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ABSTRACT 

Investigations were made to determine the removals of calcium, 
copper, chromium, nickel, lead and zinc from water and waste water 
samples by different concentrations of zeolite type A and with 
zeolite type A forms where sodium had been partially exchanged for 
calcium. Metal concentrations were determined after a range of  
different treatments such as filtration, sedimentation in columns 
and centrifugation. 

The results indicated that the rate of removal of  calcium hard- 
ness from samples was a function of the calcium hardness present 
in the samples. High concentrations of zeolite removed all the 
metals except chromium from water, but  only lead, zinc and cad- 
mium from synthetic waste water samples. In water samples con- 
taining cadmium, nickel, copper and zinc, an increase in the calcium 
exchanged for sodium in the zeolite resulted in a decrease in the 
percentage of nickel removed from suspension on mixing. At lower 
environmental concentrations, zeolite type A had no effect on the 
removal of metals from raw waste water samples. 

INTRODUCTION 

The possible role of  detergent phosphorus in eutrophicat ion 
(1) has stimulated the search for nonphosphate detergent 
builders (2,3). Zeolite type A, a synthetic aluminosilicate, 
is currently being assessed as a substitute for the phosphate 
detergent builders (3-5). 

In contrast to the builders which chelate ions from 
solution, zeolite type A removes calcium and, to a lesser 
extent, magnesium from solution by ion exchange (4). 
For the particle sizes used in detergent formulations, the 
maximum calcium exchange capacity of zeolite is approxi- 
mately 200 mg CaOg -1 zeolite at 90 C, but  only 150 mgg -1 
at 20 C when no sodium is present in solution (6). The 
detergent formulations containing zeolite type A are 
manufactured such that, by the end of  a washing program, 
only 20 to 30% of the calcium exchange capacity of the 
zeolite has been exerted (6). 

The thermodynamic behavior of zeolite type A has been 
studied and exchange isotherms with metals have been 
reported (7); the selectivities for cations have been placed 
�9 - + 2 +  + 2 +  - 2 +  m the followm~ order (8): Ag > Cu > H > Zn > Sr 

2+ 2+ - 2+ 3-g + + .2+ + > Ba > Ca > Co > Au > K > Na > N1 > NI~  > 
Cd 2+ > Hg 2+ > Li § > Mg +, which generally agrees with the 
selectivities for divalent ions reported elsewhere (9). Since 
the ion exchange reactions are kinetically controlled, these 
thermodynamic selectivities may be of  secondary relevance 
and it is the selectivities at the low concentrations of  metals 
found in the environment that are important .  The order of  
selectivities at low environmental concentrations of  ionic 
metal has been reported (8) as Pb 2+ > Ag + > Cu 2+ > > Cd 2+ 
> Zn 2+ > > Co 2+, Ni 2+, Mn 2+. 

The ion exchange has also been reported (8) to increase 
with decreasing water hardness, increasing temperature,  
increase in the pH of  the solution, increasing concentration 
of  aluminium silicate and decreasing concentration of heavy 
metal. At  a concentration of  the sodium form of  zeolite 
type  A of  100 mg1-1 and 1 mg1-1 each of  lead, silver, 
copper, cadmium and zinc in a solution of hardness 110 
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mgCa1-1 at 23 C and pH 7, only lead and silver were com- 
pletely removed after 1 h; after 24 h, 50% of the copper, 
25% of the cadmium and 10% of  the zinc were removed 
(8). The values reported above were obtained in aqueous 
solutions. 

After  use in the wash process, the waste wash water 
containing the zeolite would enter  the public sewers and be 
conveyed to a waste water t reatment  works. The removal of 
zeolite type A from waste water during primary sedimen- 
tat ion and biological t reatment  has been demonstrated in 
a full-scale t reatment  plant and removal has also been 
observed in a package plant (10,11). The influence of 
zeolite type A on metal removal in a laboratory-scale 
activated sludge simulation treating synthetic sewage has 
been investigated (5) and no adverse effects have been 
found. 

