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Comparison of Migration of BHT from plastic bottles to food. 
(RG/2007/AG/ 04) I 

i 

Polyethylene terephthalate (PET) is one of the materials that are widely used for packaging o f 

beverages and edible oils. Plastic additives are necessary to attain the required properties for 
i 

i 

plastic packaging. Among the additives, mention should be made o f antioxidant such as 
i 

Butylated hydroxyl toluene ( B H T ) , wjhich is necessary to protect a polymer against oxidation, 

both during processing and in service, life. Additives can interact with food through migration 

process. Consequently knowledge of migration of these additives is important in order to 

assess the potential health hazard to consumers presented by exposure to these substances. In 

this study, the migration o f B H T from PET bottles to liquid food which is stored more than 6 

months under market conditions was investigated. Purified C H 2 C I 2 was chosen as extracting 

solvent. The samples were analyzed at both room temperature and at 40°C to determine 

temperature effect on migration and analyzed by gas chromatography with F I D (Flame 

Ionization Detector). Foods of different pHs such as water, fruit juice, and vinegar, which 

stored in PET bottles were also used :to investigate the effect o f pH (with range of pH 2.4 -

6.7) on migration of B H T . The storage temperature had a detectable effect on the migration 

of B H T . The peak for B H T , for the water bottles stored at 40°C was higher than (1.32ppm) 

that at room temperature (1.289 ppm). The foods o f different pHs, stored in PET bottles also 

showed different migrating behavior for B H T . Fruit juice and water samples showed almost 

similar values for B H T level. Highest B H T level was obtained for vinegar samples 

(1.42ppm). It was concluded that the storage temperature had a detectable effect on the 

migration o f B H T . And the food stored in PET bottles which have different pH values also 

have affect on migration o f B H T . 



Identification of suitable species and genotypes for cut foliage and flower cultivation 
on rubber lands 

S . M . M . Iqbal 1 , W.A.D.D.S.Wettasinghe 2 ,V.H.L. Rodrigo 1 and A. Nalaperuma 2 

'Rubber Research Institute of Sri Lanka, Dartonfleld, Agalawatta, Sri Lanka 
2Rubber Research Institute of Sri Lanka, Sub station, Kuruwita, Sri Lanka 

ISSF/RG/2009/AG/02 
A B S T R A C T 

With over 120,000 ha, rubber cultivation in Sri Lanka provides the livelihood of large 
number of people. Life span of a rubber tree is ca. 30 years, however it comprises 6 years 
of immature period which provides no income to the rubber grower. In mature fields, 
harvesting is confined to the morning hours of the day resulting in underemployment of 
estate workers. Intercropping with economically important crops offers a practical 
solution to these issues whilst increasing overall land productivity and improving income 
of estate workers. Cut foliage and flower industry in Sri Lanka is booming up in terms of 
both local and international markets. Therefore, the present study is aimed to identify 
suitable crop species of cut foliage and flowers for different growth stages (i.e. mature 
and immature phases) of rubber plantations. 
Experiments were set up in both immature and mature rubber fields in May 2009 in the 
Kuruwita substation of the Rubber Research Institute of Sri Lanka. With immature 
rubber, three foliage species namely Polyscia, Croton and Cane palm were planted whilst 
Cane palm, Dracaena and Chinese grass were under mature rubber. Establishment of 
Anthurium plants were delayed due to an outbreak of pathogenic infection (Bacterial 
wilt). However, arrangements were made to conduct some assessments on limited 
number of Anthurium plants established before. Reestablishment of Anthurium under 
mature rubber was in progress together with the sprinkler irrigation system. Rabbit attack 
on cane palm was controlled by covering the plant base with commonly available mosquito 
nets. Bi-annual assessments on growth and leaf count (total and harvestable leaves) in 
foliage plants were made. Cane palm, Dracaena and Chinese grass reached to the 
harvestable stage (for cut foliage) within 12 months. A time cause increase in number of 
leaves in foliage plants (from 6 months to 12 months after planting) was observed. The 
performance of Chinese grass planted alone with rubber was significantly ( P O . 0 0 1 ) 
superior to its mixed system in 6 months after planting. However, in 12 months after 
planting Chinese grass planted with mixed system was significantly ( P O . 0 1 ) superior to 
its sole system. 

