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Abstract

The objective of this research was to determine the association of family history and breast cancer among Thai
premenopausal women. There were 257 breast cancer patients (cases) and 257 healthy women (controls) from the
National Cancer Institute, Bangkok. Data were collected by questionnaire that comprised 2 parts: part 1 general char-
acteristics, and part 2 health behaviors and reproductive health factors. The obtained data were analyzed using de-

scriptive statistics and analytic statistics with a computerized statistical package. The results revealed that the
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major type of breast cancer was the invasive ductal carcinoma (91.8%). The group with a family history of breast
cancer when compared with group with no family history of breast cancer after adjusting for potential confounders has
3.28 times the risk of developing breast cancer (OR=3.28, 95%CI =1.14-9.48). Therefore, a surveillance system of
Thai women with a family history of breast cancer should be conducted and should be accompanied by information

on the advantages and the limitations of breast self examination technique among risk groups in order to reduce and

prevent from this problem.

Keywords : Family history, breast cancer, Thai premenopausal women
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Characteristics Cases Controls p-value®
(n=257) (n=257)
n % n %

Age gr. (yrs) 0.981
<29 10 3.9 11 4.3
30-34 30 11.7 28 10.9
35-39 63 24.6 61 23.7
40-44 154 59.9 157 61.1

Mean (SD) 39.20 (4.39) 39.30 (4.41)

Min-Max 25-44 25-44

Marital status 0.070
Single 68 26.5 84 32.7
Married 159 61.8 156 60.7
Widowed/Divorced 30 1.7 17 6.6

Education level 0.068
No formal education 10 3.9 8 3.1
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Table 1 General characteristics of cases and controls (continued)

Characteristics Cases Controls p-value®
(n=257) (n=257)
n % n %
Primary school 67 26.1 52 20.2
Secondary school 78 30.3 65 253
Higher education 102 39.7 132 51.4
Religion 0.689
Buddhism 248 96.5 247 96.1
Islam 7 2.7 6 2.3
Christianity 2 0.8 4 1.6
Region 1.000
North 1 0.4 1 0.4
Northeast 11 4.3 11 43
Central 176 68.5 176 68.5
East 16 6.2 16 6.2
West 48 18.7 48 18.7
South 5 1.9 5 1.9
Occupation 0.668
Office employee 92 35.8 87 33.8
Entrepreneur 77 30.0 85 33.1
Government officer 73 28.4 75 29.2
Agriculture 15 5.8 10 3.9
Monthly family income (baht) 0.066
<10,000 38 14.8 34 13.2
10,000-15,000 52 20.2 48 18.7
15,001-30,000 138 53.7 124 48.2
>30,000 29 11.3 51 19.9
Mean(SD) 22,740.08 (9,311.92) 24,174.32 (13,541.38)

Min-Max

7,000-70,000

7,800-95,000

Chi-square test
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(p=0.002) @4Table 3
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Table 2 Univariable conditional logistic regression analysis of characteristics associated with breast cancer.

465

Characteristics Cases Controls ORc 95%CI p-value®
n % n %

Family history of 1% degree relatives diagnosed with BC

No 211 82.1 249 96.9 1

Yes 46 17.9 8 3.1 6.43 2.89-14.25 0.001*
History of benign breast tumor

No 209 81.3 235 91.3 1

Yes 48 18.7 22 8.6 2.37 1.39-4.05 0.001*
Age at menarche (yrs)

=14 83 323 140 54.5 1

<14 174 67.7 117 45.5 2.54 1.74-3.72 0.001*
Parity

No 193 75.1 172 66.9 1

Yes 64 24.9 85 33.1 0.68 0.46-1.00 0.051
Miscarriage

No 186 72.4 214 83.3 1

Yes 71 27.6 43 16.7 1.93 1.24-3.00 0.003*
Breastfeeding

No 110 42.8 120 46.7 1

Yes 147 57.2 137 53.3 1.05 0.92-1.18 0.487
Oral contraceptive use

No 90 35.0 162 63.0 1

Yes 167 65.0 95 37.0 3.32 2.22-4.96 0.001*
Active smoking

No 248 96.5 251 97.7 1

Yes 9 35 6 2.3 1.50 0.53-4.21 0.437
Passive smoking

No 153 59.5 198 771 1

Yes 104 40.5 59 229 222 1.46-3.37 0.001*
Alcohol consumption

No 251 97.7 252 98.1 1

Yes 6 2.3 5 1.9 1.20 0.32-4.61 0.761
Multivitamin use

No 227 88.3 162 65.4 1

Yes 30 11.7 89 34.6 0.26 0.16-0.42 0.001*
Body mass index (kg/m?)

18.5-22.9 89 34.7 122 47.4 1

23.0-24.9 44 171 54 21.0 1.18 0.71-1.97 0.531

25.0-29.9 88 34.2 41 16.0 3.07 1.87-5.05 0.001*

>30.0 26 10.1 10 3.9 3.68 1.64-8.25 0.001*

<18.5 10 3.9 30 11.7 0.44 0.20-0.95 0.036

*Univariate analysis performed on 257 matched pairs, BC=Breast cancer, ORf crude odds ratio, Cl= confidence interval

*Significant at p-value < 0.05

1 degree relatives mean mother, father, sister, brother, daughter and son

History of benign breast tumor means subject who reported benign breast tumor

Age at menarche means age at the first menstrual cycle, or first menstrual bleeding, in female humans

Parity means the number of times a female is or has been pregnant and carried the pregnancies to a viable gestational age

Miscarriage means loss of an embryo or fetus before the 20th week of pregnancy



466 Wisit Chaveepojnkamjorn et al.

J Sci Technol MSU

Table 3 Multivariable conditional logistic regression analysis of family history of breast cancer associated with breast

cancer patients.

Variables OR 95%ClI p-value ORadi 95%CI LRT p-value

c

Family history of 1% degree relatives diagnosed with BC

No 1

1

Yes 6.43 2.89-14.25 <0.001 3.28 1.14-9.48 0.002

ORC = crude odds ratio, BC=breast cancer, Cl=confidence interval, LRT= likelihood ratio test

ORadj = adjusted odds ratio for history of benign breast tumor, age at menarche, miscarriage, oral contraceptive use, passive smoking,

multivitamin use and body mass index
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Table 4 Characteristics of studied cases.
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Variables Cases (n=257)
No. %

Weight (kg)
<45 12 4.7
45-54 71 27.6
55-64 104 40.5
65-74 47 18.3
>75 23 8.9
Mean (SD) 59.8 (10.5)

Height (cm)
<150 15 5.8
150-159 169 65.7
160-169 72 28.1
2170 1 0.4
Mean (SD) 156.2 (5.2)

Body size
Normal 89 34.7
Overweight 44 171
Obese | 88 34.2
Obese I 26 10.1
Underweight 10 3.9
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Table 4 Characteristics of studied cases. (continued)

Variables Cases (n=257)
No. %

Types

Invasive ductal carcinoma, not otherwise specified (IDC-NOS) 236 91.8

Ductal carcinoma in situ (DCIS) 4 1.5

Others 17 6.7
Tumor stage

| 27 10.5

I 117 45.5

1l 95 37.0

\% 18 7.0
Location

Left 60 233

Right 63 24.5

Both 134 52.2
Family history of 1* degree relatives diagnosed with BC (n= 46)

Mother 29 63.0

Father 1 2.2

Sister 13 28.3

Brother 3 6.5

Tumor stage means the stage of a malignant tumor according to the TNM Classification of Malignant Tumors (TNM)
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Abstract

The number of the out of hospital cardiac arrest have been increasing. It was shown that only 30 percent of
emergency cardiac arrests were resuscitated by the bystanders at scene and survival rate was 10 percent overall.
This study aimed to increase the number of students with the knowledge competency and skill competency of cardio
pulmonary resuscitation (CPR) to intervene at scene. The effectiveness of CPR training using brief VDO training and
traditional training was compared. The quasi experiment with non randomized control-group pretest- post test design

were applied in a group of 190 students
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the brief VDO training and traditional training in the group of secondary school student

in Mahasarakham province

Results: the level of knowledge increased in both groups significantly, though the group which had been

trained under brief VDO could not pass the skill competency at a level of more than 60 percent.

Conclusion: For sustained basic competency in CPR, secondary school students required practice of basic

CPR after VDO training and post test.

Keywords: out of hospital cardiac arrest, basic cardio pulmonary resuscitation, brief VDO training
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Table 1 Number of participants classified by school

in Mahasarakham province

F1UIB 36 A% LLaﬂﬁﬁﬂmﬁﬁwm%a W% 509%
sunaund teud 15958% und 9 1muIn 50 A% §1Lne
wign laun lssSoumguiszaassn 4w 51 au
douasly Table A 1 uas 2

School name Number percent
Nadoon prachsarn 51 27.3
Kaedam 50 26.7
Kerngwittayanukul 50 26.7
Mahachaipittayakarn 36 19.3
Total 187 100.0

Table 2 Number of participants classified by grade

Grade Number percent

7 3 1.6

8 12 6.4

9 23 12.3

10 48 257

11 60 321

12 41 21.9

Total 187 100.0

WaRnsandiazuuuiannuinouausy (pre
test) luananaiasnnlsaisou laviaszsiaan chi square
wuin Jifles 93 au (Sauaz 49.7) Avazuunldaud

Sawaz 50 Auly Gaduazunn pre test ATANUULANGNS
1 a ] a o o Qs aaAa

TuudazlseFow atnalinudmdneada (p value < 0.05)

a9uaaslu Tablefi 3

Table 3 Total score of knowledge before both type of training

School Total score before training (max score=10) p
1 2 3 4 5 6 7 8 Sum value
Nadoonprachasarn 0 5 8 14 10 13 0 1 51 0.035
Kaedam 2 5 7 9 15 9 2 1 50
Kerngwittayanukul 1 3 14 10 17 5 0 0 50
Mahachaipittayakarn 0 4 5 8 8 4 6 1 36
Total 3 17 34 41 50 31 8 3 187

WaansandazuuninanuindinIeusnuuy
@l (brief VDO training) luaraadasnnlisieu lag
JATIEReIY chi square WLTN & 132 A (Fa8az 86.8) 7

Meazuunlaaonasasas 50 Awlddadudrazuun post
test VDO NdianauanenaluudazlsoSon udldfdiasan
MIRHA (p value =0.087) GIL&AIL Table 7 4
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Table 4 Total score of knowledge after brief VDO training

School Total score after brief VDO training (max score=10) p
1 2 3 4 5 6 7 8 9 10 sum value
Nadoonprachasarn 0 0 4 2 5 6 14 8 0 1 40 0.087
Kaedam 0 0 2 3 4 9 11 13 0 0 42
Kerngwittayanukul 0 1 0 4 8 5 9 8 0 5 40
Mahachaipittayakarn 0 1 2 1 1 4 6 8 0 7 30
Total 0 2 8 10 18 24 40 37 0 13 152

4 A . . v o o v e RPN
Waasandazuuuiaanuindonmseusuuuy  ivhaczuunldasudsaoas 50 2wl Sadudrazuun post
@fa (traditional training) luanaadamnlsafon lay  test traditional A¥ANNUANd 1 luudazlsISoU aen9dl

A@zian chi square WU & 115 au (Sasaz 82.1)  wudAmNI9EDa (p value < 0.05) G9Laadlu Table 71 5

Table 5 Total score of knowledge after traditional training

School Total score after traditional training (max score=10) p
1 2 3 4 5 6 7 8 9 10 sum value
Nadoonprachasarn 0 3 1 0 2 4 12 9 0 6 37 0.011
Kaedam 0 0 0 3 1 7 8 13 0 2 34
Kerngwittayanukul 3 1 1 3 3 2 6 9 0 17 45
Mahachaipittayakarn 1 0 1 1 1 0 1 8 0 11 24
Total 4 4 3 7 7 13 27 39 0 36 140

oA eR U ANINaUaIN1TaUTNGRY brief  aUTNGRE brief VDO HdnazuumiAs@uiin 6.3 azunn
vDO lapszifiuanug dauaznainiseusy wohediads  lasdrazuuuiilafianuuandisiuagnslipiragnig
AMYITOUMTBUTIYINGL 4.4 (AN 10 AzUUW) uaznds 6@ (p value< 0.001) Asuaadl Table 71 6

Table 6 T-test before and after brief VDO training

Before/after training T Df Sig. (2-tailed) Mean Difference 95% Confidence Interval

of the difference

Lower Upper
Before 41.044 186 <0.001 4.37968 4.1692 4.5902
After 45.049 151 <0.001 6.63158 6.3407 6.9224
Lfia'il,ﬂ'i’lzﬁﬂsxaﬂ%wama\'im‘iai_l‘saJ@T’Jr_l tradi- u 7.3 azunn I@]&lmmLLuuﬁvl@TﬁmmLL@m@h\‘lﬁuaaiw

tional training I@ﬂﬂiuﬁummfﬁauamﬁumiamu wu  Anedawnesha (p value< 0.001) auuaadln Table
1 1 dl U ' Q = dl
eualsanuiioumrausuiniy 4.4 (1Gn 10 asuuw) N7

LRSHAIOLINGRE traditional training NANAZULLULANTY
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Table 7 T-test before and after traditional training

in Mahasarakham province

Before/after training T df Sig. (2-tailed) = Mean Difference 95% Confidence Interval of
the difference
Lower Upper
Before 41.044 186 <0.001 4.37968 4.1692 4.5902
After 36.954 139 <0.001 7.30000 6.9094 7.6906

d; a 6 o 1 ‘;, A = 33 dqf
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v 6 d' o A < U
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BoFIANNEDa (p value <0.05) G9uaadln Table 71 8

Table 8 Comparison of the effectiveness of basic CPR training between brief VDO training and traditional training

Type of training Score of practice (max score=20) sum p value
<15 >=15
Brief VDO training 44 40 84 0.043
Traditional training 33 56 89
Total 77 96 173
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Abstract

The purpose of this experiment was to study the appropriate concentration of 1-Naphthalene acetic acid (NAA) on the
growth of Paper Flower, a climbing shrub. A Completely Randomized Design (CRD) was arranged comprising four
treatments: control, and NAA at concentrations of 1,000, 2,000 and 3,000 mg/liter. Each treatment consisted of four
replications, ten plants per replication. The experiment was carried out during November, 2016 to March, 2017 at
Nursery Building, Mahasarakham University. The results showed that the application of NAA at 2,000 mg/liter gave

the highest root length, both root sizes and survival percentage for the cutting of Paper Flower

Keywords: Paper Flower, Cutting, Rooting, Root length, Growth hormone
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Table 1 Number of leaves of Paper flower after cutting and treated at different rates of NAA (1-Naphthaleneacetic

acid)
Number of leaves after cutting
Treatment

30 days 60 days 90 days
0 mg/I (Control) 16.47¢c 27.32b 32.12¢"
NAA 1,000 mg/I 19.07bc 31.35b 37.05b
NAA 2,000 mg/l 26.90a 44 .20a 49.97a
NAA 3,000 mg/I 22.70b 40.10a 45.87a
F-test . *x *x
C.V. (%) 43.03 27.44 24.88

"Letters within columns indicate least significant differences (LSD) at ** p < 0.01

] 3 s 0
6. wmmé’umquﬂnmasm ARINIUNE
Wasihenunsloans NAA \a11) 30, 60 LAz 90 TWAAY
TngIwuI1 M3kEans NAA N52AUANNLNTWARANGIS

ﬁuﬁﬂﬁmm@LﬁudwguﬁﬂaﬂaiﬂﬂﬁﬂmuLL@memﬁ'uma
shfadeiinuimandy laoninueiuia 3 maldans NAA
FLAUANMNELNTY 2,000 adnsNdadas nilasihivuna



Vol 37. No 4, July-August 2018 Effect of 1-Naphthaleneacetic acid (NAA)on the Cutting of Paper Flower 481
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0.42 Fafiuay MUAAY 3098930 viInuin 4 mald awddn vuefivindurif 1 (@ugw) dhldnniesin
817 NAA szduanududy 3,000 fadnTudedas flawe  Hvwadwiigudnananiniandiae (Table 6)

Table 2 Leaf width of Paper flower after cutting and treated at different rates of NAA (1-Naphthaleneacetic acid)

Leaf width (cm.) at different ages after cutting

Treatment

30 days 60 days 90 days
0 mg/l (Control) 1.70b 2.02¢ 2.22¢"
NAA 1,000 mg/l 1.90b 2.30b 2.88b
NAA 2,000 mg/l 2.28a 2.83a 3.18a
NAA 3,000 mg/l 2.26a 2.82a 3.05ab
F-test - - -
C.V. (%) 27.66 22.00 21.47

YLetters within columns indicate least significant differences (LSD) at ** p < 0.01

7. wWasiudn1ssennia naraimIldans NAA
fisrduanudutuiuandsiudaesidudnmisenansy
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WasihTuwefifudraaasgiga da 80.00 iafidud
A a v  &a a oA Y A & =& &
VU NVINUNN 1 (AIUQW) naWasfdlasisuany
soaaadfigada 47.50 Lwasidud (Table 7)

Table 3 Leaf length of Paper flower after cutting and treated at different rates of NAA (1-Naphthaleneacetic acid)

Leaf length (cm.) at different ages after cutting

Treatment

30 days 60 days 90 days
0 mg/I (Control) 2.39b 2.84c 3.15¢"
NAA 1,000 mg/I 2.69b 3.22b 4.03b
NAA 2,000 mg/I 3.32a 4.08a 4.57a
NAA 3,000 mg/l 3.37a 4.17a 4.46a
F-test *x o o
C.V. (%) 30.15 20.83 21.21

"Letters within columns indicate least significant differences (LSD) at ** p < 0.01

Table 4 Number of roots of Paper flower after cutting and treated at different rates of NAA (1-Naphthaleneacetic acid)

Number of roots (roots) at different ages after cutting

Treatment

30 days 60 days 90 days
0 mg/l (Control) 4.95d 6.62d 8.90d"
NAA 1,000 mg/l 6.72¢ 8.75¢ 11.65¢
NAA 2,000 mg/l 8.67b 9.85b 12.82b
NAA 3,000 mg/I 9.57a 11.37a 13.62a

F_test kK kK kK
C.V. (%) 12.59 8.54 7.70

"Letters within columns indicate least significant differences (LSD) at ** p < 0.01
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NAA 1,000 mg/l

NAA 2,000 mg/l

NAA 3,000 mg/l

Figure 1 Rooting of Paper flower stem cutting treated with NAA at 90 days after planting.

