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ABSTRACT 

 

The ef f ect  of  appl icat ion of  cassava (Manihot  esculent a) processing mi l l  ef f luent  (CME) on 

t he chemical  f ract ionat ion of  lead (Pb) and cadmium (Cd) in soi l  obt ained f rom a ref use 

dump si t e was assessed in t his st udy.  Select ed physiochemical  propert ies of  t he soi l  and CME 

were det ermined whi le f our di f f erent  amount s of  t he CME were appl ied t o t he soi l .  The 

ref use dump soi l  had average pH of  6.2,  whi le t he cat ion exchange capaci t y was dominat ed 

by calcium. Simi lar ly,  t he CME had a mean pH of  4.21 and high mean phosphorus 

concent rat ion of  3160mg/ kg.  Chemical  f ract ionat ion of  t he soi l  not  cont aining CME showed 

58.65 and 7.90mg/ kg of  Pb and Cd respect ively in t he carbonat e f ract ion.  Fol lowing t he 

appl icat ion of  CME, t here was redist r ibut ion of  Pb and Cd in t he di f f erent  f ract ions.  CME 

cont r ibut ed t o increase Cd amount  in t he carbonat e f ract ion,  whi le t he residual  f ract ion had 

almost  uni f orm dist r ibut ion of  Cd wit h t he var ious t reat ment s of  CME. However,  t he resul t  

indicat ed t hat  depending on t he appl ied amount  of  t he CME t here was an overal l  reduct ion 

in t he concent rat ion of  Pb in t he di f f erent  f ract ion,  whi le t here were corresponding 

increases f or  Cd amongst  t he var ious f ract ions in t he soi l .  

 

Key words: Chemical f ract ionat ion,  lead,  cadmium,  dump soil ,  cassava mil l -ef f luent ,  cat ion 

exchange.  

 

INTRODUCTION 

 

The appl icat ion of  biosol ids,  sludge,  ef f luent s,  and ot her processing wast es on land is an age 

long pract ice.  Furt hermore,  t he int erest  in spreading sewage sludge f rom municipal sewage 

t reat ment  plant s on agricul t ural  and forest ed land as a nut rient  subsidy is st eadily increasing 

(Tomlin et  a! . ,  1993).  The use of  biosol ids and ef f luent s f rom process indust ry in cropland and 

forest land may be rest rict ed by t heir heavy met al cont ent s.  Heavy met als most  commonly 

found in biosol ids are lead,  nickel ,  cadmium,  chromium,  copper and zinc,  and t he met al 

concent rat ions are governed by t he nat ure and t he int ensit y of  t he indust rial  act ivit y as wel l  

as t he t ype of  process employed during t he bio sol id t reat ment  (Wang,  et  al . ,  2003).  

 

While t here abound numerous report s on t he ef fect  of  t he appl icat ion of  bio-sol ids and 

ef f luent s wit h high heavy met al loadings on soil  heavy met al concent rat ion and plant  upt ake,  

t here is a deart h of  works on t he ef fect  or consequences of  t he appl icat ion of  t hese 

subst ances on t he met al concent rat ions of  soils.  The availabil i t y,  dist r ibut ion and dynamics of  

heavy met als in soil  is det ermined by bot h soil  physicochemical propert ies and t he forms or 

f ract ions of  occurrence of  t hese met als in soils.  Consequent ly,  t he nat ure,  t ype and 

physicochemical propert ies of  t he bio-sol ids wil l  no doubt  have profound ef fect  on t he  

mobil i t y of  t he met als in soils,  especial ly in soils pressured t o having high heavy met al loads.  
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A large proport ion of  harvest ed cassava root s are processed int o food,  animal feed and 

various indust rial  product s.  The processing of  some of  t hese product s requires large amount s 

of  wat er and produces equal ly large amount s of  wast ewat er.  This wat er may be high in 

organic const it uent s and cyanide,  which can pol lut e t he ground wat er or t he lakes,  st reams or 

r ivers int o which it  is released.  Ot her wast e product s result ing f rom cassava processing are 

of t en inadequat ely disposed of  causing a foul  smel l  and unat t ract ive sight ,  and giving t he 

cassava processing indust ry a reput at ion of  pol lut ing t he environment  (FAO and IFAD,  2001).  

