
REMOVAL  OF  HEAVY  METALS  AND  SOLIDS  IN  
WASTEWATER  FROM  LABORATORY  WATER  QUALITY  

ANALYSIS  BY  POLYMERS 
 

 
 
 
    
 
 
 
 
 
 
 
 

CHAMLONGLUCK  HOMCHUEN 
 
 
 
 
 
 
 
 
 
 
 

A  THESIS  SUBMITTED  IN  PARTIAL  FULFILLMENT 
OF  THE  REQUIREMENTS  FOR 

THE  DEGREE  OF  MASTER  OF  SCIENCE  
(APPROPRIATE  TECHNOLOGY  FOR  RESOURCES               

AND  ENVIRONMENTAL  DEVELOPMENT)  
FACULTY  OF  GRADUATE  STUDIES 

MAHIDOL  UNIVERSITY 
2006 

 
ISBN  974-04-7124-2  

COPYRIGHT OF MAHIDOL UNIVERSITY 







ACKNOWLEDGEMENT 
 

 

        The  success  of  this  thesis  can  been  attributed  to  the  extensive  support  and  

assistance  from  my  major  advisor,  Asst. Prof. Patompong  Saguanwong  and  my  

co-advisor, Asst. Prof. Dr. Chumlong Arunlertaree and  Mrs. Sumana  Sutemechaikul,  

M.sc.  who  always  give  valuable  advice,  guidance,  comments,  especially  

kindness,  suggestions  and  also  sacrifice  their  time  for  me.  I  am  equally  sincere  

to  Asst. Prof. Dr. siranee  sreesai   for  all  of  their  comment  and  especially  

kindness  to  me. 

        I  really  thank  to  the  staff  of  Central Instrument  Facility, Mahidol  University   

for  their  generous  assistance  and  sincere  service.   

        I  really  grateful  to  all  staffs  of  Faculty  of  Environment  and  Resource  

studies,  Mahidol  University,  especially  to  laboratory  staffs,  librarians  and  

education  staffs  for  their  cordial  service. 

        My  special  thanks  to  my  youngest  sister  for  her  encouragement  as  well  as  

to  all of  my  friends  for  their  friendship,  helpful,  happiness  and  all  enjoyable  

thing  we  have  ever  done  throughout  my  study. 

        Most  of  all,  I  would  like  to  express  the  sincere  thanks  to  my  father,  my  

mother  and  everybody  in  my  family  who  give  me  for  their  love,  entirely  care,  

understanding,  trustfulness  assistance,  financial  support  and  continuous  

encouragement  throughout  my  study  time. 

 

Chamlongluck  Homchuen 

 

 

 

 

 



Fac. of  Grad. Studies, Mahidol Univ.                                                                                          Thesis  / iv 

 
REMOVAL  OF  HEAVY  METALS  AND  SOLIDS  IN  WASTEWATER  FROM  
LABORATORY  WATER  QUALITY  ANALYSIS  BY  POLYMERS 
 
CHAMLONGLUCK  HOMCHUEN    4436156   ENAT/M 
 
M.Sc. (APPROPRIATE  TECHNOLOGY  FOR  RESOURCES  AND    
ENVIRONMENTAL  DEVELOPMENT) 
 
THESIS  ADVISORS:  PATOMPONG  SAGUANWONG,  M.A.,  M.B.A.,               
CHUMLONG ARUNLERTAREE, Ph.D., SUMANA SUTEMECHAIKUL, M.Sc.    
 

ABSTRACT 
 

        This  research  was  carried  out  to  study  the  removal  of  heavy  metals  and   
solids  in  wastewater  from  laboratory  water  quality  analysis.  The  objective  was  
to  investigate  the  removal  efficiency,  optimum  conditions,  and  operation  cost.  
The  polymers  as  coagulants  were  sodium  alginate,  tapioca  starch  and  gelatin.  
The  heavy  metals  in  wastewater  consisted  of  manganese (Mn),  magnesium   
(Mg),  cadmium (Cd),  chromium (Cr),  iron (Fe),  silver (Ag)  and  mercury (Hg).  
Heavy  metal  ions  were  analyzed  using  AAS.  Mercury  was  analyzed  using  ICP  
and  then  statistically  processed  using  ANOVA  with  Turkey’s  Honesty  
Significant  Difference (HSD)  at  a  95%  confidence  level (p<0.05). 
        The  results  indicated  that  the  optimum  conditions  for   removal  of  heavy  
metals  using  polymers  was  pH 9  and  contact  time  30  minutes.  The  dosage  of  
sodium  alginate,  tapioca  starch  and  gelatin  were  200 mg/L,  60 mg/L  and  60 
mg/L, respectively. Under optimum conditions, the results obtained were removal  of  
heavy  metals  and  total  solids  using  sodium  alginate  and  showed  similar  results  
to  using  the  tapioca  starch  and  gelatin.  The  removal  efficiency  of  chromium 
(Cr),  iron (Fe)  and  silver (Ag)  exceeded  99.99%.  The   efficiency  of  the  
removal  of  manganese (Mn)  and  mercury (Hg)  were  81%  and  99%,  
respectively.  Using  tapioca  starch  and  gelatin  as  coagulants,  could  give  the  
maximum  removal  of  cadmium (Cd),  approximately  95.50%.  Lime  was  the  
cause  of  magnesium (Mg)  increasing,  while  the  total  solids  removal  was  as  
much  as  25 %. The operation cost for three  polymers  was  approximately  1.10 
baht/L.   
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CHAPTER  I 

INTRODUCTION 
 

 

1.1  State  of  problem 
 

        The  water  quality  analysis,  such  as  BOD,  COD,  DO,  NH3-N,  and  NO3-N  

use  several  chemical  reagents,  which  contain  high  concentration  of  heavy  

metals.  The  combined  wastewater  from  these  laboratory  tests  are  contaminated  

with  solids  and  heavy  metals  e.g.,  manganese (Mn),  magnesium (Mg),  iron (Fe),  

chromium (Cr),  silver (Ag),  cadmium (Cd),  and  mercury (Hg).  Almost  laboratory  

wastewater  is  directly  discharged  to  natural  water  sources.   

        Metals  and  their  compounds  are  used  widely  in  many  human  activities  

such  as  industrial,  agricultural  and  medicinal  applications.  Some  metals  e.g.,  

Mn,  Fe,  Zn  and  Cu  present  in  trace  concentrations  are  important  for  the  

physiological  functions  of  living  tissue  and  regulate  many  biochemical  

processes.  The  same  metals  however,  discharged  into  natural  water  at  increased  

concentrations  in  sewage,  industrial  effluents  can  have  severe  toxicological  

effects  on  humans  and  the  aquatic  ecosystem  (1).  Others  metals  such  as  

mercury,  cadmium,  and  lead  are  not  required  even  in  small  amouts  by  any  

organism.  All  metals  are  toxic  to  aquatic  organisams  as  well  as  humans  if  

exposured  levels  are  sufficiently  high.  The  critical  for  the  ecosystem  are  even  

small  addition  of  the  same  metal  ions  into  the  aquatic  environment  (2).  

        There  are  many  technologies  for  the  disposal  of  solids  and  heavy  metals.  

The  specific  methods  are  classified  as  physical  processes, biological  processes  

and  chemical  processes.  In  each  method  is  difference  on  the  optimum  

conditions,  efficiency,  chemical  residues,  and  operation  cost.   
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        Coagulation  is  a  process  for  combining  small  particles  into  larger  

aggregates.  Many  pollutants  of  concern  to  human  health  are  particles  themselves  

or  are  associated  with  solid  particles  (e.g.,  certain  toxic  metals  and  SOCs),  so  

coagulation  for  particle  aggregation  is  an  important  component  of  treatment  for  

removal  of  many  pollutants  (3).  

        Coagulants  are  used  to  induce  particle  agglomeration.  Selection  of  a  

suitable  coagulant  depends  on  the  nature  of  the  particles,  especially  their  

affinity  to  adsorb  water,  and  their  electrical  charge  (4).  Coagulants  and  

coagulant  aids  (flocculants)  commonly  used  are  generally  classified  as  inorganic  

coagulants  and  polyelectrolytes.  Polyelectrolytes  are  further  classified  as  either  

synthetic-organic  polymers  or  natural-organic  polymers.  Polyelectrolytes  are  

available  with  anionic,  cationic  and  non-ionic. 

        The  natural  polymers  used  in  water  and  waste  treatment  systems  include  

starches,  galactomannans,  cellulose  derivatives,  microbial  polysacharrides,  gelatin,  

glues  and  sodium  alginate.  This  study  used  natural  polymers  consist  of  sodium  

alginate,  tapioca  starch  and  gelatin  for  the  removal  of  heavy  metals  and  solids  

from  laboratory  wastewater.  The  optimum  conditions,  efficiency,  and  operation  

cost  were  investigated.  The  results  will  be  used  as  the  guideline   for  the  

removing  heavy  metals,  reducing  chemical  residues,  selecting  biopolymers,  and  

decreasing  operation  cost.  The  application  of   natural  polymer  would  reduce  

chemicals  contamination  to  the  environment. 
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1.2  Objectives 
 

        1.2.1  To  study  the  optimum  conditions  for  the  removal  of  heavy  metals  

and  solids  using   sodium  alginate,  tapioca  starch  and  gelatin. 

                1.2.1.1  To  study  the  optimum  pH  value  for  the  removal  of  heavy  

metals  and  solids  using   sodium  alginate,  tapioca  starch  and  gelatin. 

                1.2.1.2  To  study  the  optimum  dose  of  sodium  alginate,  tapioca  starch  

and  gelatin  to  remove  heavy  metals  and  solids.   

    1.2.1.3  To  study  the  optimum  contact  time  for  the  removal  of  heavy  

metals  and  solids  using   sodium  alginate,  tapioca  starch  and  gelatin. 

        1.2.2  To  compare  the  efficiency  for  removal  heavy  metals  and  solids  using  

sodium  alginate,  tapioca  starch  and  gelatin. 

        1.2.3  To  evaluate  the  operation  cost  for  the  removal  of  heavy  metals  and  

solids. 

        1.2.4  To  study  the  efficiency  for  removal  heavy  metals  and  solids  using  

polymers  in  synthetic  wastewater.     

 

1.3  Hypothesis 
 

        1.3.1  There  are  no  differences  on  the  efficiency  for  the  removal  of  heavy  

metals  and  solids  between  sodium  alginate,  tapioca  starch  and  gelatin. 

        1.3.2  Using  polymers  can  reduce  the  heavy  metals  and  solids  concentration  

in  both  laboratory  wastewater  and  synthetic  wastewater.   
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1.4  Scope  of  study 
    

        1.4.1  In  this  study  used  polymers consist  of  sodium  alginate,  tapioca  starch  

and  gelatin  to  remove  heavy  metals  and  solids  in  wastewater  from  laboratory  

water  quality  analysis,  consists  of   BOD,  COD,  DO,  NH3-N,  and  NO3-N  

experiments.   

        1.4.2  The  optimum  conditions,  efficiency,  and  total  operation  cost  were  

investigated.  The  optimum  conditions  consisted  of  optimum  pH  value,  optimum  

dose  of  polymers  and  optimum  contact  time.   

        1.4.3  The  removal  efficiency  of  heavy  metals  and  solids  in  synthetic  

wastewater  were  investigated  only  at  optimum  conditions  studied  value  as  is  the  

resulting  optimum  conditions  from  laboratory  wastewater  analysis.   

        1.4.4  Heavy  metals  concerned  were  manganese (Mn),  magnesium (Mg),  iron 

(Fe), chromium (Cr), silver (Ag), cadmium (Cd), and mercury (Hg).  The  removal  

efficiency  of  mercury (Hg)  in  both  laboratory  and  synthetic  wastewater   was  

investigated  only  at  optimum  conditions.   

        1.4.5  The  operation  cost  include  the  calcium  hydroxide (Ca(OH)2)  expense  

and  polymers  expense.   

        1.4.6  This  process  was  a  batch  experimental  design,  which  examined  in  

the  laboratory  at  Faculty  of  Environment and Resource Studies, Mahidol 

University.  The  experimental  screening  called  jar  test.  The  jar  test  method  was  

used  for  the  study  of  coagulation.  The  jar  test  was  used  for  optimum  

conditions  selection. 
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1.5  Conceptual  framework 

 
 

 
 

 
 

 

 

physical  processes  chemical  processes biological  processes

adsorption coagulation precipitation 

ionic  layer  
compression 

sweep  
coagulation 

interparticle   
bridging 

adsorption  and   
charge  neutralization 

Independent  Variables 
   -  Heavy  metals  was  Mn,  Mg,  Cd,  Cr, 

Fe,  Ag  and  Hg. 
   -  Solids  was  suspended  solids,  total 

dissolved  solids  and  total  solids.  
-   Polymers  was  sodium  alginate,  tapioca 

starch  and  gelatin. 
-   pH  value  was  5,  6,  7,  8  and  9. 

     -  Dose  of  polymers  was  60,  100,  200, 
400 and  600mg/L. 

-  Contact  time  was  0,  15,  30,  45  and 
60  minutes. 

Controlled  Variables 
-  Room  temperature 
- The  jar  test  was 
operated  rapidly  mixing 
at  100 rpm   

technologies  for  wastewater  treatments 

Dependent  Variables 
-   The  optimum  conditions 
-  The  remained  concentration  of  heavy  metals  and  solids  in 

wastewater  was  treated  using  polymers (mg/L  or  ppm) 
-   The  Heavy  metals  and  solids  removal  efficiency  (%) 
-   The  Operation  cost (baht/litre  of  wastewater) 

A  guideline for  the  removal  of  heavy  metal  and  solids         
in  wastewater  from  laboratory  water  quality  analysis 

Optimum  conditions  selection
-  optimum  pH  value 
-  optimum  dose  of  polymers 
-  optimum  contact  time 
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1.6  Operational  definitions 
  

        1.6.1  Laboratory  wastewater  :  The  wastewater  from  laboratory  water  quality  

analysis  consists  of   BOD,  COD,  DO,  NH3-N,  and  NO3-N  experiments   

        1.6.2  Synthetic wastewater : A  solution  containing  heavy  metals  and  distilled  

water  prepared  by  mixing  together. 

        1.6.3  Coagulants  :  The  natural  polymers  used  as  coagulant  consists  of  

sodium  alginate,  tapioca  starch  and  gelatin.   

        1.6.4  Contact  time  :  The  time  that  heavy  metals  and  solids  solution  were  

in  continuously  contact  with  treated  polymers. 

        1.6.5  Batch  operation  :  The  experimental  design  involved  placing  the  

polymer  and  wastewater  in  to  beakers  and  mixing  the  samples  for  a  contact  

time,  the  experimental   screening  called  jar  test. 

        1.6.6  Removal  efficiency  :  The  capacity  of  heavy  metals  and   solids  

removal  by  polymers  in  wastewater,  their  unit  were  percent  of  removal. 

        1.6.7  Operation  cost  :  The  price  of  raw  materials  and  chemical  reagents,  

only  the  expense  of  calcium  hydroxide (Ca(OH)2)  and  polymers  are  considered.   

Their  unit  were  bath  per  liter   of  wastewater.  

  

1.7  Expected  results 
 

        To  know  the  optimum  conditions,  efficiency  and  operation  cost  of  using  

sodium  alginate,  tapioca  starch  and  gelatin  for  the  removal  of  heavy  metals  and  

solids  in  wastewater  from  laboratory  water  quality  analysis.  To  know  the  

efficiency  for  the  removal  of  heavy  metals  and  solids  using  polymers  in  

synthetic  wastewater.  The  results  will  be  used  as  the  guideline  for  the  

removing  heavy  metals,  reducing  chemical  residues,  selecting  biopolymers,  and  

decreasing  operation  cost. 
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CHAPTER  II 

LITERATURE  REVIEW 
 

 

2.1  Water  quality  analysis     
  

        Laboratory  tests  ,  such  as  DO,  BOD,  COD,  and  total  nitrogen, etc. (Table 

2-1),  commonly  use  several  chemical  reagents.  Most  of  chemical  reagents  were  

containing  heavy  metals.  Hence,  wastewater  from  testing  is  would  contaminated  

with  heavy  metals.   

 

Table  2-1  The  method  for  the  wastewater  quality  analysis 

 

Parameters Method 

1.  Oxygen  

       1.1  Dissolved  Oxygen  (DO) Azide  Modification  Method 

1.2  Biological Oxygen  Demand       

                (BOD5)  at  20 ๐c 

Azide  Modification  Method 

1.3  Chemical  Oxygen  Demand    

                (COD) 

Potassium Dichromate Digestion  Method 

2.  Nitrogen  

      2.1  Ammonia-Nitrogen Nesslerlization  Method 

      2.2  Nitrate-Nitrogen Cadmium  Reduction  Method 

Source :  Eaton   A.D., Clesceri  L.S.  and  Greenberg  A.E.,  1995  (5)  
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        Heavy  metals  are  the  hazardous  waste.  Metals  in  natural  waters  can  exist  

in  truly  dissolved,  colloidal  and  suspended  forms.  All  metals  are  soluble  to  

some  extent  in  water.  They  are  stored  over  long  duration  times,  which  cause  

chronic  or  acute  damage  on  the  organisms  while  excessive  amounts  of  any  

metal  may  present  health  hazards. 

        According  to  the  standard  methodology  of  the  wastewater  quality  analysis,  

these  five  parameters,  i.e.  DO, BOD, COD, NH3-N, and  NO3-N,  must  use  

chemical  reagents,  which  consist  of  heavy  metals  ions.   

  

        2.1.1  Dissolved  Oxygen  (DO)   

  

        The  presence  of  dissolved  oxygen  is  fundamental  importance  in  maintaining  

aquatic  life  and  the  aesthetic  quality  of  waters.  Dissolved  oxygen  (DO) levels  in  

natural  and  wastewaters  depend  on  the  physical,  chemical,  and  biochemical  

activities  in  the  water  body.  The  analysis  for  DO  is  a  key  test  in  water  

pollution  and  waste  treatment  process  control.  The  azide  modification  is  

commonly  used  for  most  wastewater,  effluent,  and  stream  samples  (5,6).  