Table 5 Root length of Paper flower after cutting and treated at different rates of NAA (1-Naphthaleneacetic acid)

Root length (cm.) at different ages after cutting

Treatment
30 days 60 days 90 days
0 mg/! (Control) 2.78¢c 4.17d 5.39¢"
NAA 1,000 mg/I 3.61b 5.29¢ 6.06bc
NAA 2,000 mg/I 4.84a 6.57a 8.06a
NAA 3,000 mg/I 3.82b 5.84b 6.81b
F-test . . .
C.V. (%) 16.72 16.21 27.05

"Letters within columns indicate least significant differences (LSD) at ** p < 0.01
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Table 6 Root diameter of Paper flower after cutting and treated at different rates of NAA (1-Naphthaleneacetic acid)

Root diameter (mm.) at different ages after

Treatment cutting

30 days 60 days 90 days

0 mg/! (Control) 0.15b 0.26d 0.32d"
NAA 1,000 mg/I 0.16b 0.30c 0.36¢c
NAA 2,000 mg/I 0.19a 0.36a 0.42a
NAA 3,000 mg/I 0.17ab 0.33b 0.39b

F-test - - -

C.V. (%) 29.74 13.36 10.94

"Letters within columns indicate least significant differences (LSD) at ** p < 0.01

Table 7 Survival rate (%) of cutting of Paper flower after treatment at different rates of NAA (1-Naphthaleneacetic acid)

Survival rate (%) of cutting at different ages

Treatment after cutting

30 days 60 days 90 days
0 mg/l (Control) 80.00 62.50 47.50c"
NAA 1,000 mg/l 87.50 67.50 57.50bc
NAA 2,000 mg/I 92.50 82.50 80.00a
NAA 3,000 mg/l 87.50 72.50 67.50ab

F-test ns ns **
C.V. (%) 9.54 14.60 14.64

"Letters within columns indicate least significant differences (LSD) at ** p < 0.01
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Abstracts

Enterobius vermicularis is a nematode parasite which is the cause of enterobiasis in humans, especially children.
E. vermicularis causes of anal-itching at night. This study was a cross-sectional study, aimed to study the prevalence

of E. vermicularis infection among students from elementary schools during July to September 2014. A total of 441
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students from 7 elementary schools in Nafhai sub-district, Mueang district, Chaiyaphum province were examined by
scotch tape technique. The overall prevalence of E. vermicularis infection was 11.3%. The prevalence of E. vermicularis
infection in boys was 12.6% which was higher than for girls 9.7% although the difference was not statistically significant
(P-value = 0.330). The 7-9 years age group had the highest prevalence of E. vermicularis infection (17.8 %) compared
to other age groups and was statistically significant (P-value < 0.001). This study found that the younger children had
the highest prevalence of E. vermicularis infection and had higher risk of infection with E. vermicularis than older

children. Therefore, children should be checked for E. vermicularis infection at least 1-2 times a year. Moreover,

children, parents, and teachers should be educated about personal hygiene to reduce E. vermicularis infection.

Keywords: prevalence, Enterobius vermicularis, students, Chaiyaphum

Introduction

Enterobius vermicularis (Pinworm, Threadworm or Seatworm)
is the cause of enterobiasis or oxyuriasis. It is estimated
that over 400 million people are infected, especially
children.” Although most infections are asymptomatic,
some infections are symptomatic. Common enterobiasis
symptoms manifest as itching and irritation of perianal
region.2 Moreover, E. vermicularis can ocurr as severe
manifestations in other organs including the appendix,
liver and female genitals.’ E. vermicularis can be transmitted
through oral means, the respiratory tract, and reinfection.* ®
Oral infection included the anus-hand-mouth route and/
or ingestion of contaminated food. E. vermicularis eggs
are light so respiratory tract infection would be from inhaling
dust contaminated with the parasite eggs.® After ingestion
or inhalation of infective eggs, the larvae hatch in the
small intestine and the adults develop in the colon.®
Reinfection can occur when the newly hatched larvae
migrate from the anal skin back into the rectum.® Therefore,
the prevalence of E. vermicularis infection is high
in schoolchildren, low hygiene communities, and slum
communities.”’

The prevalence of E. vermicularis infection has
been reported in many parts of the world, with the
prevalence of infections varying considerably, ranging
from 0.6 to 38.8%." """ In Thailand, various studies
reported the prevalence of E. vermicularis infection in
many parts including Northern; Chiang Mai 45.4%,
Phitsanulok 25.0%, Kamphaeng Phet 20.3%, Uthai
Thani 17.9% and Nakhon Swan 13.8%, * "' Central;
Bangkok 21.6% and Samut Prakan 38.8%,” '* Southern;
Trang 7.1%," and Northeast; Khon Kaen 50.9%," Chai-

yaphum 23.7%,"® Nakhon Ratchasima 0.5%,'® and Maha
Sarakham 0.2%."

This study surveyed the prevalence of E. ver-
micularis infection among students from elementary

schools in Chaiyaphum province, Thailand.

Materials and Methods

Study design

This study was a cross-sectional (descriptive-
analysis) study. This study examined on students from 7
elementary schools (Ban Nong Ya Plong, Ban Choraka,
Ban Nafhai, Ban Tat Ton, Ban Khro Huai Chan, Ban Nong
Waeng and Ban Kud Kha Min schools) in Nafhai
sub-district, Mueang district, Chaiyaphum province,
Thailand during July to September 2014. Nafhai
sub-district is located at the 15.9260° latitude and
102.0147° longitude (Figure 1).

Data collection and Laboratory processing

Researchers visited randomly selected areas of
the sub-districts in Mueang district, Chaiyaphum province,
accompanied by local public health officials and
sub-district health promoting hospital in sub-districts.
Parents of students or their legally authorized
representative signed consent documents. A total of 441
parents of students were interviewed demographic data.
A total 441 students from 7 elementary schools were
examined for E. vermicularis by the scotch tape technique
which is the gold standard for the diagnosis E. vermicu-
laris infection. Briefly, we used a piece of clear adhesive
tape to obtain a sample from a perianal surface. After
that, the sample was mounted on the glass slide and

examined under a light microscope by parasitologists.®
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The 441 students comprised 245 boys and 196 girls. All
samples were divided into 3 age groups; 4-6 years, 7-9
years, 10-12 years and were also classified by learning
different age groups. Finally, all infected students were
treated with mebendazole and were educated for reducing
E. vermicularis infection effectively.

Statistical analysis

Demographic characteristics of the participants
were described by using frequency, percentage, and 95%
confidence intervals (Cls) for categorical data, mean and
standard deviation (SD) for continuous data. To investigate
factors that affect E. vermicularis infection, odds ratios
(ORs) and their 95%Cls were estimated using simple and
multiple logistic regressions for survey sampling.

All analyses were performed using Stata version
10.0 (StataCorp, College Station, TX). All test statistics
were performed under a two-sided hypothesis and a
P-value of less than 0.05 was considered statistically
significant. This study was undertaken through the
Academic Service by Department of Public Health,
Faculty of Arts and Science, Chaiyaphum Rajabhat
University, Chaiyaphum province, Thailand.

This study was approved by the Maharat Nakhon
Ratchasima Hospital Ethics Committee for Human

Research (075/2013).

Results

Demographic Characteristics

Of the 441 students, 55.6% were boys, with a
mean age (+SD) of 8.4 (+ 2.5) years old (range: 4-12)

(Table 1). The most frequent education level of children’s

J Sci Technol MSU

parents (32.0%) was a secondary school (M.1-M.3). The
majority occupation of children’s parents (48.3%) was a
laborer. The most frequent income of children’s parents
(48.8%) was 5,001-10,000 Baht (Table 1).

Prevalence of E. vermicularis infection

The prevalence of E. vermicularis infection was
11.3% (95%CI: 8—14). Infection with E. vermicularis was
17.8% (95%Cl: 12-23) in age group 7-9 years. The
prevalence of E. vermicularis infection was 12.6% (95%Cl:
8-16) in boys, which was higher than in girls 9.7%
(95%Cl: 6 — 14) (Table 2).

The most frequent education level of parents
with infected children was secondary school (M.1-M.3)
14.1% (95%Cl: 9-21). The most frequent occupation of
infected children’s parents was as Government officer
19.2% (95%CI: 6-39). Additionally, the children’s family
income was most frequently 5,001-10,000 Baht and
10,001-15,000 Baht were 13.0% (95%CI: 8-18; 95%CI:
5-26, respectively). The Ban Kud Kha Min school had
the highest prevalence of infection 20.0% (95%Cl: 6—44)
(Table 2).

Factors associated with prevalence of
E. vermicularis infection

The strongest factor that associated with the
prevalence of E. vermicularis infection was age groups.
That is, children aged between 4-6 years and 7-9 years
were 6.1 and 7.4 times, respectively, more likely to be
infected with E. vermicularis than children of10-12 years
(OR =6.1; 95%Cl: 2.1-17.5; P-value < 0.001; OR = 7.4;
95%Cl: 2.8-19.4; P-value < 0.001) (Table 3).
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Figure 1 Map of Nafhai sub-district, Mueang Chaiyaphum district, Chaiyaphum province. (Map was created by

ArcGIS online: http://www.arcgis.com/home/index.html)

Table 1 Demographic characteristic of students from 7

elementary schools

Characteristic

Number Percentage

Age (years)
4-6
7-9
10-12
MeanzSD (Min:Max)
Genders
Girls
Boys
Parents’ education levels
Primary school
Secondary school (M.1-M.3)
Secondary school (M.4-M.6)
Collage
Bachelor
Higher Bachelor
Parents’ occupations

Agriculture

92 20.9
174 39.5
175 39.6

8.4 + 2.5 (4:12)

196 44.4
245 55.6
58 13.1
141 32.0
97 22.0
81 18.4
34 7.7

30 6.8

88 20.0

Characteristic Number Percentage
Labors 213 48.3
Own business 79 17.9
Government 26 5.9
Private sector 35 7.9

Family income (Bath)

< 5,000 123 27.9
5,001-10,000 215 48.8
10,001-15,000 46 10.4
15,001-20,000 20 45
>20,000 37 8.4
Mean+SD 9,835.8 +7,717.4
Schools
Ban Nong Ya Plong 140 31.7
Ban Choraka 102 231
Ban Nafhai 77 17.5
Ban Tad Ton 48 10.9
Ban Khro Huai Chan 31 7.0
Ban Nong Waeng 23 5.2
Ban Kud Kha Min 20 4.5

Total 441 100.0
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Table 2 The prevalence of E. vermicularis infection in 7 elementary schools

Prevalence of
Factors Number 95%Cls
E. vermicularis infection

Age (years)

4-6 92 15.2 (8 to 22)

7-9 174 17.8 (12 to 23)

10-12 175 2.8 (0.3 to 5)
Gender

Girls 196 9.7 (6 to 14)

Boys 245 12.6 (8 to 16)

Parents’ education levels

Higher Bachelor 30 6.7 (0.8 to 22)
Bachelor 34 8.8 (2 to 24)
Collage 81 7.4 (3 to 15)
Secondary school (M.4-M.6) 97 13.4 (7 to 21)
Secondary school (M.1-M.3) 141 14.1 (9 to 21)
Primary school 58 10.3 (4 to 21)

Parents’ occupations

Private sector 35 14.3 (0.4 to 30)
Government 26 19.2 (6 to 39)
Own business 79 7.6 (3 to 15)
Labors 213 11.7 (8 to 15)
Agriculture 88 10.2 (5 to 18)

Family income (Bath)

>20,000 37 2.7 (0.1 to 14)
15,001-20,000 20 10.0 (1 to 31)
10,001-15,000 46 13.0 (5 to 26)
5,001-10,000 215 13.0 (8 to 18)
< 5,000 123 10.6 (6 to 17)
Schools
Ban Nong Ya Plong 140 10.7 (6 to 17)
Ban Choraka 102 8.8 (4 to 16)
Ban Nafhai 77 10.4 (5 to 19)
Ban Tad Ton 48 16.7 (7 to 30)
Ban Khro Huai Chan 31 6.5 (1 to 21)
Ban Nong Waeng 23 17.4 (5 to 38)
Ban Kud Kha Min 20 20.0 (6 to 44)

Total 441 11.3 (8 to 14)
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Table 3 Simple logistic regression for each category of factors on E. vermicularis infection

491

Factors Number Prevalence of ORs 95%Cls P-value
E. vermicularis infection
Age (years) <0.001
10-12 175 2.8 1
7-9 174 17.8 7.37 (2.8 to 19.4)
4-6 92 15.2 6.10 (2.1 to 17.5)
Genders 0.330
Girls 196 9.7 1
Boys 245 12.6 1.35 (0.7 to 2.6)
Parents’ education 0.565
Higher Bachelor 30 6.7 1
Bachelor 34 8.8 1.35 (0.2 to 8.7)
Collage 81 7.4 1.12 (0.2 t0 5.9)
Secondary school (M.4-M.6) 97 13.4 2.16 (0.5t0 10.2)
Secondary school (M.1-M.3) 141 14.1 2.31 (0.5 to 10.5)
Primary school 58 10.3 1.61 (0.3 to 8.5)
Parents’ occupation 0.554
Private sector 35 14.3 1
Government 26 19.2 1.42 (0.4 to 5.6)
Own business 79 7.6 0.49 (0.1t0 1.7)
Labors 213 11.7 0.79 (0.3t02.2)
Agriculture 88 10.2 0.68 (0.2t02.2)
Family income (Bath) 0.326
>20,000 37 2.7 1
15,001-20,000 20 10.0 4.00 (0.3 to 47.1)
10,001-15,000 46 13.0 5.40 (0.6 to 47.0)
5,001-10,000 215 13.0 5.40 (0.7 to 40.9)
< 5,000 123 10.6 4.25 (0.5 to 33.7)

Discussion

This study showed that the overall prevalence
of E. vermicularis infection among students from seven
schools in Nafhai sub-district, Mueang Chaiyaphum
district, Chaiyaphum province was 11.3% which was
lower than that cited in previous research, > 7% 1214
' These variations in prevalence may be due to
differences in environmental condition, socio-economic,

education level of parents, and lower personal hygiene.m’

' The public health service system has continually sought

to influence people to obtain information for treatment,
prevention, and control enterobiasis. However, this study
has the prevalence of E. vermicularis infection higher than

some previous reports.™ '® "7

Because this study used
the scotch tape technique for diagnosis of E. vermicularis
which is the gold standard method whereas other studies
used simple direct smear, Kato’s thick smear, modified
Harada-Mori filter paper strip culture technique and
13, 16, 17

formalin ethyl-acetate concentration technique.

Although infection in boys (12.6%) was higher than girls
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(9.7%) the difference was not statistically significant and
gender was not significantly associated with E. vermicularis
infection as noted in some previous reports.'® > ?'
However, other work reported that gender was signifi-
cantly associated with E. vermicularis infection, with boys
suffering considerably higher infection rates than girls.g'
? In the present study, the most of the parents’ were
educated to secondary school level (M.1-M.3), although
education was not significantly associated with
E. vermicularis infection. Nevertheless, some researchers
reported parents’ education levels were associated with

E. vermicularis infection."*

The present study indicated
parents’ income and occupations were not related with
E. vermicularis infection, which was similar to the previous
study.” The result of this study showed that the age groups
of 7-9 years had the highest prevalence of E. vermicularis
infection (17.8%) and the age groups of children
influenced the prevalence of E. vermicularis infection
(P-value <0.001) similarly to the previous studies.” "> "
Younger children tended to have higher E. vermicularis
infection than older children. This might be because
younger children do not have enough knowledge about

preventing E. vermicularis infection.™

Conclusions

This study showed that enterobiasis is an important
problem for school children, especially younger children.
Therefore, children should be checked for E. vermicularis
infection at least 1-2 times a year. Furthermore, children,
parents, and teachers should be educated about
personal hygiene to reduce E. vermicularis infection. The
schools should provide the right environment for learning
and prevent E. vermicularis infection such as good
ventilation and the right number students in the classroom.
Additionally, local government should emphasize and
support continued efforts at solving of this problem.
All organization and the government should produce
educational media that are suitable for each child’s age
groups to prevent and control E. vermicularis infection.
In the future, we should study the pattern of problem-
solving of E. vermicularis infection in primary school

children in accordance with community context.
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Abstract

This paper presents the carbon footprint assessment of the Faculty of Science and Technology, Phranakhon Si
Ayutthaya Rajabhat University. Direct and indirect greenhouse gas (GHG) emissions were calculated and data was
collected in the academic year 2016 (August 1%, 2016 to May 31, 2017). The major sources of GHG emissions were
classified into seven main categories, which were 1) refrigerant of air conditioner, 2) fire extinguisher, 3) office supplies,
4) fuel consumption, 5) electricity consumption, 6) running water and 7) solid waste disposal. This research aims to
use the result as a database, analyze resource use and GHG emissions to the environment in order to contribute to
strategy planning on future GHG reduction. The total carbon footprint of the Faculty of Science and Technology was

3,559.644 ton COZeq/year and the average carbon footprint per person was 1.855 ton COzeq/individuaI. From the
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calculation, refrigerant of air conditioner was considered as the biggest source of GHG emission generating 2,043.000
ton CO2eq/year. Emissions from electricity consumption, fuel consumption, solid waste disposal, running water, office
supplies and fire extinguisher were 1,344.950, 67.578, 65.090, 33.870, 1.714 and 0.264 ton COzeq/year, respectively.