  

In t he present  st udy,  t he ef fect  of  cassava mil l  ef f luent  on t he f ract ionat ion of  lead and 

cadmium in soil  obt ained f rom a refuse dump sit e was invest igat ed.  

 

MATERIALS AND METHODS 

 

The maj or refuse dump sit e locat ed about  150 m away f rom t he capit al  guest house at  t he 

Universit y of  Benin,  Benin Cit y was used for t he st udy.  The refuse include met al scraps,  used 

bat t ery cel ls,  papers,  food cans,  plast ics,  food mat erials and al l  sort s of  assort ed wast es.  The 

wast e occupies an area of  37 x 105 m wit h growing veget at ion al l  around t he refuse heaps.  

 

Soils were col lect ed at  t he base of  t he heaps using t he soil  augar.  The sampling was done at  

every 20 m int erval wit h a minimum of  5 cores col lect ed at  a spot .  The core samples were 

bulked and t he soil  samples f rom t he f ive spot s covering t he ent ire area were t horoughly 

mixed t o make a composit e sample and t ransferred int o polyet hylene bags.  The soil  dept h 

sampled was 0-15cm,  

 

Large part icles were removed and t he soil  was spread on t he rack at  ambient  t emperat ure t o 

dry,  crushed in a porcelain mort ar and sieved t hrough a 2-mm (10 mesh) st ainless sieve.  Air-

dried <2mm soils were t reat ed wit h cassava mil l  ef f luent s obt ained f rom a cassava mil l  

processing plant  at  Uselu market ,  Benin Cit y.  Select ed physiochemical propert ies of  t he 

cassava mil l  ef f luent s and t he soils were det ermined.  

 

The t reat ment  rat es of  t he cassava mil l  ef f luent  on t he refuse dump soils were as fol lows:  

Al l  t he samples were prepared in t r ipl icat es,  and kept  in t he green house for 30 days.  Af t er 30 

days,  t he soils were dried at  ambient  t emperat ure,  sieved again t hrough a 2 mm (10 mesh) 

st ainless sieve.  The < 2 mm f ract ion soil  was f ract ionat ed by select ive sequent ial  ext ract ion 

and t he ext ract s were analyzed for Pb and Cd.   

 

Det erminat ion of  soi l  physiochemical  propert ies 

 

Soil  pH was measured in t he laborat ory wit h t he aid of  a Jenway Digit al  330 pH met er 

fol lowing t he procedure of  Folson et  al .  (1980).  Organic mat t er (carbon) cont ent  was 

det ermined by t he Walkeley Black met hod (Nelson and Sommers,  1982),  Tot al  nit rogen was 

analyzed using a macro-kj eldahl  met hod (USDA,  1972).  Available phosphorus was det ermined 

by Bray and Kurt z met hod (Bray and Kurt z,  1945) while cat ion exchange capacit y was 

est imat ed by summing exchangeable cat ions (cmo/ kg) wit h t he exchangeable acidit y 

(Jackson,  1960).  Part icle size dist ribut ion was achieved according t o t he met hod of  

(Bouyoucos,  1962).  
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The pH of  phosphorus,  nit rogen,  Ca,  Mg;  K,  Na of  t he cassava mil l  ef f luent s were det ermined 

by a modif icat ion of  t he appropriat e met hod as appl ied t o t he soils.   

 

Det erminat ion of  Pb and Cd in t he cassava mi l l  ef f luent  

 

Five mil l i l i t er of  t he t horoughly mixed CME was put  in a digest ing t ube,  fol lowing t he addit ion 

of  15 ml concent rat ed 4 M HNO3.  The samples were digest ed for 8 hours.  Af t er cool ing,  t he 

digest  was f i l t ered using What man no.  42 f i l t er paper.  The ext ract  was analyzed for Pb and 

Cd using at omic absorpt ion spect rophot omet er (AAS) Bulk Scient if ic 210 GVP.   