 

        2.1.2  Biochemical  Oxygen  Demand  (BOD)  

 

        The  biochemical  oxygen  demand  (BOD)  determination  is  an  empirical  test  

in  which  standardized  laboratory  procedures  are  used  to  determine  the  relative  

oxygen  requirements  of  wastewater,  effluents,  and  polluted  waters.  The  test  has  

its  widest  application  in  measuring  waste  loadings  to  treatment  plants  and  in  

evaluating  the  BOD-removal  efficiency  of  such  treatment  systems.  The  test  

measures  the  oxygen  utilized  during  a  specified  incubation  period  for  the  

biochemical  degradation  of  organic  material  (carbonaceous  demand)  and  the  

oxygen  used  to  oxidize  inorganic  material  such  as  sulfides  and  ferrous  iron.  It  

also may measure the oxygen used  to oxidize  reduced forms of  nitrogen  

(nitrogenous demand)  unless  their  oxidation  is  prevented  by  an  inhibitor  (5).  
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        2.1.3  Chemical  Oxygen  Demand  (COD)  

         

        The  chemical  oxygen  demand  (COD)  is  used  as  a  measure  of  the  oxygen  

equivalent  of  the  organic  matter  content  of  a  sample  that  is  susceptible  to  

oxidation  by  a  strong  chemical  oxidant. Functionally,  the  oxygen  equivalent  of   

the  organic  matter  is  measured  using  a  strong  oxidizing  agent (potassium  

dichromate)  in  an  acidic  medium.  The  test  is  performed  at  elevated  

temperatures,  using  a  catalyst (silver  sulfate)  to  help  in  the  oxidation  of  certain  

resistant  classes  of  organic  compounds.  Using  excess  dichromate  as  the  

oxidizing  agent,  the  reaction  involved  in  the  measurement  of  organic  matter  

may  be  represented  as  follows : 

  

 

 

 

        To  determine  the  amount  of  organic  matter,  the  amount  of  dichromate  

remaining  at  the  end  of  the  test  is  measured  (5,6).  

 

        2.1.4  Ammonia-Nitrogen  (NH3-N)  

  

        The  nesslerization  method  is  sensitive  to  20  ugNH3-N/L  under  optimum  

conditions  and  may  be  used  for  up  to  5   mgNH3-N/L.  Pretreatment  before  

direct  nesslerization  with  zinc  sulfate  and  alkali  precipitates  calcium,  iron,  

magnesium,  and  sulfide,  which  form  turbidity  when  treated  with  nessler  reagent 

(HgI2 and  KI  were  dissolved).  The  floc  also  removes  suspended  matter  and  

sometimes  colored  matter.  Addition  of  EDTA  or  Rochelle  salt  solution  inhibits  

precipitation  of  residual  calcium  and  mangnesium  ions  in  the  presence  of  the  

alkaline  nessler  reagent.The  graduated  yellow  to  brown  colors  produced  by  the  

nessler-ammonia  reaction  absorb  strongly  over  a  wide  wavelength  range  (5).   

 

 

CaHbOc  +  Cr2O7
-2  +  H+ 

Heat

catalyst 
Cr+3  +  CO2  +  H2O 

Organic
matte 

Dichromate 
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        2.1.5  Nitrate-Nitrogen  (NO3-N)  

 

        Nitrate  generally  occurs  in  trace  quantities  in  surface  water  but  may  attain  

high  levels  in  some  groundwater.  In  excessive  amounts,  it  contributes  to  the  

illness  known  as  methemoglobinemia  in  infants.  It  is  an  essential  nutrient  for  

many  photosynthetic  autotrophs  and  in  some  cases  has  been  identified  as  the  

growth-limiting  nutrient.  Determination  of  nitrate  (NO3-)  is  difficult  because  of  

the  relatively  complex  procedures  required,  the  high  probability  that  interfering  

constituents  will  be  present,  and  the  limited  concentration  ranges  of  the  various  

techniques  (5). 

        The  applicable  concentration  range  of  cadmium  reduction  method  is  0.01  

to  1.0 mg NO3
- - N/L.  Nitrate  (NO3-)  is  reduced  almost  quantitatively  to  nitrite 

(NO2-)  in  the  presence  of  cadmium  (Cd).  This  method  uses  commercially  

available  Cd  granules  treated  with  copper  sulfate  (CuSO4)  and  packed  in  a  

glass  column. 

        The  wastewater  from  these  laboratory  tests  are  contaminated  with  

manganese (Mn), magnesium (Mg),  iron (Fe),  chromium (Cr),  silver (Ag),  cadmium 

(Cd),  and  mercury (Hg)  (table 2-2 ).   

Table  2-2  The type of  heavy  metals  in  wastewater from  water  quality  analysis 
 
Parameters Chemical  Reagent Heavy  Metals 

1.  Dissolved  Oxygen  (DO) MnSO4.H2O Mn 

2.  Biochemical Oxygen  Demand    

     (BOD)  

MnSO4. H2O 

MgSO4.7H2O 

FeCl3.6H2O 

Mn 

Mg 

Fe 

3.  Chemical  Oxygen  Demand   

     (COD) 

K2Cr2O7 

Ag2SO4 

HgSO4 

Fe(NH4)2(SO4)2.6H2O

Cr 

Ag 

Hg 

Fe 

4.  Ammonia-Nitrogen (NH3-N) HgI2 Hg 

5.  Nitrate-Nitrogen (NO3-N) Cadmium  granular Cd 

Source :  Eaton   A.D., Clesceri  L.S.  and  Greenberg  A.E.,  1995  (5) 



Fac. of  Grad. Studies, Mahidol Univ.                     M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 11 

2.2  Heavy  metals  in  wastewater  from  laboratory  water  quality    

analysis           
        

        Heavy  metals  and  their  compounds  are  used  widely  in  many  human  

activities.  Although  some  metals  such   as  manganese,  iron,  copper,  and  Zinc  are  

essential  micronutrients,  others  such  as  mercury,  cadmium,  and  lead  are  not  

required  even  in  small  amounts  by  any  organism.  Virtually  all  metals,  including  

the  essential  metal  micronutrients,  are  toxic  to  quatic  organisms  as  well  as  

humans  if  exposure  levels  are  sufficiently  high  (2).   

 

        2.2.1   Manganese  (Mn)  

  

        Manganese  exists  mostly  in  the  oxidation  state +2  in  natural  salts;  and  in  

stable  native  black  manganese  oxide,  MnO2,  its  valence  is  +4.  Synthetic  

compounds  are  known  in  nearly  all  valence  stages  between  -3  and  +7.  

Important  water-soluble  compounds  are  manganese  sulfate,  manganese  chloride,  

manganese  nitrate,  and  the  permanganate  ion  (MnO4
-).  Manganese  seems  to  be  

an  essential  trace  element  for  all  living  beings.  It  is  available  in  plants  and  

animal  cells  in  relative  high  concentrations  in  the  mitochondria,  where  it  acts  

as  a  cofactor  for  the  activation  of  some  enzymes.  An  excess  of  manganese  in  

plants  causes  chlorosis.  In  animals  consuming  manganese-rich  food (more  than  

2000  ppm)  an  impairment  of  hemoglobin  formation  may  be  observed  because  

of  a  reduced  intake  of  iron  into  the  porphyrin  ring.  Manganism  is  diseases  due  

to  manganese  are  known  in  humans.  Manganism  is  a  serious  neuro-psychiatric  

disease,  which  is  caused  by  inhalation  of  manganese  in  quantities  of  probably  

more  than  100  mg/d  during  some  months  or  years  (7). 

        Wastewater  from  laboratory  water  quality  analysis  is  contaminated  with  

manganese (Mn)  ion,  as  a  result  from  the  addition  of  MnSO4  for  DO  and  BOD  

testing. 
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        2.2.2   Magnesium  (Mg)    

 

        Magnesium  occurs  in  many  organometallic  compounds  and  in  organic  

matter.  It is  used  in  many  industrial  processes,  these  contribute  relatively  little  

to  the  total  magnesium  in  surface  waters.  Magnesium  is  an  essential  element,  

and  various  deficiency  symptoms  in  plants,  animals,  and  humans  are  known.  

On  the  other  hand,  magnesium  compounds  are  practically  non-toxic  and  

overdoses  are  usually  eliminated  first  by  vomiting  and/or  diarrhea,  although  

they  may  lead  to  hypermagnesemia  (1,7).   

        Wastewater  from  laboratory  water  quality  analysis  is  contaminated  with  

Magnesium  ,  as  a  result  from  the  MgSO4  solution,  which  is  used  for  the  BOD  

testing. 

   

        2.2.3   Iron  (Fe)   

  

        In  aqueous  solutions  iron  occurs  as  iron  (II)  or  iron  (III)  or  as  organic  

ferrous  and  ferric  complexes. Under  aerobic  conditions  and  when  pH  approaches  

neutrality,  the  ferric  form  of  inorganic  salts  is  by  far  the  most  prevalent  one.  

Under  these  conditions  all  ferrous  iron  is  oxidized  and  converted  into  the  more  

stable  ferric  form.  Iron  is  essential  to  the  physiological  processes  of  all  living  

organisms.  In  plants  iron  is  required  for  chlorophyll  synthesis. 

        Iron  can  be  highly  toxic  to  cellular  constituents  when  present  in  excess,  

but  the  problem  of  toxic  iron  overload  is  virtually  limited  to  man  and  is  far  

less  frequent  than  iron  deficiency.  It  is  believed  that  one  of  the  major  reasons  

why  iron  may  be  toxic  to  cells  is  that  it  catalyzes  the  production  of  the  

hydroxyl  radical  (7). 

        The experiment of BOD and  COD  must  add  FeCl3  and  Fe(NH4)2(SO4)2.6H2O,  

so  the  wastewater  is  contaminated  with  iron (Fe). 
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        2.2.4  Chromium  (Cr)   

  

        Chromium  has  the  oxidation  states  ranging  from  Cr2+  to  Cr6+.  It  is  

considered  to  be  essential  to  a  part  of  the  living  organisms,  as  biologically  

active  chromium,  for  metabolism  of  glucose.  In  chromates  and  dichromates  the  

chromium  is  hexavalent  and  is  readily  reduced  to  its  trivalent  form  and  hence  

is  a  strong  oxidizing  agent.  The  danger  of  environmental  contamination  depends  

on  the  oxidation  state  of  chromium.  In  its  hexavalent  form  it  is  100  to  1000  

times  more  toxic  than  the  most  common  trivalent  compounds.  Hexavalent  

chromium  compounds  can  reduce  plant  growth  and  cause  skin  inflammation  or  

eczemas  in  fish,  mammals,  and  humans,  and  after  a  longer  latent  time  they  

produce  lung  cancer  (7). 

        The  wastewater  from  COD testing  is  contaminated  with  chromium (Cr)  

because  of  the  addition  of  oxidizing  agent (K2Cr2O7)  for  the  completely  

reaction. 

         

        2.2.5  Silver (Ag)  

  

        Silver  is  a  useful  noble  metal  with  high  conductivity  and  ductility,  which  

is  widely  disseminated  in  the  human  environment  as  a  result  of  its  industrial  

and  medicinal  applications.  The  most  toxic  soluble  compound  tested  on  

freshwater  plants  is  silver  nitrate (AgNO3),  while  the  least  toxic  compounds  are  

silver  thiosulfate (Ag2S2O3)  and  soluble  complexes  of  silver  chloride (AgCl).  The  

hardness  of  water  and/or  the  presence  of  chloride  ions  reduce  silver  toxicity  for  

fish.  In  addition,  the  toxicity  of  silver  for  aquatic  animals  is  also  lessened  if  

food  is  present  during  test  (7). 

        Silver  sulfate  is  a  catalyst  and  reduces  chloride  for  the  COD  testing,  so  

silver (Ag)  ion  contaminates  in  wastewater  from  the  laboratory  water  quality  

analysis. 
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        2.2.6  Cadmium  (Cd)   

  

        Cadmium  is  a  relatively  volatile  element.  Higher  doses  of  cadmium  can  

lead  to  toxic  effects.  Wet  chemical,  e.g.  electrochemical,  processes  can  result  in  

high  levels  of  cadmium  compounds  in  waste  water.  The  input  of  cadmium  into  

waters  is  due  directly  to  contributions  from  wastewater  and  precipitation  from  

the  atmosphere.  Cadmium  uptake  in  mammals  and  humans  occurs  by  ingestion  

and  inhalation.  Acute  effects  can  be  seen  in  the  respiratory  and  digestion  tracts.  

Cadmium  accumulates  predominantly  in  the  kidneys  with  a  biological  half-life  

of  more  than  ten  years  (7). 

        The  analysis  of  nitrate-nitrogen (NO3-N)  must  add  cadmium  granular  as  a  

catalyst,  so  cadmium (Cd)  ion  contaminates  in  wastewater. 

         

        2.2.7  Mercury  (Hg)   

  

        Elemental  mercury  is  usually  referred  to  as  mercury  vapor  when  present  in  

the  atmosphere  or  as  metallic  mercury  in  liquid  form.  Mercury  exists  in  ionic  

form  as  Hg2+ (mercuric  salts)  and  Hg+ (mercurous  salts).  Mercury   is  a  liquid  at  

room  temperature.  It  was  discharged  as  waste  to  the  environment.  In  1989,  the  

United  States  use  mercury  for  Laboratory  amount  to  18  tonnes (1 %  of  total  

mercury  consumption).  

        It  is  believed  that  elemental  mercury  converts  to  the  ionic  species  to  

produce  the  toxic  effect. Elemental  mercury  poisoning  is  characterized  by  a  

metallic  taste  in  the  mouth,  headache,  nausea,  vomiting,  abdominal  pain,  

diarrhea,  and  sometimes  albuminuria.  Mercury  salts  are  corrosive  to  the  skin  

and  mucous  membrane  (2,7).  

        The  wastewater  from  COD  testing  was  contaminated  with  chromium (Cr),  

silver (Ag),  iron (Fe),  and  mercury (Hg). 

 

 

 

 



Fac. of  Grad. Studies, Mahidol Univ.                     M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 15 

 

2.3  Technologies  for  wastewater  treatments  
 

        The  contaminants  in  water  and  wastewater  are  removed  by  physical, 

chemical, and  biological  means.  While  different  waste  streams  may  be  ideally  

suited  to  particular  disposal  methods.  The  specific  methods  are  classified  as  

physical  processes, biological  processes  and  chemical  processes  (6). 

 

        2.3.1  Physical  processes 

 

        Treatment   operations  in  which  change  is  brought   about  through  the  

application  of  physical  forces  are  classified  as  physical  processes.  Typical  unit  

operations  include  screening,  sedimentation, and filtration,  etc.  Sedimentation  is  a  

purely  physical  process  whereby  particles  suspended  in  a  liquid  settle  by  means  

of  gravity  and  inertia  action  on  both  the  particles  suspended  in  the  liquid  and  

on  the  liquid  itself.  Sedimentation  can  be  either  a  batch  or  a  continuous  

process  (8). 

 

        2.3.2  Biological  processes 

 

        Treatment  processes  in  which  the  removal  of  contaminants  is  brought  about  

by  biological  means  are  classified  as  biological  processes.  The  activated  sludge  

process  used  for  the  treatment  of  the  organic  matter  in  wastewater  is  perhaps  

the  best –known  example. 

 

        2.3.3  Chemical  processes 

  

        Treatment  processes  in  which  the  removal  or  treatment  of  contaminants  is  

brought  about   by  the  addition  of  chemicals  or  by  chemical  reactions  are  

classified  as  chemical  processes.  The  chemical  treatment  methods  include  

neutralization, ion  exchange , precipitation,    coagulation  and  flocculation, etc. 
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        2.3.3.1  Neutralization  

  

        Neutralization   of  a  waste  that  is  an  acid  or  base  involves  the  addition  of  

a  chemical  substance  to  change  the  pH  to  a  more  neutral  level.  Acidic  

wastewaters  may  be  neutralized  with  slaked  lime  (Ca(OH)2),  caustic  soda 

(NaOH), or  soda  ash.  Alkaline  wastewaters  may  be  neutralized  with  a  strong  

mineral  acid, such  as  H2SO4  or  HCl, or  with  CO2  (9). 

 

        2.3.3.2  Ion  exchange 

 

        The  process  is  based  on  the  characteristic  of  some  neutral  minerals  called  

zeolites  which  were  found  to  exchange  ions  suitable  for  the  softening  of  water,  

like  exchange  of  Mg+  and  Ca++ for  Na+  (10).  Ion  exchange  is   a  reversible  

exchange  of  ions  between  liquid  and  solid  phases.  Ion  exchange  is  useful  in  

treatment  of  hazardous  wastewater.  Some  common  applications  are  desalting, 

ammonia  removal, and  treatment  of  heavy  metals  wastewater. 

 

        2.3.3.3  Precipitation  

 

        Precipitation  processes  are  employed  in  the  removal  of  heavy  metals.  To  

create  nearly  insoluble  heavy  metal  hydroxides  (11).  The  metals  will  precipitate  

at  varying  pH  levels, depending  upon  the  metal  ion, resulting  in  the  formation  

of  an  insoluble  salt.  Hence  the  neutralization  of  an  acidic  waste  stream  can  

cause  precipitation  of  heavy  metals  and  allow  them  to  be  removed  as  a  sludge  

residue  by  clarification,  sedimentation,  or  filtration  (9).  The  hydroxides  of  heavy  

metals  are  usually  insoluble, so  lime  is  commonly  used  for  precipitating  them.  

Chemical  precipitation  in  wastewater  treatment  involves  the  addition  of  

chemicals  to  alter  the  physical  state  of  dissolved  and  suspended  solids  and  

facilitate  their  removal  by  sedimentation.  The  chemicals  used  in  wastewater  

treatment  such  as  alum,  lime,  ferrous  sulfate  and  lime,  ferric  chloride,  ferric  

chloride  and  lime,  and  ferric  sulfate  and  lime  (12).  Lime  is  normally  added  to  

raise  the  pH,  as  well  as  to  aid  in  precipitation  of  colloid.  Lime,  a  coagulant  in  
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itself,  is  often  added  with  iron  salts  to  raise  the  pH  to  the  isoelectric  point  of  

the  coagulant  (13).   

