
CHAPTER 3

METHODOLOGY

3.1 Sample collection
3 .1 .1  S h r im p  f a r m  e ff lu e n ts

All samples were collected from inland shrimp farms located in the 
Bangpakong watershed, Chachoengsao province; Ban Pho and Bangkla district, from 
May to November, 2003 (see Figure 3-1). Different 16 shrimp farms (Table 3-1) were 
chosen at harvest day when the entire volume o f the ponds was discharged. The 
culture days per one crops ranged from 90 to 140 days. At that day, farmers usually 
use diesel motors for pumping water out or opening gates at the pond banks and 
allowing the water to flow out into a canal or reservoir. Samples were collected 
approximately 10-15 litter from the effluent points (grab sampling) when a half o f 
water in the pond were drained out and then directly contained in amber glass with 
TFE-lined screw caps. Samples were stored in the refrigerator at 4 °c throughout the 
14-day holding time. Milli-Q water was used for all dilutions, solution preparation, 
and final glassware washing.

3 .1 .2  B a n g p a k o n g  R iv e r

The river samples from Bangpakong River were collected as grab 
sampling from upstream to downstream locations from the shrimp farm areas as 
shown in Figure 3-1 and Table 3-2.

3.2 Physico-chemical parameters measurement

The basic parameters o f physico-chemical characters were measured 
for all shrimp effluents and river at the field as shown in Table 3-3: pH, turbidity, 
temperature, conductivity, salinity, and alkalinity. Physical-chemical parameters of 
shrimp farm effluents and Bangpakong River were reported in Tables 3-4 and 3-5.
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3.3 Fractionation
3.3.1 Hydrophobic and hydrophilic fractionation

3 .3 .1 .1 . F iltra te d  sam p le s  th ro u g h  th ree  d iffe ren t k in d s  o f  filte r  p ap er: W h a tm an  
40 , G F C , an d  0 .4 5 -p m -c e llu lo se  n itra te , re sp ec tiv e ly .

3 .3 .1 .2 . A c id if ie d  f iltra ted  sam p le  to  pFI 2 w ith  H 2S O 4 and  p u m p e d  th ro u g h  the  
c o lu m n  a t 30 b ed  v o lu m es/h  o r less (X A D - 8  p a ssed  th e  h y d ro p h ilic  
m a te ria ls).

3 .3 .1 .3 . B a c k  e lu te d  re s in  w ith  0.1 and  0.01 N  N aO H  ( X A D - 8  p a sse d  th e  
h y d ro p h o b ic  m ate ria ls).

3 .3 .1.4. A ll fra c tio n s  w ere  p re se rv ed  and  re frig e ra te d  at 4°c.

3.3.2 Prepare XAD-8 resin
3 .3 .2 .1 . S lu rrin g  th e  re s in  w ith  0.1 N  N aO H  fo r 24  h ., d e c a n tin g  o f f  th e  f lo a tin g  

resin .
3 .3 .2 .2 . R in se d  th e  re s in  w ith  M ill Q  w a te r  to  rem o v e  all N ao H .
3 .3 .2 .3 . P u rif ie d  th e  re s in  b y  p u ttin g  in  so x h le t w ith  a c e to n e  an d  h e x a n e  fo r 24  h. 

A fte r  a ce to n e  ex trac tio n  and  b e fo re  h ex an e  ex trac tio n , th e  w h o le  th im b le  
w a s  p u t o n  a  funne l and  th e  re s in  w as w ith  h ex an e . S im ila rly , a fte r 
h e x a n e  ex trac tio n , th e  w h o le  tim b le  w as tra n s fe re d  on  a fu n n e l and  the  
re s in  w as r in se d  w ith  m ethano l.

3 .3 .2 .4 . P ac k e d  th e  re s in  in to  the  c o lu m n  and  p a ssed  N a O H  0.1 N  , HC1 0.1 N  , 
an d  M ill Q  c o rre sp o n d in g ly  th ro u g h  c o lu m n  u n til D O C  and  c o n d u c tiv ity  
o f  th e  p a sse d  w a te r  less th an  0 .2  m g /L  an d  10 p s /cm .

