
CHAPTER II

BACKGROUND AND PREVIOUS STUDIES
2.1 Study Area

2.1.1 Location and Geography

M ae S ot district in  Tak province in  the northern o f  T hailand is located along  
the Thai-M yanm ar border (Figure 2 .1 ) 50 0  k ilom eters from  B angkok , it is easily  
accessib le  either b y  airplane or car. For transportation b y  car from  B angk ok  to M ae  
Sot, it can fo llo w  h ig h w ay  N o . 1 (Phahonyothin) and H ig h w ay  N o . 32  to N akhon  
Saw an v ia  A yutthaya, A n g  T hong, S in g  Buri, Chai Nat.

M ae S ot district is  located  in the M ae M oei R iver B asin , w h ich  it can be 
div ided  into tw o  features. T he eastern part is the h igher inter-m ountainous basin. 
Zinc d ep osits h ave b een  located  in  som e parts o f  this area. T he w estern  part con sists  
o f  low lan d s o f  terrace and alluvial p la ins o f  several w aterw ays. T he direction o f  
tributaries in  this area f lo w  from  east to w est and extend to the M ae M oei R iver. From  
an aerial photo o f  M ae Sot, the M ae M oei R iver B asin  can b e d iv id ed  into 7 sub­
catchm ents, n am ely  the (1 ) Huai Luang catchm ent, (2 ) H uai P on g catchm ent, (3) Huai 
M ae T oa catchm ent, (4 ) H uai M ae K u catchm ent, (5) H uai M ae K u L uang catchm ent, 
( 6 ) H uai Phak La catchm ent, and (7) H uai M ai Paen catchm ent (T on gcu m p ou  et, al.
20 04 ).

T he M ae K u floodplain  in  the M ae K u sub-district o f  M ae Sot district is 
located  in the low lan d  area o f  the M ae M eo i R iver B asin . M ae K u creek  is the m ain  
source o f  irrigation for paddy field  in  this area. It com es from  the highlands in the 
eastern part o f  the M ae K u area that the z in c m ine boundary is  located  as m entioned  
in Chapter 1.
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Figure 2.1 Location of Mae Sot District in Tak Province.
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2.1.2 Land Use
From  the fie ld  survey, M ae Ku flood pla in  area can be d iv id ed  as fo llo w s  

(Figure 2 .2  and T able 2.1):

Paddy fields: m ost o f  the study area is used  for rice cu ltivation . Irrigation  
w ater used  for crop p lanting com es from  the M ae K u Creek. Paddy field s  
in  this area are harvested on ly  one crop per year. A fter the post harvest 
period o f  rice, corn or so y  beans are grow n in th is area.

- Crop farm: this area is least part o f  M ae K u flood pla in . C o m  and soy  
beans are the kinds o f  plants w hich  is planted in th is area.
R esid entia l area: this area is located in the centre o f  flood pla in  area.
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Figure 2.2 Land Use of Mae Ku Sub-district, Mae Sot District in Tak Province.
Source: C onsultants o f  T echno logy Co, L td ., 2006 (A dapted fro m  Land D eve lopm ent D epartm ent)
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Table 2.1 Land Use of Mae Ku Sub-district, Mae Sot District 
in Tak Province.

Land Use Area (km 2) (% )
C o m  Farm 55.98 38.92
Paddy F ield 26.75 18.60
Forest 39.39 27.38
Shrub 0.87 0.60
M o b ile  Plantation 2.08 1.44
G overnm ent Institution 0.16 0.11
T eak Tree 13.60 9.44
V illa g e 3.54 2.45
M in e 1.47 1.02

Source: C onsultants o f  T echno logy Co, L td ., 2006 (A dapted  fro m  Land 

D eve lopm ent D epartm ent)