 

Fract ionat ion of  t he soi l  

 

Each soil  t reat ment  was f ract ionat ed fol lowing a modif icat ion of  t he sequent ial  ext ract ion 

procedure t o det ermine t he met al  binding forms (Tessier et  a! . ,  1979).  By t his procedure,  

variat ions of  t hese met als in f ive binding phases (exchangeable,  bound t o carbonat es,  bound 

t o Fe-Mn oxides,  bound t o organic and t he residual form) were det ermined.  The sequent ial  

ext ract ion procedures are as fol lows:  

 

Exchangeable:  Soil  (1g dry weight ) was ext ract ed wit h 20 ml of  1 M NH4OAc (pH=7.0) in t ef lon 

cent rifuge t ubes for 30 minut es,  wit h cont inuous agit at ion.   

Bound t o Carbonat es:  The residue f rom exchangeable f ract ion was ext ract ed wit h 20 ml of  1 

M NaOAc (pH 5.0 adj ust ed wit h HOAc) for 5 hrs wit h cont inuous agit at ion.  

Bound t o Fe-Mn oxide:  The residue f rom t he carbonat e f ract ion was cont inuously ext ract ed 

wit h 20 ml of  0.4 M NH2OH.HC1 in 25% acet ic acid,  for 6 hrs wit h cont inuous agit at ion at  

96° C.  

Bound t o Organic:  The residue f rom t he Fe-Mn oxide f ract ion was ext ract ed wit h 5 ml of  0.02 

M HNO3 and 10 ml of  30% H2O2 adj ust ed t o pH 2 wit h concent rat ed HNO3.  The mixt ure was 

heat ed t o 85° C for 2 hrs wit h occasional  agit at ion.  A second 6-ml al iquot  of  30% H2O2 (pH 2 

wit h concent rat ed HNO3) was t hen added and t he sample was heat ed again t o 85° C for 3 hrs 

wit h int ermit t ent  agit at ion.  Af t er cool ing,  15 ml of  3.2 M NH4OAc in 20% (v/ v) HNO3 was 

added and t he sample dilut ed t o 20 ml and agit at ed cont inuously for 30mins.  

Residual:  The residue f rom t he organic f ract ion was digest ed wit h a mixt ure of  concent rat ed 

HNO3 and HClO4 for 6 hrs unt i l  t he appearance of  whit e fumes.  The residue was dissolved in 

12 M HC1 and dilut ed t o 25 ml.  

 

Fol lowing each ext ract ion or wash,  mixt ures were cent rifuged at  1200 x g for 30 min.  Prior t o 

t he st art  of  t he next  ext ract ion st ep,  t he residues were shaken wit h 8 ml dist i l led/ deionized 

wat er for 30 mins,  cent rifuged,  and t he wash solut ions discarded.  The various f i l t rat es were 

analyzed for Pb and Cd using at omic absorpt ion spect rophot omet er bulk scient if ic 210VAP.  

 

RESULTS 

 

Annexs 2 and 3 show t he physicochemical propert ies of  t he refuse dump soil  and cassava mil l  

ef f luent s respect ively.  The refuse dump soil  was sl ight ly acidic,  wit h a pH of  6.2 while t he 

cat ion exchange capacit y was 31.37 cmol/ kg.  The soil  was sandy loam wit h a mean sand 

f ract ion of  84.6%.  The cat ion exchange sit e was dominat ed by calcium (24.0 cmol/ kg).  The 

high presence of  Ca in t he soil  suggest s t hat  t he refuse dumped at  t he sit e probably cont ained 

high amount s of  calcium source mat erials.  High mean phosphorus concent rat ion (3160mg/ kg) 

was obt ained in t he CME wit h a highly acidic medium (pH,  4.21).  However,  Pb and Cd were 

not  det ect ed in t he ef f luent s.  
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The dist r ibut ion of  Pb in t he various f ract ions of  t he soil  wit h t he accompanying t reat ment  

wit h CME (Annex 4) showed t hat  higher concent rat ions of  Pb were det ect ed in t he carbonat e 

f ract ion of  t he soil .  There were also measurable amount s of  Pb in t he Fe-Mn ooxide and 

residual f ract ions respect ively.  The exchangeable f ract ion however had t he lowest  

concent rat ions of  Pb in al l  t he f ract ions considered.  It  is import ant  t o not e t hat  t reat ment  B 