3.4 Organic carbon measurement

A n a ly z in g  T rih a lo m e th an e  p recu rso rs  in  te rm s  o f  o rg an ic  c a rb o n  b y  
u s in g  th e  T O C  a n a ly z e r  (O .I. an a ly tica l co lleg e  s ta tio n  T ex as  m o d e l 1051) fo r all fou r 
w a te r  frac tio n s: th e  o rig in a l w a te r  itse lf, th e  filtra ted  w a te r, th e  h y d ro p h ilic  and  the  
h y d ro p h o b ic  frac tio n . T h e  an a ly tica l m e th o d  fo llo w ed  s tan d a rd  m e th o d s  5 3 1 0 -D , 
so d iu m  p e rsu lfa te  o x id a tio n . P o ta ss iu m  h y d ro g en  p h th a la te  (K H P ) in  co n c e n tra tio n s  
2 .5 , 5, 10, 15 m g /L  w e re  u sed  for se ttin g  th e  c a lib ra tio n  cu rve . T h e  tw o  reag en ts , 
p h o sp h o ric  ac id  and  so d iu m  p e rsu lfa te , w ere  re g u la r ly  ch a n g e d  ev e ry  tw o  w eeks. 
E ach  sam p le  w as su ita b ly  d ilu ted  and  p rep a red  p rio r  to  b e in g  an a ly zed . T h e  p ro g ram s,



th e  a m o u n t o f  ac id , o x id an t, an d  reac tio n  tim e , w e re  se t ap p ro p ria te ly  as 
re c o m m e n d e d  b y  th e  m an u fac tu re r. D u p lica te s  w ere  ru n  fo r e v e ry  sam ple .

3.5 Ultraviolet adsorbance

A ll fo u r w a te r  frac tio n s  w ere  m easu red  at a s in g le  w a v e le n g th  o f  254  
n m  พ  h ic h  ร e rv es  a  ร a  r  o u g h  i n d ica tio n  O f  O v e ra ll N  O M  c o n c e n tra tio n . A ll ร am p les 
w ere  an a ly z e d  b y  u s in g  th e  H e lio s  A lp h a  T h e rm o  E lec tro n  C o rp o ra tio n . T h e  
in s tru m e n t a lw ay s ad ju sts  to  read  zero  ab so rb an ce  w ith  th e  o rg a n ic -free  w a te r  b lank . 
T h e  บ V  2 5 4  v a lu e s  (1 /cm ) fo r all sam p les  w e re  read  in  c o m p a riso n  w ith  th e  o rg an ic - 
free w a te r  b lan k .

3.6 Specific ultraviolet absorption

S U V A  (L /m g . m ) =  u v 254 ( 1 /m ) /  D O C  (m g /L ) (3 -1 )

3.7 THMs formation potential
T o h a v e  so m e  q u an tita tiv e  m easu re  o f  th e  p ro c liv ity  o f  N O M  to from  

D B P s, a  te s t o f  th e  T H M  fo rm a tio n  p o ten tia l o r  T H M F P  w as d ev ised  in acco rd an ce  
w ith  th e  S tan d a rd  M e th o d  5710-B . T h e  fo rm a tio n  p o te n tia l w as  d e te rm in ed  b y  
e x p o s in g  a ll frac tio n s: raw  w a te r, f iltra ted  w a te r , h y d ro p h o b ic , h y d ro p h ilic , and  
co ag u la ted  w a te r  sam p les , to  an  ex cess o f  o x id iz in g  d is in fe c ta n t, c a lc iu m  h y p o c h lo rite  
so lu tio n , fo r 7 d ay s  at 25 °c. B efo re  th e ir  in c u b a tio n  fo r 7 d ay s , sam p le s  w e re  ad ju sted  
to  p H  b e tw e e n  6 -7  and  ad d ed  p h o sp h a te  b u ffe r. A fte r  th e  7 -d a y  h o ld in g  tim e , su lfite  
w as  ad d ed  to  th e  sa m p le s  in  o rd e r  to  d e -c h lo rin a te d  free  ch lo rin e . T h e  c h a n g e  in  th e ir  
T H M  c o n c e n tra tio n  re la tiv e  to  tim e  zero  w as th e  T H M F P . T h e  to ta l c o n c e n tra tio n  o f  
T H M s at a n y  tim e  is e x p re ss ib le  as