Key words: Rubber, Foliage plants, Floriculture, Intercropping 



A n assessment o f groundwater vulnerability in a highly productive coastal 
aquifer system in the Kalpitiya peninsula due to natural and anthropogenic 
factors: A hydro geochemical, geophysical and biological approach 

H.A. Dharmagunawardhane, A.Pitawala, and J. P. Jayasinghe 
Department of Geology;, Faculty of Science University of Peradeniya, Peradeniya 

Abstract 

This study focuses on spatial and temporal nutrient pollution of groundwater in 
the unconfined sandy aquifers o f Kalpitiya peninsula where agricultural activities are 
intense. The study covers two consecutive dry and rainy seasons during the period from 
2008 to 2010. Nitrate is the dominant nutrient pollutant in groundwater. The values o f 
nitrate-N up to 2 l 2 . 4 m g / L in the dry seasons and up to 148.5mg/L in rainy seasons 
were noted. 

Phosphate in groundwater ranged up to 5.7mg/L in the dry seasons and to 10.35 
mg/L rainy seasons. About 5 0 % of the studied water samples had Nitrate 
concentrations above W H O guideline values both in dry or rainy periods These high 
concentrations are found in vegetable growing areas whereas nitrate pollution in long 
term crop areas and human settlements were not significantly high. Although there is a 
slight decrease in Nitrate concentrations at random in rainy seasons, an increasing trend 
o f average concentrations became evident over the study period as a whole. This 
probably indicates building up o f nitrate in groundwater in the vegetable growing areas 
as a result of leaching from application o f excessive chemical fertilizer. 

High nitrate zones also show fairly steady lateral distribution indicating slow 
lateral mobility o f nitrate rich groundwater probably due to low hydraulic gradient o f 
the area. This condition may be useful and taken into consideration in future 
groundwater resources development activities in the area. 

The low phosphate concentrations observed in groundwater did not show 
significant lateral or temporal patterns. Low phosphate concentrations in both 
groundwater and surface soils either indicates their less use in the area or that the 
available phosphate is leached and removed from the aquifer water and (sandy) soil 
solutions and probably adsorbed into clayey horizons at deeper levels. 

The observed low concentrations of major cations (specially K, Ca and Na ) 
indicate less impact on cation concentrations in groundwater by the fertilizer 
application or sea water intrusions/up coning. 

It was also observed that high nitrate bearing groundwater can be used fairly 
effectively as a supplementary source of nitrogen for certain crops and that could 
indirectly have a positive effect on reduction of excessive nitrate in groundwater. 

N S F Research grant N u m b e r . RG/2007 /AG/02 
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ECONOMIC I N C E N T I V E S F O R F I R M S T O A D O P T AN E N H A N C E D 

F O O D S A F E T Y & Q U A L I T Y M E T A S Y S T E M : C A S E O F A D O P T I O N O F 

H A C C P IN A G R I - F O O D P R O C E S S I N G S E C T O R S IN S R I L A N K A 

Principal Investigator: Prof. U d i t h K. Jayas inghe-Muda l ige 

Co-Investigators: M r . M o h i d e e n I k r a m a n d M s . M e n u k a Udugama 