Estimated concentrations of  zeolite type A expected in 
domestic waste waters after use of detergents containing 
zeolite type A vary, depending on the detergent formu- 
lation, water hardness and the volume of water. Concen- 
trations as high as 50 mg1-1 zeolite type  A in hard water 
areas of West Germany (10) and as low as 10 mg1-1 in the 
USA (11) have been predicted. 

It is important  to study the ion exchange behavior 
of  zeolite type A with metals in the presence of more 
complex matrices than those present in wash water, since 
zeolite type A may influence metal concentrations reaching 
surface waters after waste water treatment.  

MATERIALS AND METHODS 

Samples Used 

Calcium hardness was determined in zeolite treated and 
control  samples of London tap water and synthetic,  raw 
and settled sewages. In other studies percentage metal  
removals were est imated in control  and zeolite treated 
samples of  London tap water, distilled water, and synthetic 
and raw sewages. The composit ion o f  the synthetic sewage 
sample (Table I) resembled that  used in the study of  the 
biodegradation of  surfactants (12). Raw and settled sewages 
were obtained from two water pollut ion control  works in 
the London area operated by the Thames Water Authority 
(Hogsmill Valley and Mogden). 

Estimation of Calcium Hardness 

The calcium hardness of  filtered samples was determined 
using ethylenediaminotetracetic  acid (EDTA) (13). 

Exchange of Calcium for 
Sodium in Zeolite Type A 

The sodium form of zeolite type  A obtained from Henkel 
KGaA (Diisseldorf, W. Germany) was exchanged for cal- 
cium in distilled water by stirring 3 g of  zeolite with the 
required amount  of  calcium chloride (fused GPR) for 30 
min at 20 + 1 C; 0.29 g, 0.59 g, 0.88 g and 1.18 g, respec- 
tively, were used to obtain 25%, 50%, 75% and 100% 
calcium exchanged zeolite type A. 
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TABLE I 

Synthetic Sewage Composition 

Reagent Concentration 
Constituent grade gl -I 

Lab Lemco (meat extract) Oxoid L29 
Bacteriological peptone Oxoid L34 
Sodium chloride (NaCI) GPR 
Calcium chloride (CaC12 ) GPR 
Magnesium sulfate (MgSO 4 �9 7H 2 O) "AnalaR" 
Ammonium chloride (NH 4 C1) GPR 
Potassium dihydrogen orthophosphate (KH: PO 4 ) "AnalaR" 

0.234 
0.156 
0.009 
0.005 
0.002 
0.072 
0.006 

Addition of Zeolite Type A to Samples for the Estimation 
of Calcium Hardness or for Centrifugation 

The sodium form or calcium exchanged form of zeolite 
type A was added to 11 samples which were stirred for 
30 min at 20-+ 1 C. 

Centrifugation of Samples 

Centrifugation at 8000 x g for 10 min (MSE Hi Spin 21 
Centrifuge) was used to separate the zeolite and other 
particles from sample suspensions. The supernatants were 
removed, acidified to 1% v/v with "AnalaR" nitric acid and 
analyzed for their metal content. 

Addition of Samples to Sedimentation Columns 

Sedimentation tests were made using two Perspex columns, 
each 2.7 m high with an internal diameter of 150 mm. 
Sampling points were provided at 300 mm centers. The 
samples were drawn off by means of 2.3-mm-diameter 
stainless steel tubes inserted through ports into the liquid 
immediately prior to sampling and withdrawn after sam- 
piing. 

The columns were filled from the bottom by a cen- 
trifugal electric pump (C25, Charles Austen Pumps, Wey- 
bridge, UK) drawing from 60-s tanks in which the samples 
were kept in suspension by electrically driven stirrers until 
the test commenced. 

Zeolite type A was added to raw sewage to a nominal 
concentration of 30 mgl-1; the suspensions were stirred 
until they attained room temperature and then pumped 
into the columns. The filling of the columns required 
approximately 1 min. 

