
CHAPTER 1

INTRODUCTION

1.1 Statement of problem

H exach lo robenzene  (H C B )  was o r ig in a lly  in troduced in  the 1940 ’ s as 

a fung ic ida l seed treatment. A s  far as can be determ ined, th is p ractice  w as term inated 

decades ago in m any countries in c lu d in g  Tha iland . U s in g  H C B  as a pestic ide  was 

banned in  T ha iland  in  1980 (Buxton , 2001). Even it was p roh ib ited  to im port H C B  in 

Tha iland  but the p rob lem  o f  th is hazardous chem ica l s t ill be ing  existed. It was form ed 

as a byproduct du ring  the m anufacture o f  so lvents, other ch lo r in e -con ta in ing  

com pounds, and pestic ides. Land  or farm s that used to be app lied  w ith  pestic ide  or 

fung ic ide  con ta in ing  H C B  in the past have been contam inated w ith  H C B  because o f  

its long-range transport, depos ition  and persistent. H C B  releases a lso  ty p ic a lly  

include: em iss ions from  inc ineration ; leachate from  hazardous wastes (and som etim es 

other) la nd fd l sites; em iss ions from  various industria l sources and even e ffluents from  

m un ic ip a l w astewater treatment plants.

The p rob lem  o f  hexach lorobenzene stated in  Tha ila nd  has been found 

by  Greenpeace. It is one o f  12 persistent organ ic po llu tants (PO P s) that banned by the 

U n ited  Na tions. There is the evidence o f  H exach lo robenzene in  w ater and sedim ent 

sam ples taken from  K lo n g  H ua  Lam  Poo. It is the canal, w h ich  runs next to Bang  Pho 

Industria l estate, a com m un ity  o f  thousand people. It was expected that H C B  w ou ld  

be found in  sed im ent sam ples from  the m outh o f  B ang  Pakong  R ive r, w h ich  is said to 

be h ig h ly  contam inated. There is  s t ill la ck  o f  data on th is chem ica l in  the deve lop ing  

w o rld  (B angkok  Post, 2001). There is not yet a reported case o f  peop le  harm ed by th is 

chem ica l, nor a serious study on it, in Tha iland .

Persistent O rgan ic  Po llu tan ts (PO Ps) are chem ica l substances that 

persist in  the environm ent, b ioaccum u late  through the food web, and pose a r isk  o f  

causing adverse effects to human health and the environm ent. T w e lve  po llu tants have 

been considered in  P O P s  lis t are a ldrin , endrin, d ie ld r in , ch lordane, heptachlor,
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hexach lorobenzene, m irex, d ich lo rod ip heny l trich loroethane (D D T ) , d iox in , 

po lych lo r in a ted  b ipheny ls  (P C B s ), furans and toxaphene. M o s t o f  these are used in 

agricu lture. Even  long after their use has been d iscontinued, these chem ica ls  rem ain in 

so ils  and sed im ents where they can enter the food cha in d ire c t ly  o r perco late dow n to 

the water table. O nce in  the groundwater, these po llu tants can enter d r in k in g  water 

w e lls  and cause health prob lem s. W ith  the evidence o f  long-range transport o f  these 

substances to reg ions where they have never been used o r p roduced and the 

consequent threats they pose to the env ironm ent o f  the w ho le  g lobe, the in ternational 

com m un ity  has now , at several o ccas ions ca lled  fo r urgent g loba l actions to reduce 

and e lim inate  releases o f  these chem ica ls.

Tha i governm ent has concerned about th is p rob lem  by  s ign ing  

S tockho lm  Conven tion  on Persistent O rgan ic  Po llutants: PO P s  at U n ited  N a tio n  Head 

O ffice , N e w  Y o rk  C ity , U S A  (International L e g a lly  B in d in g  Instrument for 

Im p lem enting  International A c t io n s  on Certa in  Persistent O rgan ic  Po llu tan ts (PO Ps)) 

(P o llu t io n  C on tro l Department, 2002). The cabinet reso lu tion  agree to accept T ha iland  

to be a new  m em ber o f  S to ckho lm  C onven tion  on Persistent O rgan ic  Po llu tan ts (M a y  

14, 2002) ะ PO P s  v ia  the progressing  o f  fo re ign  m in is te r at U n ited  N a tions 

headquarter, N e w  Y o rk , U n ited  States by  M a y  22, 2002 and accept the p r in c ip a l o f  

covenant's ra tifica tion . In order to be a com plete m em ber, T ha ila nd  has to be 

p ra c tica lly  prepared and also qu a lif ie d  from  m in iste r o f  p o llu t io n  con tro l department, 

science, techno logy  and env ironm ent department and re lated departments. In add ition , 

the com m ittee shou ld  be set up fo r creating the code o f  p ractice  ab ided by 

spec ifica tion  and com m itm ent, the com m ittee w il l  set the duty fo r every  department.