Stage I 

E x i s t i n g l i te ra ture was r e v i e w e d to iden t i f y e lements at f i r m leve l t ha t i n f luence food 
safety responsive behav io r i n o rde r to deve lop a su i tab le m o d e l . T h e incent ives i den t i f i ed 
i n the s tudy by J a y a s i n g h e - M u d a l i g e and H e n s o n (2006) was chosen t o serve as the base 
o f the theore t i ca l f o r m u l a t i o n . T h e n ine incent ives selected w e r e : (1) financial 
i m p l i c a t i o n s / c o s t ( C S T ) ; (2) e f f ic iency i n h u m a n resources ( H R E ) ; (3) e f f i c iency i n 
techn ica l procedures ( T C E ) ; (4) sales a n d revenue ( S L R ) ; (5) r e p u t a t i o n ( R E P ) ; (6) 
c o m m e r c i a l pressure ( C P R ) ; (7) ex is t ing g o v e r n m e n t r e g u l a t i o n ( E G R ) ; (8) an t i c i pa ted 
g o v e r n m e n t r e g u l a t i o n ( A G R ) ; a n d (9) l i ab i l i t y l a w s ( L B L ) . 

D u r i n g the l i te ra ture r e v i e w suf f ic ien t cons ide ra t i on w a s g i ven t o the i d e n t i f i c a t i o n a n d 
d e v e l o p m e n t o f a s ta t is t ica l t e c h n i q u e / m e t h o d o l o g y to o v e r c o m e the issues o f 
" u n o b s e r v a b i l i t y " ( i .e . the i n v o l v e m e n t re la t i onsh ips b e t w e e n a n d a m o n g theore t i ca l 
concepts tha t are n o t d i r ec t l y observable) a n d " s u b j e c t i v i t y " ( i .e. firm dec is ions w i t h 
respect ive to each i ncen t i ve m a y j b e subject ive t o the dec i s i on m a k e r ) . T w o approaches 
u t i l i z i n g C o n f i r m a t o r y A n a l y s i s we re selected to o v e r c o m e th is p r o b l e m . A S t ruc tu ra l 
E q u a t i o n M o d e l i n g ( S E M ) A p p r o a c h t o test t he m o t i v a t i o n a l m o d e l / t h e o r y deve loped , 
a n d the cons t ruc t i on o f an i ndex , ( ' Incent ive Re la ted I n d e x ' ( I R I ) , to q u a n t i f y the re lat ive 
i m p a c t o f each incen t i ve t owards a d o p t i o n o f H A C C P . F o r the purpose o f S E M , the 
s ta t is t ica l package " A n a l y s i s o f M o m e n t S t ruc tu res " ( A M O S ) [vers ion 16] was selected. 

T h e approp r ia te m o d e l w a s deve loped , by spec i f y i ng each o f the n i n e incent ives as 
cons t ruc ts i n the measu remen t m o d e l , and i n a d d i t i o n , i n the s t ruc tu ra l m o d e l , the n ine 
incen t i ves were spec i f ied as exogenous const ruc ts a n d t he level o f a d o p t i o n o f H A C C P 
as the s ing le - i tem m e a s u r e d endogenous cons t r uc t . T h i s w a s f o l l o w e d b y the 
d e v e l o p m e n t o f a s t ruc tu red ques t ionna i re to be used f o r the survey, based o n the rev iew 
o f ex i s t i ng l i te ra ture a n d i m p r o v e d after c o n s u l t a t i o n w i t h experts i n f o o d safety and 
q u a l i t y . I n a d d i t i o n to genera l quest ions re la ted t o f i r m deta i ls a n d character is t ics , the 
ques t i onna i re i nc luded a set o f a t t i t ud i na l s ta tements , t o represent the n i n e incen t i ves . 
T h e statements were a m o d i f i c a t i o n to the ex i s t i ng five-point l i ke r t scale, by i n c l u d i n g a 
" y e s " (Agree) a n d " n o " (D isagree) field; r esu l t i ng i n a 1 t o 5 range o f 'agree a b i t ' to 
' s t rong ly agree' a n d 'd isagree a b i t ' to ' s t rong ly d isagree ' . T h i s enabled the poss ib i l i t y o f 
o b t a i n i n g n u m e r i c a l scores t ha t range from -5 t o + 5 based o n the c o n c e p t u a l m e a n i n g o f 
the s ta tement a n d the u n d e r l y i n g p h e n o m e n o n c o r r e s p o n d i n g to w h i c h the respondents 
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scored each s tatement . C e r t a i n s ta tement were inve r ted purpose ly , so that respondents 
c a n n o t guess the po ten t i a l i ncen t i ve , a n d i n t u r n , p rov ide answers i nva r iab le a n d hast i ly , 
t h u s p reven t i ng 'agreement b ias ' . 