[T H M s] =  [CH C13] +  [C H B rC lz] +  [C H B r2C l] +  [C H B r3] (3 -2 )

T h u s, th e  T H M F P  is g iv en  b y

36

TH M FP =  [TH M s]7-  [TH M s]o (3-3)
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3.8 Gas chromatography for THM measurement
T H M s w ere  an a ly zed  in  acco rd in g  w ith  th e  E P A  m e th o d  551.1 by  

u sin g  gas ch ro m a to g ra p h y  w h ich  is eq u ip p ed  w ith  H P-1 co lu m n s , m icro  e lec tron  
cap tu re  D etector. T H M s m ix ed  stan d ard  co n ta in in g  fo u r sp ec ies: ch lo ro fo rm , 
b ro m o d ic h lo ro m e th a n e , D ib ro m o ch lo ro m e th an e , b ro m o fo rm  co n c e n tra tio n s  o f  200 
and  2 ,0 0 0  m g /m l w e re  u sed  d u rin g  all ex p erim en ts . T h e  s ta n d a rd  T H M s w as p rep a red  
in  c o n c e n tra tio n s  as fo llo w s: 50, 100, 200 , 500 , 1000, an d  1500  p g /L , in  o rd e r  to  d raw  
th e  c a lib ra tio n  cu rv e . T h e  c a lib ra tio n  cu rv e  w as re se t b e fo re  th e  a n a ly s is  o f  each  
sam ple . P e n ta n e  w as u se d  as th e  o n ly  ex trac tio n  so lv e n t in  th is  m ethod . 
B ro m o flu o ro b e n z e n e  an d  d eca flu o ro b ip h en y l w ere  an  in te rn a l an d  a  su rro g a te  
s tan d ard , re sp ec tiv e ly . G C  sig n a ls  w e re  in te rp re ted  b y  u s in g  th e  C h em S ta tio n  
p ro g ram , A g ilen t.

3.9 Statistical analysis
3.9.1 P ea rso n  c o rre la tio n

P e a rso n  c o rre la tio n  w as u sed  to  illu s tra te  th e  re la tio n  o f  tw o  p a ram e te rs  
w ith o u t c o n tro llin g  o th e r p a ram e te rs  (z e ro -o rd e r co rre la tio n ). T h e  P e a rso n  co rre la tio n  
c o e ffic ien t is a  m e a su re  o f  lin ea r a sso c ia tio n  b e tw e e n  tw o  v a riab le s . T h e  v a lu e s  o f  the  
c o rre la tio n  co e ff ic ien t ra n g e  from  -1 to  1. T h e  sig n  o f  th e  c o rre la tio n  co e ffic ien t 
in d ica te s  th e  d ire c tio n  o f  th e  re la tio n sh ip  (p o sitiv e  o r n eg a tiv e ). T h e  ab so lu te  v a lu e  o f  
th e  co rre la tio n  c o e ff ic ie n t in d ica te s  th e  s tren g th , w ith  la rg e r ab so lu te  v a lu e s  in d ica tin g  
s tro n g e r re la tio n sh ip s . T h e  c o rre la tio n  co e ffic ien ts  o n  th e  m a in  d iag o n a l are  a lw ay s
1.0, b e c a u se  each  v a ria b le  h as  a  p e rfec t p o s itiv e  lin ea r re la tio n sh ip  w ith  itse lf. T he  
s ig n ific an ce  lev e l (sig . o r  p -v a lu e ) is th e  p ro b a b ility  o f  o b ta in in g  re su lts  as  e x trem e  as 
th e  o n e  o b se rv ed . I f  th e  s ig n ific an ce  level is v e ry  sm all ( le ss  th an  0 .0 5 ) th en  the 
c o rre la tio n  is s ig n if ic a n t and  th e  tw o  v a riab le s  a re  lin e a r ly  re la ted . I f  th e  s ig n ific an ce  
lev e l is re la tiv e ly  la rg e  (fo r  ex am p le , 0 .5 0 ) th e  c o rre la tio n  is n o t s ig n if ic a n t and  th e  
tw o  v a ria b le s  a re  n o t lin e a r ly  re la ted .
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3 .9 .2  L in ea r re g re s s io n  m o d e l