The implementation options for the reduction of carbon footprint were modification of the refrigerant of air conditioner

and energy conservation.

Keywords: Carbon footprint of organization, greenhouse gas, Phranakhon Si Ayutthaya Rajabhat University
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5 25 -30 Low uncertainty, Good quality
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Table 3 Greenhouse gas emissions from refrigerant of air conditioner used in academic year 2016

Quantity Emission factor Greenhouse gas emission
Building Type
(kglyear) (kg COzeq/unit) (ton COzequear)
R-22 60 1,810 108.600
Building 5
HCFC-141b 120 725 87.000
R-22 300 1,810 543.000
Building 24
HCFC-141b 600 725 435.000
R-22 240 1,810 434.400
Building 42
HCFC-141b 600 725 435.000
Total 1,920 2,043.000

Table 4 Greenhouse gas emissions from fire extinguisher used in academic year 2016

Quantity Emission factor Greenhouse gas emission
Building Type
(kglyear) (kg COzeqlunit) (ton COqulyear)
Building 5 Dry Chemical Fire Extinguisher 22.50 3.77 0.085
Dry Chemical Fire Extinguisher 12.50 3.77 0.122
Building 24
Halon 1211 Fire Extinguisher 0.00 9,810 0.000
Dry Chemical Fire Extinguisher 15.20 3.77 0.057
Building 42
AF11E Fire Extinguisher 10.75 0 0.000
Total 60.95 0.264

Table 5 Greenhouse gas emissions from electricity consumption in academic year 2016

Emission factor

Greenhouse gas emission

Building Quantity (kWhlyear)
(kg COzeqlunit) (ton COzequear)
Building 5 367,761.04 0.6093 224.077
Building 24 410,259.41 0.6093 249.971
Building 42 651,329.59 0.6093 870.903
Total 1,429,350.04 1,344.951

Note: * kWh is kilowatt-hour

Table 6 Greenhouse gas emissions from water supply used in academic year 2016

Emission factor

Greenhouse gas emission

Building Quantity (m*/year)
(kg COZeqlunit) (ton COzequear)
Building 5 13,940.12 0.7043 9.818
Building 24 20,510.07 0.7043 14.445
Building 42 13,640.91 0.7043 9.607
Total 48,091.10 33.870

Note: * m® is cubic meter
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used in academic year 2016

Item Quantity Quantity (kg/year) Greenhouse gas emission
(Unit/year) (ton COzeq/year)
A4 paper size 368 Ream 920.00 1.058
Answer sheet 197 Ream 492.50 0.566
Toilet paper 28 Roll 78.40 0.090
Total 593 1,490.90 1.714

Note: *Emission Factor of paper is 0.7043 kg COZeq/unit



Vol 37. No 4, July-August 2018

Carbon Footprint of Organization: A Case Study of the Faculty of Science 501

and Technology, Phranakhon Si Ayutthaya Rajabhat University

Table 8 Evaluation results and management of uncertainty for the Faculty of Science and Technology

Levels of data Evaluation Data
Type Item Score of EF
quality results quality
Take vehicle on lease 3 2 6 1
g c Air conditioner (HCFC-141b) 3 2 6 1
o 2
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2 - c  Electricity use in Building 5 3 2 6 1
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w @ Electricity use in Building 42 3 2 6 1
Running water use 3 2 6 1
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]
5 Toilet paper use 3 1 3 1
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Burying waste paper 1 1 1 1
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Abstract

In this article, we introduce the concepts of =-sets in biminimal structure spaces and investigate some of their

properties. Moreover, the notions of -4-sets and -4-continuous functions in biminimal structure spaces were studied.

Keywords : :-set, =A-continuous function.

Introduction

In 1972, J. Dugundji’ introduced the concepts of
regular closed sets in topological spaces. Let (X:T) be a
topological space and A= X, then A is called regular
closed if and only if A=Cl(Int(A)). In 1986, J.Tong®'
introduced the concepts and properties of «1-sets in
topological spaces. Let A be a subset of a topological
space (X:T) then A is an =i-set in (X. T) if A=U"'B when
U is open and B is regular closed in (X. 7). In addition,
J.Tong21 introduced the concepts of .4-continuous
functions from a topological space (X.t) to a topological
space (Y.1l). Let f be a function from X to Y, then fis =1
-continuous function if and only if the inverse image of
each open setin Yis an :4-set in X. In 1990, M. Ganster,
and Reilly, I. L." improved J. Tong’s decomposition result
and provided a decomposition of «7I-continuous. In 2000,
the concepts of minimal structure spaces were introduced
by V. Popa and T. Noiri'®. A pair (X, mX) is a minimal

structure space if and only if X = @ and m, is family of

P(X) with @, XEmX. Moreover, they also introduced the
concepts of m_-open sets and mX-cIosed sets in minimal
structure spaces. In 1963, J. C. Kelly® introduced the
concepts of bitopological spaces which consist of a
nonempty set and two topological spaces. In 2010, C.
Boonpok’ introduced the concepts of biminimal structure
spaces which consist of a nonempty set and two minimal
structures. Furthermore, C. Boonpok® defined mX’mXZ-
closed sets in biminimal structure spaces and the comple-
ment of m 'm *-closed sets is call m 'm *-open sets. In
2010, C. Boonpok [4] defined (i, j) mX—reguIar open sets
in biminimal structure spaces and he also defined
G, j) mX-reguIar closed sets as complement of (i,j) m -
regular open sets for i, j = 1, 2 and i=j.

In this article we introduce the concepts of =1
-sets in biminimal structure spaces and :=4-continuous
functions in biminimal structure spaces. Also, we study
some properties of -4-sets and =A-continuous functions

in biminimal structure spaces.
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Preliminaries

In this section, we will give some definitions and
notations, deal with some preliminaries and some useful
results that will be duplicated in later sections.
Definition 2.1"° Let (X: T) be a topological space and M
S X. Then M is called an =A-set if M = UMB when U is
open and B is regular closed in X.

The family of all .A-sets in a topological space

(X:T) is denoted by .4(X. 7).
Definition 2.2"" Let X be a nonempty set and P(X) be the
power set of X. A subfamily m of P(X) is called a minimal
structure (briefly an m-structure) on X if @ € m_ and X
S m..

The pair (X, mX), we denote a nonempty set X

with an m-structure m_on X and it is called a minimal
structure space (briefly an m-space). Each member of m
is said to be m_-open and the complement of an m_-open
set is said to be mX-cIosed.
Definition 2.3" Let X be a nonempty set and m_an m-
structure on X. For a subset A of X the mX-interior of A
and the mX-cIosure of A with respect to m_are defined
as follows:

mXInt(A) =U{UUCA U € m, 4

mXCI(A) ={ FAACF, X\ F € m, }

Lemma 2.4 Let X be a nonempty set and m_an
m-structure on X. For any subsets A and B of X, the
following properties hold:
(1) mXCI(X 1A) =X mXInt(A) and
lent(X 1A) =X mXCI(A),

(2) f(X\A) € m, then mXCI(A) = A and
ifA € m ., then lent(A) = A,

(3) mXCI(@) =0, mXCI(X) =X,
lent(@) =@ and lent(X) =X,

(4) IfAC B, then mXCI(A) C mXCI(B) and

lent(A) (- lent(B),

5) AC mXCI(A) and mXInt(A) C A

(6) mXCI(mXCI(A)) = mXCI(A)

and mXInt(lent(A)) = mXInt(A),

(7) lent(A('\B) = lent(A)ﬁmXInt(B) and

lent(A) Y mXInt(B) - mXInt(AUB),

(8) mXCI(AUB) = mXCI(A)UmXCI(B) and

mXCI(AﬁB) c mXCI(A) M mXCI(B).
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Definition 2.5"° An m-structure m_on a nonempty set A
is said to have property & if the union of any family of
subsets belonging to m_ belongs to m..

Lemma 2.6" Let X be a nonempty set and m_ is an m-
structure on X satisfying property .

For A C X the following properties hold:

(1) A & m_ if and only if lent(A) =A,

(2) Ais mX-cIosed if and only if mXCI(A) =A,

(3) mXInt(A) is m_-open and mXCI(A)

is mX-cIosed.
Definition 2.7° Let (X, mX) be an m-space and R C X.
Then R is called mX-reguIar closed if and only if R =
mXCI(mXInt(R)).

The family of all mX-reguIar closed sets in an

m_-space X, mX) is denoted by RC(X, mX)
Definition 2.8" A subset A of an m-space
X, mX) is called an m-preopen set if A C
mXInt(mXCI(A)) and an mX-precIosed set if
mXCI(mXInt(A )) C A.

The family of all m_-preopen sets in an m- space
X, mX) is denoted by PO(X, mX) and m preclosed sets in
an m-space (X, mX) is denoted by PC(X, mX)

Definition 2.9" Let (X, mX) be an m-space and A C X,
the mX-precIosure of A is denoted by mxpcl(A) is
defined as the intersection of all mX-precIosed of (X, mX)
containing A.

Proposition 2.10" Let (X, mX) be an m-space and A, B
C X. IfA C B then mXpCI(A) C mxpcI(B).

Proposition 2.11" Let (X, mX) be an m-space and A C
X. If m satisfies the property &. Then mxpcl(A) =A
UmXCI(mXInt(A)).

Definition 2.12° Let A be a nonempty set and mX7mX2 be
m-structures on X. A triple (X, mX7, mxz) is called a bi-
minimal structure space (briefly bim- space).

Let (X, mX7, mXZ) be a biminimal structure space
and A C X. The mX-cIosure and mX-interior of A with
respect to mX’ are denoted by mXCI(A) and mxlnt(A)
respectively, for i, j = 1, 2.

Each member of mX" is said to be an mX’-open
set and the complement of an open set is said to be

mX’-cIosed, fori, j=1, 2.



506 Chanika Kulkhor et al.

Definition 2.13* A subset A of biminimal structure spaces
(X, mX1, mxz) is said to be

(1) (i, j)m -regular open if A = mX’Int(mX’CI(A)),

where i, j=1or2andi™}j,

(2) (i, j)m -semi-open if A C mX’CI(m)(’Int(A))

where i, j=1or2andi™}j,

(3) (i, j)m -preopen if A & mX’Int(m)(’Cl(A)),

where i, j=1or2andi™j.

The complement of an (i, j)mX-reguIar open (resp.
((i, j)mX-semi-open, (i, j)mX-preopen) set is called (i, j)
mX-reguIar closed (resp,((i, j)mX-semi-cIosed, (i, j)mX-
preclosed).

Lemma 2.14* Let (X, mX7, mxz) be a biminimal structure
space and A be a subset of X. Then

(1) Ais (i, j)mx-regular closed if and only if A =
mX"CI(m X’Int(A)),

(2) A is (i, j)mX-semi-cIosed if and only if
mX’lnt(mX’Cl(A)) C A,

3) A is (i, j)mx-preclosed if and only if
mX’CI(m X’Int(A)) CA
Definition 2.15 [4] Let (X, m , m ?) and
Y, mY7, myz) be biminimal structure space. A function f :
(X, mX7, mXZ) — (Y, mY7, myz) is said to be (i, j)-M-con-
tinuous at a point x € X and each V & my’ containing
f(X), there exists U € mX’ containing x such that f(U) C
V, where i, j =1 or 2 and i#j.

A function f : (X, mX7, mXZ) — (Y, mY7, mYZ) is
said to be (i, j)-M-continuous if it has this property at each
point x € X.

Theorem 2.16* For a function f : (X, mX1, mXZ) -
(Y, mY1, myz), the following properties are equivalent:
(1) fis (i, j)-M-continuous;
(2) £7(v) =mInt(f~'(V))for every V € m
(3) f(mX’Cl (A) C my’Cl(f(A)) for every subset
A of X;

4) m)(’Cl(f “'B) C f~ 7(my’Cl (B)) for every
subset B of Y;

(5) f~ 1(my’lnt(B)) - m)(jlnt(f ~'(B)) for every
subset B of Y;

(6) mCi(f~'(F)) = f~'(F) for every m closed
set F of Y.
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Results and Discussion
«/1-sets in minimal structure space

In this section, we introduce the concept of .4
-sets in minimal structure spaces.
Definition 3.1.1 Let (X, m)) be an m-space. A subset M
of A is said to be an mX—-ﬁ'—set if there exist G and R such
that M = G/MR when G is m_-open and R is mX-reguIar
closed.

The family of all mX--f-:-set in an m-space (X, mX)
is denoted by 4(X, mX).
Example 3.1.2 Let X = {1, 2, 3}). Define an m-structure
m_on X as follows : m = {9, {2}, {1, 2}, {1, 3}, X}. Then
RC(X, m ) = {@, {2}, {1, 3}, X} and A(X, m ) = {3, {1},
{2}, {1, 2}, {1, 3}, X}.
Definition 3.1.3 Let (X, mX) be an m-space and A C X,
then A is said to be an mX-t—set if mXInt(A) = mXInt(mXCI(A)).

The family of all mX—r-set in an m-space (X, mX)
is denoted by £(X, mX).
Example 3.1.4 Let X = {1, 2, 3} and define m = {9, {1},
{2}, {1, 3}, {2, 3}, X} be an m-structure on X. It follows
that ¢(X, m ) ={@, {1}, {2}, {3}, {1, 3}, {2, 3}, X}.
Proposition 3.1.5 Let (X, mX) be an m-space and R C
X. IfRis mX-reguIar closed then R is an mX-t-set.
Proof. Let R be an mX-reguIar closed. Then R = mXC/
(mXInt(R)). Consequently, mXCI(R) = mXC/(mXCI(lent(R))).
Thus lent(mXCl(R)) = mXInt(mXC/(mXInt(R))). Hence

mXInt(mXCI(R)) = lent(R). Therefore, R is an mX—r-set.

«-sets in biminimal structure space

In this section, we introduce the concept of .4
-sets in biminimal structure spaces and study some
fundamental properties of -A-sets in biminimal structure
spaces and investigate some of their properties.
Definition 3.2.1 A subset A of a biminimal structure space
(X, m /', m ) is said to be (i, jjm -locally closed if there
exist G and F such that A = G'"\F when G is an mX'—open
set G and F is an mX’—cIosed set, where i, j = 1 or 2 and
iZj.

The family of all (i, j)mX-IocaIIy closed sets in
biminimal structure spaces (X, m ', m °) is denoted by (i,

; r 1 2 . P
j)mX-.a.lf(X, m., m; ), where i, j = 1 or 2 and iZj.
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Example 3.2.2 Let X = {a, b, c}. Define m-structures mX7
and mxz on X as follows : mX1 ={@, {b, ¢}, X} and mX2 =
{9, {c}, X}. Thus (1, 2)-LE(X, mX1, mXZ) = {0, {b}, {b, c},
{a, b}, X}.
Lemma 3.2.3 Let S be a subset of a biminimal stucture
space (X, mX7, mXZ) and leti, j=1or2andizj. If Sis an
(i, j)mX-IocaIIy closed set then there exists an mX’-open
set U such that S = U('\mX’CI(S)
Proof. Let S be an (i, j)mX-IocaIIy closed set. Then there
exist U and F such that S = U M F where U is mX’-open
and F is mX’-cIosed. Since S=UMF, S C F. Thus
mX’CI(S) C mX’CI(F). Since F is mX’-cIosed, mX’CI(S) -
F. ThenU M mX’CI(S) CUMF=8.SinceSC Uand
SC mX’CI(S). ThenSC UM mX’CI(S). Therefore, there
exists an mX’-open set U such that S = U M mX’CI(S).
The converse of Lemma 3.2.3 is true if mX’ has
property & as a following proposition.
Proposition 3.2.4. Let S be a subset of a biminimal
stucture space (X, mX7, mXZ) and let mX’ has property &,
where i, j =1 or 2 and j=j. Then S is an (i, j)mX-IocaIIy
closed set iff there exists an mX’-open set U such that S
=UMm mX’CI(S).
Proof. (=) By Lemma 3.2.3.

(&) LetS=UNM m)(’CI(S), for some U € mX’. Since
mX’ has property &, mX’CI(S) is closed in (X, mX’). Thus S
is an (i, j)mX-IocaIIy closed.