Addition of Metals 

Six of the so-called "heavy" metals were studied. Cadmium, 
nickel, lead and zinc were added to the different samples 
as a solution of "AnalaR" grade nitrate salts. Copper and 
chromium ions were obtained in solution from copper 
metal and potassium chromate. Lead and chromate were 
omitted from some of the studies in order to avoid precipi- 
tation of lead chromate. Since the raw sewage samples 
contained metal ions, no metals were added to them. 

Metal Analyses 

A rapid flameless atomic absorption method was used for 
the analyses of all samples. The suitability of the method 
for samples of this type has been previously reported (14). 
The zeolite concentration was determined as aluminium 
using a flameless atomic absorption method (15). 

R ESU LTS 

Removal of Calcium Hardness in Water 
and Sewage Samples by Zeolite Type A 

The sodium form of zeolite type A (3 g) was added to the 

samples of tap water, synthetic sewage, and raw and settled 
sewages. The calcium hardness of all four samples was 
determined. The average changes in the removal of calcium 
hardness with time are presented in Figure 1. The time 
taken for the removal process to reach equilibrium, the 
initial and final calcium concentrations and the percentage 
hardness removed are presented in Table II. This shows 
that in all the samples more than 99% of the calcium 
hardness present was removed by the zeolite, although 
the initial calcium hardness concentrations of the samples 
differed from each other. It can be seen that the time in 
which an equilibrium was reached was faster for the raw 
and settled sewage samples (Fig. 1), which had a lower 
calcium hardness than the other two samples. 

Removal of Metal Ions from 
Distilled Water by Zeolite Type A 

A solution containing cadmium, copper, nickel and zinc 
ions was mixed with 3 g each of 25%, 50%, 75% and 100% 
calcium exchanged zeolite to give nominal concentrations 
of 1 mg1-1 of the metal ions. Samples were centrifuged and 
the supernatants analyzed for their metal content. The 
actual metal concentrations and the percentage metal 
removals were calculated from the initial and final concen- 
trations in the supernatants (Table III). It can be seen that 
the removal of nickel was the only one to change significant- 
ly with an increase in the degree of exchange. Its removal 
decreased from 100% when 25% calcium exchanged zeolite 
was added and to 45% when 100% calcium exchanged 
zeolite was added. 

Removals of Metal Ions from Tap Water 
and Synthetic Sewage by Zeolite Type A 

Zeolite type A (3 g) was mixed with tap water and syn- 
thetic sewage each containing cadmium, chromium, copper, 
nickel, lead and zinc ions at nominal concentrations of 
0.1 mg1-1, lmg1-1 ,1  mg1-1, 1 mg1-1 mgl -t  and 5 mg1-1, 
respectively, for each metal. Exchanges were also per- 
formed in the absence of lead. The percentage removals of 
the metals were calculated from the initial metal concen- 
trations determined by flameless atomic absorption spectro- 
photometry and the metal concentrations obtained after 
centrifugation. The average initial metal concentrations and 
metal removals are presented in Table IV. It can be seen 
that the presence or absence of lead had no effect on the 
removals of the other metal ions. No chromium was re- 
moved from the tap water and synthetic sewage suspen- 
sions. More than 80% of the nickel was removed from the 
tap water suspension and no nickel was removed from the 
synthetic sewage suspension. Removal of copper was 
greater than 95% in the tap water suspension and less than 
10% in the synthetic sewage suspension. More than 95% of 
the cadmium, lead and zinc ions were removed from both 
samples. 
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FIG. 1. Percentage removal of  calcium hardness (as mgl -~ C a C O  3 ) from tap water and synthetic ,  raw and settled sewages. 

Effect of Zeolite Type A on 
Metal Removal during Sedimentation 
Zeolite type A was added to two different raw sewage 
samples taken from the Hogsmill Valley Water Pollution 
Control Works (Thames Water Authority). The suspended 
solids concentrations before addition of the zeoli te  were 
362 and 389 mg1-1. The initial concentrations of zeolite, 
as determined by flameless atomic absorption spectro- 
photometry after its addition to the raw sewage samples, 
were 26 and 31 mg1-1 respectively. Two sedimentation 
columns were used for each raw sewage sample, one being 
used as a control to which no zeolite was added. Samples 
were removed from the 300 mm and 900 mm sampling 
ports. Metal analyses were performed and the average 
concentrations of samples from the two ports were taken 
as being representative of the concentrations to be expected 
in settled sewage. 