2.1.3 Zinc Deposit

There is a zin c ore deposit at D o i Phadaeng, in  the Phratat Phadaeng sub­
district o f  M ae Sot. There h ave b een  several z in c m in es in th is area over the past 30  
years. A t present, there are on ly  2 m in ing com p anies, n am ely  Phadaeng Industry 
Public C o, Ltd. and Tak m in in g  still in operation. B oth  zin c m in es are located in  the 
M ae T oa sub-catchm ent. H ow ever, som e parts o f  the Phadaeng m in e is located  in the 
highlands o f  the eastern part o f  the M ae K u sub-catchm ent, w h ere the m ine w aste  
dum ping site  is located . M oreover, it is  exp ected  that there are several sm aller zinc  
ore d ep osits in this area. T he open  pit is the m ethod o f  m in in g  in  both o f  Phadaeng  
Industry P ublic C o, Ltd. and Tak m ining. S o il and overburden w ere excavated  in 
order to carry out z in c ore. Therefore, so il and overburden are w a stes w h ich  contain  
concerned  h eav y  m etals, particularly cadm ium  b ecau se  o f  cadm ium  and zinc  
associated  in g eo lo g ica l setting. A  ru n -o ff co llec tion  in th is area fo llo w s  the dendritic 
pattern. W hen it rains in  this area the sed im ent w ill b e eroded from  the h ighlands in 
the east and also  from  the zin c m in e area. A  ru n -o ff carrying sed im en t laden m aterial
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flow s to the low lan d  area in the w est a lon g  the channel. T h ese even ts lead to 
gradually increased  sed im ent d ep osits along the alluvial p lain and footh ills.

2.2 Theoretical Background
2.2.1 Cadmium
C adm ium  is a natural e lem en t w h ich  com es from  the surface o f  the earth’s 

crust v ia  p rocesses o f  erosion  or vo lcan ic  activ ity. C adm ium  is  c la ssified  as a m etallic  
elem en t (sym b ol Cd, atom ic num ber =  48 ). It is  w h ite , lustrous and tam ishable. Its 
atom ic w eig h t is 112.41 w ith  a m eltin g  point at 321 ° c  and b o ilin g  point at 767  ° c .  It 
has lo w  so lu b ility  in  neutral condition . C adm ium  typ ica lly  occurs in  association  w ith  
zinc (Zn) in  natural g e o lo g ic  settings. B oth  cadm ium  and zin c are elem en ts in the 
group lib  o f  the P eriodic Table and therefore these e lem en ts h ave sim ilar chem ical 
properties. In the environm ent, crystal structure o f  z in c m ineral is rep laced  w ith  3-5 % 
o f  cadm ium . T his form  is  very  stable. C adm ium  h ow ever, has a stronger affin ity  w ith  
sulfur than zin c  d oes. C adm ium  also  has h igher m ob ility  than z in c d oes in acidic 
conditions.

2.2.2 Cadmium in Soil:

C adm ium  is present in the environm ent at the lo w  lev e ls , such  as in 
atm osphere (0.1 to 5 n g /m 3) and in  the earth’s crust (0.1 to 0 .5  ug/g). Cadm ium  
concentration  lev e ls  in  so ils  are d ifferent in  each o f  their parent so il m aterials. 
A llo w a y  (1 9 9 0 )  rev iew ed  cadm ium  concentration in so ils  that w ere derived from  
ign eou s rocks, m etam orphic rocks, and sed im entary rocks and found these to be 0 . 1 -
0 .3 , 0 .1 -1 .0  and 0 .3 - 1.1 m g/k g , resp ectively . K ab ata-P en dias and P endias (199 2) 
found that cadm ium  concentrations in  non contam inated so il ranged from  0 .06  to 1 . 1  

ppm . It is  b e liev ed  that the elevated  concentrations o f  cadm ium  in the environm ent 
com e from  anthropogenic activ ities. Important sources o f  cadm ium  contam ination are 
as the fo llow s: ( 1 ) air em iss io n s such as from m etalliferous m in in g  and sm elting,