Definition 3.2.5. Let (X, mX1, mxz) be a biminimal structure
space. A subset M of X is said to be an (i, j)mx-;.i'[-set if
there exist G and R, such that M = GF' YR when G € mX'
and R is mX’-reguIar closed, where i, j = 1 or 2 and i=j.
The family of all (i, j)mX-;F'[-sets in a biminimal
structure space (X, mX7, mXZ) is denoted by (i, j)-=A(X, mX1,
m ?) where i, j = 1 or 2 and i=j.
Example 3.2.6. Let X = {1, 2, 3}. Define m-structures mX7
and mX2 on X as follows : mX1 ={0, {1, 2}, {1, 3}, X} and
mX2 = {0, {2}, {1, 2}, X} which are m-structures on X. It
follows that RC(X, m ?) = {@, X}. Thus (1, 2)<A(X, m |,
mXZ) ={0, {1, 2}, {1, 3}, X}.
Lemma 3.2.7. Let (X, mX7, mXZ) be a biminimal structure
space mX’ has property . If a subset M of X is an (i, j)
mX-:F:'-set, then M is (i, j)mX-IocaIIy closed, where i, j = 1

or 2 and iZj.
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Proof. Let M is an (i, j)mX-:F'I-set. Then there exist G and
R such that M = G/MR where G € mX’-open and R is
mX’-reguIar closed. Since R is mX’-reguIar closed, R =
mX’CI(mX’Int(R)). But mX’ has property &, then mX’CI(mX’Int(R))
is closed. Hence R is mX’-cIosed. It follows that M is an
(i, j)mX-IocaIIy closed.
Proposition 3.2.8 Let (X, mX1, mXZ) be a biminimal structure
space and mX’ C mX’ has the property B if a subset M
of X is both (i, j)mX-semi-open and (i, j)mX-IocaIIy closed,
then M is an (i, j)mx-ﬁ'-sets, where i, j =1 or 2 and i=j.
Proof. Let M be both (i, j)mX-semi-open and (i, j)mX-Io-
cally closed. It follows that M C mX’Cl(mX’lnt(M)) such
thatM=UM mX’CI(M). Since mX’CI(M) - mX’CI(mX’Int(M)).
But mX’CI(mX’Int(M)) C mX’CI(M), hence mX’CI(M) =
mX’CI(mX’Int(M)) and mX’CI(mX’lnt(M)) is mX’-reguIar closed.
Consequently mX’CI(M) is mX’-reguIar closed. Therefore,
M is an (i, j)mX-:F'I-set.
Definition 3.2.9 Let (X, mX1, mxz) be a biminimal structure
space and A C X. Then A is said to be an (j, j)mX-t-set
if mX'Int(A)) = mX’Int(mX’CI(A)), where i, j = 1 or 2 and j=j.
The family of all (j, j)mX-t-sets in a biminimal
structure spaces (X, mX7, mXZ) is denoted by (i, j)-t(X, mX7,
mxz) fori, j=1or2 and izj.
Example 3.2.10 Let X = {1, 2, 3}. Define m-structures mX1
and mX2 on X as follows : mX7 ={@, {1}, {3}, {2, 3}, X} and
mX2 ={@, {1}, {1, 2}, X}.
Thus (1, 2)-t(X, mXZ mXZ) = {2, {3}, {2, 3}, X}.
Theorem 3.2.11 Let (X, mX1, mXZ) be a biminimal structure
space and A C X. Then A is an (i, j)mX-t-set if and only
if A is an (i, j)mX-semi-cIosed, where i, j =1 or 2 and i=j.
Proof. (—>) Let A be an (i, j)mX-“-set. Then mX’Int(A)) =
mX’Int(mX’CI(A)). Thus mX’lnt(mX’Cl(A)) C A.Hence A is
an (i, j)mx-semi-closed.
(<) LetA be an (i, jjm -semi-closed. Then mX’Int(m X’CI(A ))
C A. Thus mX’lnt(mX’Int(mX’Cl(A))) - mX’lnt(A). Hence
mX'Int(mX’CI(A)) C mX’Int(A). Since mX’Int(A) C
mX’Int(mX’CI(A)). Thus mX’Int(A) = mX’lnt(mX’CI(A)). Hence
Ais an (i, j)mX-t-set.
Definition 3.2.12 Let (X, mX1, mXZ) be a biminimal structure
space and A C X. Then A is said to be an
(i, j)mx-?-set if A=UMT, when U is an mX"-open set and

T is an ij-t-set, where i, j = 1 or 2 and i#j.
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The family of all (i, j)mX-’B-sets in a biminimal
structure space (X, mx7, mXZ) is denoted by (i, j)-B(X, mX1,
m ?), where i, j = 1 or 2 and i=.

Example 3.2.13 Let X = {1, 2, 3}. Define m-structures mX7
and mX2 on X as follows : mX7 ={@, {1}, {2}, {2, 3}, X} and
mxz ={@, {1}, {3}, {2, 3}, X}. Then {@, {1}, {2}, {1, 2}, {2,
3}, X} are mxz-t-sets. Therefore, (1, 2)-B(X, mX7, mxz) =
{9, {1}, {2}, {1, 2}, {2, 3}, X}.

Theorem 3.2.14 Let (X, mX1, mXZ) be a biminimal structure
space and A C X. If Ais an (i, j)mX-:F'C-set, then A is an
(i, j)mX-’B-set forall i, j =1 or 2 and i=j.

Proof. Let A be an (j, j)mx-ﬁ'-set. Then there exist G and
R such that A =GR where G is mX'-open in (X, mX’) and
Ris an mX’-reguIar closed. By Proposition 3.1.5, R is an
mx’-:-set. Hence A is an (i, j)mX-’B-set.

Proposition 3.2.15 Let (X, mX1, mxz) be a biminimal
structure space and M be a subset of X. If M is an (i, j)
mX-IocaIIy closed set, then it is also an (i, j)mX-’B-set,
where i, j = 1 or 2 and iZj.

Proof. Let M be (i, j)mX-IocaIIy closed set. Then there
exist U and B such that M =Ur\B where U is mX’-open
and B is mX’-cIosed. Since B is mX’- closed, B = mX’CI(B).
Thus mX’lnt(B) = mX’lnt(mX’CI(B)). Hence B is an mX’-f-set.
Thus M is an (i, j)mX-’B-set.

Definition 3.2.16 Let (X, mX7, mxz) be a biminimal structure
space and A C X. Then A is said to be an (i, j)mX-lf-set
if A=UMB, when U is an mX’-open and B is mX’-precIosed,
where i, j = 1 or 2 and i#j.

The family of all (i, j)mX-lf-sets in a biminimal
structure space (X, mX7, mXZ) is denoted by (i, j)-C (X, mX1,
mxz), where i, j = 1 or 2 and i=j.

Example 3.2.17 Let X = {1, 2, 3}. Define m-structures mX7
and mX2 on X as follows : mX7 ={@, {1}, {2}, {2, 3}, X} and
mxz ={@, {1}, {3}, {2, 3}, X}. Thus &, {1}, {2}, {1, 2}, {2,
3}, X are preclosed in (X, mXZ). Therefore, (1, 2)-G(X, mX1,
m?) =@, {1}, {2}, {1, 2}, {2, 3}, X}.

Theorem 3.2.18. Let (X, mX1, mXZ) be a biminimal structure
space and A C X. If Ais an (i, j)mX-;F'[-set, then A is an
(i, j)mX-lf-set forall i, j =1 or 2 and i=j.

Proof Let A be an (j, j)mX--_F'[-set. Then there exist G and
R such that A =GR where G is mX’-open and R is an

m)(’- regular closed. Since R = m)(jCI(m)(jInt(R)), thus
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ijCl(mX’Int(R)) C R. Hence R is an mX’-precIosed.
Therefore, A is an (i, j)mX-lf-set.
Proposition 3.2.19 Let (X, mX7, mXZ) be a biminimal
structure space and M be a subset of X. If M is an (i, j)
mX-IocaIIy closed set, then it is also an (i, j)mX-lf-set,
where i, j = 1 or 2 and i=j.
Proof. Let M be an (i, j)mX-IocaIIy closed set. Then there
exist U and B such that M = U\B where U is mX’-open
in (X, mX’) and B is mX’-cIosed.
It follows that mX’CI(mX’Int(B)) (- mX’CI(B) =B. Then B is
an mX’-precIosed. Hence M is an (i, j)mX-lf-set.
Proposition 3.2.20 Let A be a subset of a biminimal
stucture space (X, mX1, mxz) and mX’ has the property &
.ThenAis an (i, j)mX-lf-set iff A= UﬁmX’pcl(A) for some
U e mX’, where i, j = 1 or 2 and i=j.
Proof. (=) Let A be (i, j)mX-lf-set. Then there exist U
and B such that A =Ur\B where U is mX’-open and B is
mX’-precIosed. From A C B, mX’pcl(A) (- mX’pcl(B) by
Proposition 2.11, mX’pcI(B) =B U mX’Cl(mX’lnt(B)). As B
is mX’-precIosed, mX’CI(mX’Int(B)) C B. Hence mX’pcI(B)
= B. Thus mX’pcl(A) C B. Therefore A = U('\mX’pcl(A).
(&) LetA = UﬁmxfpcI(A) for some U € mX’.
Since mX’pcI(A) is an mX’-precIosed. Therefore, A is an (i,
j)mX-lf-set.
Proposition 3.2.21 Let A be a subset of a biminimal
stucture space (X, mX1, mxz) and mX’ has the property &
.ThenA=UM mX’Cl(mX’lnt(A)) for some U € mX' if and
only if Ais an mX’-semi-open and (i, j)mX-lf-set, where j,
j=1or2and iz
Proof. (=) LetA=U M m)(’Cl(ijInt(A)) for some U €
mX’. Then A C mX’CI(mX’Int(A)). Thus A is an mX’-semi-
open. By Lemma 2.6, mX’CI(mX’Int(A)) is mX’-cIosed. Since
mX’I'nt(mX’.CJI(mX{lnt(A))) - meCl(m)f’Int(A)), mX’CI
(mX’Int(mX’CI(mX’Int(A)))) (- mX’CI(mX’Int(A)). Hence
mX’CI(mX’Int(A)) is mX’-precIosed. Then A'is an (i, j)m -C
-set.
(&) Let A be an m)(’-semi-open and
(i, j)mX-lf-set. By Proposition 3.2.20, A = U('\mX’pcI(A) for
some U € mX’. Since A is mX’-semi-open. Then A C
mX’CI(mX’Int(A)). Since mX’ has the property & and by
Proposition 2.11, mX’pcl(A) =AU mX’Cl(mX’lnt(A)). Thus
mX’pCI(A) = mX’CI(mX’Int(A)). Hence A = U('\mX’CI(mX’Int(A))
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for some U € m .
Theorem 3.2.22 Let A be a subset of a biminimal stucture
space (X, mX1, mXZ) and mX’ has the property E. If a
subset M of X is an mX’-semi-open and (i, j)mX-lf-set, then
it is an (i, j)mx-”ﬁ‘--set.
Proof. Let M be an mX’-semi-open and ((i, j)mX -C-set. By
Proposition 3.2.21, then M = U M mX’CI(mX’Int(M)), for
some U € mX’. Since mX’CI(mX’Int(M)) is mX’-reguIar
closed. Therefore, M is an (i, j)mX-:F'I-set.
Definition 3.2.23 Let (X, m ', m ) and
(Y, mY1, myz) be biminimal structure spaces.
A function f : (X, mX1, mxz) — (Y, my’, mYZ) is said to be
(1) (i, j)-semi-continuous if f (V) € (i, j)-SO(X,
mX1, mxz) forall vV € my".
(1) (i, j)-Le-continuous if f~'(V) € (i, j)-£(X,
mX1, mxz) forall vV € my".
(1) (i, j)-=A-continuous if f~'(V) € (i, j)--A(X,
mX1, mxz) forall vV € my".
(1) (i, j)-C-continuous if f ~'(V) € (i, j)-
e(X, mX1, mXZ) forall vV € in.
Proposition 3.2.24 Let (X, mx7, mXZ) and
Y, mY7, mYZ) be biminimal structure spaces. A function
foX,m' m?) —> (Y, m' m?) beamapping. If f is
(i, j)--A-continuous then fis (i, j)-£#-continuous.
Proof. Let f be (i, j)-=AA-continuous and V & in. Then f
(V) € (i, j)-AX, m |, m ?). By Lemma 3.2.7, we have
f'(v) € (i, j)-LeX, mX1, mXZ). Hence fis (i, j)-£-con-
tinuous.
Theorem 3.2.25 Let (X, mX7, mXZ) and (Y, mY1, myz) be
biminimal structure spaces and mX’ has the property §.
If a mapping : (X, m ', m ) —>
Y, mY7, myz) is (i, j)-semi-continuous and (i, j)-£{-con-
tinuous then fis (i, j)--A-continuous.
Proof. Let f be an (i, j)-semi-continuous and (i, j)-L£C
-continuous and V € m . Then f~'(V) € (i, j)-SO(X, m |,
mxz) and f (V) € (i, j)-£C(X, mX7, mXZ). By Proposition
3.2.8, thus f (V) € (i, j)-=A(X, mX7, mxz). Therefore, fis
(i, j)-=A-continuous.
Theorem 3.2.26 Let (X, mX7, mXZ) and (Y, mY1, myz) be
biminimal structure spaces. If a mapping
fo(X,m ' m?) —>(Y,m ', m?)is (i j)-semi-continuous

and (i, j)-C-continuous then fis (i, j)-=1-continuous.
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Proof. Let f be an (i, j)-semi-continuous and (i, j)-C-con-
tinuous and V € m . Then f~'(V) € (i, j)-SO(X, m |,
m?) and f~'(V) € (i, )-C(X, m ', m?). By Theorem
3.2.22, thus f (V) € (i, j)-=A(X, mxﬁ mXZ). Therefore, f

is (i, j)-=1-continuous.

Conclusion

In this paper, we introduced the concept of =1
-sets in biminimal structure spaces. We also studied some
properties of A-sets and =4-continuous function on the
space. The following implications hold for a biminimal

structure spaces. These implications are not reversible.

an (i, jjm,-A-set

l

an (i, jm,-LC-set

an (i, jm,-B-set

an (i, jm,-C-set
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Silica (SiOz) was prepared from two types of rice husks, glutinous rice (type RD6) and jasmine rice (type Hom Mali
105) the optimal conditions for adsorption of Fe(ll) ions in synthetic water using the prepared silica were studied.
Silica was extracted from rice husks by refluxing in 1 M hydrochloric acid, filtration and heating at 600 °C for 6 hours
in an oven. Silica products were obtained as white powder. Amorphous silica phase was confirmed by X-ray diffraction,

morphology and surface were revealed by scanning electron microscope and the silica content was analyzed by X-ray
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fluorescence spectroscopy. The XRD patterns of products from glutinous and jasmine rice husks were similar and
showed a broad peak at about 22° which corresponded to the amorphous silica phase. The prepared silica had a
rough surface with porous morphology and high purity (SiO2 content about 99%). Batch experiments were carried out
to determine the optimal conditions of Fe(ll) adsorption. The factors affecting the adsorption percentage included
initial pH, contact time, adsorbent dosage, and initial Fe(ll) concentration. Atomic absorption spectroscopy was
employed to analyze the Fe(ll) adsorption percentages. The optimal conditions for Fe(ll) adsorption by silica
extracted from glutinous rice husks were pH 6, 30 minute contact time, 0.4 g adsorbent dosage and 30 mg/L initial
Fe(ll) concentration. The optimal conditions for silica extracted from jasmine rice husk were similar to those of silica

from glutinous rice husk including pH 6, 20 minute contact time, 0.6 g adsorbent dosage and 20 mg/L initial Fe(ll)

concentration. Silica extracted from both rice husks showed good Fe(ll) adsorption with 99 percentages.

Keywords : adsorption, Fe(ll), silica, glutinous rice husk, jasmine rice husk

Introduction

Iron is a common metal found in the earth’s crust. Ground-
water which percolates through soil and rock can dissolve
minerals containing iron and hold them in solution. When
exposed to air, dissolved iron in groundwater becomes
insoluble and leaves the water with brown-red colour and
may cause taste, odour, or turbidity problems. Also
household activities and industries such as electroplating,
mining, and alloy manufacturing also cause e metal
contaminanation in water. Based on groundwater quality
reported by Department of Groundwater Resources in
Nakhon Ratchasima-Ubon Ratchathani basin, the most
commonly found metal contaminant is iron with the
highest amount of 600 mg/L found at Srakaeo, Kankong
District, Burirum Province' This amount is 600 times
higher than public drinking groundwater standards
requirement iron (Fe < 1.0 mg/L).?

There are many techniques for metal removal
such as precipitation, ion-exchange, coagulation and
electrolysis. Among these techniques adsorption
techniques are widely used for metal removal in water
treatment and the adsorption capacity depends on
morphology, composition, and porosity of the adsorbents
used. Activated carbon has been frequently used as an
adsorbent in water and wastewater treatment industries,
however activated carbon is expensive. The adsorption
of heavy metal ions by low cost adsorbents or agricul-
tural waste materials have been widely studied. ®”

Rice production is a significant portion of the

agriculture in Thailand and rice husk is an agricultural

waste material generated in the rice polishing process.
The weight of rice husk is around one third of the total
rice weight. Rice husk consists of cellulose, hemicellulose
and lignin at about 74% and inorganic contents such as
silica alumina and calcium at about 26%. Eighty percent
of inorganic matter is silica.® Due to the high percentage
of silica in rice husks, therefore, extraction of silica
from rice husks and application in various fields have
been carried out by many research groups.”™

Silica content in rice husk ash varies from 83—
98% depending on preparation techniques and conditions.
Sorbent materials derived from rice husks have been
effectively used for removal of various heavy metals such
as Fe, Mn, Zn, Cu, Cd and Pb."

Silica from rice husks is an alternative and value
material for metal removal because silica is insoluble in
water, has good chemical stability, high biosorption
capacity, high cost effectiveness, and abundant avail-
ability."

This work aims to prepare silica from glutinous
and jasmine rice husks and find suitable conditions for
Fe(ll) adsorption of the prepared silica. If this study
produced a favorable result it would support the use of
silica as an alternative adsorbent for iron removal in

groundwater.

Materials and methods
1. Materials
Thai glutinous rice (type RD6) husk and Thai

jasmine rice (type Hom Mali 105) husk were used as raw
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materials. The husks were collected from a local rice mill
at Phosai District, Ubon Ratchathani, Thailand.
2. Instruments

Powder X-ray diffraction (XRD) was used to
characterize the phase of prepared silica. Chemical
compositions of the husks and the silica were determined
by using an X-ray fluorescence (XRF) spectrometer.
Morphology and porosity of silica were characterized
using a scanning electron microscope (SEM). Fe(ll)
concentrations were determined using an atomic absorption
spectrometer (AAS). XRD and AAS instruments used in
this work were provided by the Faculty of Science,
Mahasarakham University. XRF and SEM instruments
were provided by the center for scientific and techno-
logical equipment, Suranaree University of Technology.