The  pH  of  minimum  solubility  varies  with  the  metal  as  shown  in  figure  

2-1. 

 

    
        Figure  2-1  Solubility  of  metals  versus  pH  (14). 

 

        The  solubilities  for  chromium  and  zinc  are  minimum  at  pH  7.5  and  10.2,  

respectively,  and  show  a  significant  increase  in  concentration  above  these  pH  

values.   
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        2.3.3.4  Adsorption 

  

        Adsorptive  process  is  a  substance  involves  its  accumulation  at  the  interface  

between  two  phases.  The  molecule,  accumulates  at  the  interface,  is  called  

adsorbate  and  solid  phase  is  called  adsorbent  (15).  Adsorption  phenomena  can  

be classified  as  physiorption  and  chemisorption.  The  physical  adsorption  is  the  

van  der  Waals  force  and  dispersion  force,  while  chemical  adsorption  involves  

the  transfer  of  electron  and  formation  of  chemical  bonding. 

 

        2.3.3.5  Coagulation  and  flocculation 

 

        The  precipitation  process  of  heavy  metals  can  be  greatly  enhanced  through  

addition  of  various  water-soluble  chemicals  and  polymers  that  promote  

coagulation  and  flocculation.  Coagulation  and  flocculation  are  used   to  separate  

suspended  solids  from  liquids  when  their  normal  sedimentation  rate  are  too  

slow  to  provide  effective  clarification.  These  are  two  different  but  related  

mechanisms  in  clarification  and  dewatering. 

 

2.4  Coagulation  theory  (16) 
  

        Although  the  exact  method  by  which  coagulation  is  accomplished  cannot  

be  determinded,four  mechanisms  are  thought  to  occur.  There  are  four  basic  

mechanisms  of  destabilizing  particles.  These  include  ionic  layer  compression,  

adsorption  and charge  neutralization,  entrapment  in  a  flocculent  mass,  and  

adsorption  and  interparticle  bridging. 
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        2.4.1  Ionic  layer  compression  

 

         The  quantity  of  ions  in  the  water  surrounding  a  colloid  has  an  effect  on  

the  decay  function  of  the  electrostatic  potential .  The  high  ionic  concentration  

compresses  the  layers  composed  predominantly  of  counter  ions  toward  the  

surface  of  the  colloid.  If  this  layer  is  sufficiently  compressed,  then  the  van  der  

Waals  force  will  be  predominant  across  the  entire  area  of  influence,  so  that  the  

net  force  will  be  attractive  and  no  energy  barriers  will  exist.  Although  

coagulants  such  as  aluminum  and  ferric  salts  used  in  water  treatment  ionize ,  at  

the  concentration  commonly  used  they  would  not  increase  the  ionic  

concentration  sufficiently  to  affect  ion  layer  compression. 

 

        2.4.2  Adsorption  and  charge  neutralization 

 

        The  nature,  rather  than  the  quantity,  of  the  ions  is  of  prime  importance  in  

the  theory  of  adsorption  and  charge  neutralization.  Although  aluminum  sulfate 

(alum)  and  ferric  chloride  is  used.  The  ionization  of  aluminum  sulfate  in  water  

produces  sulfate  anions  (SO4
2-)  and  aluminum  cation  (Al3+).  The  sulfate  ions  

may  remain  in  this  form  or  combine  with  other  cations.  However,  the  Al3+  

cations  react  immediately  with  water  to  form  a  variety  of  aquometallic  ions  and  

hydrogen. 

        The  aquometallic  ions  thus  forms  become  part  of  the  ionic  cloud  

surrouding   the  colloid  because  they  have  a  great  affinity  for  surfaces  are  

adsorbed   onto  the  surface  of  the  colloid  where  they  neutralize  the  surface  

charge.  Once  the  surface  charge  has  been  neutralized,  the  ionic  cloud  dissipates  

and  the  electrostatic  potential  disappears  so  that  contact  occurs  freely.  

Overdosing   with  coagulants  can  results  in  restabilizing  the  suspension.  If  

enough  aquometallic  ions  are  formed  and  adsorbed,  the  charges  on  the  particles  

become  reversed  and  the  ionic  clouds  reform,  with  negative  ions  being  the  

counter  ions.  This  phenomenon  will  be  discussed  more  fully  in  a  later  section.  

Positively  charges  ions  neutralize  the  colloidal  negative  charges  and  thus  
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destabilize  them.  The  chemical  are  known  as  coagulants,  usually  higher  valence  

cationic  salt  such  as  alum,  Ferric  sulfate  and  ferric  chloride. 

         

        2.4.3  Sweep  coagulation 

 

        The  last  product  formed  in  the  hydrolysis  of  alum  is  aluminum  hydroxide,  

Al(OH)3.  The  Al(OH)3  forms  in  amorphous,  gelatinous  flocs  that  are  heavier  

than  water  and  settle  by  gravity.  Colloids  may  become  entrapped  in  a  floc  as  

it  is  formed,  or  they  may  become  enmeshed  by  its “ sticky ” surface  as  the  

flocs  settle.  The  process  by  which  colloids  are  swept  from  suspension  in  this  

manner  is  known  as  sweep  coagulation.  Precipitate  is  typically  Fe(OH)3,  

Al(OH)3,  Mg(OH)2. 

         

        2.4.4  Interparticle  bridging 

 

        Large  molecules  may  be  formed  when  aluminum  or  ferric  salts  dissociate  

in  water.  These  polymers  may  be  linear  or  branched  and  are  highly  surface  

reactive.  Thus, several  colloids  may  become  attached  to  one  polymer  and  

several  of  the  polymer-colloid  groups  may  become  enmeshed (figure 2-2),  

resulting  in  settleable  mass.  In  addition  to  the  adsorption  forces,  charges  on  the  

polymer  may  assist  in  the  coagulation  process.   
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        Figure  2-2  Interparticle  bridging  with  polymers  (16). 

 

2.5  Coagulation  process  
 

        Coagulation is a process for combining small particles into larger aggregates.  

The  second  stage  in  the  overall  process  of  coagulation  is  flocculation. 

        Coagulation  is  the  addition  and  rapid  mixing  of  a  coagulant  to  neutralize  

charges  and  collapse  the  colloidal  particles  so  they  can  agglomerate  and  settle.  

Colloidal  species  in  wastewater  include  clay,  silica,  heavy  metal ,  and  organics. 
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        Flocculation is  promoted  by  slow  mixing,  which  brings  the  flocs  gently  

together.  Flocculation  requires  gentle  agitation  to  allow  bridging  of  the  

flocculant  chemical  between  agglomerated  colloidal  particles  to  form  large  

settleable  flocs.  A  flocculant  gathers  together  particles  in  a  network,  bridging  

and  binding  the  individual  particles  into  large  agglomerates. 

        The  use  of  water-soluble  organic  polymers  is  often  more  effective  than  the  

use  of  alum  or  iron  salts  in  promoting  coagulation.  These  coagulants  also  

promoted  flocculation. Flocs  are  promoted  by  slow  mixing  of  coagulated  

colloidal  particles  under  controlled  pH  condition  to  produce  large  partiples  (7). 

 

        2.5.1  Factors  influencing  coagulation 

 

        The  principle  factors  affecting  the  coagulation  and  flocculation  of  

wastewater  are  colloidal  concentration or  suspended  solids,  pH,  mixing  time,  and  

the  dosage  and  nature  of  the  coagulant.  If  pH  is  not  in  the  proper  range,  the  

coagulants  rarly  induce  adequate  clarification.  In  the  slow-mix  period  which  

floc  building  proceeds  until  the  floc  becomes  large  enough  to  begin  to  break  

apart ,  which  limites  the  size  of  the  floc  (9).   

 

        2.5.1.1  Effects  of  pH 

 

        The  pH  affects  the  surface  charge  of  colloids,  charge  of  the  dissolved-

phase  coagulants  species,  surface  charge  of  floc  particles  and  coagulant  

solubility.  Adding  coagulant  and  coagulant  aid  into  the  unsuitable  pH  can  cause  

the  low  quality  of  coagulation. 

 
        2.5.1.2  Effects  of  dosage 
 

        Stable  suspensions  may  be  flocculated,  by  the  addition  of  polyelectrolytes  

or  water-soluble-polymeric-flocculants. Using  this  two-step  approach  (flocculate  

under  agitation  and  follow  supernate  clarity)  optimal  conditions  of  flocculation  

are  established  by  monitoring  two  variables : 
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1)  flocculant  concentration  or “ dose ”  expressed  as  ppm  flocculant  and 

2)  agitation  regime. 

        The  supernatant-clarity  versus  flocculant  dose  curve  would  look  like  the  

one shown in  figure  2-3. In  this  figure, in  agreement  with  the  bridging  

mechanisam  of  flocculation,  3  region  can  be  observed  (17).  

 

        Underdose  region  

 

        In  this  case  there  is  not  a  sufficient  number  of  polymer  chains  to  bind  all  

of  the  particles  into  flocs. 

 

        Optimum  dose  region  

 

        Under  these  conditions  the  number  of  polymeric  chains  is  sufficient  for  

optimal  flocculation. Optimum  flocculation  occurs  when  only  part  of  the  

available  adsorption  sites  are  occupied  by  the  active  functional  groups  of  the  

polymer.  When  solid  particles  are  half  covered  by  polymer, optimum  

flocculation  can  take  place. 

 

        Overdose  region 

 

        In  this  case,  there  are  more  polymeric  chain  molecules  than  needs  to cause  

flocculation. The  excess  molecules  wrap  around  the  particles  making  them  

behave  as  if  they  were  beads  of  polymer.  Such  particles  repel  one  another  and  

remain  suspended. 

The  polymer  chain  is  initially  adsorbed  through  a  few  active  groups  on  

the  particle,  the  rest  of  the  molecule  extending  into  the  solution  and  eventually  

adsorbing  onto  another  particle  upon  colloiding  with  it.  Failing  this, the  polymer  

adsorbs  on  other  available  sites  of  the  original  particle  thus  reducing  the  

possibility  of  polymer  bridging. 
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Figure  2-3  Effect  of  polymer  dose  on  the  flocculation  redispersion  behavior       

of  a  suspension 

 

        2.5.1.3  Effect  of  the  mixing  time 

 

        The  suspension  is  stirred  slowly  to  increase  the  possibility  of  contact 

between  coagulating  particles  and  to  facilitate  the  development  of   large  flocs. 

 

        2.5.1.4  Nature  of  the  coagulant 

 

        The  choice  of  coagulant  chemical  depends  upon  the  nature  of  the  particles  

to  be  removed.  Polyelectrolites  are  also  commonly  used  as  coagulants.  They  act  

as  coagulants  by  lowering  the  charge  of   the  wastewater  particles. 

 

        2.5.1.5  nature  of  the  particles 

 

        The  decrease  in  particle  size  means  an  increase  in  flocculant  demand.  The  

higher  particles  levels  require  higher  coagulant  dosage. 
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        2.5.2   Coagulants  and  flocculants  (or  coagulant  aids)   

 

        The  coagulation  process  is  often  enhanced  through  the  use  of  coagulant  aid 

(or  flocculants ).  Sometimes,  excess  primary  coagulant  is  added  to  promote  

large  floc  sizes  and  rapid  settling  rates.  However, in  some  waters,  even  large  

doses  of  primary  coagulant  will  not  produce  a  satisfactory  floc.  In  these  cases, 

a  polymeric  coagulant  aid  can  be  added  after  the  coagulant,  to  hasten  reactions, 

to  produce  a  denser  floc,  and  thereby  reducing  the  amount  of  primary  

coagulant required. Because of  polymer “ bridging” small  floc  particles  agglomerate  

rapidly  into  larger  more  cohesive  floc,  which  settles  rapidly.  Flocculants  also  

help  to  create  satisfactory  coagulation  over  a  broader  pH  range  (18). 

        Coagulants  and flocculants (or coagulant  aids)  commonly  used  are  generally  

classified  as  inorganic  coagulants  and  polyelectrolytes.     

 

        2.5.2.1  Inorganic  coagulants  

 

        The  three  main  classifications  of  inorganic  coagulants  are  Aluminum  

derivatives,  iron  derivatives  and  lime.  Although  lime  is  primarity  used  for  pH  

control  or  chemical  precipitation,  it  is  also  commonly  used  as  a  co-coagulation  

(17). Alum (Al2(SO4)3) and iron salts (ferric chloride (FeCl3) and ferric  sulfate 

(Fe2(SO4)3),  which  are   widely  used  in  water  clarification,  in fact,  function  as  

both  coagulants  and  flocculants  by  forming  positively  charged  species  in  the  6  

to  7  pH  range(9),  and  negative  above  pH 8.2 .  

 

        2.5.2.2  Polyelectrolytes   

 

        Polyelectrolytes  are  high-molecular-weight  polymers  which  contain  

adsorbable  groups  and  form  bridges  between  particles  or  charged  flocs  (14).  

Polyelectrolytes  are  water-soluble  organic  polymers  that  are  used  as  both  

primary  coagulants  and  coagulant  aids.  They  usually  have  ion  exchange  sites  

which  give  the  molecule  an  ionic  charge.  These  molecules  react  with  colloidal  

material  in  the  water  by  neutralizing  the  charge  and  by  bridging  individual  
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particles  to  form  flocs  (9).  There  are  three  types  of  polyelectrolytes  :  a  

cationic,  which  adsorbs  on  a  negative  colloid  or  floc  particle (anion);  an  

anionic,  which  replaces  the  anionic  groups  on  a  colloidal  particle  and  permits  

hydrogen  bonding  between  the  colloid  and  the  polymer;  and  a  nonionic,  which  

adsorbs  and  flocculates  by  hydrogen  bonding  between  the  solids  surface  and  the  

polar  groups  in  the  polymer  (14). 

        Polyelectrolytes  are  further  classified  as  either  synthetic-organic  polymers  or  

natural-organic  polymers.  They  are  water  soluble  anionic, cationic  or  nonionic  

polymers.  Synthetic  organic  polymers  are  the  most  commonly  used  coagulant  

aids  for  coagulation and  flocculation  of  heavy  metal  precipitates.  Natural  organic  

flocculants  derived  from   natural  products  include  starch, starch  derivatives, 

proteins,  and  tannins  (18).  

        The  mechanisms  of  coagulation  with  organic  polymers  are  charge  

neutralization  and  interparticle  bridging.  Because  the  competing  reactions  of  

adsorption  onto  the  colloids  and  precipitation  as  a  hydroxide  that  occur  

simultaneously  for  the  inorganic  metal  coagulants  do  not  occur  for  organic  

polymers  (3).  

 

2.6  Natural  polymers 
  

        The  natural  polyelectrolytes  include  polymers  of  biological  origin  and  those  

derived  from  starch  products,  cellulose  derivatives,  and  alginates  (24). 

        The  natural  polymers  used  in  water  and  waste  treatment  systems  include  

starches, galactomannans,  cellulose  derivatives,  microbial  polysacharrides,  gelatins,  

and  glues.  These  are  water  soluble  polymers,  mainly  noionic.  They  vary  in  

structure, molecular  weight,  biodegradability,  ease  of  dissolution,  and  temperature  

of  preparation.  Natural  polymers  and  their  derivatives  are  limited  more  or  less  

to  requirements  of  low  charge  density,  low  molecular  weights,  and  good  

biodegradability  (19).  
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        2.6.1  Alginates   

 

        Alginates  are  natural  polymer  and  anionic  flocculant.  This  is  made  from  

alginic  acid,  derived  from  seaweed.  Sodium alginate is the sodium salt of alginic 

acid.  Sodium alginate is a long chain polymer, specifically a polysaccharide isolated 

from seaweed.  Polymers are large molecules made by linking many smaller 

molecules together. Polysaccharides, such as starch and alginate, are made by linking 

together hundreds of glucose (sugar) molecules. (20) 

 

        2.6.2  Starches  

  

        Starches  come  from  such  sources  as  potato,  corn,  tapioca,  arrowroot,  and  

wheat.  They  differ  in  size  and  shape  of  granules,  temperature  of  gelatinization,  

rates  of  swelling  in  solvents,  and  ratios  of  amylose  and  amylopectin. (19)  

Tapioca  starch  has  15%  to  18%  amylose.  Tapioca  granules  are  smooth,  

irregular  spheres  with  sizes  ranging  from  5  to  25  microns.  The  potato  and  

tapioca  starch  have  a   molecular  weight  so  much  higher  than  that  of  corn. (21) 

  

        2.6.3  Gelatin  

  

        Gelatin  is  a  mixture  of  water  soluble  proteins  of  high  molecular  weight  

derived  from  collagen  by  hydrolysis.  Gelatin  molecules  are  large  and  complex  

proteins  ranging  in  molecular  weight  from  15,000  to  250,000.  They  may  be  

composed of 18 different  amino  radicals  linked  together in an ordered fashion.  (19) 

        The  synthetic  polymers  used  as  additives  in  the  industry  are  not  degradable  

by  environmental  effect,  and  because  of  the  monomers  remaining  in   the  

products  they  are  toxic.  The  natural  polymer  of  the  starch  can  be  made   

suitable  for  partial  or  complete  substitution  of  synthetic  polymers  in  certain   

fields  of  application  by  chemical  modifications.  If  the  polymer  structure  is   

preserved  and  appropriate  function  groups  are  built  into  the  monomers,  quite   

many  biopolymers  can  be  obtained.  Advantages  of  using  such  products: 
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-  they  come  from  renewable  raw  materials, 

-  they  are  non-toxic  in  case  of  using  appropriate  reagents, 

-  they  are  degradable  by  environmental  effect  (22). 

 

2.7  Jar  test 
 

        The  flocculant  that  works  best  in  any  system  can  be  determined  only  

through  experimental  screening  called  jar  test,  which  are  often  used  to  select  

the  proper  coagulant  and  flocculant  as  well  as  the  dosage  level  required  for  

clarification  for  most  waste  streams  (9). 