m etal-u sin g industries, phosphatic fertilizer plants, so lid  w aste  incinerators, coal 
com b u stion  and road dust; ( 2 ) app lications o f  cadm ium  contain ing m aterials, such as 
sew a ge slu d ge, phosphatic fertilizers, p h osp h ogyp sum  and by-products, com posted  
m unicipal w a ste  and ash from  com bustion; and (3) accid en ta l/fu g itive  sources such as 
industrial contam inated  land, m ine w aste  dum ps and corroding ga lvan ized  m etal 
structures (M cL au gh lin  and Singh, 1999). K ab ata-P en dias and P endias (200 1)  
rev iew ed  that several studies indicated that under sim ilar so il con d ition s the elem ent 
from anthropogenic activ ities can m ore m ob ile  and b ioava ilab ility  than elem ent in 
natural.

1 1

T he sp ec ies  o f  trace elem en ts in so il can b e d iv id ed  as fo llow s: (1) water 
solub le, (2 ) exch an geab le , (3) organ ica lly  bound, (4) co m p lex es  w ith  Fe and Mn 
o x id es, (5) form  com p lex  w ith  carbonates, phosphates, su lfid es etc. and (6 ) 
structurally bound in  silicates (residual fraction). The m ob ile  sp ec ies  o f  trace elem ent 
are w ater so lu b le  and exch an geab le fraction. T he other sp ec ies  are le ss  or im m obile  
fraction. T h ese form s are unavailab le for plants and anim als.

N orm ally , trace elem en ts includ ing cadm ium  in so il can b e d iv ided  into tw o  
phases: ( 1 ) the so lid  phase, during w h ich  there is a large am ount o f  m etals in soil and
(2 ) the so lu tion  phase, during w h ich  there is a sm all am ount o f  m etals that p lay an 
important role in  the p lant’s uptake o f  m etal. T he cy c le  o f  m etal in so il is  a dynam ic  
cycle . There are m an y p rocesses w h ich  are concerned  w ith  the partition o f  m etals 
b etw een  the so lid  and so lu tion  phases o f  so il. M etal in the so lu tion  phase w ill be  
added from  m etal in  the so lid  phase. W hile m etal in  so lu tion  phase can be 
transform ed to b e  m etal in so lid  phase. Trace elem en ts are in  the prim ary and 
secondary m inerals ch an ges in  environm ent condition . To com p lete  the process, this 
fraction takes a lo n g  tim e to release m etal in to the so lu tion  fraction (Figure 2 .3).
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Quantity factor (Q)
Figure 2.3 Development of Soil from Sediment.
Source: N R C -E H W M  (2005)

2.2.3 Toxicity

H um ans can intake Cd by in gestion  and inhalation. C adm ium  can absorb into 
the hum an b od y at about 2-6%  and 30-60%  through in g estio n  and inhalation, 
resp ectively  (h ttp ://w w w .cad m iu m .org /) . The tox ic ity  o f  cadm ium  can be d iv ided  into 
2 lev els . F irstly, acute tox ic ity  is the adverse effec ts  from  exp osure to a h igh  dose o f  
cadm ium  at on e period o f  tim e. Exposure to h igh  lev e ls  in air m ay result in delayed  
(4-10h ours) pn eum on itis, and/or pulm onary edem a. S econ d ly , chron ic tox ic ity  is the 
health e ffec ts  that result from  the accum ulation  o f  cadm ium  in the b ody over a long  
period o f  tim e. T he tw o m ain organs affected  are the b on es and the k idneys. The 
b on es get soft (osteom alacia ), lo se  bone m ass and b ecom e w eaker (O steoporosis). 
T his cau ses the pain  in  the jo in ts and the back, and also  in creases the risk o f  fractures. 
The secon d  target organ is the k idney, w h ich  lo ses its ab ility  to function  and this leads  
to proxim al renal tubular dysfunction. A cute to x ic ity  has b een  rarely found in 
hum ans. C hronic cadm ium  intake has a h igh incident rate. T he m ost com m on  route o f  
cadm ium  exp osure to hum ans in  general is the con su m p tion  o f  cadm ium  
contam inated food . A verage d aily  cadm ium  intakes from  food  in  non-contam inated  
areas ranges from  about 10-12 ug. But for the sm oker, intakes are double the am ount 
than for the n on -sm ok er (w w w .C ad m iu m .org/exp .h tm l). The m ost fam ou s case  o f  
cadm ium  contam ination  w as in Japan, w here the p eop le  o f  the Jinzu R iver B asin  in 
T oyam a Prefecture suffered  from  “Itai - Itai” d isease . The cau se o f  the d isease  w as