3. Methods

3.1 Preparation of silica from rice husks

Silica from glutinous and jasmine rice husks
was prepared using the procedure described by Leela-
adisorn.” Husks were first cleaned with water then dried
in an oven at 105 °C for one night. After drying, 30 g of
the husk sample was put in a round-bottom flask. 300 ml
of 1 M HCI added and refluxed for 3 hours. After refluxing,
the sample was filtered and washed several times with
distilled water until the pH of the rinsed water reached 7,
confirming that there was no HCI remaining in the sample,
which was then dried in an oven at 105 °C to remove all
remaining moisture. Finally, the dried husk sample was
heated in an oven at 600 °C for 6 hours, resulting in a
white powder sample ready for characterization.

3.2 Determination of optimal conditions
for Fe(ll) adsorption

Stock solution of 200 mg/L of Fe(ll) aqueous
solution was first prepared by dissolving 0.4965 g of
ferrous sulfate (FeSO4~7H20) in 500 ml distilled water.
Fe(ll) solutions with lower concentrations were prepared
by diluting the required volume of stock solution with
phthalate buffer solution at desired pH. The pH of the
sample solution was adjusted by using HCI or NaOH
solution.

The parameters used to determine suitable

conditions for Fe(ll) adsorption on prepared silica were
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pH, contact time, adsorbent dose, and the initial metal
concentration. The adsorption tests of both prepared
silicas were carried out using batch procedures. General
experimental set up used shaking speed of 130 rpm for
30 minutes and Fe(lIl) adsorption determined by AAS was
reported as adsorption percentage calculated by the

following equation:

. CO - Ce
% Adsorption = S x 100

0

where C, is the initial concentration of Fe(ll) ions (mg/L)
and C, is the concentration of Fe(ll) ions at adsorption
equilibrium (mg/L)

The studied details of each parameters are as
follows:

Effect of initial pH. Five 20 mg/L Fe(ll) solutions
with different pH, 2 4 6 8 and 10, were studied and
prepared by diluting the stock solution with desired pH
buffer and pH adjusted with HCI and NaOH solution.
Then, 50 mL of each sample solution was transferred to
a conical flask and 0.05 g of silica was added to each
flask. The sample was shaken on a table shaker at 130
rpm for 30 minutes. Finally, the sample solution was
filtered through a filter paper, and the filtered solution
analyzed for the remaining Fe(ll) ions using AAS meas-
urement.

Effect of contact time. The solution of 20 mg/L
Fe(ll) ions was prepared from stock and adjust pH to 6.
Solutions of 50 mL were transferred to conical flasks and
0.05 g of silica was added to each flask. The mixtures
were shaken on a table shaker at 130 rpm with varying
shaking time by 20 30 40 50 and 60 minutes. After the
desired shaking time, the mixture were filtered through a
filter paper and remaining Fe(ll) ions was determined by
AAS.

Effect of adsorbent dose. Prepared solutions
of 20 mg/L Fe(ll) at pH 6 were transferred to conical flasks
in 50 mL for each flask. Different amounts of silica were
added to the solution in each flask (0.2, 0.4, 0.6, 0.8, and
1.0 g). Each mixture was shaken on a table shaker at
130 rpm for 30 minutes. Finally, the sample solution was

filtered through a filter paper, and the filtered solution was
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analyzed for the remaining Fe(ll).

Effect of initial Fe(ll) concentration. A series
of concentrations of Fe(ll) solution, comprising 10, 20, 30,
40, and 50 mg/L were prepared from the stock solution.
The pH of each solution was adjusted to 6. 50 mL
solutions of each concentration were transferred to
conical flask and 0.05 g of prepared silica were added
and shaken on a table shaker at 130 rpm for 30 minutes.
After filtration, the solution was analyzed for the remaining

Fe(ll) ions.

Table 1 Composition analysis of rice husk raw materials and

J Sci Technol MSU

Results and Discussion
1. Silica extraction from rice husks

Glutinous rice husk showed more brown
color and was thicker than jasmine rice husk. After
refluxing in acid and heating the filtrated solid at 600 °C
in oven, white silica products were obtained at percentage
yield of 13.67 and 12.76% for glutinous and jasmine rice
husks respectively. Yield of silica powder from glutinous
rice husk was slightly higher than that obtained from
jasmine rice husk which agrees with the percent of silica
presented in rice husk raw materials as shown in Table 1
By naked eyes observation, silica powder extracted from
jasmine rice husk is finer than those from glutinous rice

husk as shown in Figure 1.

extracted silica before and after Fe(ll) adsorption (%ow/w).

Composition glutinous jasmine Silica from glutinous Silica from jasmine
(%) rice husk rice husk rice husk rice husk
raw materials raw materials Before After Before After
adsorption | adsorption adsorption | adsorption
SiO, 89.28 85.87 99.75 99.68 99.45 99.52
P20s 4.57 5.76
SO, 1.28 1.44 0.10 N.D. 0.13 N.D.
KO 2.01 3.08
CaO 1.00 0.87 0.11 0.04 0.28 0.06
TiO, 0.60 0.73
MnO, 0.80 1.35
Fe,04 0.42 0.80 N.D. 0.26 0.11 0.41
others 0.06 0.10 0.03 0.02 0.02 0.01

2. Characterization of extracted silica

21 Elemental composition analysis by

XRF
XRF is a powerful quantitative and
qualitative analytical technique for elemental analysis of
materials. When elements in a sample are exposed to
high intensity X-rays, fluorescent X-rays will be emitted
from the sample at unique energy levels related to those
elements. The quantity of elements are reported as oxide
based on weight percentages. Elemental compositions of
rice husk raw materials, extracted silica before and after
Fe(ll) adsorption shown in Table 1. The main inorganic

composition of both rice husks is silica (SiOz) of which

glutinous and jasmine rice husks contain 89.28 and
85.87% respectively. Extracted silica from both rice husks
showed similar and high percentage silica purity, about
99% because the refluxing in acid and heating in an oven
at high temperature can remove the organic contents and
some of inorganic impurity. These results agree with the
data presented by Tanachai Jongsuwanpaisan.' After Fe
adsorption, the composition of silica adsorbent were
analyzed to confirm the presence of Fe. The percentage
of Fe in silica after adsorption increased to 0.26 and
0.41% for glutinous and jasmine rice husk silica, respec-
tively. This result shows that Fe content was adsorbed

into both samples of silica.
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Figure 1 Glutinous and jasmine rice husk raw materials
(a, ¢) and extracted silica powder from gluti-

nous and jasmine rice husk (b, d).

2.2 Phase analysis by XRD

XRD is an analytical technique primarily used
for phase identification of a crystalline material and also
measurement of sample purity. The analyzed material
should be finely ground, homogenized, and average bulk
composition determined.

The XRD patterns of silica from both rice
husks showed a broad peak at 22° which is a characteristic

of amorphous silica' "

as shown in Figure 2. There was
no impurity peak present in the patterns indicating that

the extracted silica was high purity.

5 10 15 20 25 30 35 40 45 50
20 (degree)

Figure 2 XRD patterns of silica from glutinous rice husk

(top) and jasmine rice husk (bottom).
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This result agrees with the composition
analysis by XRF. The characteristic peak of elements in
trace amount may be overcome by background signal,
therefore no major impurity peaks were present.

2.3 Morphological analysis by SEM

SEM uses a finely focused electron beam to
produce a high resolution image of a sample and shows
a three dimensional appearance, which is very useful
when examining the morphology, surface structure and
porosity of a sample. SEM images of extracted silica from
glutinous and jasmine rice husks show a polygonal shape
with rough surface and porosity. After Fe(ll) adsorption,
the morphology of silica is similar. This result suggest that
extracted silica from rice husks can be used as adsorbent
without losing the surface structure as shown in Figure 3.

3. Study of optimal conditions for Fe(ll) ion
adsorption

The adsorption experiments were performed
using aqueous solutions of ferrous sulphate (FeSO4-7H2O),
optimized conditions including initial pH, contact time,
adsorbent dose and initial Fe(ll) concentration were

studied by batch experiment.

Figure 3 SEM magnifications of silica from glutinous
rice husk (a, b), silica from jasmine rice husk
(c, d), silica from glutinous rice husk after
adsorption (e), silica from jasmine rice husk

after adsorption (f).
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Effect of initial pH.

The pH of solution media affects the adsorption
capacity because pH can induces charge on the surface
of the adsorbent, and alter the degree of ionization and
speciation of the adsorbate.[17] The effect of initial pH
on Fe(ll) adsorption was studied by varying the pH as 2,
4,6 ,8 and 10.

The effects of pH on the adsorption of Fe(ll)ions
from the aqueous solution in terms of adsorption percentage
is presented in Fig. 4(a). It is clear that Fe(ll) ions were

effectively adsorbed at pH 6 and the maximum adsorption
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percentages by silica from glutinous and jasmine rice
husks are 48.2 and 69.3%, respectively. Thus, pH 6 was
chosen in further studies of other parameters. These
results agree with the data obtained by Rodda and
Samala [18-19] for heavy metal ions sorption onto
agricultural waste sorbents. In the basic solution (pH 8
and 10), the hydrolysis of Fe(ll) ions takes place and
forms poorly soluble iron(Il) hydroxide solid precipitate in
solution.” In highly acidic condition (pH 2 and 4), the
surface of adsorbents are protonated by H* which

reduces the Fe(ll) adsorption capacity.”’

70
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Figure 4 Effect of adsorption parameter on Fe(ll) ionsuptake of prepared silica, (a) initial pH (b) contact time (c)

adsorbent dosage (d) initial Fe(ll) concentration (.= silica from glutinous rice husk 4 = silica from jasmine

rice husk).
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Effect of contact time.

The effects of contact time on the adsorption
were assessed by varying of shaking time to 20 30 40
50 and 60 minutes with other parameters remaining fixed.
It was observed that the highest uptake of Fe(ll) ions was
at 20 and 30 minutes for silica extracted from glutinous
and jasmine rice husks, respectively. After this time. the
adsorption equilibrium and adsorption percentage slightly
decreased as shown in Figure 4(b). Silica extracted from
jasmine rice husk reached equilibrium within 20 minutes
with the maximum uptake of 56.8% while the silica
extracted from glutinous rice husk reaches equilibrium at
30 minutes with the maximum uptake of 50.3%. The
adsorption reaches equilibrium at beginning state due to
the high concentrations of Fe(ll) ions compared to amount
of available adsorption site of adsorbent. The result
agrees with the metal adsorption by zeolite studied by
Mehdizadeh et al, in which the adsorption reached
equilibrium at 10-30 minutes depending on metal ions.”

Effect of adsorbent dosage

Adsorbent dosage or the amount of adsorbent
is one of the important parameters on adsorption because
it implies the adsorption capability when the concentration
of Fe(ll) ions is constant.

The experiment limited the amount of silica as
adsorbent at 0.2 0.4 0.6 0.8 and 1.0 g in 20 mg/L Fe(ll)
solution 50 mL and pH to 6. Silica from glutinous rice
showed maximum uptake at 0.4 g dosage while silica
from jasmine rice showed maximum uptake at 0.6 g
dosage with nearly 100% adsorption as shown in Figure
4(c). The adsorption of Fe(ll) ions increased rapidly with
increasing dose of silica due to the greater availability of
the exchange sites or surface area.”

Effect of initial concentration of Fe(ll) ions

The effect of initial concentration of Fe(ll) ions
on the adsorption percentage of Fe(ll) ions by extracted
silica was studied by batch adsorption experiment using
different initial Fe(ll) concentrations at 10, 20, 30, 40 and
50 mg/L at optimal pH. The result is shown in Figure 4(d).
It can be seen that the maximum adsorption of silica from
glutinous and jasmine rice husks occurred at the initial

concentration 30 and 20 mg/L, respectively, with the
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adsorption percentage being more than 90%. At higher
concentrations, the numbers of Fe(ll) ion are relatively
higher compared to availability of adsorption sites. There-
fore, the adsorption is constant or decreases with increas-

ing in initial concentration.?

Conclusions

This work prepared silica from husks of glutinous
and jasmine rice by refluxing in hydrochloric acid and
heating at 600 °C for 6 hours with characterization by
XRD XRF and SEM. The XRD pattern confirmed the
amorphous silica phase for both extracted silica with high
purity of nearly 100%. SEM images of prepared silica
showed a polygonal shape with rough surface and porosity.
After Fe(ll) adsorption, the morphology of extracted silica
were not changed. The adsorption batch method was
employed to determine the effect of each adsorption
parameter including pH, contact time, adsorbent dosage
and Fe(ll) ions concentration. The experiment was carried
out at an ambient temperature. The optimum parameters
corresponding to the maximum adsorption of Fe(ll) ions
for silica extracted from glutinous rice husk were pH 6,
30 minute contact time, 0.4 g adsorbent dosage and 30
mg/L Fe(ll) concentrations. The silica extracted from
jasmine rice husk showed maximum adsorption at pH 6,
20 minute contact time, 0.6 g adsorbent dosage and 20

mg/L Fe(ll) concentrations.
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Abstract

Yukawa scattering is pedagogically interpreted, by the Schwinger's quantum dynamical principle involving the
generating function, which is replaced by a functional differential operation. As for the results, we get the asymptotically
free Green function that explains the behavior of the Yukawa potential when the mass parameter is increasing and it

can also lead to scattering amplitude and differential cross section respectively.

Keywords: quantum dynamical principle, Yukawa scattering, short range potentials, Green functions.

Introduction

In quantum scattering, we are interested in an interaction
between the incident particles and the potential of the
target e.g., coulomb potential’ V(x)=1/x which
describes the behavior of particle scattering. Yukawa®
presented his study by considering the meson interaction,
particle with mass, which eventually was called the
Yukawa potential,. Experimentally, researchers studied
the scattering amplitude to determine these scattered

particles. R. Feynman presented a diagram of particle

scattering with the path integral that uses the time-slicing
derivation®*.

Accordingly, in this report, we use the quantum
dynamical principle proposed by J. Schwinger® to
describe this situation. This method is very useful because
it gives us the interested transformation function, also
called the propagator. In particular, the Hamiltonian
equation of this system involves external sources which

10,11,12

generate degrees of freedom . The equation is

precisely derived from the variation of the transformation
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function that depends on the potential, and then it is
replaced by the differential functional. Consequently, it
leads to the scattering amplitude.

The main purpose of this paper is to find the
scattering amplitude and differential cross section by
evaluating the asymptotically free Green function through
the Yukawa potential. Previously, this method was also

' near an energy

used to explain Coulomb scattering
shell. Clearly, this paper also shows the process, by
setting tools, for interpreting the scattering problem in
quantum theory by using the Yukawa potential which is

involved with the mass term.

Quantum dynamical principle for scattering case

We start with a typical Hamiltonian written as

2

P
H=""1V(x),
) (x) (1)

where P is the momentum of a particle with mass m
and incident on a potential /' (X). Furthermore, we pre-

sent a new Hamiltonian g (/1, z‘) as follows

2

H (ﬂ,r):§—m+/IV(X)—X-F(r)+p-S(T)a )

The latter involves the external sources F(7) and S(7)
at time 7. These sources are linear function of X and
P . The sources generate X(T) and p(z-), for position
and momentum at time 7 respectively. The parameter
A is an arbitrary parameter. The arbitrary parameter is
another physical quantity involved with the system that
we don’t need to specify. It will be eventually set equal
to one (because of the boundary condition of the
transformation function).

Next we introduce Schwinger’'s quantum
dynamical principle in the variation of transformation
function from p at time t' (initial state) to X at time f

(final state), written as

5t pr) ==+ [ dexr | 3 (x(@.pD T D p) O
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This leads to

5(xt|pt'>=—% [ ’,dn{/w(—m Wir)j}mpw, @)

by inserting the Hamiltonian from Eq. (2) into Eq. (3). So,
this variation satisfies this Hamiltonian and depends on
the parameter . In addition, for V' (X), Xis replaced
by —ifi0 / OF(7), which was denoted earlier.

Immediately, integrating Eq. (4) over 4 from

A=0 to 1, we obtain

(x| pt) =exp{—;jjdﬂ/(—ih ﬂm P fosar O

OF(7)

where (Xt | pt’) satisfied the Hamiltonian in Eq. (1) and
setting the parameter A = 1. The transformation function
(Xt|pt'>0 is governed by the free Hamiltonian. The

source terms, F(T) and S(T) are finally set equal to
zero to satisfy the Hamiltonian in Eq. (1). Zero-superscript
denotes the free particle where it's Hamiltonian is given
by

2

H (O,T):g—m—x-F(r)+p-S(T). 6)

By applying the quantum dynamical principle to Eq.(6)
and replacing P by i/i0 / OS(7), we obtain

(xt|pt')’ = exp{— 2’;7] [ dr[ih 5Si T)j }xt pty, (D

The transformation function (Xt |pt), satisfies the
Hamiltonian equation, i.e. without the kinetic term, which

is defined as

H(r)=—x-F(z)+p-S(7). (8)

By the way, the Heisenberg equation of the special

Hamiltonian in Eq. (8) is integrated. Finally, we obtain
i t
(xt|pt"), =exp [E X- (p +.L' drF(T)ﬂ

Xexp [—%p . J.; dTS(T):|
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xexp[—%j; erf dz”S(z’)@(r—r’)F(r’)} 9)

where the Heaviside step function, @(T), is used as the

time controller. In particular, from Eqg. (9), when we set

S(T) and F(T) equal to zero and substitute into Eq. (7)

thus Eq. (5) is directly rewritten as

(xt|pt) = eXp{h(x p——(t t)ﬂ

xexp{ I dr_[ de't—7.]

o
5F(Z') 5F(T)
Xexp |:—%J.: dTV(X - (t T) +F(T)):| |F:0,S:O > (10)

where T is maximum of 7 and 7’ . We replace, for the

potential function, —ifi0 / OF(7) by X—p(t—t)/m
to get Eq. (10). Finally, we get the translational invariant
in time when setting F(7) =0.. (x¢ | pt') is a transfor-

mation function of t —t" .

The differential cross section from the asymp-
totically free Green function

Next, we determine the differential cross section
by using the asymptotically free Green function which is
a function at infinite time.