The  jar  test  may  be  used  for  new  plant  designs  or  for  plant  expansion.  

The  jar  test  may  be  used  for  the  following :  (1)  coagulant  selection,  (2)  dosage  

selection,  (3)  coagulant  aid  selection  and  its  dosage  selection,  (4)  determination  

of  optimum  pH,  (5)  determination  of  point  of  addition  of  pH  adjustment  

chemicals  and  coagulant  aids,  (6)  optimixzation  of  mixing  energy  and  time  for  

rapid  mixing  and  slow  mixing,  and  (7)  determination  of  dilution  of  coagulant  

and  other  similar  measurements.  (3)  

The  jar  test  is  performed  using  a  series  of   glass  containers  that  hold  at  

least  1 L  and  are  of  uniform  size  and  shape.  The  water  is  mixed  rapidly  for    

1  minute  to  ensure  complete  dispersion  of  the  chemicals,  then  mixed  slowly  for  

15  to  20  minutes  to  aid  in  the  formation  of  flocs.  The  water  is  next  allowed  

to  settle  for  approximately  30  minutes,  or  until  clarification  has  occurred.  (16) 
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2.8  Relevant  research 
 

        The  relevant  research  consists  of   two  parts :  the  removal  of  heavy  metals  

in  wastewater  from  laboratory  water  quality  analysis  and  the  removal  of  heavy  

metals  in  wastewater   using  polymers.  

        2.8.1  The  removal  of  heavy  metals  and  solids  in  wastewater  from  

laboratory  water  quality  analysis   

 

        Kosayothin  K. (23) studied  the  removal  of  heavy  metals  in  wastewater  from  

water  quality  analysis  laboratory  by  bagasse.  The  results  indicated  that  the  

optimum  conditions  for  the  removal  of  heavy  metals  using  bagasse  was  pH  9  

and  25  g/L  of  bagasse  with  a  contact  time  of  90  minutes.  The  best  adsorbent  

was  activated  bagasse  (0.045-1.00  mm),  which  had  a  significant  difference        

(p < 0.05)  from  the  other  groups  of  bagasse.  The  final  concentration  of  heavy  

metals  was  0.021  mg/L  of  cadmium,  0.053  mg/L  of  chromium,  0.078  mg/L  of  

iron,  3.010  mg/L  of  mercury,  35.920  mg/L  of  magnesium,  77.100  mg/L  of  

manganese,  and  N.D.  (non-detectable)  of  silver.  The  concentration  of  chromium  

and  cadmium  were  lower  than  the  wastewater  quality  standard,  while  the  

concentration  of  mercury  and  manganese  were  higher  than  the  wastewater  

quality  standard.  The  operation  cost  was  9.62  baht/L  of  wastewater. 

 

Peskasam  S. (24)  studied  the  removal  of  heavy  metals  from  COD  analysis  

using  chemical  precipitation  method.  The  results  indicated  that  the  final  

concentration  of  heavy  metals  was  0.13  mg/L  of  silver,  0.001  mg/L  of  

mercury,  <  0.1  mg/L  of  chromium  and  40.5  mg/L  of  iron.  The  efficiency  was  

99.99%,  >  99.99%,  >  99.97%  and  94.41%,  respectively. 

 

Multongnoi  C. (25)  studied  the  removal  of  heavy  metals  from  wastewater  

using  chemical  precipitation  method  in  a  water  quality  analysis  labotatory  

produced  from  DO,  COD,  BOD,  NH3-N  and  NO3-N  parameters.  The  results  

showed  that  the  optimum  dose  for  removal  of  heavy  metals  using  Ca(OH)2,  
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Na2CO3  and  NaSiO3  was  10  g/L.  The  efficiency  was  98-99%.  The  results  

indicated  that  the  efficiency  of  calcium  hydroxide [Ca(OH)2]  was  higher  than  

sodium  carbonate  (Na2CO3)  and  sodium  silicate  (NaSiO3). 

 

        2.8.2  The  removal  of  heavy  metals  and  solids  in  wastewater   using  

polymers   

 

        Genovese  C.V.,  Gonzalez  J.F. (26)  studied  the  removal  of  solids  removal  

by  coagulation  from  fisheries  wastewaters.  The  coagulants  investigated  were  

ferric  chloride (FeCl3),  aluminum  sulphate [Al2(SO4)3],  chitosan  and  ground  fish  

scales.  For  FeCl3,  maximum  removal  (30  to  31%)  occurred  at  pH  5.5  and  

coagulant  dosage  of  60  mg/L.  No  definite  trend  could  be  observed  using  

Al2(SO4)3  although  the  maximum  removal  was  obtained  at  pH  7.2  and  

coagulant  dosage  of  60  mg/L.  With  chitosan  as  coagulant,  maximum  removal  

of  26  to  28%  of  total  solids  was  obtained  at  pH  5.5  and  coagulant  dosage  of  

60  mg/L,  while  with  fish  scales  the  maximum  removal  occurred  at  pH  7.2  and  

dosage  of  40  mg/L. 

 

        Iamtrakoon  S. (27)  studied  on  using  chitosan  from  crab  shell  for  industrial  

wastewater  treatment:  a  case  study  of  electronics  industry.  The  results  showed  

that  yield  and  deacetylation  of  chitosan  from  chitin  were  22%  and  92.44%.  

Using  0.2  mg/L  of  chitosan  as  a  coagulant  could  give  the  removal  efficiency  

of  76.985%  for  lead  and  78.842%  for  copper  at  the  initial  concentration  of  100  

ppm  with  alkaline  pH.  In  case  of  using  chitosan  as  a  coagulant  aid  with  

various  concentration  of  FeCl3  could  give  a  higher  removal  efficiency  than  

using  FeCl3  alone.  The  best  conditions  were  obtained  when  using  chitosan  

solution  of  0.2  mg/L  with  7  mg/L  of  FeCl3  solution  for  the  heavy  metals  

concentration  at  50  ppm  and  100  ppm,  respectively,  while  at  the  lower  

concentration  of  10  ppm,  the  efficiency  was  low.  Moreover,  using  chitosan  as  a  

coagulant  aid  was  also  more  economical.   
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        Roussy  J.,  Chastellan  P.,  Vooren  V.M.,  Guibal  E.  (28)    studied  on  

treatment  of  ink-containing  wastewater  by  coagulation /  flocculation  using  

biopolymers.  The  results  showed  that  the  association  of  chitosan  and  tannin  

used  respectively  as  a  coagulant  and  flocculant  allowed  a  significant  reduction  

in  the  absorbance  of  industrial  effluents  containing  soluble  inks.  The  optimum  

experimental  conditions  were  found  in  acidic  solutions (i.e.  pH  5)  where  the  

charge  neutralization  mechanism  induced  by  the  cationic  properties  of  chitosan  

contributes  to  the  high  efficiency  of  the  process.  Hence,  at  this  pH  a  

concentration  of  chitosan  of  close  to  20  mg/L  was  sufficient  after  the  addition  

of  70  to  100  mg/L  of  tannin  for  reducing  the  absorbance  of  the  solution  to  

0.12  to  0.15.  Colour  removal  exceeded  99%  considering  the  absorbance  of  the  

solution  at  528  nm.  This  treatment  allowed  84%  reducing  of  COD,  which  was  

comparable  to  the  abatement  obtained  by  coagulation  with  FeCl3. 

 

        Benjakul  S.(29)  studied  on  application  of  chitosan  produced  in  laboratory  

from  shell  of  black  tiger  shrimp (Panaeus  monodon)  and  red-tailed shrimp 

(Panaeus  merguiensis) were  carried  out  in  three  different  aspects  as  follows  :  

recovery of  organic  compound  from  wastewater  of  seafood  processing,  coating  

of  fruit  and  clearification  of  fruit  juice.  Recovery  of  organic  compound  from  

seafood  processing  wastewater  by  chitosan,  produced  from  shell  of  black  tiger  

shrimp,  was  affected  by  amount  of  chitosan,  pH  and  composition  of  

wastewater.  The  optimum  conditions  for  recovery  of  organic  compound  from  4  

types  of  wastewater  i.e.  tuna  condensate,  round  scad  condensate,  squid  washed  

water  and  shrimp  cooked  water  were  varied  in  amount  of  chitosan  and  pH  of  

wastewater  as  follows:  200  mg/L,  6.14;  200  mg/L,  4.0;  150  mg/L,  7.10  and  

150  mg/L,  5.40,  respectively.Chitosan  produced  from  red-tail  shrimp  shell  was  

used  to  improve  the  clarity  of  fruit  juice.  The  results  showed  that  the  suitable  

conditions  to  improved  the  clarity  of  lime  juice  and  grape  juice  was  20  mg  

chitosan/100  mL  of  juice.  It  was  also  found  that  using  chitosan  resulted  in  

superior  efficiency  than  bentonite  and  gelatin. 
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        Inthatsingh  T.  (30)  studied  on  a  reduction  in  suspended  solids  from  rubber  

gloves  waste  effluents  using  chitosan  as  a  coagulant  aid.  The  results  of  the  

study  show  that  optimum  pH  for  coagulant  with  chitosan  is  8.5-9.0.  Using  

chitosan  as  a  coagulant  aid  in  activated  sludge  plant  can  reduce  particulates  

better  than  using  anionic  polymeracrylamide,  suspended  solids  reduction  is  

96.97%,  dissolve  solid  25.90%,  COD  83.28%  and  BOD  87.16% 

 

        Ganjidoust  H.,  Tatsumi  K.,  Yamagishi  T.,  Gholian  R.N. (31)  studied  on  the  

effects  of  synthetic  polymer(HE,  PEI,  and  PAM)  and  natural  polymer(chitosan)  

and  chemical(alum)  coagulant  on  the  removal  of  lignin(black  liquor  color,  and  

TOC)  from  pulp  and  paper  industrial  wastewater.  The  results  of  the  study  show  

that  the  natural  coagulant,  chitosan,  resulted  in  the  highest  removal  in  both  

color  and  TOC  as  compared  to  both  synthetic  polymers  and  chemical  

coagulant.  Up  to  90%  of  color  and  70%  of  TOC  were  observed  to  be  removed  

by  chitosan. 

 

        Rattana  S.  (32)  studied  on  chitosan  as  a  floculant  for  wastewater  treatment  

in  a  frozen  seafood  factory.  Chitosan,  the  biodegradable  polyelectrolyte,  exhibits  

a  high  potential  for  use  as  a  flocculate  for  wastewater  treatment  in  a  frozen  

seafood  factory.  Coagulation  could  be  achieved  at  a  concentration  of  20  ppm.  

 

        Bourtoom  T.(33)  studied  on  factors  affecting  metal  binding  capacity  of 

chitin  and  chitosan.  Chromium  and  lead  could  be  removed  about  39%  and  45%  

when  single  column  of  chitin  was  used  and  about  64  and  70%  when  single  

column  of  chitosan  was  used.   

  

        Babu  R.,  Chaudhuri  M.(34)  studied  on  home  water  treatment  by  direct  

filtration  with  natural  coagulant.  Seeds  of  the  plant  species  Strychnos  potatorum 

and  Moringa  oleifera  contain  natural  polyelectrolytes  which  can  be  used  as 

coagulants  to  clarify  turbid  waters.  In  laboratory  tests,  direct  filtration  of  a 

turbid  surface  water  (turbidity15–25 NTU,  heterotrophic  bacteria 280–500 cfu 

ml21, and  fecal  coliforms 280–500 MPN 100 ml21),  with  seeds  of  S. potatorum  
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or  M. oleifera  as  coagulant, produced  a  substantial  improvement  in  its  aesthetic  

and microbiological  quality (turbidity 0.3–1.5 NTU, heterotrophic bacteria 5–20 cfu 

ml21, and  fecal  coliforms 5–10 MPN 100 ml21).  The  method  appears  suitable  for  

home water  treatment  in  rural  areas  of  developing   countries.  These  natural  

coagulants produce  a ‘low risk’ water.  

 

        Muyibi  S.A., Alfugara  A.M.(35)  presented  the  study  involved  the  use  of  a 

pilot  scale  water treatment  plant  to  treat  turbid  surface  water  from  a  stream 

using  processed  Moringa oleifera  seed  and  alum  as  primary  coagulants.  At  low 

initial  turbidity  of  21.5  to  49.3  NTU,  residual  turbidities  of  2.7,  1.8  and  1.4 

NTU  were  achieved  after  treatment  using  Moringa oleifera,  alum,  and  alum  

with  Moringa oleifera  as  coagulant-aid,  respectively.  For  medium  turbidities 

varying  from  51.8  to  114  NTU,  lowest  residual  turbidities  of  2.9,  1.2  and  1.4 

were  achieved  after  treatment  using  Moringa oleifera,  alum,  and  alum  with 

Moringa oleifera  as  coagulant-aid,  respectively.  For  high  turbidity  varying  from 

163  to  494 NTU,  minimum  residuals  of  1.4,  1.9  and  0.9  NTU  were  achieved 

after  treatment  using  Moringa  oleifera,  alum,  and  alum  with  Moringa oleifera  as 

coagulant-aid, respectively. The proposed mechanism for turbidity removal by 

Moringa oleifera  seed  in  this  study  is  a  combination  of  partial-charge 

neutralization and micro-bridging or an electrostatic patch mechanism based on the  

results  of  zeta  potential  measurements. 

 

 

 

 

 

 

 

 

 



Chamlongluck  Homchuen                                                                               Materials  and  Methods/ 34 
 

CHAPTER  III 

MATERIALS  AND  METHODS 
 

 

This  work  was  carried  out  in  the  laboratory  at  The  Faculty  of  

Environment  and  Resource  Studies,  Mahidol  University.   

 

3.1  Research  design 
         

        This  study  were  an  experimental  research.  Objective  of  experiments  to  

removal  of  heavy  metals  and  solids  from  laboratory  wastewater  using  polymers  

as  coagulants  has  been  carried  out  with  batch  experimental  design.  The  

experimental  screening called jar test. The jar test  was used  for  optimum  conditions  

selection.   

 

3.2  Materials  and  equipments 
         

        3.2.1  Materials 

                1)  Conc.  nitric  acid   (conc.HNO3)  

             2)  Conc.  hydrochloric  acid   (conc.HCl)  

             3)  Heavy  metals  standard  solution  ( Mn,  Mg,  Fe,  Cr,  Ag,  Cd  and  Hg) 

                4) Stock  solution  of  manganese (Mn),  magnesium (Mg),  iron (Fe),  

chromium (Cr),  silver (Ag),  cadmium (Cd),  and  mercury (Hg). 
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        3.2.2  Equipments 

                1)  Jar  test  apparatus 

             2)  pH  meter 

             3)  Weighting  balance 

    4)  Gooch  crucible 

             5)  Hot  air  oven 

    6)  Flame  atomic  absorption  spectrophotometer 

             7)  Mercury  analyzer 

    8)  Hood 

             9)  Magnetic  stirrer 

   10)  Filter  paper  no.  42 

            12)  Glass  microfibre  filters  (GF/C Whatman) 

               13)  Glass  containers  

 

3.3  Procedures 
  

        3.3.1  Wastewater  preparation 

  

        The   wastewater  from  water  laboratory  tests  consist  of  DO,  BOD, COD,  

NH3-N, and  NO3-N.  The  ratios  of  DO,  BOD, COD,  NH3-N, and  NO3-N  

wastewater  were  7.5 :  27  :  7.5  :  1.5  : 1.5  L,  respectively.  The  wastewater  was  

allowed  to  settle  for  1  hour  before  jar  test.  These  ratios  depended  on  the  

amount  of  each  laboratory  wastewater  in  one  sample.  For  each  data  point,  the  

tests  were  done  at  least  in  triplicate.     
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        3.3.2  The  removal  of  heavy  metals  and  solids  in  wastewater  from  

laboratory  water  quality  analysis  using  polymers. 

 

        The  polymers  consist  of   Sodium  alginate,  Tapioca  Starch  and  Gelatin. 

 

        1)  The  primary  efficiency  for  the  removal  of  heavy  metals  using  

polymers  (unadjusted  wastewater) 

 

        1.1  Fill  the  1,000  mL  beakers  with  500  mL  of   unadjusted  samples 

        1.2  Add  60  ppm  of   polymer  solution   

        1.3  The  water  is  mixed  rapidly  at  100  rpm  for  1  minute  first,  then  mixed  

slowly  at  30  rpm  for  30  minutes 

        1.4  Stop  the  stirrer  and  allow  samples  to  settle  for  1  hour.   

        1.5  portions  of  the  settled  water  are  then  removed  and   analyzed  the  total  

solids  (TS),  suspended  solids  (SS),  total  dissolved  solids  (TDS) and  heavy  

metals  concentration 

  

        2)  The  pH  value  analysis   

 

        The wastewater  was  adjusted  using  lime ( calcium  hydroxide,  Ca(OH)2)   in  

the  various  pH  level  of  5.0,  6.0,  7.0,  8.0  and  9.0. 

        2.1  Fill  the  1,000  mL  beakers  with  500  mL  of  pH  adjusted  samples 

        2.2  Add  60  ppm  of   polymer  solution   

        2.3  The  water  is  mixed  rapidly  at  100  rpm  for  1  minute,  then  mixed  

slowly  at  30  rpm  for  30  minutes 

        2.4  Stop  the  stirrer  and  allow  samples  to  settle  for  1  hour 

        2.5  Portions  of  the  settled  water  are  then  removed  and   analyzed  the  total  

solids (TS),  suspended  solids (SS),  total  dissolved  solids (TDS) and  heavy  metals  

concentration 
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        3)  The  dose  of  polymers  analysis   

 

        3.1  Fill  the  1,000  mL  beakers  with  500  mL  of  optimum  pH  adjusted  

samples.  The  optimum  pH  value  as  is  the  resulting  from  step  2. 