http://www.cadmium.org/
http://www.Cadmium.org/exp.html
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the long-term  con su m p tion  o f  food  and w ater that w as contam inated  w ith  cadm ium . 
The cau se o f  th is contam ination  cam e from  the release o f  m in in g  w aste  into the river. 
The W orld H ealth  O rganization (W H O ) has n oticed  a p rov ision  tolerable w eek ly  
intake o f  cadm ium  at 7 u g/kg  o f  b od y  w eigh t. H ow ever, inhalation is  the m ain route 
o f  cadm ium  exp osure for w orkers w h o  w ork in  cadm ium -related  industries such as in  
phosphorus fertilizer plants and zinc m in in g and/or sm elters. C adm ium  is  listed  as 
reasonably anticipated to b e  carcinogenic in  experim ental an im als b y  The N ational 
T o x ico lo g y  Program  (N T P ). H ow ever, the International A g en cy  for R esearch on  
Cancer (IA R C ) found that cadm ium  is carcin ogen ic to both  anim als and hum ans 
(h ttp ://w w w .in co .co m ) .

2.2.4 Mitigation Measurements
There are m an y m itigation  m easurem ents in  order to so lv e  the problem  o f  

cadm ium  contam inated  so il (A llow a y , 1990) as the fo llow in gs; (1 )  T aking out the 
contam inated so il or layering so il w ith  a thick stratum o f  non  contam inated  matter .To 
m ake sure that plant roots can not get to the contam inated so il and cap illarity and/or 
evaporation can not bring so lu b le  cadm ium  in to the zo n e  o f  root. T h is m ethod is  
co stly  and inappropriate for a large area. (2 ) D ecreasin g  the cadm ium  concentration in  
so il b y  lea ch in g  w ith  acid  or chelates. (3) A d d in g lim e in  so il in  order to control so il 
pH  at 7 w h ich  d ecrease b ioava ilab ility  o f  cadm ium  in so il. T h is m ethod  is  the m ost 
broadly u sed  to reso lv e  this problem . (4) A d d in g  organic m atter in  to so il for 
increasing the adsorption capacity. (5) F lood in g  to m ake the reducing condition . This  
m ethod is  su itab le for rice grow ing zon e o n ly  (6 ) U s in g  plant to adsorb cadm ium  in  
so il. T h is m ethod  u su ally  ch ose  non- food  crops and in  case  o f  not h eav ily  
contam inated, u sin g  plant sp ecies  that have lo w  ab ility  to accum ulate cadm ium .

2.2.5 Sequential Extraction and Bioavailability of Heavy Metal in Soil

T otal h eav y  m etals concentrations in  so il gen era lly  m ean  the total o f  those  
m etals that ex ist in  so il. T otal concentration is u sefu l in  assessm en t the m etal loading  
in  so il. H ow ever, to d efin e the total concentration o f  h ea v y  m etal for environm ental 
concern m ay  not b e  an absolute va lu e o f  that h ea v y  m etal s in ce  s iliceo u s  form  o f