We recall the definition of Green function that

(xt|pt’)y =G, (xt,pt)

= | X G, (xt,x'T) (11)

for G, (xt,x't") is denoted as (Xt|X't’).

We use the Fourier transform to rewrite Eq. (11)

as

1
C.(p.p h (27hy’
x| dxe ™" (xer | p'0) (12)
where (xa|p’0> is given in Eq. (10) with  —t' =«
and 1v—>+0.
Next, insert Eq. (10) into Eq. (12), we obtain

i( P’ +iw)a/h

W)=
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& PP—E(p)+iw)alh

1
G (p pop )__£(27Z'h)3".

de3xe—ix-(p—P')/hK(x’pv; (Z), (13)

where E(p")=p"/2m.
The function K(x’p';a) is denoted as

K(x,p';a)zexp{ Idrj. dr'[t—r1.] 0 0 }

SF(7) 5F(z")
xexp{—%'r,dﬂ/(x—g' (t-7) +F(7)ﬂ |F:0 - (14)
‘ m

For & —>0, we consider the G+(p’p';p0) near the

energy shell p° =p"™/2m . So, we introduce the new

integration variable as

a '
u=—1p"~E@] "

Thus Eq. (13) becomes

G , v; 0 O_E Nl —_ iu(1+iw)
L(p.ps P )P —E(p)] o h)
h

Considering only K(X,p'; uh/po —E(p ')) where we
set F(T) =0 and obtain

uh
K x,p';—'j
( P’ —E@"
I (un/(p"-E(p)) p'
= exp{—zjo daV(x—Eaﬂ (17)

Clearly, Eq. (16) can be rewritten as

G, (p.p;p°) P’ —E@"]

m(l+ng,)J‘d3 —ix-(p—p')/ 1

l
~ 2y 3N

i [un/(p"~E@p) p'
Xexp|:_EJ.0 daV(x—;aﬂ (18)
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Next, we consider the Yukawa potential,

V(x)=Ae ™M /| x| where M is mass of a particle
that mediating force. For this potential, we consider only
the last exponential term of Eq. (18) by using approxima-

tion and incomplete Gamma function. We obtain

[ (un/(p"~Ep) p'
exp{—%jo daV(x—Eaﬂ

[ e 2 )
"@®{ Ty @n@x|a—cou%j 7j} 1)

where ) is Euler-Mascheroni constant and

A=p"x/|p'llx|. Eaq. (19) is independent of u
variable. Therefore, we can easily integrate over U in

Eq. (18) and get

J Sci Technol MSU

-1

J.w dueiu(lJrilm) —
0 1(1+7w)

(20)

Finally, from Eq. (18), when lo—> +0, we obtain
3. ipx/h .0
[d'pe™ G, (p.p' p")

eix-p'/ h

T [P - E(p)+is]

e—iﬁ In(2p") eiﬁ}/ eiﬂ In(px—p"x) )

(21)

where ﬂ = ﬂ,knflM/p'. This is the asymptotically free
Green function for Yukawa scattering. In terms of energy-

momentum representation, it is expressed as

eiﬂ;/ e—iﬂ In(2p)
[p" —E(p)+ie]

The meaning of “free” word is the X -independent. There-

G(p)=

(22)

fore, we can plot this propagator for M =0.510 ,1 and
1.5 MeV, as shown in Figure 1.

,,,,,,, M=0.510 |
@+ ‘“h-ﬁ,__jfsﬁﬁﬁﬁMZI
& = e
|
|
a1l ]
0o 1 2 3 4 5 6 7 8 9 10
p

Figure 1 The Asymptotically free Green function of the Yukawa scattering of various masses

The scattering amplitude f(p,p') for scattering particle ~ Where P andp' are the initial and final momenta respec-

is given by tively. Next, we substitute the final result from Eq.(21) and
obtain the scattering amplitude as
m 3an '
fp.p)=- [dp Vip—p)
’ 27k’ m 47

f(p’p):_zﬂ_hz (p_pq)2+(kM)2

><C;’+ (p "7p‘; po)[po _E(p ‘)] pozE(p') 9 (23) ﬂ ' '
x(p'(p—p")-p-(p-p")" €7e. (2a)



Vol 37. No 4, July-August 2018

After we take the squared absolute and then we
get the differential cross section for Yukawa scattering. It

is given as

212
D(6)= dm A )
1* (4p” sin® (0/2)+(kM)’)

The result given in Eq. (25) is consistent with the Born
approximation. By using Eq. (25), it can be shown by the
graph in Figure 2, for M =0.510 ,1 and 1.5 MeV,

respectively.

Discussion and Conclusion
The transformation function in Eq. (10) provided
the trajectory which involved potential 7" . This potential

is the function of X —p(# — ) / m only, by setting F =0
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. So, this function leads to the propagator of scattered
particle.The following result is the asymptotically free
Green function for Yukawa scattering. It is directly
obtained from considering this potential when a particle
is near the energy shell. In Figure 1, the propagators still

conserve their wave properties for the mass M of its

own potential for M =1and 1.5 MeV respectively.
Particularly, this means that the Yukawa potential
decreased the influence of the incoming particle. It
certainly confirms the existence of the short range
potential. Finally, the differential cross section in Eq. (25)
is obtained and consistent with the result calculated by
the Born approximation method. Figure 2 shows the graph
of the differential cross section for various masses as a

comparative study by the present method.

2
L5+
~
D 1t
=
A
0.5}

0 20 40 60 8O

100 120 140 160 180

Figure 2 The differential cross section of Yukawa scattering with various masses.
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Abstract

Today, nanotechnology is a rapidly growing modern technology widely researched in drug development. Picolinic acid
is interesting to the pharmaceutical industry because of its interaction with metal ions in the human body. Copper
nanoparticles (CuNPs) are widely used in consumer products and the human can be exposed to them. In this study,
the interactions between picolinic acid and copper (Il) and sodium were studied using the B3LYP/6-31G (d,p) method.
The structures, position of the O-O bond and N-O bond and the binding energy of the complex ratios of picolinic acid
to metal ions of copper (ll) and sodium of 1 : 1 were investigated. The results showed that binding ofpicolinic acid and
copper (ll) at the position between N-O bond had a binding energy of -493.838 kcal/mol, which is found to be more
stable than the position between O-O bond. While, the binding energy of picolinic acid and sodium at the position

between O-O bond was estimated to be -155.501 kcal/mol being more stable than at the position between N-O bond,

" in3iy guwilunalulaBunsmd@ drinawiwwinenmansuazina luladussnd Uy 12120
23 gﬂf?ﬂﬁ’lﬁﬂi’lﬁl’liﬂrﬂm:‘??’)ﬂ’lﬁ’]ﬁﬂf1/1/7757]2!’)5[/?/?%?)?%7/153[7@1 NFUNAYNIUAT 10110
" Research, National Nanotechnology center, National Science and Technology Development Agency 12120

23 Assistant Professor Faculty of Science, Srinakharinwirot University, Bangkok 10110



526 Nootcharin Wasukan et al.

J Sci Technol MSU

due to the result of the energy calculation being decreased. Therefore, binding of copper (ll) with picolinic acid is more

specific than sodium. In addition, specificity between picolinic with copper (II) and copper nanoparticles was compared.

The results showed that picolinic acid and copper nanoparticles at the position between N-O bond were found to be

more stable than the position between O-O bond with the binding energy of -5850.242 kcal/mol. Due to the Copper

nanoparticles are smaller than copper (IlI) can occur the best specificity and the ability to bind the picolinic acid.

Keywords: Picolinic acid, Copper (ll), Copper Nanoparticles (CuNPs), Sodium, Complex
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Figure 4 The interactions of picolinic acid-ionic form
with CuNPs at positions-XI and XII in the ratio
of 1:1.
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Figure 5 The interactions of picolinic acid-ionic form
with sodium at positions XI and Xl in the ratio

of 1:1.

4. vwaezaevvadlanzaatidas (1) anna
aotiasuwnluuazlmdoufifinadasuasisonsening
Picolinic acid-ionic form

azaanvadlanzaathitas (1) wazlmdsw
ARtz X Audumis Xit lulasiases
picolinic acid-ionic form JANNLANA1INY 1o SEURLVING
yosazaan Gwunvnaazaanaslanslndouaziama
azaavlnaniezaanvaslanzaaililas (1) wonaNiET

J Sci Technol MSU

wWisuifinuszninslanzaatiles (1) eunasadiad
wilu lazvwavesaymamw lag g 1-100 wiluiuas
Foimlumsanmndninavesmaazaonfideelasiai
e EInBM TR AT wiL A TIR A S UATATEN
@inan? insdiwimalsszidouis B3LYP/6-31G (d,p)
5. midnminsasUnaTuNMIganakLEIve
nsadladfin lanzaathdas (1) waslodoy dreoinadia
g%ﬁ%tﬁamﬂﬂiﬂﬂﬂimum‘% (UV-Vis spectrophotometry)
mInaaasdnmansuzslnaTunIganan
wsdzaInsanlaain lanzaathdas () uazlodon law

v o

LTUNRITRTA N TN NTIHNAY 0.01 Tuas wadtin
luamadimmafiapifdasninslulawad dufin
sUnasue aamiéhazmﬁm'mm’mﬁulums@ﬂﬂﬁmm

#4200 - 800 W lwauAT

NanN1SANEN

nansanmlassaiiuaz suasisoitiadu
321319 Picolinic acid-ionic form nulanzuisaaniilu
2 dudait

1. wan1IAnsIlATIEI1BaINIARIARIN

7N Figure 2 LLae Table 1 1a398379 Picolinic

acid Neutral-1, Neutral-2 L8z lonic form ﬁqﬁﬁlﬂﬂmi
duwrwa283218807% B3LYP/6-31G (d,p) WULITWUE
2139 C-0, 0-0 a2 N-O UANULNINWILUANGINH
a"smqlmm'j’mﬁuﬁ:wu'jﬂmaa%aﬁ'aa’mﬁ;‘lmzmw
WusALAnA I ABAs T wTw 1HaRansanlaseadne
picolinic acid neutral-1 W& neutral-2 JanueINuDe
72173149 C7...08 uanendnuda 1.202 uaz 1.341 A anw
19U WAZANNENINUDZIZHIN C7...09 aNUUanad
Aufio 1.364 uaz 1.210 anudey a1audiasunannius:le
TASLaUAGIURUIR TR C7..09-H LazFIURIS
WUBLITHINY C7...08-H 284la3d&314 picolinic acidneu-
fral-1 UAz neutral-2 FIWUINTANWININUBEUANGNIL
\ResiEniias Aa 1.364 uaz 1.341 A anuddu Wew3oy
Rauszninegaslassaeiinuinnnu e s s ning
C7...08 UazANNEMINUDE C7...09 UIlATIa319 pico-
linic acid neutral-1 L& neutral-2 LANAINWLNLILANEDE
A9 1.202 uaz 1.210 A anwdeL Sanuindanuenwuss
funin Wasanludius:lalasion



Vol 37. No 4, July-August 2018

Specificity and structures of Cu (ll), CuNPs and Na complexes with picolinic acid

529

Table 1 The bond length (A) and bond angle (deg) of the picolinic acid neutral-1, neutral-2 and ionic form structures

calculated at the B3LYP/6-31G (d,p) method.

Picolinic acid structure

Parameters
Neutral-1 Neutral-2 lonic form
Bond lenght (A)
C7...08 1.202 1.341 1.247
C7...09 1.364 1.210 1.261
08...09 2.232 2.247 2.278
N6...08 2.854 2.628 2.801
09...H 0.968 - -
08...H - 0.981 -
Bond angle (deg)
08...C7...09 120.771 123.380 130.536

wananitlassas picolinic acid ionic form
WUINANMULNINUDZIZRIN C7...08 Uag C7...09 Janw
g1RusELANA IR RsaEnay 1Hosannlufwus:
lalasiaurlianusnnregesiuslndido i v
AMULNINWBDLIZHING 08...09 UANULNINBIZAINNIN
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08...09 uandnsiwResEniey s1aiiasainannlasiais
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Y RAMVINIRBEZI2WIN9 N6...08 Wudn lassai
Picolinic acid Neutral-1 ﬁm’mm’aﬁuﬁ:mﬂﬁqﬂ PRGN
W@ a Picolinic acid lonic form wazrlasaring Picolinic acid
Neutral-2 mmm’;ﬁuﬁ:ﬁaﬂ“?iqmﬁammﬁﬁuﬁ:

lalasiaufidhunis 08-H sruyuszwivlasiasonay

wuin lassa$n4 Picolinic acid lonic form Hyusznieiuse
Nﬂﬂﬁqﬂ 1a598379 Picolinic acid Neutral-1 Laz Neutral-2
fuuszwisiusclndifoanu

2. wan1s@nslaseasIvuazdwaIAIEN
321319 Picolinic acid-ionic form nulanzaaililas (1)
a‘bgmﬂﬂaﬂl,ﬂa‘fmfu (CuNPs) uazlaifan

2.1 1a398319uazduasn3sns=ning Pico-

linic acid-ionic form fulanzaatitas (1) uuy 1 da 1
M3fns laTaaNIuazduaInsaNsening picolinic acid-
ionic form fulanzaathdas (1) nansdnu lauaadlilu
Table 2 uas Table 3 S9ganadasiu Figure 3 aRa15an
lanzaathias (1) ﬁﬁuﬁquLaqamaa picolinic acid-ionic

form NEwALI XI

Table 2 The bond length (A) bond angle (deg) and binding energy (AEbinding, kcal/mol) of the picolinic acid-ionic-XI

structure where X are copper (lI) copper nanoparticles (CuNPs) and sodium obtained by B3LYP/

6-31G (d,p) calculations.

Picolinic acid-ionic-XI

Parameters
Cu (ll) Na CuNPs
Bond length (A)

XI...08 1.850 2.181 1.850
XI...09 1.862 2.187 1.862
XI...C7 2.224 2.465 2.224
C7-08 1.298 1.264 1.298
C7-09 1.299 1.277 1.299
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Table 2 The bond length (A) bond angle (deg) and binding energy (AEbimﬁng’ kcal/mol) of the picolinic acid-ionic-XI

structure where X are copper (Il) copper nanoparticles (CuNPs) and sodium obtained by B3LYP/

6-31G (d,p) calculations.

Picolinic acid-ionic-XI

Parameters
Cu (I Na CuNPs
08-09 2.165 2.248 2.165
N6-08 2.722 2.763 2.722
Bond angle (deg)
08...XI...09 71.377 61.933 71.377
XI...08-C7 88.082 87.124 88.082
XI...09-C7 87.562 86.548 87.562
08-C7-09 112.979 124.395 112.979
Binding energy (kcal/mol)
-474.992 -155.501 -5828.028

binding
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AU UMZNUGAURUIAINEND FIUYNTEWININUDE 08...
X1...09 iU yHLWIN9WUTE N6.. XII...08 Wuhyuewing
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Table 3 The bond length (A) bond angle (deg) and binding energy (AEbinding, kcal/mol) of the picolinic acid-ionic-XIlI

structure where X are copper (lI) copper nanoparticles (CuNPs) and sodium obtained by B3LYP/

6-31G (d,p) calculations.

Picolinic acid-ionic-XII

Parameters
Cu (ll) Na CuNPs
Bond length (A)
XII...N6 1.878 2.326 1.851
XIl...O8 1.776 2.078 1.856
N6-08 2.646 2.818 2.846
C7-08 1.344 1.277 1.300
C7-09 1.203 1.234 1.223
08-09 2.246 2.261 2.260
Bond angle (deg)
N6...XIl...O8 92.728 79.333 100.298
XIl...N6-08 42119 46.459 39.916
XIl...08-N6 45.153 54.208 39.786
XIl...08-C7 111.644 117.984 103.212
08-C7-09 123.687 128.389 127.195
Binding energy (kcal/mol)
-493.838 -154.491 -5850.242

binding
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Figure 8 UV-Vis spectrum of sodium.
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Abstract

The polyvinylidene fluoride nanocomposite membranes were prepared by casting technique at the concentration of
10 percent polyvinyl fluoride by weight. The concentration of nanosilicon dioxide was varied from 0 to 2 percent by
weight following by varying the concentration of polystyrene sulfonate from 4 to 14 percent by weight. The synthesized
membranes were tested for their surface characteristics, wetting properties, liquid adsorption properties, electrical
properties and chemical structure. It was found that the membrane at a concentration of 2 percent nano-silicon
dioxide by weight had a porous surface with small dispersion. In addition, the contact angle and the absorption

percentage of liquid of the membranes were inversely and directly proportional to the concentration of nano-silicon
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dioxide, respectively. For the modified membrane with the addition of polystyrene sulfonate, it was found that the
contact angle of the membranes was inversely proportional to the concentration of polystyrene sulfonate whereas the
absorption percentage of liquid and the ion exchange capacity of the membrane were directly proportional to the
concentration of polystyrene sulfonate. The actual sulfuric peaks were observed from the chemical structure analysis
of the polyvinylidene nanocomposite membrane by the FT-IR. The suitable concentration of the polystyrene sulphonate
for the synthesis of polyvinylpyrrolidone fluoride nanocomposite sheets by casting technique was at 14 percent by

weight. The obtained polyvinyl fluoride nanocomposite sheets can be assembled directly to the Mezzanine Fuel Cells

and generate electricity.

