Carbon As
Catalysts for the Oxidation of 4-Chlorophenol with Hydrogen Peroxide in Aqueous Solution.
Water. Res. 32, 2607-2614.

[7] Farrokhil, M., Mesdaghinia, A.R., Yazdanbakhsh, A.R. and Nasseri, S. (2004). Characteristics of Fenton’s
Oxidation of 2, 4, 6 Trichlorophenol. Iranian J. Env. Health. Sci. Eng. 1, 13-19.

[8] Worathanakul, P., Trisuwan, D., Phatruk, A. and Kongkachuichay, P. (2011). Effect of Sol-Gel
Synthesis Parameters and Cu Loading on the Physicochemical Properties of a New SUZ-4
Zeolite. Colloids Surf. A, 377, 187-194.

[9] Worathanakul, P. and Kongkachuichay, P. (2008). New SUZ-4 Zeolite Membrane from Sol-Gel
Technique. Int. J. Chem. Biolmol. Eng. 1, 131-135.



UNAMUIYINTG

VN0 YDIRILA
Disadvantages of Dominant Males

gudl Beansnssa
Liengpornpan®’

UNANED
i5inazAninddsdminaduunliuiesnauiugiuigisu eanndudeazldfunayselov
WNNY WU DS ﬁasjmﬁa warauUaende Judu sgslsinududiounsienanauiugivigiesla
Luaqmﬂmwmuuﬂmmmamamaammmiaasﬂlm 4 Uszn1shie Idgguamuisedny fdwiutes §
qumimnin LLawLaENaﬂVLﬂ,JLm mauumsmmLmemqmLaaﬂwamwuﬁﬂummaaaamaimmmawimm
WinTuag1amaiilo wﬂwammmsmﬂmLm‘wuﬂ”ﬂm

[ (9 Y

AdnATY: ARl FaRRey n1siEenAveiLilY

Abstract
It is generally thought that most females tend to mate with dominant males because they
may gain many benefits such as food, habitat, and safety. However, some females may occasionally
mate with subordinate males. This can be considered as 4 disadvantages of some dominant males
which are some healthy problems, small amount, aggressive behavior and low parental quality. As a
result, mating between some females and subordinate males can continuously increase the popula-
tion size. It can lead to maintain their races.
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