
CHAPTER III

METHODOLOGY
3.1 Research Plan and Organization of the Thesis

T his research aim ed to determ ine the distributions o f  cadm ium  and zinc and 
their relationship  in  so il a lon g  M ae Ku floodplain . Thus, total concentration and 
b ioava ilab ility  fraction concentration o f  the tw o elem en ts in  so il sam ples w ere  
analyzed. In th is research, there w ere 4  steps o f  study as fo llo w  (see  a lso  F igure 3.1):

(1 ) S am p le co lle c t io n : so il sam ples in  M ae K u flood pla in  area w ere  
co llec ted  b y  u sin g  grid system .

(2 ) S am p le preparation: so il sam ples w ere prepared for analyzing.
(3 ) Laboratory analysis: so il sam ples w ere extracted for determ ination o f  

cadm ium  and zinc for both total concentration  and b ioava ilab ility  
fraction concentrations. T he total Cd and Zn concentrations w ere  
an alyzed  fo llo w in g  the E P A  standard m ethod 30 5 1 . T he b ioava ilab ility  
Cd and Zn for this study d efin e as the first fraction o f  B C R  m ethod  
(B C R 1), thus the analysis w as carried fo llo w in g  the m ethod o f  the 
Standards, M easurem ents, and T estin g  (SM & T -F orm erly  B C R ). The 
deta ils o f  m ethod analysis are in  the T opic  3.5 Laboratory A n alysis. 
T hen the so lu tion  from  d igestion  and extraction for total and BCR1  
w ere exam ined  for Cd and Zn b y  IC P-O E S and G F A A

(4) D ata interpretation: H istogram  and linear regression  statistics w ere  
u sed  in  th is step for analyzing the distribution o f  C d and Zn and the 
correlation am ong the tw o  elem en ts and its total and B C R 1 fractions. 
In addition, the study results w ere com pared w ith  previous study o f  
N R C -E H W M , 20 05 .
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3.2 Location and Land Use of the Study Area
2 2

The study area is  the floodplain  area located  in  the M ae K u W atershed, 
M ae Sot district, Tak p rov in ce in northern Thailand. T he study area is about 2.5 Km. 
X  2.25  K m . (F igure 3 .2 ) w h ich  covers three v illa g es  that are a part o f  the M ae Ku sub­
district, n am ely  B an  M ae Ku N o i, B an M ae Ku N ua, and B an  M ae K u Tai. T his area 
has d irectly  rece iv ed  the ru n -o ff from  the h ighlands w here som e parts o f  the zinc m ine  
p rem ise is located . H uai M ae K u is the creek in  this area w h ich  is  used  for agriculture 
purposes. A lm o st o f  this area w as used  for rice cu ltivation . N o w , this area and the 
others area h ave b een  prohibit for rice cu ltivation  b ecau se o f  the problem  o f  cadm ium  
contam inated in th ose areas. Figure 3.3 and F igure 3 .4  sh ow  the ex istin g  land use.

3.3 Sampling Plan

In this study, the topographic map sca le  1 :50 ,00 0  (ser ies L 7 0 1 7 , m ap sheet 
4 7 4 2  III, M ae Sot district) is the too l w hich  w as used  in  order to d esign  the boundary  
area and sp ec ify  the p ositio n s o f  the sam pling. A  grid system  w a s applied to prepare 
for the so il co llec tio n  (2 5 0  m. X  2 5 0  m . /  sam ple.). There w ere 10 grid lines w hich  
started from  lin e A  to line J. A nd each  line had 11 points o f  so il sam p les ( A l - A l  1 to 
J l - J l l ) .  T he p ositio n  o f  each point w as indicated in the docum ent for the sam ple  
co llection .
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Figure 3.3 Existing Land Use (a).

Figure 3.4 Existing Land Use (b)
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3.4 Soil Collection

S o il sam p les co llec tio n  w as carried out on  June, 2 0 0 5 . T he so il sam ples w ere  
co llected  at the location  indicated in the sam pling plan docum ent (2 5 0  m. X  25 0  m. 
per sam ple). T he G PS w a s the instrum ent used  in  order to exp ress the p osition  o f  
sam pling (see  F igure 3.5 for so il co llection ).

I f  the location  in the m ap w as not suitable for sam pling, the nearest point w as  
co llected  instead. H ow ever , there w ere som e p osition s w h ich  cou ld  not be sam pled  
such as roads, tem ples, and anim al bents. Therefore, the total am ount o f  so il sam ples  
w as 9. T he sam p lin g  stations are show n in Figure 3.6.

S o il sam p les w ere co llec ted  b y  h oe  from  the ground lev e l to a depth o f  around 
30 cm . A bout 1-2 kg sam p les w as co llected  at each  site p lastic  bags and then sealed  in 
order to reduce o x id iz in g  reactions o f  the h eav y  m etals in the so il w ith  atm ospheric 
oxygen . Each sam p le w a s labeled  in order to id en tify  in  station o f  sam pling.

Figure 3.5 Sample Collection.
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3.5 Laboratory Analysis

3.5.1 Material and Instruments

- G lassw are: all g lassw are w as soaked in 10 % o f  nitric acid and rinsed  
w ith  d e-ion ized  w ater b efore use.

- C h em ical substances: analytical grades o f  ch em ica ls  w ere used  in this
step.

- Certified reference material: natural matrix certified reference material,
catalog N o. CRM  025-050 , Lot No: JG 025 were used for validating the m ethod in this 
paper

- M icrow ave d igestion  and extraction system  m od el E T H O S SEL, 
M ileston e w as used  for d igestion  o f  the total concentration o f  cadm ium  and zinc in  
so il sam ples.