The percentage removals of metals from sewage in the 

presence and absence of zeolite after 30, 60, 120 and 180 
min settling are presented in Table V along with the initial 
concentrations. There appeared to be no significant differ- 
ence between removals of metals with and without zeolite 
type A. 

There was an increase in removals with time for all 
metals. After 180 rain, the highest removal was that of lead, 
followed by those of chromium, zinc, copper, cadmium 
and nickel, respectively. 

Effect of Zeolite Type A at Different Degrees 
of Exchange on Metal Removal from Raw Sewage 
The sodium form of zeolite type A and 25% calcium 
exchanged zeolite were added from a stock suspension of 
3 g1-1 zeolite to two different raw sewage samples from 
the Mogden Water Pollution Control Works (Thames Water 
Authority) to give final concentrations of 22 mg1-1. The 
initial concentrations of metals in the raw sewage samples 

TABLE II 

Removal of Calcium Hardness from Tap Water, Synthetic ,  Raw and Settled Sewages by 
Zeolite Type A 

Sample (1) 

Initial calcium Residual calcium % Calcium Time taken 
hardness mg1-1 hardness mg1-1 removed from to achieve 

CaCO 3 CaCO3 sample equilibrium 

Tap water 290.8 2.1 99.3 5.0 
Synthetic sewage 286.6 2.1 99.3 5.0 
Raw sewage 239.2 1.0 99.6 3.0 
Settled sewage 237. 2 2.1 99.1 2.5 
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are p resen ted  in Table  Vl ;  the  average pe rcen tage  removals  
of  meta l s  in samples  and  con t ro l s  were d e t e r m i n e d  af ter  
cen t r i fuga t ion .  Thcre  was l i t t le  d i f fe rence  be t w een  the  
pe rcen tage  meta l  removals  in the  u n e x c h a n g e d  samples  and  
t he  25% calc ium exchanged  samples;  t he  d i f fe rences  were 
all less t han  10%. A compar i son  of  meta l  removals  in 
con t ro l  samples  wi th  removals  in t rea ted  samples  ind ica ted  
t he re  was l i t t le  d i f fe rence  be t w een  the  two samples.  Only 
t he  removals  of  lead exh ib i t ed  a d i f fe rence  of grea ter  t han  
10%. The  h ighes t  removal  was t h a t  of  lead, fo l lowed by 
those  of  copper ,  cadmium,  c h r o m i u m ,  zinc and  nickel, 
respect ively.  

DISCUSSION 

Zeol i te  t ype  A is used to remove  calcium hardness  f rom 
wash waters.  I t  has  been  s h o w n  t h a t  ha rdness  is r emoved  
f r o m  munic ipa l  sewage by  zeol i te  (3). The  work  presen ted  
here  d e m o n s t r a t e s  t h a t  the  removal  of  calcium hardness  by 
zeol i te  t ype  A which  occurs  in raw syn the t i c  and set t led  
sewages as well as tap wa te r  reaches  a rapid equ i l ib r ium and 
p r o b a b l y  d e p e n d s  on  the  ha rdness  o f  the  sample.  

It has  a l ready been  r epo r t ed  t h a t  ion exchange  occurs  
wi th  me ta l  ions  o t h e r  t han  ca lc ium and magnes ium (3,8) 
and  t h a t  th is  exchange  is d e p e n d e n t  on various factors,  
inc lud ing  wa te r  hardness ,  t em pe r a t u r e ,  and zeol i te  and 
me ta l  ion c o n c e n t r a t i o n s  (8). 