T rad itiona l clean-up techn ique o f  ch lo rinated  chem ica ls  was ph ys ica l 

process such as pump-and-treat but m ay be successfu l fo r rem ova l o f  nonsorb ing  

lesser ch lo rinated  com pounds, the ir tim e e ff ic ie n cy  and cost e ffectiveness decreased 

rap id ly  w ith  increasing content and m o le cu la r s ize  due to in creasing  mass transfer 

lim ita tion s  (Adriaens and V o g e l, 1995). A s  the h igh  ch lo r in e  content o f  

hexach lorobenzene, it was not genera lly  e lim inated  un less fo llo w ed  by  a post­

treatment process, therefore, b io lo g ica l degradation had s ig n if ican t potentia l to 

de tox ify  ch lorinated compound.
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B iodeg rada tion  was be ing  studied as a potentia l transform ation  o f  

ch lorinated com pounds to lesser-ch lo rina ted  com pounds. E sp e c ia lly , the reductive  

dech lo rination  properties o f  ch lo rinated  benzene u sua lly  takes p lace  in  reduced 

environm ents such as deep so il and sediments. A lth ough , m ic ro b ia l reductive  

dech lo rination  o f  H C B  has been w e ll observed and docum ented, but, there ’ s la ck  

in fo rm ation  o f  H C B  rem ediation in  Tha iland .

1.2 Objectives

The  goa l o f  th is research is to increase the rate o f  anaerob ic 

b iodegradation o f  hexach lo robenzene by  exam in ing  the potentia l o f  m ixed  m ic ro b ia l 

species supplem ented w ith  various substrates. H om ogen ized  g ranu lar sludge from  

U A S B  reactor was used as in ocu lum  w ithou t acc lim a tion  in  order to dech lo rinate  

hexach lorobenzene contam inated in  sed im ent in  the com b ination  w ith  f iv e  types o f  

substrates. It w ou ld  be va luab le  data i f  dech lo rina ting  a b ility  o f  unacc lim ated  sludge 

were observed. Because in  the real situation, a cc lim a tion  o f  sludge seed was not quite 

p ractica l when large am ount o f  sludge is needed fo r rem ediate contam inated site. The 

ratio between sludge and contam inated sed im ent quantity was also in teresting w ith  

respect to cost e ffective . Therefore, sp e c if ic  ob jectives are:

1. T o  investigate  the H C B  dech lo rina ting  a b ility  o f  unacc lim ated  

m icroo rgan ism  from  anaerob ic reactor.

2. T o  study the ro le  o f  carbon source and sludge:sed im ent ratio  to the 

dech lo rina tion  o f  H C B  in  contam inated sediment.
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1.3 Scope of study

Sample collection and preparation'. The sed im ent was sam pled from  a 

canal run through Suanthonburirom  Park, B angkok . T h is  sed im ent sam ple represents 

as contam inated sed im ent that w il l  be studied. The  sam ple was co lle c ted  w ith  a 

sta in less steel grab sam pler and added to p lastic  ca rboys w ith  m in im um  headspace 

and ana lyzed  to determ ine hexach lorobenzene background concentration. The 

sedim ent was dried, ground and sieved through 1,4-m m  screen.

Condition: The experim ent is carried out in  20-m l p lastic  syringes and 

kept in darkness at room  temperature and pH  o f  6.5-7.5.

Organic substrates'. F iv e  groups o f  o rgan ic  substrates (w ith  C O D  

concentration 3000 mg/1 each), w h ich  are in term ediates from  anaerob ic degradation 

was added to the so il sam ples as carbon-sources fo r b iom ass. T hey  were g lucose, 

lactate, ethanol, form ate and the com bination  o f  acetate, butyrate, and prop ionate 

(2:1:1) (because o f  these three substances u sua lly  present together). A lk a l in it y  was 

added to m a in ta in  p H  at 6.5-7.5.

Anaerobic biomass: G ranu la r sludge seed was derived from  a U A S B -  

wastewater treatment p lant o f  Serm  Suk P u b lic  Co ., L td .

Nutrients'. Yeast extract was fed as the cu lture  m ed ium  in  the 

com bination  w ith  various inorgan ic  nutrient m edia , see Tab le  3.1.

The quantification o f  Hexachlorobenzene: Pre-Study o f  extraction 

e ff ic ie n cy  were done s ix  tim es fo r every s ing le  sam ple by  add ing hexane and shake 

fo r two hours. But, it was observed that the extraction results from  the fourth, fifth  

and six th  tim es d id  not appear to be s ig n if ican tly  h igher than that o f  after the th ird 

tim e o f  extraction (A pp end ix  C). Thus, on ly  three tim es o f  extraction were done fo r 

a ll sam ple o f  experim ent. Then, the extract was filte red  and in jected to Gas 

Chrom atography fo r analysis.
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1 .4  M e t h o d o l o g y

A l l  experim ents were done as show n in Tab le  1.1. The experim ent fo r 

the ro le  o f  c-source was conducted by  va ry ing  four types and one group o f  c-source at 

consistent sludge to sed im ent ratio  o f  50:50 and con tro lled  w ith  no c-source addition.

The ro le  o f  sludge to sedim ent ratio  was conducted by  va ry ing  tw o ratios o f  20:80 and 

50:50 and both supplem ented w ith  g lucose and con tro lled  w ith  no c-source add ition.

O n ly  tw o sludge to sedim ent ratios were exam ined because sludge quantity  shou ld  not 

greater than that o f  contam inated sediment.

T a b l e  1 .1  Experim en ta l design

* M ass  o f  Sludge: Sed im ent (gram  wet weight: gram  d ry  w eight)

** acetate/butyrate/propionate 

Il 11II 111 Experim en t fo r the ro le  o f  c-source.

V/////A  E xperim en t fo r the ro le  o f  Sludge: Sed im ent w ith  g lucose  as c-source.

lw A :ivvl E xperim en t fo r the ro le  o f  Sludge: Sed im ent w ithou t c-source.
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