        3.2  Add  60,  100,  200,  400  and  600  ppm  of   polymer  solution   

        3.3  The  water  is  mixed  rapidly  at  100  rpm  for  1  minute,  then  mixed  

slowly  at  30  rpm  for  30  minutes 

        3.4  Stop  the  stirrer  and  allow  samples  to  settle  for  1  hour 

        3.5  Portions  of  the  settled  water  are  then  removed  and   analyzed  the  total  

solids (TS),  suspended  solids (SS),  total  dissolved  solids (TDS) and  heavy  metals  

concentration 

 

        4)  The  contact  time  analysis   

 

        4.1  Fill  the  1,000  mL  beakers  with  500  mL  of  optimum  pH  adjusted  

samples.  The  optimum  pH  value  as  is  the  resulting  from  step  2. 

        4.2  Add  the  optimum  dose  of   polymer  solution.  The  optimum  dose  value  

as  is  the  resulting  from  step  3.           

        4.3  The  water  is  mixed  rapidly  at  100  rpm  for  1  minute,  then  mixed  

slowly  at  30  rpm  for  0,  15,  30,  45  and  60  minutes 

        4.4  Stop  the  stirrer  and  allow  samples  to  settle  for  1  hour 

        4.5  Portions  of  the  settled  water  are  then  removed  and   analyzed  the  total  

solids (TS),  suspended  solids (SS),  total  dissolved  solids (TDS) and  heavy  metals  

concentration 

 

        5)  The  optimum  conditions  analysis   

 

        5.1  Fill  the  1,000  mL  beakers  with  500  mL  of  optimum  pH  adjusted  

samples.  The  optimum  pH  value  as  is  the  resulting  from  step  2. 

        5.2  Add  the  optimum  dose  of   polymer  solution.  The  optimum  dose  value  

as  is  the  resulting  from  step  3. 
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        5.3  The  water  is  mixed  rapidly  at  100  rpm  for  1  minute,  then  mixed  

slowly  at  optimum  contact  time.  The  optimum  contact  time  value  as  is  the  

resulting  from  step  4.   

        5.4  Stop  the  stirrer  and  allow  samples  to  settle  for  1  hour 

        5.5  Portions  of  the  settled  water  are  then  removed  and   analyzed  the  total  

solids (TS),  suspended  solids (SS),  total  dissolved  solids (TDS) and  heavy  metals  

concentration 

 

Table  3-1  Analytical  methods  for  the  wastewater  characteristic  and  heavy  metals    

 

Parameter Method 

1.  pH pH  meter 

2.  Total  Solids (TS) Heat  dish  to  103-105๐c  for  1  hour  and  

weighting  dish. 

3.  Suspended  Solids (SS) Sample  is  filtered  through  glass-fiber  filter  

and  the  residues  retained  on  the  filter  is  

dried  to  a  constant  weight  at  103-105๐c. Cool  

and  weigh. 

4.  Total  Dissolved  Solids (TDS) Evaporation  sample  is  filtered  through  glass-

fiber  filter  50  mL  to  dryness  in  a  dish  103-

105๐c(constant  weight).Cool  and  weigh. 

5.  Heavy  metals  

      5.1  Manganese (Mn) Nitric  acid-hydrochloric  acid  digestion,  AAS 

      5.2  Magnesium (Mg) Nitric  acid-hydrochloric  acid  digestion,  AAS 

      5.3  Silver (Ag) Nitric  acid-hydrochloric  acid  digestion,  AAS 

      5.4  Chromium (Cr) Nitric  acid-hydrochloric  acid  digestion,  AAS 

      5.5  Iron (Fe) Nitric  acid-hydrochloric  acid  digestion,  AAS 

      5.6  Cadmium (Cd) Nitric  acid-hydrochloric  acid  digestion,  AAS 

      5.7  Mercury (Hg) Cold  vapor  technique,  ICP 

Source :  Eaton   A.D., Clesceri  L.S.  and  Greenberg  A.E.,  1995 (5) 
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3.4  Statistical  analysis 
 

        In  this  study,  the  remained  concentration  and  the  removal  efficiency  of  

heavy  metals  and  solids  were  analysed.  The  concentration  of  solids  and  heavy  

metals  was  expressed  in  mg/L  or  ppm  and  the  removal  efficiency  was  

described  as  percent  of  heavy  metals  and  solids  removed  with  respect  to  the  

initial  concentration.  The  removal  efficiency  in  the  process  of  pH  adjustment  

and  polymers  addition  were  analysed.   They  are  presented  as  values  and  

graphics.  The  One-way  ANOVA (HSD)  used  to  compare  the  mean  different  of  

remained  concentration  of  heavy  metals  using  each  polymer  for  the  optimum  

pH  value  selection,  optimum  dose  of  polymers  selection,  optimum  contact  time  

selection  and  optimum  conditions  analysis.  Heavy  metals  was  the  significant  

variable  for  the  optimum  conditions  selection.  Only  the  comparison  of  the  mean  

different  of  remained  concentration  of  heavy  metals  used  to  select  the  optimum  

conditions.  Heavy  metals  was  the  significant  independent  variable,  due  to  the  

initial  concentration  of  heavy  metals  was  higher  than  the  wastewater  quality  

standard.  The  initial  value  of  solids  was  lower  than  the  wastewater  quality  

standard.  At  the  optimum  conditions,  the  mean  different  of  remained  

concentration  of  heavy  metals  was  compared  between  sodium  alginate  and  the  

other  coagulants.     

 

3.5  Operation  cost  analysis 
 

        In  this  study,  the  operation  cost  included  the  price  of  raw  materials  and  

chemical  reagents.  The  total  cost  analysis  included  only  coagulants  and  pH-

adjusting  alkali  reagent,  that  was  polymers  and  calcium  hydroxide (Ca(OH)2),  

but  not  covering  other  production  costs.  The  price  of  calcium  hydroxide 

(Ca(OH)2)  was  200  baht  per  20  kilograms  or  10  baht  per  1  kilogram.  The  

price  of  sodium  alginate  was  300  baht  per  1  kilograms.  The  price  of  tapioca  

starch  was  12  baht  per  1  kilograms.  The  price  of  gelatin  was  28  baht  per  200  

grams  or  140  baht  per  1  kilograms.    The  cost  was expressed in  terms  of   bath  

per  liter   of  wastewater.  
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        Figure  3-1  Procedures 
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CHAPTER  IV 

RESULTS  AND  DISCUSSION 
 

 

The  objective  of  this  study  was  to  find  the  optimum  conditions  for  the  

removal  of  heavy  metals  and  solids  using  coagulants.  The  results  obtained  was  

presented  as  percent  of  heavy  metals  and  solids  removed  with  respect  to  the  

initial  heavy  metals  and  solids  content.   

 

4.1  Characteristic  of   wastewater  analysis 
 

        The  wastewater  was  blue-green  coloured  with  orange  sediment  which  were  

allowed  to  setting  for  1  hour.  The  wastewater  characteristic  was  attained  at  pH  

0.01.   

 

 
         

        Figure  4-1  The  wastewater  characteristic   

 

        The  value  of  suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  

solids (TS)  were  2.04  mg/L,  10.624  mg/L  and  12.664  mg/L,  respectively.  It  

could  see  that  the  initial  value  of  solids  was  lower  than  the  wastewater  quality  

standard. 
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        The  initial  concentration  of  heavy  metals  was  607.60  mg/L  of  manganese 

(Mn),  11.85  mg/L  of   magnesium (Mg),  21.1  mg/L  of   cadmium (Cd),  195.6  

mg/L  of   chromium (Cr),  45.14  mg/L  of   iron (Fe),  0.6625  mg/L  of   silver (Ag),  

and  48.75 mg/L  of  mercury (Hg).  The  concentration  of  heavy  metals  was  higher  

than  the  wastewater  quality  standard. 

        The  wastewater  was  adjusted  using  lime ( Ca(OH)2),  until  pH value  was  

increased  to  a  pH  range  5,  6,  7,  8  and  9.  Table  4-1  showed  the  heavy  metals  

concentration  and  the  value  of  suspended  solids (SS),  total  dissolved  solids 

(TDS)  and  total  solids (TS)  under  the  unadjusted  wastewater  condition.  It  was  

found  that  the  highest  removal  heavy  metals  was  observed  at  pH  9.  The  

remained  concentration  of  heavy  metals  was  132.00 mg/L  of  manganese (Mn),  

242.60 mg/L of  magnesium (Mg) (increase from  initial  level),  1.266 mg/L  of   

cadmium (Cd),  0.72 mg/L    of  mercury (Hg),  N.D.  (non-detectable)  of   chromium  

(Cr),  N.D. (non-detectable)  of  iron (Fe)  and  N.D.  (non-detectable)  of  silver  (Ag). 

        It  can  be  seen  that  the  pH  value  affected  the  efficiency  of  heavy  metals  

and  solids  removal.  The  hydroxide  ion  may  be  reacted  with  heavy  metals  ions,  

as  shown  in  equation  4-1 

 

        2OH- + M2+      M(OH)2            [4-1] 

 

        Hydroxide  precipitation  was  the  standard  method  of  removing  heavy  metals  

from  wastewater.  This  was  achieved  by  adjusting  the  pH  of  the  wastewater  

with  an alkaline  reagent  to  reduce  the  solubility  of  the  dissolved  metals  and  

settling  and removing  the  resultant  metal  hydroxide  precipitates.  Metals  were  

precipitated  most  commonly  as  metal  hydroxides  through  the  addition  of  lime  

or  caustic  to  pH  of  minimum  solubility  (37).  The  metals  will  precipitate  at  

varying  pH  levels.  The  pH  for  removal  of  heavy  metals  as  hydroxides  differs  

depending  on  the  types  of  metals  and  alkali  chemical.  Lime  was  used  for  the  

neutralization  of  an  acidic  wastewater.   
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        Metals  hydroxides  are  reported  in  equation  4-2  to  4-6 (37) 

        Cd2+ +  2OH-     Cd(OH)2   (Cadmium  hydroxide)  [4-2] 

 

        Cr3+ +  3OH-     Cr(OH)3   (Chromium  hydroxide) [4-3] 

 

        Fe2+ +  2OH-     Fe(OH)2   (Iron(II)  hydroxide)     [4-4] 

 

        Ag+ +  OH-     AgOH       (Silver    hydroxide)     [4-5] 

 

        Hg2+ +  2OH-     Hg(OH)2   (Mercury  hydroxide)   [4-6] 

 

        At  pH 9,  the  results  showed  that  the   remained  concentration  of  chromium 

(Cr),  iron (Fe)  and  silver (Ag)  were  non-detectable  value.  It  has  been  indicated  

that  hydroxide  precipitation  with  lime  may  be  fairly  good  for  chromium (Cr),  

iron (Fe)  and  silver (Ag).  It  has  been  reported  that  the  chromium  hydroxide  

precipitation  is  most  effective  at  pH 8.5-9.5,  due  to  the  low  solubility  of  

chromic  hydroxide  in  that  range.  The  iron  hydroxide  precipitation  by  lime  has  

been  reported  to  remove  99%  of  iron  ion  in  solution.  Lime  addition  to  pH 8  

gives  high  removal  of  silver.         

The  remained  concentration  of manganese (Mn), magnesium (Mg)  cadmium 

(Cd)  and  mercury (Hg)  were  132  mg/L,  242.6  mg/L,  1.266  mg/L  and  0.72 

mg/L,  respectively.  It  has  been  indicated  that  hydroxide  precipitation  with  lime  

may  be  unsatisfactory  for  manganese  (Mn)  and  cadmium  (Cd),  due  to  the  

higher  pH  required  for  effective  treatment.  It  has  been  reported  that  most  

effective  cadmium  hydroxide  precipitation  occurs  between  pH 9.5  and  12.5.  The  

adjustment  of  pH  using  lime  gives  manganese  removal  at  pH 9.5  (35).  For  high  

initial  mercury  levels,  sulfide  precipitation  will  achieve  99.9%  removal  at  

alkaline  pH,  optimum  pH  of  8.5  has  been  suggested  (35). The  concentration  of  

magnesium  (Mg), manganese (Mn)  and  calcium (Ca)  in  lime  were  3.8 g/kg,  0.46 

g/kg  and  >2.0  g/kg,  respectively.  It  can  see,  the  increase  of  magnesium  (Mg)  

concentration  to  higher  than  initial,  due  to  it  was  released  from  lime.  
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        The  remained  value  of  suspended  solids (SS),  total  dissolved  solids (TDS)  

and  total  solids (TS) at  pH 9  were 0.200 mg/L,  9.440 mg/L  and  9.640  mg/L,  

respectively.  This  results  showed  that  the  solids  removal  was  effected  by  

addition  of  lime.  Lime  floc  was  the  mixed  with  the  settleable  suspended  solids  

in  the  untreated  wastewater  and  colloidal  or  other  suspended  solids  swept  out  

by  the  floc  (37).   

        It  could  be  seen,  the  pH  adjustment  resulted  in  the  decrease  of  heavy  

metals  and  solids.  However,  the  remained  concentration  of  heavy  metals  at  pH 

9  was  higher  than  the  wastewater  quality  standard.  The  remained  value  of  

solids  was  lower  than  the  wastewater  quality  standard. 

 

4.2  removal  of  heavy  metals  and  solids  from  wastewater  using  

coagulants  in  a  water  quality  analysis  laboratory 
 

        The  coagulants  investigated  were  sodium  alginate,  tapioca  starch  and  

gelatin.  The  effect  of  pH,  dosage  and  contact  time  conditions  on  the  removal  

of  heavy  metals  and  solids  were  studied  for  optimum  conditions. 

 

        4.2.1  The  primary  efficiency  for  the  removal  of  heavy  metals  and  

solids  in  unadjusted  wastewater  using  coagulants. 

 

        Table  4-2  presented  the  primary  efficiency  for  the  removal  of  heavy  metals 

and  solids  in  unadjusted  wastewater  using  coagulants.  Using  sodium  alginate  as  

coagulant,  the  efficiency  of  heavy  metals  removal  was  4.27%  of  manganese 

(Mn),  9.27%  of   magnesium (Mg),  18.15%  of   cadmium (Cd),  30.78%  of  

chromium (Cr),  4.30%  of   iron (Fe),  and  36.08%  of   silver (Ag).  The  efficiency  

for  the  removal  of  suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  

solids (TS)  were  23.33%,  30.91%  and  29.69%,  respectively. 

        The  highest  efficiency  of  the  heavy  metals  removal  with  tapioca  starch  was  

1.52%  of  manganese (Mn),  12.62%  of   magnesium (Mg),  3.79%  of   cadmium 

(Cd),  10.69%  of  chromium (Cr),  3.41%  of   iron (Fe),  and  16.38% of  silver (Ag ).  
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The  efficiency  for  the  removal  of  suspended  solids (SS),  total  dissolved  solids 

(TDS)  and  total  solids (TS)  were  38.33%,  5.12%  and  10.47%,  respectively. 

        The  highest  efficiency  of  the  heavy  metals  removal  for  gelatin  as  

coagulant  was  3.48%  of  manganese (Mn),  10.28%  of   magnesium (Mg),  1.90%  

of   cadmium (Cd),  8.70%  of  chromium (Cr),  1.48%  of   iron (Fe),and  31.47%  of   

silver (Ag).  The  efficiency  for  the  removal  of  suspended  solids (SS),  total  

dissolved  solids (TDS)  and  total  solids (TS)  were  44.02%,  2.39%  and  9.10%,  

respectively. 

        The  total  dissolved  solids (TDS)  and  total  solids (TS)  removal  efficiencies  

of  sodium  alginate  were  higher  than  other  coagulants.  The  highest  suspended  

solids (SS)  removal  efficiency (44%) occurred  for  gelatin  as  coagulant.  The  

highest  removal  efficiency  of  manganese (Mn),  cadmium (Cd),  chromium (Cr),  

iron (Fe)  and  silver (Ag)  occurred  for  sodium  alginate  as  coagulant.  The  

magnesium (Mg)  removal  efficiency  of  tapioca  starch  as  higher  than  other  

coagulants. 

        The  remained  concentration  of  heavy  metals  under  the  unadjusted  

wastewater  condition (pH  0.01) using  coagulants  were  a  bit  lower  than  the  

initial  concentration.  These  results  indicated  that  low  pH  value  unsuitable  form  

for  the  heavy  metals  removal. This  agreed  with  Kosayothin  (23)  and  Multongnoi  

(25)  reported  that  the  heavy  metals  could  not  be  removed  at  pH  lower  than   

pH  3. 

        However,  the  remained  concentration  of  heavy  metals  was  higher  than  the  

wastewater  quality  standard.  The  remained  value  of  solids  was  lower  than  the  

wastewater  quality  standard. 
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        4.2.2  The  pH  value  analysis 

 

        The  pH  value  was  adjusted  with  lime  ( Ca(OH)2).  The  investigated  pH  

were  5,  6,  7,  8  and  9.  The  coagulants  dosage  was  set  at  60  mg/L.  The  

experimental  results  demonstrated  that  the  highest  removal  of  heavy  metals  

using  coagulants  was  obtained  at  pH 9.  As the  report  that  the  optimum  

wastewater  treatment  pH  was  normally  between  8  and  10  (38). 

        Table A-1  and  Figure A-1  showed  that  the  highest  efficiency  of  heavy  

metals  removal  using  sodium  alginate  was  78.36%  of  manganese (Mn),  95.03%  

of   cadmium (Cd),  >99.99  of  chromium (Cr),  >99.99%  of   iron (Fe),and  >99.99%  

of   silver (Ag). The efficiency for the removal of suspended solids (SS), total 

dissolved  solids (TDS) and total solids (TS) were 92.45%,11.56% and 24.57%, 

respectively  (Table  B-1). 

        In  consideration  to  the  results  of  heavy  metals  removal  efficiency  using  

tapioca  starch,  it  could  be  seen  that  the  highest  efficiency  of  the  heavy  metals  

removal  was  82.59%  of  manganese (Mn),  95.50%  of   cadmium (Cd),  >99.99%  

of  chromium (Cr),  >99.99%  of   iron (Fe),and  >99.99%  of   silver (Ag) (Table A-2 

and  Figure A-2).  The  efficiency  for  the  removal  of  suspended  solids (SS),  total  

dissolved  solids (TDS)  and  total  solids (TS) were 92.94%, 19.05% and 30.95%, 

respectively  (Table  B-2). 