A series o f face-to-face in te rv iews w i t h the managers o f the tea and d a i r y processing 
f i rms ( represent ing " c r o p " a n d " l i v e s t o c k " based indust r ies respect ive ly) was c o n d u c t e d , 
suppo r ted by a s t ruc tu red ques t ionna i re . A n i n i t i a l target o f 4 0 f i rms from each sector 
was una t ta inab le , a n d a final n u m b e r o f 32 tea processing compan ies and 34 da i ry 
process ing compan ies were ach ieved after r e m o v i n g ones w i t h cons iderab le a m o u n t o f 
m i ss i ng data . D a t a co l l ec t i on was car r ied o u t i n the six p rov inces in Sr i L a n k a , i n c l u d i n g 
the W e s t e r n , N o r t h W e s t e r n , Cen t ra l , N o r t h Cen t ra l , S a b a r a g a m u w a a n d Sou the rn 
Prov inces , be tween A p r i l a n d A u g u s t 2008. T h e responses to the set o f a t t i t ud i na l 
s tatements i n the ques t ionna i re were de f ined as ind ica tors to ref lect the observable 
character is t ics o f the n ine incent ives a n d the mode ls deve loped were tested us ing S E M i n 
A M O S us ing M a x i m u m L i k e l i h o o d E s t i m a t i o n ( M L E ) . 

T h e descr ip t ive analys is o f the da ta revealed that , o n l y 9.4 percent o f tea process ing firms 
h a d n o p lans to i m p l e m e n t H A C C P c o m p a r e d to 64 .7 percent o f da i r y process ing firms 
i n the sample . A l m o s t a l l o f the smal l -scale da i r y firms h a d n o p lans t o i m p l e m e n t 
H A C C P , w h i l e 22.2 percent o f smal l -scale tea firms o n the o the r h a n d a l ready had 
i m p l e m e n t e d H A C C P . E v e n a m o n g the large-sized firms, d i f ferences a l t h o u g h fa i r ly 
lesser were obv ious , w i t h 38.8 percent o f large-scale da i ry firms w i t h no p lans , c o m p a r e d 
w i t h n o n e i n the large-scale tea firms. These results are s y m p t o m a t i c t ha t tea p lants t han 
d a i r y p lants and large firms t han sma l l firms have greater p ropens i t y to a d o p t H A C C P . 

T h e o u t c o m e from A M O S w a s in terpreted i n terms o f measu remen t m o d e l va l i d i t y , 
( cons ide r ing b o t h m o d e l fit a n d Cons t ruc t V a l i d i t y ) , s t ruc tu ra l m o d e l v a l i d i t y a n d 
s tandard ized regression we igh ts (s tandard ized pa th coef f ic ients) o f the hypo thes ized 
s t ruc tu ra l paths. F o r th is purpose , the r e c o m m e n d a t i o n s o f H a i r et al., (1998) , were 
cons idered. M e a n index values were der i ved a n d u t i l i zed for i n te rp re t i ng the J R I . 
O v e r a l l , the o u t p u t from the S E M a n d I R I suggest that r epu ta t i on as the m o s t i m p o r t a n t 
p rope l le r b e h i n d f ood safety responsive behav io r o f f i rms , f o l l o w e d by sales a n d revenue 
m o r e i m p o r t a n t fo r tea p lants a n d l i ab i l i t y l aws h a v i n g h i g h impac t o n d a i r y firms. O the r 
coerc ive e lements responsib le were c o m m e r c i a l pressure and an t i c ipa ted g o v e r n m e n t 
r e g u l a t i o n . 