http://www.inco.com
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m etal is  not included . M ost o f  h eav y  m etals such  as chrom ium , lead, a lso  cadm ium  
are rea lly  con cern ed  due to their tox ic ity  i f  they are ex ist or contam inated in  the 
environm ent.. B eca u se  o f  th ese  m etals can cau se o f  adverse e ffec t to hum an health v ia  
food  chain. F ilgueiras, et al. (2 0 0 2 ) rev iew ed  that the accum ulation  o f  trace elem ents  
in plant and b io ta  in  so il are in fluenced  b y  their concentrations in b ioava ilab ility  
fraction. H ow ever , to determ ine the b ioava ilab ility  fraction from  the total 
concentration  has b een  stud ies for a few  decad es, h ow ever, it is  often  found that there 
are in sign ifican t correlated o f  the b ioava ilab ility  fraction to the m etal concentration  
found is  p lats that grow  in  those area.

Therefore, the studying o f  the m etal form s in so il is still interesting. 
T he sequential extraction  procedures are introduced to apply for determ ination o f  
h eav y  m etal in  each  fraction. T he b asic o f  this m ethod is  u sin g  o f  appropriate reagents 
w h ich  are applied  in  a g iven  order to the sam ple. T y p ica lly , the purpose o f  this 
procedure are as fo llow s: ( 1 ) p o llu tion  source characteristic,(2 ) m easurem ent o f  the 
m ob ility  and b ioava ilab ility  o f  m etal, and (3) id en tification  o f  b in d in g  sites o f  m etals  
for a ssess in g  m etal accum ulation , po llu tion  and transport m ech an ism s. There are 
m any kinds o f  sequentia l extraction procedures a lso  the Standard, M easurem ent and 
T esting, (S M  & T form erly B C R ) sequential extraction procedure o f  the European  
U n ion  (F ilgueiras, et ah, 20 0 2 ). The SM & T  program  (a lso  referred to as B C R  
throughout the report) proposed  a three -  step extractions p rov id e four fractions as the 
fo llow s: ( 1 ) exch a n geab le  fractions, w ater and acid  so lub le , (2 ) reducing conditions,
(3) o x id iz in g  con d ition s, and (4) R esid ue fraction (th is fraction is  the elem ent in the 
lattice o f  prim ary and secon d ary m inerals). The d efin ition  o f  fractions and extraction  
con d ition s related to the SM & T  sequential extraction procedures for ch em ica l fraction  
o f  so il sam p les is sh ow n  in  T able 2.1 .

There are m an y factors that in flu en ce these p rocesses in  both  so ils  and plants 
in  so il, such  as organic matter, pH , m etal content, the sorption cap acity  o f  so il, redox  
conditions and e ffec ts  o f  other elem ents. The im portant so il factor w h ich  in fluences  
this change is  pH  and red ox potential o f  the so il. In the acid ic con d ition , h eav y  m etal
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in soil is more mobile and availability than it dose in the neutral condition. Plant
factors that influence the uptake of cadmium in soil are plant species, distribution of
cadmium in plants.

Table 2.1 Definitions of Fractions and Extraction Conditions Related to the 
SM&T Sequential Extraction Procedures for Chemical Fraction of 
Soil Samples.

Nominal target 
phase

Reagent and 
conditions Description

Exchangeable and acid 
and water soluble

Shaking for 16 hr. with 
0.11 mol /L acetic acid

W eakly -  bounded metals retained on 
soil surface by relatively weak 
electrostatic interactions, which can be 
released by changes in ionic 
composition, modifications o f  metals 
on sediment constituents or affected by 
production or consumption o f  protons. 
Often considered representative o f  
available amounts.

Reducible Shaking for 16 hr. with 
0.5 mol /L 
hydroxylamine 
ammonium chloride, pH 
= 1.5

Trace elements contained on iron and 
manganese (hydr)oxide are released, 
because o f  their thermodynamic 
instability under anoxic conditions and 
dissolution o f  metal-oxide phases under 
controlled Eh and pH conditions.