Zeol i te  p resen t  in waste  wash wa te r  would be  expec t ed  
to  be  in a par t ia l ly  calc ium exchanged  fo rm (6,16).  It 
wou ld  appear  t h a t  for  the  meta l s  s tudied ,  even at the  maxi-  

TABLE III 

Removals of Metal Ions from Distilled Water by Zeolite Type A at 
Different Degrees of Calcium Exchanged for Sodium 

Metal 

Initial metal Removal % 
concentration degree of exchange 

mg1-1 

25 50 75 100 

Cadminm 1.02 100 99 99 99 
Copper 1.0 100 99 100 100 
Nickel 1.01 99 86 68 45 
Zinc 1.03 I00 95 99 99 

m u m  theore t ica l  degree of  exchange  o f  zeol i te  in dist i l led 
water ,  meta l  ions are comple t e ly  r e m o v e d  f rom suspen-  
sion, excep t  for nickel .  T h e r m o d y n a m i c  da ta  on ion ex- 
change  (17) indica te  t ha t  the  nickel  f o rm  of  zeoli te t y p e  A 
is no t  as s table as o t h e r  meta l  fo rms  of  zeoli te t ype  A. 

When  waste  wash wa te r  reaches the  sewer,  it mixes  wi th  
o t h e r  waste wa te r  con ta in ing  meta l s  and  inorganic  and  
organic  c o m p o u n d s .  The  meta l  removals  ob ta ined  in tap 
wa te r  and syn the t i c  sewage show t h a t  at  the  high concen-  
t r a t i ons  of  zeoli te  used, the  meta ls  are a lmost  comple te ly  
r emoved  f rom tap wate r  wi th in  30 min  of  contac t .  The  
e x c e p t i o n  as shown  in the  work  r epo r t ed  here was chro-  
mium.  Zeol i te  t ype  A has a very low af f in i ty  for  mult iva-  
l en t  ions (7) and as hexava len t  c h r o m i u m  was used in t he  
s tudies ,  the  absence  of  any removal  was to be expec ted .  

TABLE IV 

Removals of Metal Ions from Tap Water and Synthetic Sewage by Zeolite Type A with 
and without Lead 

Initial metal Synthetic 
concentration Tap water % Removals sewage % Removals 

Metal mgt -I without lead with lead without lead with lead 

Cadmium 0.104 99 100 99 100 
Chromium 1.03 0 0 0 0 
Copper 1.0 97 97 9 5 
Nickel 1.02 89 82- 0 0 
Lead 0.95 _a 100 _a I00 
Zinc 5.1 100 98 100 100 

aOmitted to avoid precipitation of lead salts. 

TABLE V 

Removals of Metals during Settling Column Tests in Raw Sewage with and without Zeolite Type A 

Metal 

% Removal 
Initial 30 min 60 rain 120 min 

concentration with without with without with without 
mgt -I zeolite zeolite zeolite zeolite zeolite zeolite 

180 min 

with without 
zeolite zeolite 

Cadmium 0.0053 20 22 22 24 23 26 27 29 
0.0062 23 21 26 25 28 26 32 31 

Chrommm 0.0074 26 27 38 40 50 53 54 56 
0.0104 22 20 33 31 41 42 48 46 

Copper 0.13 33 31 40 42 45 45 47 48 
0.23 34 32 41 43 48 49 50 52 

Nickel 0.11 6 6 11 11 17 16 23 22 
0.13 7 6 13 12 21 21 28 29 

Lead 0.06 44 41 55 54 69 67 70 68 
0.15 42 39 53 51 65 64 66 65 

Zinc 0.29 25 29 39 43 44 46 47 49 
0.46 20 22 32 34 39 40 40 42 
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TABLE VI 

Removals of Metal Ions from Raw Sewage by the Sodium Form of Zeolite, 25% Calcium Exchanged Zeolite and 
in the Absence of Zeolite Type A 

25% calcium 
Unexchanged zeolite type A 22 mgt -1 exchanged zeolite type A 22 mg1-1 