        In  term  of  heavy  metals  removal  efficiency  with  gelatin  as  coagulant,  the  

highest  efficiency  of  the  heavy  metals  removal  was  81.31%  of  manganese  

(Mn),  95.50%  of   cadmium (Cd),  >99.99%  of  chromium (Cr),  >99.99%  of   iron  

(Fe),and  >99.99%  of   silver (Ag)  (Table A-3 and  Figure A-3).  The  efficiency  for  

the  removal  of  suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  

solids (TS)  were  91.96%,  12.12%  and  24.98%,  respectively.  Lime  was  the  cause  

of  magnesium  increasing  (Table  B-3).   

        The  most  common  method  of  treating  wastewater  including  heavy  metals  is  

to  1)  adjust  the  pH  by  means  of  alkali  or  acid,  2)  generate  metal  hydroxides,  

3)  add  coagulants  to  enlarge  floc  for  solids-liquid  separation  to  remove  the  

metals  (38).  In  this  experiment,  calcium hydroxides  was  used  as  pH-adjusing  

alkali   agent.  Heavy  metals  was  generally  precipitated  as   the  hydroxide  through  



Fac. of  Grad. Studies, Mahidol Univ.                     M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 51 
 

the  addition  of  lime.  Lime  was  added  as  a  precipitant  that  produce  heavy  

metals  hydroxides.  It  can  see,  lime  was  as  pH-adjusing  alkali   agent   and  

precipitant.  It  make  use  of   neutralization  and  precipitation  reactions.  Hence  the  

neutralization  of  an  acidic  wastewater  by  lime  can  cause  precipitation. 

        For  example,  if  calcium  hydroxides (Ca(OH)2)  are  used  as  the  alkali  in  

chromium  wastewater,  the  reaction  occurs: 

        Cr2(SO4)3    +    3 Ca(OH)2  2 Cr(OH)3    +    3 Ca(SO)4           [4-7] 

        In  reaction  4-7,  chromium  hydroxides  (Cr(OH)3)  are  sedimented.  The  pH  

should  be  between  8.5  and  10  for  the  sedimentation  of  chromic  hydroxides  

(25).  Organic  polymers  attach  to  the  metals  solids  particles.  The  small  metal  

hydroxide  particles  become  entangled  in  these  polymers,  causing  the  particle  

size  to  increase  (form  flocs),  which  promotes  settling.  This  effect  is  illustrated  

in  figure  4-2.  Once  particles  become  enmeshed  in  the  polymer,  they  are  

allowed  to  settle  so  that  they  are  removed  from  the  wastewater.  The  particles  

settle  since  they  are  heavier  than  water.  

        The final transition metal hydroxides have no charge, and are insoluble, and so 

appear as precipitates.  They  can  be  written  as  M(OH)2 and  M(OH)3.  Organic  

polymers  coagulant  aids  may  be  anionic  or  nonionic.  Both  anionic  and  nonionic  

aids are common on  the  alkali  side. They produce flocs better  than  other  aids  (38).      

Nonionic  groups  will  adsorb  on  nonionized  surface  sites  of  the  solids  contained  

in  the  slurry.  Therefore  a  copolymer  such  as  a  1:1  mixture  of  anionic  and  non-

ionic  polymers  could  be  used  with  the  same  end  result,  which  will  be  good  

flocculation. 

      The  removal  efficiency  of  heavy  metals  and  solids  at  pH  9,  using  polymers  

were  higher  than  the  pH 9  adjustment  without  polymers.  The  addition  of  

polymers  as  coagulants  resulted  for  the  increasing  of  heavy  metals  and  solids  

removal.  The  removal  efficiency  of  heavy  metals  and  solids  on  the  addition  of  

polymers  were  a  bit  higher  than  the  efficiency  on  the  pH  adjustment.   It  can  

be  seen,  the  precipitation  process was  significant  process  and  the  coagulation  

process  accelerated  the  sedimentation.   
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        Figure  4-2   Aggregation  of  metal  hydroxides  (39) 

        Sodium  alginate  (anionic),  tapioca  starch  (nonionic)  and  gelatin (anionic)  

were  used  as  coagulants  that  produce  hydroxide  sediments  in  the  form  of  large  

flocs,  accelerating  precipitation.  The  addition  of  lime  to  alter  the  physical  state  

of  dissolved  and  suspended  solids.  The  solid  particles  have  been  coagulated  

into  larger  particles,  and  they  can  be  removed  by  sedimentation.  Lime  can  be  

used  to  destabilize  colloidal  suspensions. 

 

        Alkalis in aqueous solution produce OH-
(aq) hydroxide ions.  

 

        calcium hydroxide: Ca(OH)2(s) + aq ==> Ca2+
(aq) + 2OH-

(aq) 

 

        Multi-valent  cations  may  also  act  as  bridges  between  anionic  sites  in  the  

polymer  chain  and  particles,  as  illustrated  in  Figure  4-3. 

 

 
 

        Figure  4-3   The  activator  action  of  a  divalent  cation  such  as  calcium  in  

facilitating  the  adsorption  of  an  anionic  flocculant  on  to  a  negatively  charged  

suspened  solid  (17). 
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        The  pH  value  affected  the  efficiency  of  heavy  metals  and  solids  removal. 

The  results  obtained  that  the  pH  value  was  significant  factor  for  the  removal  of  

heavy  metals  and  suspended  solids.  At  optimum  pH  value  (pH 9),  the  removal  

efficiency  of  heavy  metals  and  suspended  solids  were  over  than  50%.  The  

efficiency  for  the  removal  of  chromium (Cr),  iron (Fe),  and  silver (Ag)  using  

coagulants  exceeded  99.99%.  The  highest  removal  efficiency  (95.50%)  of  

cadmium (Cd)  occurred  for  tapioca  starch  and  gelatin  as  coagulants.  The  

removal  of  manganese  (Mn)  using  sodium  alginate  showed  the  similar  to  results  

as  using  the  tapioca  starch  and  gelatin.  The  removal  of  suspended  solids  using  

sodium  alginate  showed  the  similar  to  results  as  using  other  coagulants.  The  

optimum  pH  value  was  unsatisfactory  result  for  the  removal  efficiency  of  total  

dissolved  solids (TDS)  and  total  solids (TS).  The  remained  concentration  of  

magnesium (Mg)  was  higher  than  initial  content,  due  to  it  was  released  from  

lime.  In  lime  impurities  analysis,  the  results  showed  that   the  concentration  of  

magnesium  (Mg), manganese (Mn)  and  calcium (Ca)  in  lime  were  3.8 g/kg,     

0.46  g/kg  and  >2.0  g/kg,  respectively.   

        It  can  be  seen,  the  remained  concentration  of  heavy  metals  at  optimum  pH  

value  was  higher  than  the  wastewater  quality  standard.  The  remained  value  of  

solids  was  lower  than  the  wastewater  quality  standard. 

 

        4.2.3  The  dose  of  coagulants  Analysis 

 

        The  pH  value  was  adjusted  at  pH 9  (optimum  pH  value).  The  levels  of  

coagulants  investigated  were  60,  100,  200,  400  and  600  mg/L.                      

Table A-4  and  Figure A-4  showed  that  the  efficiency  of  removal  was  tested  

using  variable  amounts  of  coagulants.  Regarding  statistical  analysis,  the  removal  

efficiency  of  heavy  metals  using  sodium  alginate  at  dose  of  200  ,  400  and  600  

mg/L  were  not  significant  difference.  It  can  seen  that  the  optimum  dose  of  

sodium  alginate  was  at  200 mg/L.  The  highest  efficiency  of  the  heavy  metals  

removal  was  81.34%  of  manganese (Mn),  95.27%  of   cadmium (Cd),  >99.99  of  

chromium (Cr),  >99.99%  of   iron (Fe),and  >99.99%  of   silver (Ag).  The  

efficiency  for  the  removal  of  suspended  solids (SS),  total  dissolved  solids (TDS)  
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and  total  solids (TS)  were  93.14%,  11.24%  and  24.04%,  respectively (Table B-4).    

        The  results  of   the  heavy  metals  removal  efficiency  using  tapioca  starch  at  

dose  of  60,  100,  200,  400  and  600  mg/L  were  not  significant  difference.  

Therefore,  the  optimum  dose  should  be  at  60  mg/L.  The  highest  efficiency  of  

the  heavy  metals  removal  was  82.59%  of  manganese (Mn),  95.50%  of   

cadmium  (Cd),  >99.99%  of  chromium (Cr),  >99.99%  of   iron  (Fe),and  >99.99%  

of   silver  (Ag) (Table A-5 and  Figure A-5).  The  efficiency  for  the  removal  of  

suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  solids (TS)  were  

92.55%,  13.06%  and  25.87%,  respectively  (Table B-5). 

        The  statistical  analysis  have  shown  that  the  results  of  heavy  metals  

removal  efficiency  using  the  dose  of  gelatin  at  60,  100,  200,  400  and  600  

mg/L  were  not  significant  difference,  then  the  optimum  dose  should  be  at  60  

mg/L.  The  highest  efficiency  of  the  heavy  metals  removal  was  81.31%  of  

manganese  (Mn),  95.50%  of   cadmium  (Cd),  >99.99%  of  chromium (Cr),  

>99.99%  of   iron (Fe),and  >99.99%  of   silver (Ag) (Table A-6 and  Figure A-6).  

The  efficiency  for  the  removal  of  suspended  solids (SS),  total  dissolved  solids 

(TDS)  and  total  solids (TS)  were  91.96%,  12.12%  and  24.98%,  respectively  

(Table B-6). 

        Coagulants  addition  to  optimum  dose  resulted  in  the  decrease  of  solids.  

The  overdose  of  coagulants  effected  on  the  increase  of  solids.  As  the  results  

showed  that  the  increasing  of  sodium  alginate  dose  more  than  optimum  dosage 

( 200ppm)  resulted  in  a  decrease  of  total  solids (TS)  removal  efficiency.  Yarar 

B.(17)  reported  that  the  polymer  dose  effect  on  the  flocculation  redispersion  

behavior  of  a  suspension.  There  were  more  polymeric  chain  molecules  than  

needs  to cause  flocculation. The  polymer  adsorbs  on  other  available  sites  of  the  

original  particle  thus  reducing  the  possibility  of  polymer  bridging.  The  removal  

efficiency  of  total  solids  in  all  variable  dose  were  similar(non  difference).  The  

total  solids  removal  efficiency  of  tapioca  starch  and  gelatin  were  approximately  

26%  and  25%,  respectively. 
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        At  optimum  dose  of  polymers,  the  removal  efficiency  of  heavy  metals  and  

suspended  solids  were  over  than  50%.  The  efficiency  for  the  removal  of  

chromium (Cr),  iron (Fe),  and  silver (Ag)  using  coagulants  exceeded  99.99%.  

The  highest  removal  efficiency  (95.50%)  of  cadmium (Cd)  occurred  for  tapioca  

starch  and  gelatin  as  coagulants.  The  removal  of  manganese  (Mn)  using  sodium  

alginate  showed  the  similar  to  results  as  using  the  tapioca  starch  and  gelatin.  

The  removal  of  suspended  solids  using  sodium  alginate  showed  the  similar  to  

results  as  using  other  coagulants.  The  remained  concentration  of  magnesium 

(Mg)  was  higher  than  initial  content,  due  to  it  was  released  from  lime. 

         The  removal  efficiency  of  heavy  metals  and  suspended  solids  at  the  

optimum  dose  of  tapioca  starch  and  gelatin  were  not  higher  than  the  efficiency  

at  the  optimum  pH  value.  The  removal  efficiency  of  heavy  metals  and  

suspended  solids  at  the  optimum  dose  of   sodium  alginate  were  a  bit  higher  

than  the  efficiency  at  the  optimum  pH  value.  The  optimum  dose  of  polymers  

was  unsatisfactory  result  for  the  removal  efficiency  of  total  dissolved  solids 

(TDS)  and  total  solids (TS).  It  can  be  seen,  the  results  showed  that  dose  of  

polymers  were  not  significant  factor  for  the  removal  of  heavy  metals  and  

solids. 

        It  can  be  seen,  the  remained  concentration  of  heavy  metals  at  optimum  pH  

value  was  higher  than  the  wastewater  quality  standard.  The  remained  value  of  

solids  was  lower  than  the  wastewater  quality  standard. 

         

        4.2.4  The  contact  time  analysis 

 

        The  pH  value  was  adjusted  at  pH 9.  The  coagulants  concentration  were  set  

at  200  mg/L  of  sodium  alginate,  60  mg/L  of  tapioca  starch  and  60  mg/L  of   

gelatin.  The  contact  time  was  varied  among  0,  15,  30,  45  and  60  minutes. 

        Using  sodium  alginate,  tapioca  starch  and  gelatin  as  coagulants,  The  

removal  efficiency  of  heavy  metals  at  contact  time  of  30  ,  45  and  60  minutes  

were  not  significant  difference.  By  statistical  analysis,  it  is  considered  that  the  

optimum  contact  time  was  at  30  minutes. 
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        As the results shown  in Table  A-7  and Figure A-7, the  maximum  efficiency  of  

heavy  metals  removal  using  sodium  alginate  was  81.33%  of  manganese (Mn),  

95.27%  of   cadmium (Cd),  >99.99%  of  chromium (Cr),  >99.99%  of   iron  

(Fe),and  >99.99%  of   silver (Ag).  The  maximum  efficiency  for  the  removal  of  

suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  solids (TS) were  

93.14%,  11.24%  and  24.04%,   respectively  (Table B-7). 

        The  maximum  efficiency  of  the  heavy  metals  removal  for  tapioca  starch  as  

coagulant,  was  82.59%  of  manganese (Mn),  95.50%  of   cadmium (Cd),  >99.99%  

of  chromium (Cr),  >99.99%  of   iron (Fe),  and  >99.99%  of   silver (Ag) (Table   A-

8 and  Figure A-8).  The  maximum  efficiency  for  the  removal  of  suspended  solids 

(SS),  total  dissolved  solids (TDS)  and  total  solids (TS)  were  93.33%,  13.06%  

and  25.99%,  respectively  (Table  B-8). 

The  maximum  efficiency  of  the  heavy  metals  removal  using  gelatin  as  

coagulant,  was  81.31%  of  manganese (Mn),  95.50%  of   cadmium (Cd),  >99.99%  

of  chromium (Cr),  >99.99%  of   iron (Fe),  and  >99.99%  of   silver (Ag) (Table   A-

9 and  Figure A-9).  The  maximum  efficiency  for  the  removal  of  suspended  solids 

(SS),  total  dissolved  solids (TDS)  and  total  solids (TS)  were  91.96%,  12.12%  

and  24.98%,  respectively  (Table  B-9). 

        At  optimum  contact  time,  the  removal  efficiency  of  heavy  metals  and  

suspended  solids  were  over  than  50%.  The  efficiency  for  the  removal  of  

chromium (Cr),  iron (Fe),  and  silver (Ag)  using  coagulants  exceeded  99.99%.  

The  highest  removal  efficiency  (95.50%)  of  cadmium (Cd)  occurred  for  tapioca  

starch  and  gelatin  as  coagulants.  The  removal  of  manganese  (Mn)  using  sodium  

alginate  showed  the  similar  to  results  as  using  the  tapioca  starch  and  gelatin.  

The  removal  of  suspended  solids  using  sodium  alginate  showed  the  similar  to  

results  as  using  other  coagulants.  The  remained  concentration  of  magnesium 

(Mg)  was  higher  than  initial  content,  due  to  it  was  released  from  lime. 

        Using  sodium  alginate,  tapioca  starch  and  gelatin  as  coagulants,  the  

decreasing  of  contact  time  lower  than  optimum  contact  time  resulted  in  the  

decrease  of  the  heavy  metals  and  suspended  solids  removal  efficiencies.  The  

removal  efficiency  of  heavy  metals  at  contact  time  of  30  ,  45  and  60  minutes  

were  not  significant  difference. 
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       The  removal  efficiency  of  heavy  metals  and  suspended  solids  at  the  

optimum  contact  time  using  polymers  were  not  higher  than  the  efficiency  at  the  

optimum  dose of  polymers.  The  contact  time  was  unsatisfactory  result  for  the  

removal  efficiency  of  total  dissolved  solids (TDS)  and  total  solids (TS).  It  can  

be  seen,  the  results  showed  that  contact  time  was  not  significant  factor  for  the  

removal  of  heavy  metals  and  solids.   

        It  can  be  seen,  the  remained  concentration  of  heavy  metals  at  optimum  pH  

value  was  higher  than  the  wastewater  quality  standard.  The  remained  value  of  

solids  was  lower  than  the  wastewater  quality  standard. 

 

4.3  Removal  of  heavy  metals  and  solids  from  wastewater  using   

coagulants  in  synthetic  wastewater 
  

        The  removal  efficiency  of  heavy  metals  and  solids  in  synthetic  wastewater  

were  investigated  only  at  optimum  conditions  studied  value  as  is  the  resulting  

optimum  conditions  from  laboratory  wastewater  analysis. 

        The  synthetic  wastewater  characteristic  was  attained  at  pH  0.01.  The  initial  

value  of  suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  solids (TS)  

were  0.204  mg/L,  12.844  mg/L  and  13.048  mg/L,  respectively.  The  initial  

concentration  of  heavy  metals  was  609.933  mg/L  of  manganese (Mn),  16.260  

mg/L  of   magnesium (Mg),  21.710  mg/L  of   cadmium (Cd),  196.030  mg/L  of   

chromium (Cr),  44.330  mg/L  of  iron (Fe), 0.6643  mg/L  of   silver (Ag),  and  

44.220 mg/L  of  mercury (Hg).  