Stage n 

T h e pane l o f tea and da i ry processing firms were con tac ted aga in i n 2009 , fo r the 
purpose o f eva lua t i ng w h e t h e r " a n y changes occur red to the incent ive-base o f the firm", 
a n d i n t u r n , w h e t h e r there " a n y changes occur red w i t h respect to the state o f a d o p t i o n o f 
H A C C P i n the firm". Such an app roach was adop ted to e x a m i n e the i m p a c t o f those 
i n d i v i d u a l incent ives o n da i r y processing firms' decis ions o n a m o r e " d y n a m i c " 
perspect ive, i.e. any changes take p lace to the incent ive-base o f a firm be tween t w o t ime 
per iods . I t is assumed tha t the strengths and weaknesses o f an incent ive m a y be changed 
ove r t i m e n o t o n l y due t o changes occu r i n f i r m a n d market -spec i f i c character is t ics 
associated w i t h a firm, b u t also due to changes occu r i n the e n v i r o n m e n t i n w h i c h the 
said business is ope ra t i ng . 
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D a t a was col lected f r o m the da i r y processing f i rms , by means o f the same s t ruc tu red 
ques t i onna i re , be tween Feb rua ry a n d M a r c h 2010 . A l l 34 da i ry p r o d u c t p rocess ing f i rms 
were con tac ted for the second phase o f the s tudy . O n l y 26 da i ry process ing f i rms 
par t i c ipa ted fo r the second stage s h o w i n g a 76.5 per cent response rate. O u t the pane l o f 
f i rms , one was o u t o f the business. 

T h e 32 tea processing firms have been con tac ted a n d data co l l ec t i on has been schedu led 
fo r September - O c t o b e r 2010 . T h e de lay i n co l l ec t i ng da ta from the tea sector w a s due t o 
the refusal o f respondents to par t ic ipa te c i t i ng increased w o r k l o a d i n recent m o n t h s as a 
resu l t o f h igher harvest . { 

P r e l i m i n a r y analysis was car r ied p u t w i t h the da ta from the da i r y process ing f i rms . T h i s 
has revealed tha t H A C C P a d o p t i o n had increased to 2 6 . 9 % from 17 .6% and H A C C P 
n o n - a d o p t i o n has decreased t o 7 3 . 1 % i n s tage- two from 8 2 . 4 % . I n large da i ry processing 
f i rms , H A C C P a d o p t i o n has increased b y 10 .4%. S m a l l d a i r y process ing f i rms in the 
s tage- two have ne i ther i m p l e m e n t e d H A C C P n o r in the process o f i m p l e m e n t i n g 
H A C C P , h o w e v e r i n stage-one 6 .3% o f da i r y s m a l l firms were i n the process o f 
i m p l e m e n t i n g H A C C P . Desc r i p t i ve analys is is b e g i n n i n g to s h o w signs tha t r epu ta t i on 
a n d l i ab i l i t y laws are s t i l l the mos t i m p o r t a n t d r ivers b e h i n d H A C C P a d o p t i o n . H o w e v e r 
i t is imposs ib le to ob jec t i ve ly assess the ro le a n d i m p a c t o f incent ives w i t h o u t p roper 
i n fe ren t ia l a n d q u a n t i f y i n g techn iques . 

W o r k is also progress ing i n d e v e l o p i n g a pane l da ta analys is app roach nested w i t h i n the 
s t ruc tu ra l equa t i on m o d e l i n g framework. T h i s i n n o v a t i v e a n d p i o n e e r i n g stat is t ica l 
m e t h o d o l o g y is a ted ious yet c ruc i a l task i n th is s tudy , since the research t eam has to go 
from scra tch g i ven the lack o f su f f i c ien t l i te ra ture i n such a n app roach . 
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