Oxidizable Digestion with hydrogen 
peroxide at room 
temperature, evaporation, 
re-digestion and 
evaporation, then shaking 
for 16 hr. with 1.0 mol/L 
ammonium acetate

Trace elements bounded to various 
forms o f  organic matter as biotic 
detritus, organic particles or living 
organisms. The degradation o f  organic 
matter under oxidizing conditions is 
responsible for releasing trace 
elements.

Residual Digestion with Aqua 

(ISO 11466 protocol)

Trace elements in the lattice o f  primary 
and secondary minerals. In this case 
possible changes in environment 
condition the release o f  metals from 
this fraction on a time-scale o f  several 
years.

Source: Pe'rez, G ., and V a lien te , M . (2004)
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2.3 Literature Review

There had b een  several studies concerned  cadm ium  contam ination  in m any  
aspects such  as b ioava ilab ility , cause o f  contam ination, uptake o f  cadm ium  to plants 
etc. The p reviou s researches related to this study are as fo llow s:

Rieuwerts, et al. (1 9 9 8 ) rev iew ed  the factors in flu en cin g  m etal b ioava ilab ility  
in  so ils . T h ey  found that total m etal concentrations cou ld  not reflect m etal lev e ls  in 
so il so lu tion  w h ich  directly  affected  plants and m icro b io ta  in  so il. K ey  so il processes  
in v o lv ed  in the so lid -so lu tion  partition o f  Cd, Cu, Pb, and Zn w ere as fo llow s; cation  
exch an ge, sp ec ific  adsorption, precipitation, and com p lexation . T h ese processes  
decreased  the m etal concentration  in solution  phase. Factors a ffectin g  the solid -  
solution  partition o f  these m etals w ere as fo llow s: pH , redox potentia l, so il texture, 
c la y  content, organic m atter content, iron and m anganese o x id es , presence o f  cations 
and anions in  so il so lution , and m isce llan eou s factors such  as the m eta l’s p h ysico  -  
ch em ica l form  and particle s ize  and tem perature. pH  is  an im portant factor that has 
the m ost in flu en ce on  m etal b ioava ilab ility  in so il. In acid con d ition s, m etals in soil 
have h igh  so lu b ility , but in alkaline con d ition s, their so lu b ility  is  decreased.

Liu et al. (2 0 0 4 ) studied m etal contam ination  o f  so il and plants a ffected  b y  the 
co lla p se  o f  a ta ilin gs dam  o f  a lead /zinc m ine in China, in 1985 . T he adjacent area on  
both sid es o f  the river w as covered  w ith  slu d ge or w astew ater from  the m ine tailings. 
O nly som e areas w ere cleaned  up. Several d ecad es later, plants and so ils  w ere  
sam pled  and the concentration  o f  h eavy  m etals in these sam p les w as determ ined. The 
results sh ow ed  that the concentrations o f  h eavy  m etals w ere in  the fo llo w in g  order: o f  
control area <  clean ed  up area <  m in in g w aste  covered  area. S o il in  the contam inated  
area w as still h ea v ily  p ollu ted  w ith  A s, Cd, Zn, Pb and Cu that h ig h ly  exceed ed  the 
m axim um  a llo w ab le  concentration  lev e ls  for C h in ese  agricultural so ils , 
predom inantly for A s and Cd. In plants, the ed ib le  parts contained  the h igh est heavy  
m etal concentrations.
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Jung (2 0 0 1 ) studied h eavy  m etal contam ination  o f  so il and w ater in and 
around the Im ch eon  A u -A g  m ine, K orea. S o ils  and w aters w ere sam pled  and analyzed  
u sin g  A A S  for Cd, Cu, Pb, and Zn. HCCb”, F”, N O 3-  and SO 4 2” in w ater sam ples  
w ere analyzed  b y  ion  chrom atography. E levated  concentrations o f  trace elem ents  
w ere found in  ta ilin gs. M axim um  concentrations in the ta ilin gs w ere 9 .4 , 2 2 9 , 61 60  
and 1640 m g/k g  extracted b y  the A qua R eg ia  m ethod and 1 .35, 2 6 .4 , 70 .3  and 410  
m g/k g  extracted b y  0.1 N  HC1 solution  for Cd, Cu, Pb and Zn, resp ectively . T hese  
m etals are con tin u ou sly  d ispersed dow nstream  and d ow n  slo p e  from  the tailings by  
w ind  and water. B eca u se  o f  the ex isten ce  o f  su lfid es in the ta ilin gs, a w ater sam ple  
taken on  the ta ilings site w as very  acidic w ith  a pH  o f  2 .2 , w ith  h igh  total d isso lved  
so lid s (T D S ) o f  1845 mg/1 and electric conductiv ity  (E C ) o f  3 8 2 0  p S /cm . T his sam ple  
also contained  up to 0 .2 7 , 1 .90, 2 .8 0 , 53 .4  and 4 ,7 0 0  mg/1 o f  Cd, C u, Pb, Zn and 
SO 4 2 , resp ective ly . T D S , EC and concentrations o f  m etal in  w aters decreased  w ith  
distance from  the tailings.