M u ltip le  reg re ss io n  an a ly ses  (S P S S ) w e re  u sed  to  co n stru c t a 
m a th e m a tic a l m o d e l fo r T H M F P  p red ic tio n . M eth o d  “ s tep w ise  re g re s s io n ” se lec ts  the  
in d ep en d en t v a r ia b le s  in  a  s tep -b y -s tep  m an n e r and  d e te rm in e s  w h ic h  g roup  o f  
p a ra m e te rs  can  su ita b ly  p re d ic t T H M F P . A ll p a ram e te rs  fro m  th e  e x p e rim en ts  n eed ed  
fo r th is  m o d e l d e v e lo p m e n t w e re  se t as fo llow s: p ro b a b ility  F  E n try  =  0 .0 5 , R e m o v a l^  
0 .10 , F  v a lu e  E n try  =  3 .84 , an d  R em o v a l =  2 .71.

R , a  m u ltip le  co rre la tio n  co e ffic ien t, is th e  c o rre la tio n  b e tw een  the  
o b se rv ed  an d  p re d ic te d  v a lu es  o f  th e  d ep en d en t variab le . T h e  v a lu e s  o f  R  for m o d e ls  
p ro d u ced  b y  th e  re g re s s io n  p ro ced u re  ran g e  fro m  0 to  1, th e  la rg e r v a lu es  o f  R  
in d ica te  th e  s tro n g e r  re la tio n sh ip s . R  rep re sen ts  th e  c o rre la tio n  a m o n g  in d ep en d en t 
v a riab le  o r  su rro g a te  p a ram e te rs .

R  sq u a red  is th e  p ro p o rtio n  o f  v a ria tio n  in  th e  d e p e n d e n t v a riab le  
ex p la in ed  b y  th e  re g re ss io n  m o d e l. T h e  v a lu es  o f  R  sq u a red  ra n g e  fro m  0 to  1. S m all 
v a lu e s  in d ica te  th a t th e  m o d e l d o es  n o t fit th e  d a ta  w ell.

T h e  sam p le  R  sq u ared  ten d s  to  o p tim is tic a lly  e s tim a te  h o w  w ell th e  
m o d e l fits th e  p o p u la tio n . A d ju s ted  R  sq u ared  a ttem p ts  to  c o rrec t R  sq u a red  to  m o re  
c lo se ly  re f le c t th e  g o o d n ess  o f  fit o f  th e  m o d e l in  th e  p o p u la tio n . It is re c o m m e n d e d  to 
ch o o se  a  m o d e l w ith  a  h ig h  v a lu e  o f  R  sq u ared  th a t d o es  n o t c o n ta in  too  m an y  
v ariab les . M o d e ls  w ith  to o  m a n y  v a riab les  a re  o fte n  o v e r fit an d  h a rd  to  in te rp re t.

3.10 Quality control

Q A /Q C  p lan s  w e re  se t fo r all s tep s  o f  th e  e x p e rim e n ts  to  o b ta in  
accu ra te  an d  p re c ise  resu lts .