Initial 
concentration Control Sample average Control Sample average 

mg1-1 removal % removal % removal % removal % 

Cadmium 0.0096 85 84 85 89 
0.0069 51 58 51 60 

Chromium 0.091 60 69 60 70 
0.139 45 48 45 51 

Copper 0.13 91 91 91 95 
0.13 70 73 70 74 

Nickel 0.09 33 34 33 36 
0.20 25 21 25 16 

Lead 0.072 99 97 81 95 
0.042 80 93 80 87 

Zinc 0.92 40 40 40 37 
0.76 25 28 25 31 

The  low removals  of  nickel  and coppe r  ob t a ined  in syn- 
t he t i c  sewage are p r o b a b l y  the  resul t  of  the  high af f in i ty  
of  these  meta ls  for  soluble  organics  and inorganic  com- 
p o u n d s  (18 ,19) .  The  me ta l  c o n c e n t r a t i o n s  used in th is  
s t udy  were h igher  t h a n  those  previous ly  r epo r t ed  for  
munic ipa l  waste  waters  (20,21) ,  as was the  c o n c e n t r a t i o n  
of  zeol i te  used (10 ,11) .  A t  these  c o n c e n t r a t i o n s  lead 
removals  were comple t e  even in the  presence  of  c h r o m i u m  
salts wi th  which  insoluble  lead c h r o m a t e  easily could have 
been  f o r m e d  at h igher  concen t r a t i ons .  

P r imary  s e d i m e n t a t i o n  is more  e f f ic ien t  in the  removal  
of  some meta l s  f rom raw sewage t han  o the r s  (20) because  
some o f  the  meta l s  are in a soluble  form,  whereas  o the r s  are 
in an  inso luble  fo rm and  can the re fo re  sett le ou t  of  suspen- 
sion. C h r o m i u m  removals  were t he r e fo re  observed wi th  
raw sewage samples,  whereas  no removals  were observed in 
s y n t h e t i c  sewage and  tap wate r  where  t he  c h r o m i u m  was in 
so lu t ion .  The  s e d i m e n t a t i o n  process  d e p e n d s  on  var ious  
factors ,  inc luding me ta l  fo rm,  pH and  the  presence  of  
c o m p l e x i n g  agents  (22).  With the  add i t ion  of  zeol i te  wi th in  
the  range of  its expec t ed  e n v i r o n m e n t a l  concen t r a t i ons ,  the  
s e d i m e n t a t i o n  o f  the  me ta l  ions  was n e i t h e r  e n h a n c e d  no r  
adversely a f fec ted  to any  s ignif icant  degree.  T he  peak meta l  
removals  at t he  end  of  180 rain in con t ro l  and  t r ea t ed  
samples  and the  o rde r  of  removals  were as an t ic ipa ted .  

Cen t r i fuga t ion  of  samples  is a more  e f f ic ien t  m e t h o d  o f  
separa t ing  solids f rom suspens ion  t han  s ed imen ta t i on .  
Even wi th  th is  m e t h o d ,  no  s ignif icant  d i f fe rence  was 
observed  b e t w e e n  pe rcen tage  me ta l  removals  in con t ro l  and  
t r ea t ed  samples,  wi th  the  possible  e x c e p t i o n  o f  lead, where  
the  improved  removal  of  t he  meta l  f r o m  suspens ion  in t he  
presence  o f  zeol i te  t ype  A m a y  have been  caused by  the  
zeoli te.  

These  s tudies  were c o n d u c t e d  over  a per iod  of t ime  
suf f ic ien t  to  ensure  equ i l ib r ium calc ium removal .  I t  is 
poss ible  t h a t  longer con t ac t  t imes  wi th  the  lower  concen-  
t r a t i ons  o f  zeol i te  t y p e  A added  to the  raw sewage samples  
m a y  lead to  an i m p r o v e m e n t  in t he  removals  of  some 
metals ,  as was shown  by  Sehwuger  et  al., in wa te r  (8). This  
may  n o t  be t he  case, however ,  as raw sewage samples  would  
con ta in  na tu ra l  and  s y n t h e t i c  che la t ing  agents  (22) ,  wh ich  
would  c o m p e t e  wi th  zeol i te  t ype  A for  t he  metals .  In these  
s tudies  zeol i te  t ype  A had  no  adverse ef fec ts  on  me ta l  
removals  f r o m  wate r  and  waste  wa te r  samples.  
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