- In d u ctively  C oupled  P lasm a O ptical E m ission  sp ectrom eter (ICP- 
O ES) m od el V ista - M P X , V arian w as used  to analyze the concentration  o f  cadm ium  
and zin c in  all sam ples. T he detection  lim it o f  this instrum ent is 0 .005  m g/L .

3.5.2 Laboratory Procedures

S a m p l e  p r e p a r a t i o n

S o il sam p les w ere dried in an opened  air and im purities w ere rem oved  
from  sam ples. T hen the sam p les w ere then dried at 105 ° c  for 24  hr in  an oven . A fter  
that dried so il sam p les w ere crushed into fine particle s izes, and then w ere siev ed  for 
se lection  o f  the m esh  s iz e  o f  less  than 125 m icron. T h ese fine so il sam p les w ere kept 
in p lastic containm ent b efore extraction step.
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H e a v y  m e t a l  a n a l y s i s

Total concentration of cadmium and zinc

T he procedure o f  total d igestion  w as conducted  fo llo w in g  the EPA  
standard m ethod 3051 (M icrow ave assisted  acid d igestion  o f  sed im en ts, slu d ge, so ils , 
and o ils)  as the fo llo w in g  details:

A dd 0 .5 g  o f  so il sam ple from  selected  m esh  s ize  in  a d igestion  
v esse l, and then 5 m l o f  65%  H N O 3 w as added and the v e sse l w as c lo sed  w ith  a 
T eflon  cover. A fter that, the sam ple w as heated at 170 ±  5°c for approxim ately 5.5  
m inutes and rem ained at 170 - 180°c for another 1 0  m inutes to accelerate the leach in g  
process b y  m icro w a ve d igestion  system . A fter coo lin g , the so lu tion  w as filtered  
through a W hatm an G C filter. The filtered solution  w as diluted w ith  d e-ion ized  water  
to b e 50  m l vo lum etric flask. T h ese solutions w ere kept in p lastic containm ents for 
further analysis. T he p resen ces o f  these m etals w ere determ ined  b y  Inductively  
C oupled  P lasm a O ptical E m ission  Spectrom eter (ICP - O ES).

Available forms of cadmium and zinc

T he SM & T  m ethod w as proposed  b y  the Standards, M easurem ents  
and T est program  (SM & T -form erly  B C R ) o f  the European U n ion  .T his m ethod is the 
sequential extraction m ethod w h ich  w as used  in this study. T his m ethod com p o ses o f  
3 steps w h ich  can extract each form  o f  h eavy  m etal in  so il as the fo llow in g: Step 1, 
exch an geab le fraction: acetic acid , 0 .11m o l/L  is the extractant w h ich  u se  in order to 
extract the w ater so lu b le  and w eak  acid form. T his is the form  that has the high  
potential o f  plant uptake, Step 2 , ea sily  reduced fraction: hydroxylam ine  
hydrochloride, 0.5  m ol/L  (fresh ly) is the extractant in  this step, and Step 3 , ox id izab le  
fraction: hydrogen  p erox id e, 8 .8 m ol/L  is the o x id ize  substance and am m onium  
acetate; 1.0 m ol/L  is  the extractant.
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According to the objective of the study, the BCR step 1 was the procedure
which was conducted in this step. The procedure of BCR step 1 can be described as
the following:

(1 ) R eagents used  in  the B C R  Step 1 : acetic acid , 0.1 lm o l/L
(2 ) B C R  step 1 procedure: after 40m L  o f  acetic  acid  (0.1 lm o l/L )  

w as added to l g  so il in  a 50  m L centrifuge screw  cap ณ b e, the sam p le w as extracted  
b y shacking for 16 hrs (end -o v er -en d  shaker) at speed  o f  2 0 0  rpm and a room  
temperature. A fter that, separate the extract from  the residue u sin g  a W hatm an GC  
filter. The extractant w as kept into p olyeth y len e  container for further analysis.

The p resen ce o f  these m etals w ere be determ ined b y  In d u ctively  C oupled  
Plasm a O ptical E m ission  Spectrom etry (IC P-O ES).

3.5.3 Quality Assurance/Quality Control

For each  batch o f  sam ples, prepare blank sam p les b y  u sin g  acid ified  
d e-ion ized  w ater (no added sam ple) and fo llo w  the sam e con d ition  as com m on  
sam ples. T h is b lank is u sefu l in  determ ining i f  sam ples are b ein g  contam inated. For 
the quality control o f  so il sam ple analysis, all sam ples w ere done in  duplicates both o f  
total concentration and b ioava ilab ility  fraction o f  cadm ium  and zinc. In addition, all 
so il sam ples an a lysis both  total concentration and BC R 1 w ere carried out for 
duplicate analysis.

3.5.4 Data Analysis

T he result in  u g l g  (ppm ) w as calcu lated  as fo llow s:
A  m etal in so il (Cd or Zn) =  (A  X  B  / C ) X  1000

w here
A  =  R esu lt from  analysis in f i g / L  

B  =  V o lu m e o f  the d igested  sam ples in liter (L) 
c  =  W eight o f  the d igested  sam ple in gram (g)
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3.6 Data Interpretation

The correlation between cadmium and zinc concentrations was analyzed 
by linear regression. The results were compared to the previous studies (NRC- 
EHWM, 2005) of the relationship between cadmium and zinc concentrations in soil in 
Mae Toa floodplain.
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