Jung and Thornton (1 9 9 9 ) reported the contam ination  o f  trace elem en ts from  
m in in g activ ities in the surface environm ent and its im p lications for so ils  and plants. 
S o ils  w ere sam pled  in  and around a Pb/Zn m ine in K orea from  sites that also included  
the m ine dum p, nearby h ou seh old  gardens and uncultivated  areas. Plant sam ples w ere  
co llected  from  h ou seh old  gardens and from  a nearby control area. A n a lysis b y  
In d uctively  C ou pled  P lasm a A tom ic E m ission  sp ectrom etry  w a s conducted  to 
determ ine concentrations o f  Cd, Cu, Pb and Zn. C oncentrations in  so ils  decreased  
w ith  d istance from  the m ine source. M etal concentrations in  plant sp ec ies  sam pled  
gen era lly  d ecreased  in  th is order: tobacco leaves >  spring on ion s >  soyb ean  leaves >  
red pepper ~  corn grain. The ratios o f  m etal concentrations in  plants to  those in so ils  
decreased  in  the order Zn >  Cd >  Cu >  Pb. The im portant factors in flu en cin g  the 
b ioava ilab ility  o f  h ea v y  m etals in  so ils  and their uptake into food  crops w ere pH and 
concentration  o f  h ea v y  m etals in soil.
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Somboon (1 9 9 9 ) studied the contam ination  o f  cadm ium  and zinc in soil 
resu lting from  zin c  m in in g  activ ities in M ae Sot district, Tak province. S o il sam ples 
w ere co llec ted  from  both  upstream  and dow nstream  areas in the sam e w atershed o f  
the m ine and from  adjacent areas outside the w atershed boundary. T his study found  
that cadm ium  concentrations o f  so il sam ples from  dow nstream  areas w ere higher than 
sam ples from  both  upstream  and adjacent areas. T he average cadm ium  and zinc  
content in so il sam p les from  dow nstream  areas w ere 5 0 .8 4  and 1 ,908 .81 ppm, 
resp ectively .

Zarcinas et al. (2 0 0 3 ) conducted  an assessm en t o f  h ea v y  m etal p ollu tion  in 
cultivated  so ils  and plants o f  Thailand. The elem en ts o f  interest in  this study w ere  
arsenic, cadm ium , cobalt, chrom ium , copper, m ercury, n ick el, lead and zinc. The  
results o f  th is study sh ow ed  that concentrations o f  th ese  elem en ts varied w ild ly  
am ong the d ifferent zo n es  o f  the country. T h ey  con clud ed  that e levated  concentrations  
o f  A s, C o, Cr, Cu, H g, N i and Pb in  environm ents m ight b e a result o f  changing o f  
so il m in era logy, but that elevated  concentrations o f  Cd and Zn m ight be a result o f  
agricultural fertilizer application  and so il am endm ent. T he authors advised  that 95 
percentile trace e lem en ts concentration can be used  as “In vestigation  L ev e ls” for 
m etal in uncontam inated  so ils  o f  Thailand. T he concentration  ranges for Thailand  
to p so il’s sam pled  w ere A s (0 .0 8 -2 9 .0 ), Cd (0 .0 1 -0 .1 7 ) , C o (0 .1 0 -2 1 .1 ) , Cr (0 .14-  
7 9 .4 ), Cu (0 .1 6 -4 3 .6 ) , H g (0 .0 1 -0 .1 0 ), N i (0 .1 0 -4 3 .9 ), Pb (0 .1 0 -5 4 .6 ) , and Zn (0 .10-  
7 1 .0 ) m g/k g.