        The  wastewater  was  adjusted  using  lime ( Ca(OH)2),  until  pH  value  was  

increased  to  pH 9.  The  value  of  suspended  solids (SS),  total  dissolved  solids 

(TDS)  and  total  solids (TS)  were  0.164  mg/L,  7.112  mg/L  and  7.276  mg/L,  

respectively.  The  remained  concentration  of  heavy  metals  was  44.977  mg/L  of  

manganese  (Mn),  50.710  mg/L  of   magnesium (Mg),  1.528  mg/L  of   cadmium  

(Cd),  110.65  mg/L  of   chromium (Cr),  N.D.  (non-detectable)  of   iron  (Fe),  0.049  

mg/L  of   silver (Ag),  and  36.030  mg/L  of  mercury  (Hg).  
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        Table 4-6  and  Figure 4-7 showed  the removal of  heavy metals and solids  at  

optimum conditions using coagulants in syntetic  wastewater  with  respect  to    

concentration  at  pH 9.  In  the  pH 9  adjustment,  the  efficiency  of  the  heavy  

metals  and  solids  removal  were  92.63%  of  manganese (Mn),  92.62%  of   

cadmium (Cd),  43.55%  of  chromium (Cr),  18.41%  of   iron (Fe),  92.58% of  silver 

(Ag ),  18.52%  of  mercury (Hg),  20.39%  of  suspended  solids (SS),  44.63%  of   

total  dissolved  solids (TDS),  and  44.24%  of   total  solids (TS).  The  increase  of  

magnesium  (Mg)  concentration  to  higher  than  initial,  due  to  it  was  released  

from  lime.   

        In  the  addition  of  polymers,  the  efficiency  of  the  heavy  metals  and  solids  

removal  with  sodium  alginate  as  coagulant  were  9.49%  of  manganese (Mn),  

7.54%  of   magnesium (Mg),  10.85%  of   cadmium (Cd),  5.52%  of  chromium (Cr),  

99.99%  of   iron (Fe),  99.99% of  silver (Ag ),  12.57%  of  mercury (Hg),  46.34%  

of  suspended  solids (SS),  1.07%  of   total  dissolved  solids (TDS),  and  2.09%  of   

total  solids (TS).  

        The  efficiency  of  the  heavy  metals  and  solids  removal  using  tapioca starch  

were  13.92%  of  manganese (Mn),  6.82%  of   magnesium (Mg),  7.24%  of   

cadmium (Cd),  7.40%  of  chromium (Cr),  99.99%  of   iron (Fe),  99.99% of  silver 

(Ag ),  11.57%  of  mercury (Hg),  36.59%  of  suspended  solids (SS),  0.17%  of   

total  dissolved  solids (TDS),  and  0.99%  of   total  solids (TS).  

        The  efficiency  of  the  heavy  metals  and  solids  removal  for  gelatin  as  

coagulant  were  12.39%  of  manganese (Mn),  11.22%  of   magnesium (Mg),  6.24%  

of   cadmium (Cd),  4.08%  of  chromium (Cr),  99.99%  of   iron (Fe),  99.99% of  

silver (Ag ),  10.57%  of  mercury (Hg),  29.27%  of  suspended  solids (SS),  1.12%  

of   total  dissolved  solids (TDS),  and  1.76%  of   total  solids (TS). 

        The  results  showed  that  the  high  removal  efficiency  of   total  dissolved  

solids (TDS),  total  solids (TS),  manganese (Mn),  cadmium (Cd)  and   Chromium 

(Cr)  occurred  at  pH 9  adjustment.  The  high  removal  efficiency  of   suspended  

solids (SS),  iron (Fe)  and  silver (Ag)  occurred  at  the  addition  of  polymers.  The  

addition  of  polymers  resulted  in  the  increasing  of  removal  efficiency  of  heavy  

metals  and  solids.             
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        Table 4-5  and  Figure 4-6  showed  the removal of  heavy metals and solids  at  

optimum conditions using coagulants in syntetic  wastewater  with  respect  to  initial  

concentration  content.  For  sodium  alginate  as  coagulant ,  the  pH  value,  

coagulant  dose  and  contact  time  was  set  at  pH 9,  200  mg/L  and  30  minutes,  

respectively.  The  removal  efficiency  of  suspended  solids (SS),  total  dissolved  

solids (TDS)  and  total  solids (TS)  were  56.86%,  45.22%  and  45.40%,  

respectively.  The  heavy  metals  removal  efficiency  was  93.33%  of  manganese  

(Mn),  93.42%  of   cadmium  (Cd),  46.67%  of   chromium  (Cr),  >99.99%  of   iron  

(Fe),  >99.99%  of   silver  (Ag),  and  28.77%  of  mercury  (Hg).   

        Using  tapioca  starch,  the  pH  value,  coagulant  dose  and  contact  time  was  

set  at  pH 9,  60  mg/L  and  30  minutes,  respectively.  The  removal  efficiency  of  

suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  solids (TS)  were  

49.02%,  44.72%  and  44.79%,  respectively.  The  heavy  metals  removal  efficiency  

was  93.65%  of  manganese (Mn),  93.15%  of   cadmium (Cd),  47.73%  of   

chromium (Cr),  >99.99%  of   iron  (Fe),  >99.99%  of   silver (Ag),  and  27.95%  of  

mercury (Hg).   

        With  gelatin  as  coagulants,  the  pH  value,  coagulant  dose  and  contact  time  

was  set  at  pH 9,  60  mg/L  and  30  minutes,  respectively.  The  removal  efficiency  

of  suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  solids (TS)  were  

43.14%,  45.25%  and  45.22%,  respectively.  The  heavy  metals  removal  efficiency  

was  93.54%  of  manganese (Mn),  93.08%  of   cadmium (Cd),  45.86%  of   

chromium (Cr),  >99.99%  of   iron (Fe),  >99.99%  of   silver (Ag),  and  27.14%  of  

mercury  (Hg).   

         In  the  synthetic  wastewater  analysis,  the  results  showed  that  the  removal  

efficiency  of   total  dissolved  solids (TDS),  total  solids (TS),  manganese (Mn),  

cadmium (Cd),  chromium (Cr),  iron (Fe),  silver (Ag)  and  mercury  (Hg)  using  

sodium  alginate  showed  the  similar  to  results  as  using  other  coagulants.  The  

highest  removal  efficiency  (56.86%)  of   suspended  solids (SS)  occurred  for  

sodium  alginate  as  coagulant.  
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        The  remained  concentration  of  manganese (Mn),  cadmium (Cd),  chromium 

(Cr)  and  mercury (Hg)  at  optimum  conditions  using  coagulants  was  very  higher  

than  the  wastewater  quality  standard.  The  magnesium  concentration  increased  

more  than  the  initial  content.  The  commercial  lime  was  the  cause  of   

magnesium  (Mg)  raising.  The  remained  value  of  solids  was  lower  than  the  

wastewater  quality  standard.  

        Using  polymers  can  reduced  the  heavy  metals  and  solids  concentration  in  

synthetic  wastewater.  The  results  showed  that  there  were  differences  on  the  

efficiency  for  the  removal  of  heavy  metals  and  solids  between  laboratory  

wastewater  treatment  and  synthetic  wastewater  treatment.  The  removal  efficiency  

of  total  dissolved  solids (TDS),  total  solids (TS)  and  manganese (Mn)  in  the  

synthetic  wastewater  analysis  were  higher  than  the  removal  in  the  laboratory  

wastewater.  There  was  more  difference  in  the  removal  efficiency  of  cadmium 

(Cd),  chromium (Cr),  mercury  (Hg)  and  suspended  solids.  The  removal  

efficiency  of  suspended  solids (SS),  cadmium (Cd),  chromium (Cr)  and  mercury  

(Hg)  in  the  laboratory  wastewater  were  higher  than  the  removal  in  the  synthetic  

wastewater  analysis.  The  results  showed  that  the  initial  suspended  solids  value  

in  the  laboratory  wastewater  was  higher  than  the  value  in  the  synthetic  

wastewater.  These  wastewater  characteristic  differences  was  the  cause  of  the  

removal  efficiency  difference.  These  metals  ions  can  interact  with  suspended  

solids  and  be  precipitated.  This  process  called  chelating.  A  chelate  is  a  

chemical  compound  composed  of  a  metal  ion  and  a  chelating   agent.  

Multongnoi  C.(25)  reported  that  the  organic  compound  in  the  wastewater  

contaminants  can  cause  the  chelation.  The  organic  compound  was  a  chelating   

agent.  It  was  attached    to  the  metal  ion.          
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4.4  Statistical  analysis 
 

        The  Turkey’s  Honesty  Singnificant  Difference (HSD)  used  to  compare  the  

mean  different  of  remained  concentration  of  heavy  metals  using  each  polymer  

at  a  95%  confidence  level.  In  optimum  pH  value  selection,  optimum  dose  

polymers  selection  and  optimum  contact  time  selection,  the  statistical  analysis  

have  shown  that  the  optimum  pH  value  was  pH 9  and  the  optimum  contact  

time  was  30  minutes.  At  these  pH  value  and  contact  time,  the  optimum  dose  

of  sodium  alginate,  tapioca  starch  and  gelatin  were  200  mg/L,  60  mg/L  and  60  

mg/L.  At  the  optimum  conditions,  the  removal  efficiency  (exceeded  99.99%.)  of  

Chromium (Cr),  iron (Fe),  and  silver (Ag)  using  sodium  alginate  showed  the  

similar  to  results  as  using  the  tapioca  starch  and  gelatin.  The  manganese (Mn)  

removal  had  no  significant  difference (p<0.05)  among  the  sodium  alginate,  

tapioca  starch  and  gelatin.  The  removal  of  mercury  (Hg)  had  no  significant  

difference  (p<0.05)  between  sodium  alginate  and  the  other  coagulants.  These  

results  occurred  according  to  the  hypothesis.  In  term of  the removal  of  cadmium  

(Cd)  had  the  significant  difference  (p<0.05)  between  sodium  alginate  and  the  

other  coagulants,  while  there  was  no  significant  difference  (p<0.05)  between  

tapioca  starch  and  gelatin.  (Appendix  C).   

               

4.5  Operation  cost  analysis 
 

        In  this  study,  the  raw  materials  were  chemical  reagent  and  coagulants.  The  

chemical  reagent  was  lime ( Calcium  hydroxide,  Ca(OH)2)  which  used  to  adjust  

the  pH.  The  coagulants  consisted  of  sodium  alginate,  tapioca  starch  and  gelatin.  

They  were  commercial  grade.   

        The  price  of  chemical  reagent  and  coagulants  operation  cost,  as  following  

below  :   
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        Lime  was  used  109.63  g/L.  (The  price  of  lime  was  200  baht/20  kilogram): 

 

Cost  (bath/L)  =    109.63g x 200baht x kg 

                                            

                1L                 20kg          1,000g 

 

                      =            1.10  bath/L    

 

        Sodium  alginate  was  used  200  ppm(mg/L)/500  mL  (The  price  of  sodium  

alginate  was  300  baht/1  kilogram): 

 

Cost  (bath/L)  =      0.002g x 300baht x kg 

                                            

              500mL     1kg          1,000g 

 

                      =            0.0012  bath/L      

   

        Tapioca  starch  was  used  60  ppm (mg/L)/500  mL  (The  price  of  tapioca  

starch  was  12  baht/ 1  kilogram): 

 

Cost  (bath/L)  =      0.0006g x 12baht  x kg 

                                            

              500mL     1kg          1,000g 

 

                      =            0.00002  bath/L             
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        Gelatin  was  used  60 ppm (mg/L)/500  mL  (The  price  of  gelatin  was  28  

baht/200    grams): 

  

 Cost  (bath/L)  =      0.0006g x 28baht  x kg 

                                            

              500mL     200g          1,000g 

 

                      =            0.000168    bath/L     

 

        Using  sodium  alginate  as  coagulant,    the  operation  cost  was  1.1012  bath/L.             

        For  tapioca  starch  as  coagulant,    the  operation  cost  was  1.10002  bath/L.                  

        With  gelatin    as  coagulant,    the  operation  cost  was  1.100168  bath/L. 

        The  operation  cost  of  the  heavy  metals  and  solids  removal  from  laboratory  

wastewater  using  coagulants  were  approximately  1.10  bath/L.  It  was  cheap  in  

comparison  to  the  chemical  precipitation  method  and  adsorption  by  bagasse.  

This  results  was  supported  with  work  done  by  Multongnoi  C.(25)  who  reported  

that  the  operation  cost  of  the  heavy  metals  removal  using  Na2CO3,  Ca(OH)2  

and  Na2SiO3  were  10.04  bath/L,  7.54 bath/L  and  17.54  bath/L,  respectively.  As  

well  as  the  study  of   Kosayothin  K. (23)  who  reported  that  the  operation  cost  

of  the  heavy  metals  absorption  by  bagasse  was  9.62  bath/L.  In  this  process,  the  

price  of  polymer  reagents  was  < 1.00  baht/L  and  the  operation  cost  was  

approximately  1.10 baht/L.  This  agreed  with  work  done  by  Iamtrakoon  S. (27)  

which  showed  that  the  expense  of  chitosan  as  a  coagulant  in  industrial  

wastewater  treatment  was  <1.00  baht/L.   
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4.6  Comparision  of  results 

 

        4.6.1  Comparision  in  each  coagulant 
         

        Using  sodium  alginate,  tapioca  starch  and  gelatin  as  coagulants,  the  

optimum  condition  occurred  at  pH  9  and  contact  time  of  30  minutes.  At  these  

pH and  contact  time,  a  dosage  of  sodium  alginate,  tapioca  starch  and  gelatin  

were  200  mg/L,  60  mg/L  and  60  mg/L,  respectively.   

        Table 4-4  and  Figure 4-5 showed  the removal of  heavy metals and solids  at  

optimum conditions using coagulants in laboratory  wastewater  with  respect  to  

concentration  at  pH 9.  In  the  pH 9  adjustment,  the  efficiency  of  the  heavy  

metals  and  solids  removal  were  78.28%  of  manganese (Mn),  94.00%  of   

cadmium (Cd),  99.99%  of  chromium (Cr),  99.99%  of   iron (Fe),  99.99% of  silver 

(Ag ),  98.52%  of  mercury (Hg),  90.20%  of  suspended  solids (SS),  11.14%  of   

total  dissolved  solids (TDS),  and  23.88%  of   total  solids (TS).  The  increase  of  

magnesium  (Mg)  concentration  to  higher  than  initial,  due  to  it  was  released  

from  lime.   

        In  the  addition  of  polymers,  the  efficiency  of  the  heavy  metals  and  solids  

removal  with  sodium  alginate  as  coagulant  were  14.07%  of  manganese (Mn),  

8.19%  of   magnesium (Mg),  21.01%  of   cadmium (Cd),  99.99%  of  chromium 

(Cr),  99.99%  of   iron (Fe),  99.99% of  silver (Ag ),  33.33%  of  mercury (Hg),  

30.00%  of  suspended  solids (SS),  0.11%  of   total  dissolved  solids (TDS),  and  

0.21%  of   total  solids (TS).  

        The  efficiency  of  the  heavy  metals  and  solids  removal  using  tapioca starch  

were  19.88%  of  manganese (Mn),  5.47%  of   magnesium (Mg),  24.96%  of   

cadmium (Cd),  99.99%  of  chromium (Cr),  99.99%  of   iron (Fe),  99.99% of  silver 

(Ag ),  26.39%  of  mercury (Hg),  32.00%  of  suspended  solids (SS),  2.16%  of   

total  dissolved  solids (TDS),  and  2.78%  of   total  solids (TS).  

        The  efficiency  of  the  heavy  metals  and  solids  removal  for  gelatin  as  

coagulant  were  13.73%  of  manganese (Mn),  6.34%  of   magnesium (Mg),  24.96%  

of   cadmium (Cd),  99.99%  of  chromium (Cr),  99.99%  of   iron (Fe),  99.99% of  
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silver (Ag ),  22.22%  of  mercury (Hg),  18.00%  of  suspended  solids (SS),  1.10%  

of   total  dissolved  solids (TDS),  and  1.45%  of   total  solids (TS). 

        The  results  showed  that  the  high  removal  efficiency  of   heavy  metals  and  

solids  occurred  at  pH  adjustment.  The  high  concentration  heavy  metals  and  

solids  were  removed    in  the  optimum  pH  adjustment.  It  could  be  seen,  the  pH  

value  was  significant  factor  for  the  removal  of  heavy  metals  and  solids.  The  

addition  of  polymers  resulted  in  the  increasing  of  removal  efficiency  of  heavy  

metals  and  solids.           

        Table  4-3  and  Figure  4-4  showed  the  removal  of  heavy  metals and solids  

at  optimum  conditions  using  coagulants  in  laboratory  wastewater  with  respect  to  

the  initial  concentration.  For  sodium  alginate  as  coagulant,  the  maximum  

efficiency  of  the  heavy  metals  removal  was  81.33%  of  manganese (Mn),  

95.27%  of   cadmium (Cd),  >99.99%  of  chromium (Cr),  >99.99%  of   iron  (Fe),  

>99.99%  of   silver (Ag)  and  99.02%   of  mercury.  The  maximum  efficiency  for  

the  removal  of  suspended  solids (SS),  total  dissolved  solids (TDS)  and  total  

solids (TS)  were  93.14%,  11.24%  and  24.04%,  respectively.  The  operation  cost  

was  approximately  1.10  bath/L. 

        With  tapioca  starch  as  coagulant,  the  maximum  efficiency  of  the  heavy  

metals  removal  was  82.59%  of  manganese (Mn),  95.50%  of   cadmium (Cd),  

>99.99%  of  chromium (Cr),  >99.99%  of   iron (Fe),  >99.99%  of   silver (Ag),  and  

98.91%  of  mercury.  The  maximum  efficiency  for  the  removal  of  suspended  

solids (SS),  total  dissolved  solids (TDS)  and  total  solids (TS)  were  93.33%,  

13.06%  and  25.99%,  respectively.  The  operation  cost  was  approximately  1.10  

bath/L. 

        Using  gelatin  as  coagulant,  the  maximum  efficiency  of  the  heavy  metals  

removal  was  81.31%  of  manganese (Mn),  95.50%  of   cadmium (Cd),  >99.99%  

of  chromium (Cr),  >99.99%  of   iron (Fe),  >99.99%  of   silver (Ag),  and  98.85%  

of  mercury.  The  maximum  efficiency  for  the  removal  of  suspended  solids (SS),  

total  dissolved  solids (TDS)  and  total  solids (TS)  were  91.96%,  12.12%  and  

24.98%,  respectively.  The  operation  cost  was  approximately  1.10  bath/L. 