(100ml CME) cont ribut ed t o reduct ion in amount  of  Pb f rom t he carbonat e t o t he organic 

f ract ion,  while t here was an increased level of  Pb in t he residual f ract ion.  This t rend was 

af fect ed by t reat ment s A and C also in t hese f ract ions.  Treat ment s D and E did not  show any 

consist ent  pat t ern wit h respect  t o t he dist r ibut ion of  Pb in t hese f ract ions.  Wit h t he 

except ion of  t he exchangeable f ract ion,  t here was a general reduct ion in amount  of  Pb 

det ect ed in t he soil  due t o t he appl icat ion of  CME.  

 

Similarly,  t he dist r ibut ion of  Cd in t he dif ferent  f ract ions of  t he soil  corresponding t o t he 

t reat ment  wit h CME is shown in Annex 5.  Higher amount s of  Cd were obt ained in t he 

carbonat e f ract ion of  t he soil  wit h t reat ment s A and C respect ively,  implying t hat  t here was 

an init ial  high concent rat ion of  Cd in t he soil  carbonat e f ract ion (t reat ment  A).  Wit h t he 

appl icat ion of  higher amount s of  CME,  increased Cd concent rat ion was det ect ed in t he Fe-Mn 

Oxide f ract ion (t reat ment s C and E).  Equal levels of  Cd were obt ained in t he organic f ract ion 

of  t he soil  except  wit h t reat ment  E.  The residual  f ract ion had almost  uniform dist ribut ion of  

Cd wit h t he various t reat ment s.  

 

DISCUSSION 

 

Mineral and organic soils can bind met als t o dif ferent  ext ent .  Organic mat t er,  Fe and Mn 

hydrous oxides,  and clay cont ent  are signif icant  soil  propert ies inf luencing sorpt ion react ions 

(Bolan and Duraisamy,  2003).  Addit ional ly,  soil  pH,  cat ion exchange capacit y (CEC) and redox 

pot ent ial  can also regulat e t he mobil i t y of  met als in soils (Lombi and Gerzabek,  1998).  Soil  

pH,  for inst ance is very import ant  for most  heavy met als,  since met al availabil i t y is relat ively 

low when pH is around 6.5 t o 7.  In t he present  st udy,  cont ribut ing low pH (4.2) by t he CME 

would favor availabil i t y,  mobil i t y and redist ribut ion of  t he met als Pb and Cd in t he various 

f ract ions.  On t he cont rary,  t he presence of  carboxyl ic (-COOH) group (Grace,  1977) in t he 

ef f luent s favor complexat ion bet ween CME and t he met als.  The overriding react ion would be 

det ermined by t he amount  (t reat ment ) of  CME appl ied t o t he refuse dump soil  and ot her soil  

physicochemical propert ies.  The observed pat t ern of  decreasing concent rat ion of  Pb in t he 

carbonat e,  Fe-Mn oxide and organic f ract ions as associat ed wit h increasing amount s of  CME 

suggest s t hat  t he presence of  abundant  complexing/ chelat ing sit es in t he CME complexing 

wit h t he Pb ions and perhaps adsorbed on t he soil  mat rices may be responsible for t his 

behavior.  The relat ively low amount s of  Pb det ect ed in t he exchangeable f ract ion may be 

at t r ibut able t o t he low cat ion exchange capacit y and low amount  of  clay in t he soil .  The high 

levels of  Pb in t he carbonat e f ract ion can be at t r ibut ed t o t he highly Ca dominat ed exchange 

sit e and f ract ion.  