Simmons et al. (2 0 0 3 ) studied the contam ination  o f  cadm ium  and zinc in a 
cultivated  area in  T hailand w h ich  w as also affected  b y  Zn and Cd co-con tam in ation . 
T his study co llec ted  rice and soybean  sam ples and concurrent so il sam p les from  the 
cultivated  area. For so il sam ples, Zn and Cd concentrations ranged from  2 .91 -24 8  
and 2 5 4 -8 0 3 6  m g/k g  resp ectively . W hile for rice and soyb ean  sam ples, Cd 
concentrations ranged from  0 .0 2 -5 .0 0  and 1 .08-1 .71 m g/k g , resp ective ly . In addition, 
they studied the h eav y  m etal accum ulation  in any parts o f  the rice and soyb ean  plants. 
R esults indicated that C d and Zn accum ulate m ore in rice plants than in  soybeans.
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Tongcumpou et al. (2004) studied the distribution o f  cadm ium  from  a zinc  
m ine to cu ltivated  areas in  M ae Sot district, Thailand. S ed im ent, so il and water in the 
M ae T oa floo d  p lain  and adjacent areas w ere sam pled in order to determ ine total 
concentrations o f  cadm ium  and zin c and the availab le concentrations o f  these  
elem ents. M ost so il sam ples w ere co llected  from  the floo d  p lain  area w hich  had 
received  irrigation w ater d irectly  from  the M ae T oa creek. The results w ere high  
concentrations both  o f  cadm ium  and zinc. T he results from  w ater sam p les from  creeks 
and p onds w ere b e lo w  the standard at 0.01 ppm . T his study presum ed that the area o f  
zinc d ep osits w a s the potential source o f  contam ination. T he determ ination o f  
b ioava ilab ility  o f  cadm ium  u sin g  the B C R  m ethod sh ow ed  that there w ere high  
cadm ium  concentrations in  so il, but that the b ioava ilab ility  o f  cadm ium  w as not 
rela tively  high.

NRC-EHWM (2005) studied cadm ium  distribution and b ioava ilab ility  in 
cultivated  so il and crops in the v ic in ity  o f  zinc m ine in M ae Sot. It w as found that 
cadm ium  contam ination  o f  low land  paddy so il cam e from  the accum ulation  o f  
sedim ent. It w a s d ischarged  from  the h igh  land w here z in c ore d ep osits are located in 
that area. N R C -E H W M  recom m ended the h igh  background va lu es in this area, 
b ecau se o f  the potentia l o f  zinc ore deposit in this area. T he lo o sen in g  fragm ents from  
the lo n g  -  term  natural p rocesses and anthropogenic activ ities are source o f  
contam ination , particularly m in in g activ ities. It w as found that relationship  betw een  
availab le and total concentration  o f  fresh sed im ent sh ow ed  the lo w  ratio. H ow ever, 
in the so il, this relationship  sh ow ed  ratio w h ich  m uch h igher than the sed im ent result. 
T his m ay  ind icate that the sed im ent from  upland area has b een  d ep osited  in this 
floodplain . It w a s assum ed that m ore than 50 % o f  the study area w as the cadm ium  
contam inated so il.
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