        It  could  be  observed,  the  removal  efficiency  of  heavy  metals  using  sodium  

alginate  showed  the  similar  to  results  as  using  the  tapioca  starch  and  gelatin,  
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but  cadmium (Cd) and  mercury (Hg)  removal  efficiency  were  an  exception.  The  

result  of  cadmium  removal,  there  was  the  significant  difference  ( p< 0.05)  

between  sodium  alginate  and  the  other  coagulants. The  removal  efficiency  of  

cadmium  using  tapioca  starch  and  gelatin  were  higher  for  using  sodium  

alginate.  In  comparison  to  the  removal  of  mercury  in  each  coagulants,  the  

removal  efficiency  using  sodium  alginate  was  highest.  With  tapioca  starch  the  

maximum  removal  efficiency  of  solids  was  highest.  The  operation  cost  using  

sodium  alginate  showed  the  similar  to  result  as  using  tapioca  starch  and  

gelatin.  

        It  could  be  seen,  the  remained  concentration  of  heavy  metals  at  optimum  

pH  value  was  higher  than  the  wastewater  quality  standard.  The  remained  value  

of  solids  was  lower  than  the  wastewater  quality  standard.  

 

        4.6.2  Comparision  with  other  removal  processes 

 

        In  comparison  with  other  removal  processes, The  optimum  pH value (pH  9)  

was  similar  to  the  previously  study  Multongnoi  C. (25)  and  Kosayothin  K. (23). 

        Multongnoi  C. (25)  studied  on  the  removal  of  heavy  metals  from  

wastewater  using  chemical  precipitation  method  in  a  water  quality  analysis  

labotatory  produced  from  DO,  COD,  BOD,  NH3-N  and  NO3-N  parameters.  The  

precipitants  were  Na2CO3,  Ca(OH)2  and  Na2SiO3.  The  results  showed  that  the  

optimum  conditions  occurred  at  pH  9  and  dosage  of   10  g/L.  The  removal  

efficiency  in  each  precipitants  were  similar.  The  removal  efficiency  of   heavy  

metals  (Mn,  Mg,  Fe,  Cr,  Ag,  Cd, and  Hg)  was  97%-99.99%.  The  operation  

cost  of  the  heavy  metals  removal  using  Na2CO3,  Ca(OH)2  and  Na2SiO3  were  

10.04  bath/L,  7.54 bath/L  and  17.54  bath/L,respectively.   

        Kosayothin  K. (23)  studied  on  the  removal  of  heavy  metals  in  wastewater  

from  water  quality  analysis  laboratory  (DO,  COD,  BOD,  NH3-N  and  NO3-N  

parameters)  using  adsorption  method  by  bagasse.  The  results  showed  that  the  

optimum  conditions  occurred  at  pH  9,  25  g/L  of  bagasse,  90  minutes  of  

contact  time,  and  using  activated  bagasse  0.045-1.00 mm  size  particle. The  
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adsorptive  efficiency  of  the  heavy  metals  (Mn,  Mg,  Fe,  Cr,  Ag,  Cd, and  Hg)  

was  65.19%-99.99%.  The  operation  cost  was  9.62  bath/L. 

        The  comparison  of  results  indicated  that  the  removal  efficiency  with  

chemical precipitation method  was  higher  than  using  coagulation  method  and     

adsorption  method.  The  removal  efficiency  of  heavy  metals  using  coagulation  

method  was  lower  than  the  precipitation  method  due  to  the  limitation  of  

coagulants.  The  natural  polymers  have   several  limitations,  such  as  using  only  

polymers  as  coagulants,  variable  quality  and  loss  of  floc  strength. (22)  The  

remained  concentration  of   manganese (Mn),  cadmium (Cd)  and  mercury (Hg)  at  

optimum  conditions  using  coagulants  was  higher  than  the  wastewater  quality  

standard,  due  to  the  initial  concentration  of  manganese (Mn),  cadmium (Cd)  and  

mercury (Hg)  in  wastewater  were  very  high.  Moreover,  the  commercial  lime  

contained  impurities.  It  was  the  cause  of  magnesium (Mg)  increasing.  

Kosayothin  K. (23)  reported  that  the  chemical  precipitation  was  a  chemical  

reaction,  which  has  the  strength  force  more  than  the  physical  reaction 

(adsorption  process).  Moreover,  the  bagasse  had  the  limitation  for  the  heavy  

metals  adsorption  due  to  the  characteristic  of  bagasse,  such  as  surface  area,  

pore  size  distribution,  and  type  of  the  functional  groups,  etc.   

        It  could  be  seen,  there  were  the  difference  of  experiment  method  in  each  

research.  It  was  the  cause  of  results  difference.  The  operation  cost  of  heavy  

metals  and  solids  removal  by  coagulation  method  was  cheap  in  comparison  to  

the  chemical  precipitation  method  and  adsorption  by  bagasse.  Because  of  the  

commercial  lime  and  natural  polymers   are  an  inexpensive  price.  The  results  

obtained  in  this  work  also  showed  lime  addition  to  pH 9 give  maximum  

removal  of  chromium (Cr),  iron (Fe)  and  silver (Ag)  exceeded  99.99%.  The  

advantages  of  this  method  could  reduce  chemical  residues  and  decrease  

operation  cost.  It  has  been  reported  that  using  natural  polymers  have  several  

advantages,  such  as  non-toxic  and  degradable  by  environmental. (22)   
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Figure 4-4  The  analysis  of  the  optimum  conditions  for  the  removal  of    heavy  

metals  using  coagulants  in  laboratory  wastewater  with  respect  to  

initial  concentration 

 

 

                1  sodium  alginate 

            
 

    2  tapioca  starch      

            
 

    3  gelatin 



Fac. of  Grad. Studies, Mahidol Univ.                     M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 75 

   

 

 

 
 

  
  

                                           

 

   

         

 

 

 

Figure 4-5  The  analysis  of  the  optimum  conditions  for  the  removal  of    heavy 

metals    using  coagulants  in  laboratory  wastewater  with  respect  to  

coagulants  efficiency  at  pH 9   
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Figure 4-6  The  analysis  of  the  optimum  conditions  for  the  removal  of  heavy  

metals  using  coagulants  in  synthetic  wastewater  with  respect  to  

initial  concentration 
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Figure 4-7  The  analysis  of  the  optimum  conditions  for  the  removal  of  heavy  

metals using coagulants in synthetic wastewater  with  respect to  

coagulants  efficiency  at  pH 9   
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CHAPTER  V 

CONCLUSION  AND  RECOMMENDATION 
 

 

5.1  Removal  of  heavy  metals  from  wastewater  using   

       Coagulants  in  a  water  quality  analysis  laboratory 
         

        In  the  study  of  the  removal  of  heavy  metals  and  solids  from  wastewater  

using  coagulants,  it  can  be  seen  that  the  neutralizatioin,  precipitation,  

coagulation  and  sedimentation  processes  were  used  together.  The  acidic  

wastewater  was  neutralized  by  calcium  hydroxides (lime).  The  neutralization  of  

an  acidic  wastewater  by  lime  can  cause  precipitation.  Increasing  the  pH  resulted  

for  the  removal  efficiency  of  heavy  metals  and  solids.  Heavy  metals and  solids  

can  be  removed  from  wastewater  by  lime  precipitation.  The  metal  hydroxides  

was  coagulated  by  polymer  bridging  mechanism  in  the  form  of  large  floc,  

accelerating  precipitation.  and  allow  them  to  be  removed  by  sedimentation.  In  

addition,  the  particles  may  be  destabilized  by  charge  neutralization  mechanism  

and  hence  coagulation.   

        It  can  be  seen,  lime  used  as  neutralization  and  precipitation  agents.  Lime  

was  used  for  the  neutralization  of  an  acidic  wastewater.  Metals  was  precipitated  

most  commonly  as  metal  hydroxides  through  the  addition  of  lime.  Sodium  

alginate,  tapioca  starch  and  gelatin  was  used  as  coagulants  that  produce  metals  

hydroxide  sediments  in  the  form  of  large  flocs,  accelerating  precipitation. 

        The  maximum  efficiency  were  found  at  pH  9  and  contact  time  of 30  

minutes.  At  these  pH  and  contact  time,  a  dosage  of  sodium  alginate,  tapioca  

starch  and  gelatin  were  200 mg/L,  60 mg/L  and  60 mg/L,  respectively.  Under  

optimum  conditions (Table 4-4 and  Figure 4-4),  the  study  on  the  removal  of  

heavy  metals  and  total  solids  using  sodium  alginate  showed  the  similar  to  

results  as  using  the  tapioca  starch  and  gelatin.  The   efficiency  for  the  removal  

of  chromium (Cr),  iron (Fe)  and  silver (Ag)  exceeded  99.99%. 
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        The  efficiency  of  the  heavy  metals  removal  was  approximately  81%  of  

manganese (Mn)  and  99%  of  mercury (Hg) (Table  A-10  and  Figure10).  The  

efficiency  of  the  cadmium (Cd)  removal  using  coagulants  was  approximately  

95%.  The  results  of  cadmium (Cd)  removal,  there  was  the  significant  difference  

(p<0.05)  between  sodium  alginate  and  the  other  coagulants. Using  tapioca  starch  

and  gelatin  as  coagulants,  the  results  occurred  that  the  maximum  removal of 

cadmium (Cd) was  approximately  95.50%.  The  remained  concentration  of  

magnesium (Mg)  in  the  treated  wastewater  was  higher  than  initial  content.  The 

commercial lime contains impurities, such as 3.8 g/kg of  magnesium (Mg), 0.46 g/kg  

of  manganese (Mn)  and  >2.0  g/kg  of  calcium (Ca).  It  was  the  cause  of  

magnesium (Mg)  increasing.  The  suspended  solids  removal  was  approximately  

93%.  While  the  total  solids  removal  was  as  much  as  25 %. 

        In  summary,  the  results  obtained  in  this  study  confirm  that  the  removal  

efficiency  of  heavy  metals  and  solids  by  coagulation  depends  on  many  factors,  

especially  pH,  coagulant  dosage  and  contact  time.  The  high  removal  efficiency  

of   heavy  metals  and  solids  occurred  at  pH  adjustment.  The  addition  of  

polymers  on  the  coagulation  process  resulted  for  the  increasing  of  heavy  metals  

and  solids  removal.  The  removal  efficiency  of  heavy  metals  and  solids  on  the  

addition  of  polymers  were  a  bit  higher  than  the  efficiency  on  the  pH  

adjustment.  It  can  be  seen,  the  precipitation  process  was  significant  process  for  

the  removal  of  heavy  metals  and  solids  and  the  coagulation  process  accelerated  

the  sedimentation.  In  the  optimum  conditions  selection,  the  removal  efficiency  

of   heavy  metals  and  solids  at  optimum  pH  value  showed  the  similar  to  results  

as  the  efficiency  at  optimum  dose  of  polymers  and  optimum  contact  time.  It  

can  be  seen,  the  pH  value  was  significant  factor  for  the  removal  of  heavy  

metals  and  solids.  The  dose  of  polymers  and  contact  time  were  not  significant  

factor  for  the  removal  of  heavy  metals  and  solids.  Using  polymers  can  reduce  

the  heavy  metals  and  solids  concentration  in  laboratory  and  synthetic  

wastewater.  There  were  differences  on  the  efficiency  for  the  removal  of  heavy  

metals  and  solids  between  laboratory  wastewater  treatment  and  synthetic  

wastewater  treatment,  due  to  the  wastewater  characteristic  differences.                    
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        However,  the  remained  concentration  of   manganese (Mn),  cadmium (Cd)  

and  mercury (Hg)  at  optimum  conditions  using  coagulants  stilled  higher  than  the  

wastewater  quality  standard,  due  to  the  initial  concentration  of  manganese (Mn),  

cadmium (Cd)  and  mercury (Hg)  in  wastewater  were  very  high.  In  this  process,  

the  price  of  polymer  reagents  was  < 1.00  baht/L  and  the  operation  cost  was  

approximately  1.10 baht/L.  These  results  showed  that  the  operation  cost  of  the  

heavy  metals  removal  using  natural  polymers  at  optimum  conditions  was  cheap. 

        This  process  was   satisfactory  for  the  heavy  metals  and  suspended  solids  

removal.  However,  there  were  several  limitations  such  as  using  only  polymers  

as  coagulants,  cost  of  pH  adjustment  chemicals,  commercial lime  which contains 

impurities  and  problem  in  the  amount  of  sludge. 

    

5.2   Recommendations 
  

        1.  Laboratory  wastewater  had  a  variety  of  metals  to  remove,  several    

which  have  differing  optimum  pH  points. Lime  was  the  optimum  neutralization  

and  precipitation  agents.  Using  lime  had  still  several  limitations.  The  drawback  

to  the  hydroxide  precipitation  with  lime  was  the  inability  to  precipitate  complex  

metal  compounds.  Besides  these,  the  commercial  lime contained impurities. The  

pH  for  removal  of  heavy  metals  as  hydroxides  differs  depending  on  the  types  

of  metals  and  alkali  chemical,  select  alkali  agents  depending  on  the  metals  

included  in  the  wastewater.  Therefore,  the  other  pH-adjusting  alkali  agents  may  

be  selected  at  the  expense,  no  contaminants  and  hydroxide  precipitation. 

        2.  It  could  be  see,  although  lime  was  readily  available  at  an  inexpensive  

price,  it  also  had  an  problem  in  the  amount  of  sludge  that  was  generated  by  

its  use.  Neutralization  by  lime  produced  more  easily  filterable  sedimentation.  It  

have  been  reported  that  lime  sediment (insoluble heavy metals  hydroxides)  simple  

harden by drying  in the form of  solid.  Lime  sludge  was  dried  into  a  solid  block  

that  prevent  or  slow  the  release  of  heavy  metals  from  sludge.  A  solids  block  

can  be  left   in  place  or  removed  to  another  location.  It  just  prevent  harzadous  

chemicals from spreading into the surrounding environment. This was pozzolanic (lime-

based and cement-based) process of  the  solidification technology.        
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        3.  The  use  of  precipitants  was  an  effective  metal  removal  technique  when  

used  in  conjunction  with  coagulant  and  flocculant  technology.  The  performance  

was  described  by  two  basic  mechanisms:  charge  neutralization  and  bridging  by  

molecular  weight.  High  molecular  weight  helped  in  floc  formation  by  bridging  

smaller  flocs  together  into  larger,  more  settable  sizes.  Therefore,  the  high  

molecular  weight  polymers  which  more  than  sodium  alginate,  tapioca  starch  and  

gelatin  may be  selected  for  the  increasing  of  the  heavy  metals  and  solids  

removal  efficiency.  

        4.  The  sodium  alginate,  tapioca  starch  and  gelatin  may  be  assosociated  

with  inorganic  salts  or  another  polymers.  Inorganic  salts  such  as  alum 

[Al2(SO4)3], ferric  chloride (FeCl3),  and  ferric  sulfate  [Fe2(SO4)3]  may  be  selected  

as  primary  coagulants.  These  cationic  coagulants  were  combined  with  the  

anionically (negative)  charged  matter  in  suspended  wastewater.  A  polymeric  

coagulant  aid (flocculant)  can  be  added  after  the  primary  coagulant.  Besides  

this,  cationic   polymer   may   be   selected as  primary  coagulants.  The  association  

of  coagulant  and  coagulant  aid (flucculant)  may  be  used  for  the  increasing  of  

the  heavy  metals  and  solids  removal  efficiency.   
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Figure A-1  The  analysis  of  the  pH  value   for  the  removal  efficiency   

               of  heavy  metals  using  sodium  alginate  ( 60 ppm ) 
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Figure A-2  The  analysis  of  the  pH  value   for  the  removal  efficiency   

                   of  heavy  metals  using  tapioca  starch ( 60 ppm ) 
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Figure A-3  The  analysis  of  the  pH  value   for  the  removal  efficiency   

                   of  heavy  metals  using  gelatin ( 60 ppm ) 
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Figure A-4  The  analysis  of  dose   for  the  removal  efficiency  of  heavy  metals  

using  sodium  alginate  
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Figure A-5  The  analysis  of  dose   for  the  removal  efficiency  of  heavy  metals  

using  tapioca  starch  
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Figure A-6  The  analysis  of  dose   for  the  removal  efficiency  of  heavy  metals  

using  gelatin  
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Figure A-7  The  analysis  of  contact  time  for  the  removal  efficiency  of   

                   heavy  metals  using  sodium  alginate  
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Figure A-8  The  analysis  of  contact  time  for  the  removal  efficiency  of   

                   heavy  metals  using  tapioca  starch  
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 A-9  The  analysis  of  contact  time  for  the  removal  efficiency  of   

                   heavy  metals  using  gelatin  
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APPENDIX  D 

HEAVY  METALS  ANALYSIS 
 

 

        1.  The  analysis  of  the  heavy  metals  concentration  using   

             nitric  acid-hydrochloric  acid  digestion  method 

 

 

take  100  mL  of  water  sample  to  beaker 

 

add  3  mL  of  conc. HNO3 

 

place  beaker  on  the  hot  plate 

 

evaporate  to  less  than  5  mL  and  cool 

 

add  5  mL  of  conc. HNO3 

 

cover  container  with  a  watch  glass 

 

place  beaker  on  the  hot  plate 

(increase  temperature  of  hot  plate  so  that  a  gentle  reflux  action  occurs) 

 

evaporate  to  less  than  5  mL 

(until  digestate  is  light  in  color  cool) 
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Add  5  mL  of  6  MHCl 

 

Heat  at  95๐c  with  15  minutes  and  cool 

 

Wash  down  beaker  walls  and  watch  glass  with  deionized  water 

 

                                              Filter  through  filter  paper  no.42 

 

Adjust  solution  to  100  mL with  deionized  water  to  volumetric  flask 

 

 

Store  at  4๐c 

 

Figure  D-1   The  Analysis  of  Heavy  Metals  Concentration  Using   

                                    Nitric  Acid- hydrochloric Acid  Digestion  Method
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