Keywords: Poly (vinylidene fluoride), membrane electrode assembly, direct methanol fuel cell
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Table 3.Hydrophobiciy of nanocomposited PVDF mem-

brane fabrication at different SiO2 concentration

Contactangle
% S0, ©)
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1.0 10002 = 0.13

% SiO, FALEG ] dnayududa )
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Figure 2 Linear relationship between SiO2 concentration
and contact angle of nanocomposited PVDF

membrane
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Table 4 Hydrophobiciy of nanocomposited PVDF mem-
brane fabrication at different PSS concentration

measured by contact angle tensiometry
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Table 5. Efficiency of direct methanol fuel cells

Time (hn) Current der;sity
(mA cm™)
0 63.07
0.5 57.93
1 55.24
1.5 51.87
2 49.11
25 46.85
3 44.38
3.5 42.03
4 40.19
4.5 37.41
5 35.22
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Figure 9 Efficiency of direct methanol fuel cells
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Abstract

Origami is the art of folding paper with no cutting into works of sculpture. The focus of this paper is on studying
graph-theoretical properties of two types of origami, which are flat origami and modular (or unit) origami. The 2-color-
ability of a flat origami crease-pattern is one of the most important properties used in designing a flat origami model,
where the crease-pattern is represented in the form of a plane graph. On the other hand, for modular origami,
we study its complete model which is a polyhedron, and show that three colors suffice for coloring faces of a spiked
or stellated polyhedron model. We give an example of how Euler's Formula helps us study the structure of polyhedral

models.

Keywords: origami, crease-pattern, graph theory, plane graph

Introduction

Origami is the art of paper folding, which provides the
process of constructing a piece of sculpture out of a piece
of paper with no cutting. The word “origami” comes from
Japanese; it is the combination of roots “oru,” which
means “fold,” and “kami,” which means “paper.” While
origami was originally popularized by Japanese culture,
its origins are believed to lie in the same period as the

invention of paper. Paper is believed to have been

invented by Ts’ai Lun, a Chinese court official, in 105 A.D.
Buddhist monks spread paper through Korea to Japan in
the sixth century A.D. In the twentieth century, Akira
Yoshizawa (1911-2005), an origami artist who introduced
the origami notational system of dotted lines and arrows,
was the influence of the revival of the interest in origami
and its spread throughout the world.

The oldest known reference to origami in the

context of mathematics is the book by Rev. Dionysius
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Larder in 1840, which illustrates several geometric
concepts using paper folding. In 1893, origami was still
used as a tool for illustration in the book by T. Sundara
Row, which shows a variety of geometric constructions,
executed by straight edge and compass, using origami
as a construction tool. This work shows that origami
can simulate the construction of a straight edge and a
compass. In 1936, origami was analyzed in terms of its
geometric constructions by Margherita Piazzolla Beloch.
This work is believed to be the first contribution to
“origami mathematics.” It was followed by the work of
Humiaki Huzita in 1985, which presented a set of six
axioms of origami construction. Each of those axioms
describes what can be constructed from origami “points”
and “lines” via a single fold. Several fundamental
theorems on crease-patterns were established by Jun
Maekawa, Toshikazu Kawasaki, and Jacques Justin. Their
work was extended to flat origami, which is folding a piece
of paper into a flat model, by Thomas C. Hull’. He
published a book on the mathematics of origami in 2006.
In 1993, Robert Lang developed an algorithm for designing
origami, and published his book® describing his
mathematical approach to origami design. His work is
viewed as the start of “computational origami,” which
deals with the problem of programming a computer to
manipulate a piece of paper on-screen and fold it into any
origami object. In 1996, Marshall Bern and Barry Hayes
established that it is NP-hard to decide whether a
general crease-patterns has a flat folding'.

In this paper, we will analyze two types of
origami, which are flat origami and modular (or unit)
origami, using graph-theoretical tools, and review their
properties from® and*. The paper is organized as follows.
We will introduce basic origami terminology and
background in graph theory. In the next section, we will
introduce some properties of flat origami crease-patterns
and show that when we represent a flat origami
crease-pattern in the form of a plane graph, it has the
2-face-coloring property. Then we will give some
examples of how our knowledge of planar graphs helps

us to study modular origami models.
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Origami Terminology

Before we proceed to a mathematical description of
origami, we introduce basic terminology for describing
origami. Origami starts with a piece of paper, which is
two-dimensional and flat. To construct an origami model,
we apply a folding motion of the paper, which is a
continuous motion of the paper from one configuration to
another that does not cause the paper to stretch, tear, or
self-penetrate. A folded state is a snapshot of this motion
at a particular time. It is a mapping of a piece of paper
into R®that satisfies two properties: isometry and
noncrossing. The isometry condition specifies that the
distance between a pair of points on the paper is
preserved by the mapping, which means the mapping
does not stretch or shrink the paper. The noncrossing
condition specifies that the paper does not cross through
itself when we apply the mapping.

A crease, which is made by a fold, is a line
segment or, in some cases, a curve on a piece of paper.
A crease can be folded in one of two ways, as a valley
fold, moving the folded edge down to the plane, or a
mountain fold, moving the folded edge up from the plane.
We display a valley fold as a dash pattern, and a

mountain fold as a dot pattern, see Figure 1.

He digelis Aliye

Figure 1 A mountain crease (left) and a valley crease

(right)®.

When we unfold an origami model and look at
the paper from which it was folded, we see a collection
of creases crossing all over the paper. For example,
Figure 2 shows a collection of creases on the paper when
we unfold the traditional Japanese crane. In this study,
we are interested only in creases used in the finished
model, so we ignore all creases which are left over from
folded states of the folding motion and do not correspond
to any folded edges in the finished model. We call
the collection of all creases used in the finished model
a crease-pattern of the model.

Figure 2 shows the

crease-pattern for the traditional crane.
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Figure 2 The crease-pattern for the traditional crane3.

Next, we will translate these observations into
mathematical abstractions. We define a piece of paper
as a polygonal region S of the plane.

Definition 1.> An origami is a pair (C,f), where C is the
crease-pattern and fis a function from C to (-TT, TT) such
that the map from S to R*induced by (C,f) is injective.

The function f can be viewed as describing how
far and in what direction each crease is folded. We note
that if / is a crease in C, then f(I) > 0 means that / is a

valley fold, and f{(/) < 0 means that / is a mountain fold.

Basic Background in Graph Theory

We refer to [2] for graph theoretical notations and
terminology not described in this paper. A graph is
Eulerian if there is a closed trail containing each of its
edges. A graph G that can be drawn in the plane without
intersection of edges is called planar, and a drawing of
G without intersection of edges is called a plane graph.
The plane graph of G partitions the plane into connected
regions, called faces of G. The dual G of G is a graph
such that each vertex of G is a face of G and each edge
in G'is incident to two vertices whose corresponding
faces share a border (an edge in G). A vertex coloring of
a graph is an assignment of colors to the vertices such
that no two vertices connected by an edge have the same
color. The smallest integer k such that the graph has a
k-coloring is the chromatic number of the graph; it is
denoted by Y (G). Next, we state some well-known
theorems in graph theory.

Theorem 2 (Hand-Shaking Lemma). Let G be a graph
with a vertex set V(G) and an edge set E(G), and let d(v)
denote the degree of a vertex v in G. Then

26 dV) = 2 [E©)L

veVv(
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Theorem 3. The number of vertices of odd degree in a
graph is even.
Theorem 4. A connected graph is an Eulerian graph if
and only if all its vertices have even degree.
Theorem 5. For every planar graph G, the following
statements are equivalent.

(i) G is bipartite;

(i) every face of G has even length;
and (iii) the dual G of G is an Eulerian graph.
Theorem 6 (Euler's Formula). If a connected plane graph
has v vertices, e edges, and f faces, then

v—e+f=2

Theorem 7 (Brooks’ Theorem). Let G be a connected
graph. If G is neither complete nor an odd cycle, then

X(G) < A(G), where A(G) is the maximum degree in G.

Graph Theory in Flat Origami

A flat origami is an origami such that when completed its
model can be pressed between pages of a book without
adding new creases, which means that flat origami
models have zero thickness. For example, the traditional
crane in Figure 2 is a flat origami model.

Next, we will define a crease-pattern in the form
of a graph. When we put an unfolded paper of an
origami model on the plane, a crease in the crease-pattern
can be viewed as a line segment whose endpoints are
in the interior of the paper or on the boundary of the
paper. We define such an endpoint or an intersection point
of creases as a vertex. We call a vertex in the interior of
the paper an internal vertex, and a vertex on the boundary
of the paper a boundary vertex. All of these vertices
partition creases and the boundary of the paper into
edges. There are three types of edges, which are boundary
edges (edges on the boundary of the paper), mountain
edges (edges corresponding to mountain creases), and
valley edges (edges corresponding to valley creases),

see Figure 3.
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Figure 3 The crease-pattern graph of the traditional

crane.

We let the crease-pattern be defined as a graph
such that the vertex set consists of all vertices introduced
above, and the edge set consists of all edges introduced
above. We call such a graph a crease-pattern graph. For
example, Figure 3 shows the crease-pattern graph of the
traditional crane. By definition, this graph is a plane graph
because every intersection of edges is a vertex in the
graph. We notice that the crease-pattern divides the
paper into connected regions, which are faces of the
graph and are called inner faces. We are interested in
coloring all such faces of a crease-pattern graph of a flat
origami with the condition that no two faces sharing an
edge can get the same color. An important question is
what is the smallest number of colors needed for coloring.
To answer this question, let us introduce two necessary
properties of an internal vertex of a crease-pattern graph
of a flat origami.

The first such property concerns the numbers of
mountain and valley edges of an internal vertex of a flat
origami crease-pattern graph. This property is known as
Maekawa’'s Theorem, after the Japanese physicist Jun
Maekawa. It was first mentioned in the book Origami for
the Connoisseur’ and also discovered independently by
the French mathematician Jacques Justin (1994).
Theorem 8. (Maekawa’s Theorem). Let u be an internal
vertex in a crease-pattern graph G of a flat origami, let M
be the number of mountain edges incident to u, and let
V be the number of valley edges incident to u. Then
M —-V| =2

A consequence of this theorem is that both M

and V are either consecutive even numbers or consecutive
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odd numbers. So M + V is always even. We obtain the
second property.

Corollary 9. Every internal vertex in a crease-pattern
graph G of a flat origami has even degree.

Next, we use these two properties to show that we can
color all faces of a crease-pattern by using only two colors.
Corollary 10. For every crease-pattern graph of a flat
origami, all inner faces can be colored by using two colors.
Proof. Let G be a crease-pattern graph of a flat origami.
By Corollary 9, we know that all internal vertices have
even degree, so all vertices of odd degree are boundary
vertices. We add a new vertex w in the outer face of G.
Then we add edges from w to all vertices of odd degree
in G to obtain the new graph H, see Figure 5. Since all
vertices of odd degree of G are on the boundary, we have
that H is also planar. By Theorem 3, the number of
vertices of odd degree in G is even. So the degree of w
is even. Thus all vertices in H have even degree, and H
is Eulerian by Theorem 4. From the fact that H is the dual
graph of its dual H*, we have that H is (H*)*. From
Theorem 5, we have that H* is bipartite. So we can color
all vertices of H* with two colors. By the definition of a
dual graph, all of these vertices in H* are correspondent
to faces of H. By removing the vertex w, we can color all
inner faces of G by using two colors, see an example in
Figure 5.

Notice that when the crease-pattern is refolded
it makes the two colors face in opposite directions. So in
the refolded model of a colored flat origami crease-pattern,
the result is all one color on one side and all the other
color on the other side. For example, we refold the crease-
pattern of the crane in Figure 5, then one side of the crane

model is black while the other side is white.
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Figure 4 The graph H of the crease-pattern graph G
obtained by adding a new vertex w in the

outer face of G.
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Figure 5 An example of coloring the crease-pattern of

the traditional crane by using two colors.

Graph Theory in Modular Origami

We fold several pieces of paper into identical shapes
called units or modules, and we assemble many units
together to form the complete model, which is called a
modular, or unit origami. In this study, we are interested
in @ modular origami model which is a polyhedron, a
geometric solid in three dimensions with flat faces and
straight edges. To form a graph of a polyhedron, we can
view the polyhedron as a set of vertices (the corners)
connected by edges. Then we take one face of this
polyhedron and stretch it out, so we now can embed the
polyhedron in the plane and this is a plane graph of the
polyhedron, see Figure 6. We now can use our knowledge
of planar graphs to help us study modular origami models.
We discuss the results from* that show how to use the

graph theoretical knowledge.

J Sci Technol MSU

A

Figure 6 The plane graph forms of a tetrahedron, a

cube, and a dodecahedron.

Figure 7 The spiked cube.

A spiked or stellated polyhedron is a polyhedron
such that each face is capped by a pyramid, which means
that in the plane graph of this polyhedron we add a new
vertex in each face and add edges connecting the
new vertex to the vertices of the face, see Figure 7. We
would like to know what is the smallest number of colors
needed to color all faces of the spiked polyhedron.
To answer this question, we can consider the dual of its
plane graph. According to the process to obtain the spike
polyhedron, we have that each face of the plane graph
is a triangle, so each vertex of the dual is of degree three.
Thus the maximum vertex degree of the dual is three and
the dual is 3-vertex-colorable by Theorem 7. So we can
color all faces of the spike polyhedron by using three
colors.

Moreover, we can understand the structure of
polyhedron by using our knowledge of planar graphs. For
example, if we make a polyhedron such that each corner
is adjacent to three edges and the polyhedron has only
pentagons and hexagons for faces, what does this
polyhedron look like? To answer this question, we
consider a plane graph of this polyhedron. Let v be the
number of vertices, let e be the number of edges, and let

f be the number of faces. By the Hand-Shaking Lemma,
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we have that 3v = 2e. Then we substitute this value into

Euler's Formula and obtain that

fe—e+f=2

¢ e=3f-6. )

Let f5 be the number of pentagonal faces and f6 be the
number of hexagonal faces. For example, a dodecahedron
has twelve pentagonal faces and zero hexagonal face,
o) f5= 12 and f6= 0. If we add the length of all the faces,
then we count every edge exactly twice since each edge
is in the boundary of two faces. Since each pentagonal
face has 5 edges around it, and each hexagonal has 6

edges around it, we have that
5f + 6f = 2e.
5 6

Then we substitute equation (1) into this equation, and

obtain that
5f + 6f = 6f—12. (2)
5 6

Since the polyhedron has only pentagonal and hexagonal

faces, f5 + f6 = f. From equation (2), we obtain that

5f + 6f = 6f + 6f — 12
5 6 5 6
f=12.
5

So the number of pentagonal faces of this polyhedron is
12.

Conclusion

The 2-face-coloring property of flat origami crease-
patterns becomes an important rule for producing flat
origami, especially in computational origami, because this
property can determine the direction in which each region
of a flat origami crease-pattern will face when folded. The
link between planar graphs and modular origami helps
us understand the structure of such origami models and

design modular units.
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Abstract

The aim of this research was to investigate suitable sample preparation methods for simultaneous determination of
light polycyclic aromatic hydrocarbons (PAHs) in Thai grilled food varieties by gas chromatography. The four light
PAHSs in food are naphthalene, acenapthene, fluorene, and antracene and were extracted by three different extraction
methods (1) ultrasonic solvent extraction (2) reflux extraction and (3) QUEChERS method. The results revealed that
ultrasonic solvent extraction method with 4 mL of hexane at 40°C for 15 minutes were the optimum conditions. The
correlation coefficient of the calibration curve of the proposed method was>0.99, LOQ, percent recoveries and relative
standard deviation were in the ranges of 0.06-0.28 ug/L 80.01-89.11% and 7.35-12.01, respectively. In addition, this
method was applied for determination of light PAHs in Thai grilled food samples. The highest amounts of naphthalene,
acenapthene, and total amounts of light PAHs were found in grilled catfish. The proposed extraction method was

convenient, cheap and less time-consuming in the analysis stage with good precision and accuracy.

Keyword: Polycyclic aromatic hydrocarbon, Ultrasonic solvent extraction method, Grilled food, Gas chromatography
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Table 1 Optimum analytical conditions of the GC for 4 PAHs analysis.

System Conditions
Carrier gas Nitrogen
Flow rate of carrier gas 1 ml/min
Split mode 1:30
Injection temperature 280°C

Capillary column

Oven temperature

HP-5 (25 m x 0.25 mm, 0.25 um)

Initial temperature: 200 °C (Held 12 min)

Ramp: 20 °C/min to 250 °C (Held 2 min)

Detector temperature 350°C
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Figure 1 A typical chromatogram of 4 PAHs under optimum analytical conditions.
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Figure 2 Comparison between extraction methods for light PAHs analysis. Different letters on bars represent the

statistical difference as determined by one way ANOVA at 0.05 probability.
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Figure 3 Effect of type of solvent, extraction temperature, extraction time, and extraction volume on peak areas of

4 PAHSs using USE. Different letters on bars represent the statistical difference as determined by one way

ANOVA at 0.05 probability.
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Table 2 Linearity, LOD, LOQ, recovery and RSD of the analytical method.

) Linearity range LOD LOQ Recovery RSD

PAHs R
(Hg/L) (Hg/L) (Hg/L) (%) (%)
naphthalene 0.9988 0.10 - 0.50 0.08 0.28 84.1 8.88
acenapthene 0.9991 0.10 - 0.40 0.06 0.18 80.01 7.35
fluorene 0.9905 0.10 - 0.40 0.02 0.08 89.11 8.00
antracene 0.9967 0.05 - 0.20 0.02 0.06 82.55 12.01
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Table 3 The contents of light PAHs found in 8 Thai grilled food (mean = SD, n = 3).