3.9.1 C h e m ic a ls  in  th is  w o rk  w ere  all an a ly tica l g rade.
3 .9 .2  T h e  e n tire  s to ck  o f  g la ssw are  u se d  w a s  o f  h ig h  q u a lity  g rad e . E v e ry  p iece  

w as n e a tly  c lean ed  w ith  th e  p a r tic u la r  w a sh in g  liq u id  fo r la b o ra to ry  use, 
r in sed  w ith  M .Q . w ate r, and  th a n  h ea ted  a t 105 c fo r 3 h o u rs  b e fo re  b e in g  
used .

3 .9 .3  T F E -sc re w  cap  w ith  am b e r g lass  b o ttle s  w e re  u se d  to  s to re  sam p le s  for 
T H M F P . H o w ev e r, w h en  sam p le s  w e re  c o lle c te d  o u t in  th e  field , 
so m e tim e s  T F E -sc re w  cap s  w ere  n o t used .



3 .9 .4  R e a g e n t b la n k s  w e re  te s ted  at th e  b e g in n in g  o f  e x p e rim e n t to  en su re  th e ir  
p u rity .

3 .9 .5  D u p lic a te  m e a su re m e n t w as  p ro g ram m ed  in to  all in s tru m e n ts  fo r d e tec tin g  
an  e rro r  th a t m ig h t h ap p en  in  th e  ex p erim en ts .

3 .9 .6  R e g u la r ly  c a lib ra ted  th e  in s tru m en ts  s tep  b y  s tep  as n o te d  in in s tru m en t 
g u id e lin e : p H , co n d u c tiv ity , tu rb id ity , u v  etc.

3 .9 .7  F ra c tio n a tio n  p ro cess , re s in s  and  g lass  w o o l w ere  c le a n e d  an d  p u rif ie d  by  
so x h le t e x tra c tio n  as d esc rib ed  in  th e  ap p ro v ed  re se a rch  p a p e r  o f  L een h eer 
1981.

3 .9 .8  F o r th e 7 -  d a y  T H M F P , th e  reag en t b la n k  w as h e ld  in  th e  co o l in cu b a to r 
to g e th e r  w ith  th e  sam p les  to  m ak e  su re  th a t no  c ro ss  co n tam in a tio n  
o ccu rred  b e tw e e n  sam ples.

3 .9 .9  B ro m o flu o ro b e n z e n e  (in te rn a l s tan d ard ) an d  d e c a f lu o ro b ip h e n y l (su rro g a te  
s ta n d a rd ) w e re  u sed  in  acco rd an ce  w ith  th e  Q A /Q C  p la n  m e n tio n e d  in  the  
E P A  m eth o d .
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Table 3-1 Details of each shrimp farm

S o u r c e  w a te r F a r m  N a m e C o lle c t in g  d a te S h r im p  ty p e P o n d  ty p e T e l.
No 1 Mr. Somkom 28-May-03 black tiger Clay
No 2 Ms. Pook 20 -Jun-03 black tiger Clay
No 3 Mr. Aumnat 5-Jun-03 black tiger Clay
No 4 Mr.Somboon 10-Jun-03 white tiger Clay
No 5 19-Jun-03 black tiger Clay
No 6 Mr.Akeachai Srijarenwongwan 28-Jun-03 black tiger Clay
No 7 Mr.Boonlee Srisamai 3-July-03 black tiger Clay 06-5001053
No 8 Mr.Vichai Tongsutti 12 Jul-03 white tiger Clay 038-478145
No 9 Mr.Montree 22-Jul-03 black tiger Clay