 

The non-det ect ion of  Cd in most  of  t he t reat ment s in t he exchangeable f ract ion suggest s t hat  

t he exchange sit e may not  have favored t he avai labil i t y of  Cd.  Furt hermore,  t he presence of  

cat ions can af fect  met al adsorpt ion in soils.  For inst ance,  Ca compet es ef fect ively wit h 

cat ionic heavy met als for adsorpt ion and exchange sit es,  and t his compet it ion seemed t o be 

great er for Zn and Cd t han for Cu and Pb (KieKens,  1983;  Pierangel et  al . ,  2001;  Pierangel et  

al . ,  2003).  A higher level of  Cd in t he carbonat e f ract ion impl ies t hat  t he carbonat e f ract ion 

provided sit es for binding of  Cd at  an opt imum t reat ment  of  200 ml of  appl ied CME t o t he soil .  
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The rat e of  appl ied CME also had useful  ef fect  on t he dist r ibut ion of  Cd in t he Fe-Mn oxide 

f ract ion.  The increased level of  Cd in t he organic f ract ion associat ed wit h t reat ment  E may 

reveal t he dominant  ef fect  of  t he highly reduced pH wit h high amount  of  CME t hereby 

creat ing favorable condit ions for t he release of  Cd.  

 

CONCLUSION 

 

The appl icat ion of  CME on t he refuse dump soil  showed depending on t he appl ied rat e t hat  

CME facil i t at ed t he reduct ion and redist ribut ion of  Pb in t he soil ,  while it  increased t he 

mobil i t y and availabil i t y of  Cd in t he soil .  It  was also seen t hat  t he maj or cat ionic composit ion 

of  t he exchange sit e in t he soil  cont ribut ed t o t he behavior and dist r ibut ion pat t erns of  t he 

met als invest igat ed.  Depending on t he dominant  soil  charact erist ics and t ype of  heavy met al,  

CME can enhance it s availabil i t y or reduce it s mobil i t y and occurrence in t he soil .  
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ANNEXES 

 
Annex 1:  Treat ment  rat es of  cassava mil l  ef f luent s on refuse dump soil  

Treat ment  

 

Amount  of  Soil  (g) 

 

Amount  of  CME (ml) 

 A 500 Nil  

B 500 100 

C 500 200 

D 500 300 

E 500 400 

 
Annex 2:  Mean select ed physiochemical propert ies of  t he refuse dump soil .         

cmol/ kg pH C 

% 

N 

% 

P 

(mg/ kg) Na K Ca Mg H+ Al3+ CEC Sand Sil t  Clay Text ure 

6.20 2.21 0.14 23.25 ND 0.37 24.0 5.20 1.17 ND 31.27 84.6 11.4 4.0 Sandy loam 

 
Annex 3:  Select ed physicochemical propert ies of  t he cassava mil l  ef f luent  (CME)              

mg/ kg pH 

N P Na K Ca Mg Pb Cd 

4.21 590.35 326.71 53.81 2396.12 250.81 430.0 ND ND 

ND = Not  Det ect ed.  

 
Annex 4:  Dist ribut ion of  Pb (mg/ kg) in t he dif ferent  f ract ion of  t he t reat ed soil   

Treat ment  Exchangeable Carbonat e Fe/ Mn oxide Organic Residual 

A 5.02 58.65 19.50 11.60 35.50 

B 5.97 48.50 18.37 10.00 30.00 

C 5.02 39.25 14.00 9.00 18.00 

D 5.96 42.40 16.28 9.00 30.00 

E 3.78 51.00 18.37 10.00 16.50 

 
Annex 5:  Dist ribut ion of  Cd (mg/ kg) in t he dif ferent  f ract ions of  t he t reat ed soil  

Treat ment  Exchangeable Carbonat e Fe/ Mn oxide Organic Residual 

A 0.00 7.90 0.20 0.20 0.70 

B 0.00 3.50 0.30 0.20 0.80 

C 0.00 8.20 5.50 0.20 0.70 

D 0.00 3.70 0.30 0.20 0.60 

E 0.00 4.00 5.30 3.30 0.70 

 