J Sci Technol MSU

Content (ug/kg)

Samples
naphthalene acenapthene fluorene antracene Total 4 PAHs

grilled sticky rice 0.40+0.06 n.d. n.d. 0.09+0.01 0.49
roasted corns 0.42+0.03 n.d. 0.12+0.01 n.d. 0.54
roasted pork meat ball n.d. 0.28+0.04 0.14+0.01 n.d. 0.42
toast 0.36+0.05 0.25+0.02 n.d. n.d. 0.61
roasted chicken 0.33+£0.02 0.25+0.03 0.12+0.01 n.d. 0.70
grilled pork 0.30+0.03 0.21+0.03 0.12+0.01 0.10+0.01 0.73
grilled catfish 0.46+0.04 0.30+0.01 0.13+0.01 n.d. 0.89
roasted squid n.d. 0.26+0.03 n.d. n.d. 0.26
MRLs (mg/kg/day)® 0.60 0.60 0.40 10.00 -

*n.d (none detected)
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Abstract

A genetic algorithm is an optimization algorithm that imitates the process of natural evolution. The algorithm generates
a pool of candidate solutions and evolves them by mixing their chromosomes together. A crossover is a key element
of generating new candidates. This research, therefore, measures the performance of four crossover techniques,
namely the one-point crossover, two-point crossover, uniform crossover and ring crossover. The benchmark problems
used in the experiments are the functions of unitation. We employ the one-max, zero-max, random-max and trap
problems to test the four crossover techniques. The experiments show that the ring crossover can achieve an optimal
solution even in the trap problem, which is hard and deceptive. One interesting issue we have discovered is that
although the ring crossover has shown outstanding efficiency in solving the hard problem, it failed to solve the random-max
problem. However, the uniform crossover that is fail to solve the harder ones can reach the optimal solution of the
random-max problem. We also present a behavior analysis of the crossover techniques by counting the number of
crossover successes in each generation that can explain why one can achieve the optimal solution while the others

cannot.

Keywords: Genetic algorithm, Crossover, Functions of unitation, Behavior analysis
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0 10111, 11011, 11101, 01111, 11110
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Table 3 Parameter settings

Parameter Value
Chromosome length 30, 45, 60
Population size 30
Tournament size 4
Crossover rate 0.8
Mutation rate 0.01
Maximum generation 500
Number of runs 100
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Table 4 Experimental results

Crossover . . . .
One-point Two-point Uniform Ring
Problem
100% 100% 100% 100%
One max (30 bits)
4617.9 5193.9 1874.4 328.2
79% 79% 95% 100%
One max (45 bits)
10199.1 10921.8 5568.6 422.7
37% 36% 66% 100%
One max (60 bits)
13591.2 13804.2 11122.5 528.3
100% 100% 100% 100%
Zero max (30 bits)
5037.0 5334.3 1953.3 316.2
77% 76% 96% 100%
Zero max (45 bits)
11189.1 10515.3 5563.8 420.6
40% 40% 69% 100%
Zero max (60 bits)
13692.0 13608.6 10649.1 540.9
100% 100% 100% 0%
Random max (30 bits)
5400.0 4608.0 1808.7 15000.0
81% 79% 95% 0%
Random max (45 bits)
10798.2 10450.2 5646.9 15000.0
36% 35% 72% 0%
Random max (60 bits)
13952.7 13845.9 10256.7 15000.0
1% 1% 2% 100%
Trap (size 3) (30 bits)
14853.0 14854.2 14716.5 427.2
0% 0% 0% 100%
Trap (size 3) (45 bits)
15000.0 15000.0 15000.0 587.1
0% 0% 0% 100%
Trap (size 3) (60 bits)
15000.0 15000.0 15000.0 783.9
0% 0% 0% 61%
Trap (size 5) (30 bits)
15000.0 15000.0 15000.0 6315.0
0% 0% 0% 51%
Trap (size 5) (45 bits)
15000.0 15000.0 15000.0 7889.1
0% 0% 0% 47%
Trap (size 5) (60 bits)
15000.0 15000.0 15000.0 8644.2
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Problem
c One-max Zero-max Random-max Trap (size 3) Trap (size 5)
rossover

SS 0.00% 0.00% 0.00% 0.01% 0.00%
SF 48.27% 45.58% 49.77% 48.85% 47.80%

k5

E SuU 0.00% 0.00% 0.00% 0.00% 0.00%

o

5 FF 0.00% 0.00% 0.00% 0.56% 0.17%
FU 0.00% 0.00% 0.00% 0.03% 0.01%
uu 51.73% 54.42% 50.23% 50.55% 52.02%
SS 0.00% 0.00% 0.00% 0.01% 0.00%
SF 51.14% 49.84% 48.26% 51.27% 49.94%

€

E SuU 0.00% 0.00% 0.00% 0.00% 0.00%

°

E FF 0.00% 0.00% 0.00% 0.57% 0.15%
FU 0.00% 0.00% 0.00% 0.03% 0.01%
uu 48.86% 50.16% 51.74% 48.12% 49.90%
SS 0.00% 0.00% 0.00% 0.03% 0.01%
SF 52.57% 52.76% 52.86% 49.59% 50.17%

g SuU 0.00% 0.00% 0.00% 0.01% 0.00%

5 FF 0.00% 0.00% 0.00% 1.21% 0.42%
FU 0.00% 0.00% 0.00% 0.13% 0.06%
uu 47.42% 47.24% 47.14% 49.03% 49.34%
SS 0.00% 0% 1.38% 1.04% 0.06%
SF 61.80% 62.24% 15.98% 37.98% 58.45%

= SuU 0.00% 0.00% 1.28% 0.62% 0.02%

&
FF 0.00% 0.00% 64.19% 42.12% 3.75%
FU 0.00% 0.00% 11.99% 6.13% 0.82%
uu 38.20% 37.76% 5.18% 12.11% 36.90%
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Abstract

This paper applies Swap Method (SM) and Adjustment Method (AM) used in the process of the Shuffled Frog Leaping
algorithm (SFL) for searching the optimal design. The results are compared with those from Particle Swarm Optimization
(PSO) which was proposed in [1]. The experimental result shows that the optimal design from PSO and SFL using
AM is superior to SM in terms of quality of solution for all problems, although the AM requires more computational
time than the SM. However, in comparing the performance of two algorithms based on mean value, we can see that

PSO and SFL are not significantly different, but the computational time of SFL is higher than PSO for all problems.

Keywords: Computer simulation experiment, Search algorithm, Swap method, Adjustment method
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Figure 1 The main components of computer simulation.”
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Abstract

Credit transferring of eligible previous studied courses may lead to earlier graduation of students. In the credit transfer
process, the similarities of course descriptions and course names are evaluated. The objective of this research was
to present an alternative approach to course description and course name comparison for university credit transfer
using a vector-based text similarity measurement in which cosine distance and term frequency were applied. The
comparison process consisted of five steps including 1) Thai word segmentation, 2) stop word elimination, 3) lexical
semantic analysis, 4) term weighting, and 5) course similarity measurement. 33 course descriptions written in Thai
collected from the Faculty of Science, Ubon Ratchathani University, were used in the experiments. The approach was
evaluated by comparing results suggested from the system with those from program director judgement of the Program
Director. The experimental results showed that the accuracy, precision, recall, and F-measure of our proposed
approach were 82.61%, 100%, 80.95%, and 89.47%, respectively, which is able to be applied in course description

similarity measurement for credit transfer process.

Keywords: Word Similarity Measurement, Course Description, Credit Transfer
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Saulssufisudiadungsedrnianisiiiey
Towniraia
lunsSeufisuitiannuasoafdved
Faanudouneniriiensiisulawniisiia REL
panuuUM I dutuaeuat1einy asli (Figure 1)
FaUsznoudisdunaunan 5 Tunow aeseluil

Course Description &

Course Name

l

Thai Word Segmentation

!

Stop Word Elimination

!

Lexical Semantic Analysis

Term Weighting

v

Course Similarity Measurement

Bl

% of Similarity

Vector Space

Figure 1 Proposed Method

¥ o

1. 2ayaAasu8T18ITN

Wdnldnunudeyamuisulaunsinues
wingasluaaAinmaaat wniingavausnoni lag
BaneimAdindnniudinfosvofisulaunsiaufalu
Fr9iinnsenm 2559 wazlnansifisuleufiiansondis
Tauuilaglszsuningas Faivaneimieulawle
wazifisulowldld daifenuunianzasanznguinlu
1INsMIReNRIaasuasinaluladasauinannle
NAROL 31WI% 33 T183M ﬁuﬁnﬁagaaﬂﬂﬁ Microsoft
Excel MatsTayans Table 1 AT 33 eIl
nagauiovUsansnwsasdsnma3uudioulaslHiu
%&i’m%‘ﬁ’lﬁﬁ’]&l’ltﬁEI]JLLEIZS’]EI%’IT’]ﬁQﬂLﬁ&IU

2. nmIgammelng (Thai Word Segmentation)
y o
wiasndszloalunmunglidveuwavas
& TuaaulInlumstsziianafamIgadszluaniwing
ganidudn wiamaun (term) widpiidanlilusunsy
TLex lunmsdiadnasn inenlsaueiin AP va9ldsunsy
TLex @I0819NaNIAAFNE INuvaIfITUNETIHITN
a9 Figure 2

Table 1 Examples of course description (in Thai)

Course Course Description (in Thai)
1104102 | adiaen&ASWUIIWALINULTA S16GL SIWINLGAY
amamaas | wninduarlassainsndiamans wwu ﬁanq’u
LU u,a:ﬂq'umsnmami‘uazmsﬁgﬁ]ﬁ EEDSTRGE R
o o &a a A 6 o
FuRutdouwia anuduiusuazlansiW Harfdu
a a a o a U U
Nratiayfudnne dulduaznn
1104153 | MwsN2aIszuuaaNtiLees Useidanuiduun
Fnems | 2e9nauRIees adfdsinauvednaNRILAeT
aoufaae’ | szuudfians mmlisunsn szuuieusiwan
insdn LLa:miLmum“ﬁaga‘luﬂauﬁaLmﬂ% SRR
msuntgwilangnisnauiaeas a3aais
ABNAILAET NYRANBLEIIBTIINNIRaNALADT

3. ﬂ’liﬁ’ﬁf@lﬁ’mqm (Stop-word Elimination)
dmiga (Stop word)” 1iludfliiitaefiv

A o d’ ] g; 1 [l vV
lanans wiadfidnnguesassluanasudldledsuan
Auansozvadana Ik iudrvonoliunddu wiu d
oy MAUTIH dunun wiadfidnazgnlduen g u
man » «Bn wmon o N S Ela) Fa) 2 & «
My “anw” A ez g 16 Hudu dunarfiazgnda
falasfldvinldanununsvesenasidfswll Figure 2
(NeaINaa) LLammiﬁﬁ@ﬁmﬂqﬂmaoﬁﬁa'ﬁmmmﬁmﬁ
NIWNIIAAALED
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Course Description of 1104102

ATMAFIASAUIIWALINLITA §10U $1UIudn LunInduas
lassaiunuadiaraas 1w Aanguuaznduasineaniuazns

Agad Mty anudniuidowia anviuiutuazlanmu

Waridu Azadiayudia dulduaznam

Word Segmentation
TaglHlusunsy TLex

ATAMENS, g, 1w, N, 106, §10U, 19U, LeY, LWnInd,
way, 1ATIRTI9, N9, AMARIEAT, LTu, N9, Naw, Uaz, N§w,
avInenaas, uaz, Aiga, 3, %y, AW, JNdus, dow, ifa,
a o € 6 ar a a a o Qs o
AN, FUAUS, uaz, la, 9w, Waritu, Aradiaydu, $a1ie, du,

197 wae, new

Stop-word Elimination

ATAMEAS, Wigw, 1en, 77D, 1oe, AU, 1w, Law, lansnd,
waz, 1As9siy, meadiaeaad, tw, 19, ndw, waz, ndw,
avinenaas, waz, Agai, I, 4y, AW, JNdus, o, ifa,

s a [ 6 o a a a o a v
A, Fuius, waz, la, o, Worfdu, Avadiayiu, e, du,
198, wez, Nyl

Lexical Semantics Analysis

o o °

Amaran3, Wugw, L7, 16, §16U, $IWIN, LEY, LWNIndg,

lasashs, ne, adiaeand, is, g, n§, avIneaad, Wgak,

s a o & o a a o & [
WU, AN, FUNWD, LITW, NG, AN, FUNWD, VL@], ﬂi’lw,ﬂdﬂ"ﬂu,

= a = o . v L3
NTOWAURW, IINN, A, VLSJ, nIwW

Figure 2 Examples of Thai Word Segmentation, Stop-word

Elimination and Lexical Semantics Analysis

4. NM13ATIERALBIAMNNANY (Lexical
Semantic Analysis)
iflosanludetin I8N VDIUAREHANGAT
T,cﬂmaww:%é’ngmﬁﬁﬁﬂwmﬂﬂﬁﬁmﬁw%al,ﬂmﬁngm
FuiuEiu fafunsngimmansdmlEanfinandnstuue

ANMNRNNLLATDUNY LT G131 “mﬁaa“ﬂ’aga” “and bl

9 w30 “adlarmans’ “ada’ e’ “‘wln’ dAunaiie
Aanunangmlanin 39nrTgnRTINEUANNAYDIMN
ludresureedmsinnu iwaldudszinsaiwlunis
wWisuifsuanuameaisvasimatuianein luduaan
A2 o o Ae &
t3aszandliudayaiiaianiminsanlelung
FANZAAUTIANNRNY G96788191% Figure 2

J Sci Technol MSU

5. MsMAEMENZasM (Term Weighting)
Tumsmeniimiinuasdvzainan (term) e
aﬁ'ﬂqmﬁﬂwmzmauanmwaaamﬁﬁyﬁ Fenufinossn
dvsngluenans (TF) laoudeldvinsiianziaia
ANMNRINLLALINHUED @‘ha’%mm’]y%mwﬁa%um:gnuﬂm

Tagluztuunveaniaet uaasasdiatnilu Table 2

Table 2 Examples of the TF vectors generated from

course descriptions

Course nsl | naw WAen AMWAN | AN | @1
1104102(1) 1 1 0 0 3 0
1104102 2 2 1 0 2 0
1104155 0 0 0 0 0 0
1104156 1 0 0 0 0 0
1104157 0 0 0 1 1 0

6. NMIIAANNAILARIVDITIEITN (Course

Similarity Measurement)
% £ =S v v A o
A3TanNNAALARITaITEAN I TITIR

a . 6 a o 6
28I (Cosine) MNANLABT X (suADINLAaT
Y AlantuaanmInia i ninaIgnaIugaIdagng

o o =< o o = X ' =

lwiide 3.5 SsmsTaanuadiuadsiignuiisesndy 2
2% AD ANVARILARIVBILINIADTVAIF BT UL TIEITN
(FRURZANNALARI-D) LAzANNARLARIVEIINADS
284507377 (3BUAZANNALARI-S) AI%
SaUaTANNARIARI-D :

X @1aTU18319371 1 vs Y fnatunasgi T 2
$PUATANUARIDARI-S :

X T9371 1 vs Y Ta371 2
FIANUANLARIVBITIBITIFIWI M N RLVBITB 8

v = 2 2 =S a a 6
AZANNARLARI-D AT TDURZANMNARLATI-S AINRANT
lu Table 3 ApaNA LAY laaf CD (Course Description)
nuneie draSuneTeidan CT (Course Title) nuneiis Do
318371 Rs (Comparison Results from System) fanans
Wisulauflaannszuuuussin ez Re (Comparison Re-

. A A A AV o
sults from Curriculum) Aaxanstisulauassilariuany
inzaunwangas nanafivulan (luaaduit Rs/Re)
Aflen yes nunsfansdmaansaifisulawle 6 yes vas
Rs 3136191061 Avg >= 70 81161 yes 289 Rc Aana
msrﬁﬂuiam’%aﬁqumwmﬁumaumn%é’ngm AT no
= 1 = U

wunn kianasafisulawla
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Table 3 Results of credit transfer

Table 4 System evaluation by confusion matrix

Course Course Similarity (%) Avg Rs/Rc Comparison Results Comparison Results from System
ID 1 ID 2 cD CcT from Curriculum yes no
1104157 | 1106201 | 78.39 | 100.0 | 89.20 | vyeslyes yes 17 (TP) 4 (FN)
1104283 | 1106213 | 54.52 | 70.71 | 62.62 no/no no 0 (FP) 2 (TN)
1104156 | 1106203 | 55.67 | 70.71 | 63.19| nolyes
o 1 v a
1104493 | 1104493 | 100.0 | 100.0 | 100.0 | yes/yes N Table 4 WANIATUITUATIANNDNADY AAN
1106402 | 1106330 66.75 | 91.29 | 79.02 yeslyes Lﬁ']ﬁll 82.61% @i’]ﬂ’nmwjuﬂﬁ L'Y]I']ﬁll 100% @hﬂ')’]ll'ﬁzﬁﬂ
1106161 | 1106203 | 100.0 | 100.0 | 100.0 | yeslyes
a a

1106170 | 1106102 | 51.96 | 100.0 | 75.98 | yesiyes a‘gﬂuatanﬂﬂsﬁwamsaaﬂ

IRt FnaIueawITnITiUSo U uAatune
1104155 | 1106102 | 23.34 | 100.0 | 61.67 | nolyes L .

MNEATNT UG DA INeNYTznaueie nMIFasIAEN
1104102 | 1104102 | 66.95 | 57.74 | 62.35| nolyes _ _ B

Ing mMyfmdadinua MILATTHATININRNIY MY
1104153 | 1106101 | 74.43 | 70.71 | 7257 | vyeslyes . . NI .

AW RNV IR ILN RN AN WA N ALY DITDANNLL RS
1104251 | 1106202 | 75.49 | 100.0 | 87.75| vyeslyes o B 2 .

lmaglugﬂnﬂL@]awaommmaam LRSANTRNWI AN
1104456 | 1106503 | 70.56 | 89.44 | 80.00 | yeslyes D o . e -

ARNUARIVBINNLADIILFNMTIATTUZANNAN BT IYY
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NAN1INaRaUU Tz RNTAINLaITRaauI Tl atSuuiey
1106100 | 1106101 | 81.56 | 100.0 | 90.78 eslyes . . = - . o

yes'y ANNARLARILANIZANDTUNHT AT 10819687 WU 69
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1106342 | 1106301 | 84.24 | 100.0 | 9212 | yeslyes IINNTLRT 25 WONINRTINLIN NIZUIUMIGA Ing

~

=Y
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