No 10 29-Jul-03 black tiger Clay
No 11 Mr. Peak 6-Aug-03 black tiger Clay 09-4505101
No 12 20-Aug-03 black tiger Clay
No 13 10-Sep-03 black tiger Clay
No 14 26 -Sep-03 black tiger Clay
No 15 17-Oct-03 black tiger Clay
No 16 28 -Oct-03 black tiger Clay

o



T able 3-2 Details of river sampling location

Source water Collecting date Location
U pstream  1 

(N o 1) 
U pstream  2

1-N ov-03 N ear city hall o f  N akornay ok  province

(N o 2) 
U pstream  3

1-N ov-03 B ang  num  preaw  d is tric t w here 2 rivers are jo in e d

(N o 3) 1-N ov-03 B ang num  preaw  d istric t w here 2 rivers are jo in e d
D ow nstream  1

(No 4) 1-N ov-03 N ear S otorn  T em ple
D ow nstream  2

(N o 5) 1-N ov-03 N ear Ms. M ai ‘ร house and po lice  station
D ow nstream  3

(N o 6) 1-N ov-03 N ear B angp akon g  R iver de lta  under crossing  B angp akon g  R iver bridge



T able 3-3 Analytical method and analytical instrument for each parameter

P aram ete rs A n a ly tic a l m e th o d A n a ly tic a l in s tru m en ts
pH - p H  m e te r

T u rb id ity - T u rb id ity  m e te r
T em p era tu re - p H  m e te r
C o n d u c tiv ity - C o n d u c tiv ity  m e te r

S a lin ity - C o n d u c tiv ity  m e te r
A lk a lin ity T itra tio n  m e th o d , S ta n d a rd  m e th o d  2 3 2 0 B -



T able 3-4 Characteristic of shrimp farm effluents

Source water
Temperature

C C )
Culture days 

( days) pH
Salinity

(ppt)
Conductivity

(ps/cm)
Turbidity

(NTU)
Alkalinity 

(mg/L as CaCOP
No 1 30.2 105 7.91 0.4 860 47.1 82.5
No 2 27.6 100 8.13 0.5 947 86.4 110.0
No 3 27.5 95 7.88 1.4 2660 27.1 135.0
No 4 29.0 96 8.16 6.4 11250 41.9 105.0
No 5 23.2 75 7.94 14.0 31700 49.2 55.0
N o 6 32.3 75 6.82 14.5 24100 20.0 40.0
N o 7 29.8 100 8.66 0.3 680 64.4 75.0
No 8 26.1 90 7.24 1.0 1954 21.7 92.5
No 9 32.3 85 8.78 0.7 1385 15.7 40.0

N o 10 33.7 120 7.58 0.6 1278 163.3 92.5
No 11 30.7 125 7.48 0.7 1433 150.3 65.0
No 12 30.2 135 8.52 1.8 3400 102.0 130.0
No 13 30.6 98 8.17 6.9 12080 58.2 180.0
N o 14 32.2 135 7.36 11.8 19870 111.8 120.0
N o 15 30.7 93 8.73 4.7 8450 33.5 65.0
No 16 32.3 109 9.91 0.5 1086 49 .0 90.0



T able 3-5 Characteristic of Bangpakong River

Source water Tem perature ”C ______ oil_______ Salinity (ppt)
Conductivity 

(แร/cm)
Turbidity

(NTU)
Alkalinity 

(mg/L as CaC03)
U pstream  1 

(N o 1) 27.3 6.53 0 50.2 12.3 27.5
U pstream  2 

(N o 2) 30.1 6.14 0.1 150.3 228 .2 40
U pstream  3 

(N o 3) 29.2 6.65 0.1 183.7 286 .4 55
D ow nstream  1 

(N o 4) 27.1 7.00 0.1 233 .0 106.4 40
D ow nstream  2 

(N o 5) 31.4 7.02 0.1 245 .0 66.21 50
D ow nstream  3 

(N o 6) 30.0 6.89 5.8 10380.0 52.58 77.5



#  S am p lin g  p o in ts  in  R iv e r
Source: P o llu tio n  C o n tro l D ep artm en t, 2002

Figure 3-1 S tu d ied  a reas
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Figure 3 -2  D ia g ra m  o f  e x p e rim e n ta l p ro ced u re
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