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G. Boari 

Trulli 

Università  degli  Studi  della  Basilicata 

SUMMARY - The  paper  first  presents  a  review of the  technologies  and  processes  which  are 
used for water  and  wastewater  treatment in order to remove  the  various  constituents  of  the 
polluting  load:  solids,  organic  carbon,  nutrients,  inorganic  salts  and  metals,  pathogens. A 
second  part  describes  the  advanced  processes  to  reuse  treated  municipal  effluents in 
agriculture  and  industries  and  the  main  technologies  which  are  used  for  desalination. 

natural  water;  wastewater,  treatment  processes; 
desalination  processes. 

of municipal  effluents; 

RESUME - Dans cet  article  est  presenté  un  panorama  des  technologies  et  des  procédés  qui 
sont  utilisés  dans  les  traitements  des  eaux  et  des  eaux  résiduaires  pour  l'enlèvement  des  diffé- 
rentes  composantes  charactéristiques  de  la  pollution:  solides,  carbone  organique,  azote,  phos- 
phore,  sels  inorganiques  et  metaux,  pathogènes.  La  deuxième  partie  est  dédiée Li la  description 
des  procédés  avancés  pour  la  réutilisation  des  eaux  domestiques  dans  l'agriculture  et  dans 
l'industrie  et  l'analyse  des  principales  techniques  qui  sont  utilisées  pour  la  désalinisation. 

l eaux;  eaux  résiduaires,  procédés de traitement;  r&ti/isation  des  eaux  dm&tiques; 
l 
l procédés  de  désalinisation. 

l 
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262 G. Boari, 

the the 

to the solid 

At 

the 
ducing the content. 

tanks to to 
in 

these  systems  aimed at in sus- 

sult  of  findings in 

As  a  consequence, the technological  evolution of 
has led to 

tion of the systems,  especially in the 
ment stage. So as the 

The  quality of 
of high and  often  excessive 

consumption of the abuse  of the 
of 

to this effect.  The  situation  is 
so bad that it is now to 

in 
highly ad- 

Fundamental  studies in 
fiom 

the foundations on which 
new 

the 

of the 
on the 

the 
following  objectives: 

to 
chemical  and  biological  qualities of of dif- 

it 
uses such in 

to will 
tect the 
any  damage to the 

to 
in its 

the 

tion of 

as belonging to the  same  field. 

This  study does not deal with 
the of 

This  aspect is 

should  be  made to in this field 

OF 

Natural Water 

two 
as 

The  composition of is 
a sequence of physical  chemical  and  bio-chemical 
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Technologies for water  and  wastewater  treatment 263 

an ac- 
tive in these this the 
quality of is 

in 
example, the in basins 

with 

in 
fiom a  few  mg/l  to  a  few 

g/l. the solid 
can is substantially the 

consequence of the and 
the in which the 

collects and of the in which it is 
in 

the of 
dimensions between  pm  and 1 pm. 

the 
of the those of 
ween 0.1 and  1 pm its Table shows the 
compositions  of  samples  of collected 
in 

Table l - Typical composition of natural waters (Berbenni, 1991). 

parameter  unit  spring  groundwater lakes reservoirs 

Canzo  Pavia San Milano  Maggiore  Carnastra I 
Zenone Po 

(1 988) (1 972) (1 982) 987) (1 987) 

solids (at 180 "c) mg/l - - 

PH 
electrical  conductivity  pS/cm 

organic  matter mgOJ < - - 

total hardness 
calcium 

magnesium 
sodium 

potassium 
ammonia  nitrogen 

sulfate 
nitrate 

chloride 
bicarbonate 

silica 

"F 
mgCa'+/l 
mgMg'+/l 
mgNa+/l 
mgK+/I 

mgNH,'/I 
mgSOt/I 
m  g  N 03-/1 
mgClII 

mgHCO;/I 
mgSiO,/l 

- 

- 

< < 

- 

- 

traces 

2.0 

- 

to- 
with in 

pounds,  tannin,  lignin,  phenols,  amino  acids  and 

of is to note that 
humic  substances  have a in the 

of halogenated  aliphatic  compounds, 
following the o f  

the in some  cases, 

of 

even in 
is such 

and 
can be identified  by 
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264 G. Boari. Trulli 

cal  compounds. 

The  use of 
the emission of metals into the wa- 

such as  at- 

of 
household  waste. 

of pollution, in 
is 

in 
is 

to the 
of of 

on the beds of 
of tem- 

of the 
with the 

of the 
and the 

the decomposition of vegetable 
in 

of fish and 
1987). 

to 
with a high salt content, such as sea 

poses. 

salt in va- 
is 

salt 
Table 2 shows 

the salt in com- 
mon (Heitmann,  1990). 

Table 2 - Salt contents of common types waters (Heitmann, 1990). 

I Salt  content 
(€41) 

landfill  leachate 

up to 10 

up to 5 
up to 50 

up to 250 
up to 40 
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Technologies for water  and  wastewater  treatment 265 

Table 3 - Composition of urban sewage in industrialised countries 1987; Derjicke and 
Verstraete, 1986; Barbose and Sant Anna Jr., 1989). 

I parameter unit value 

j temperature 
dry  matter 

suspended  solids 
COD, 
bCOD, 

BODZo5 
volatile acids 

Kjeldhal  nitrogen 
ammonia  nitrogen 
nitrites and  nitrates 

phosphates 
sulphates 

PH 
alkalinity 

fats and substances  extracted in ethane 

CODS 

4-20 

700-800 
200-300 

500 
330 
250 
220 
40 
50 

25-40 
= O  
10 
75 

7.0-7.5 
2-1  5 

up to 100 

The physical, chemical and biological genic 
of the  pollution load of 

solid content, in- The solids content of an 
compounds  and metals, gases and volatile physically classified as shown in 

l compounds, taste and and patho- Fig. 1 

settleable 

suspended r i  30.5 % not settleable 

8.4 % , 
filterable 6.9 % 

69.5 % dissolved 

62.5 

l - ClassiJication solids found in urban wastewater 1987). 
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266 G. Boarì, Trulli 

I 

The  composition  of the fiaction which 
the suspended solids than in the liquid  stage clings to sus- 
the in pended 
solids both the animal  and  plant chiefly to the metal  contents  of  salts in 
kingdoms  and the to to the 
the compounds. 

in 
40 to 60 

to 50 10 
and 1987). 

of a  combination of 
in 

small  quantities  of a 
thetic 

of 
in domestic  sewage is due to human  metabolic 

in to the 

fkom down by oxygen to 
to the 

length  of time the the 

Fig.  2  shows the in 
haction 
the 

ganic fiaction is 15% so. 

3 unbiodegradable,  soluble 
1 O % unbiodegradable, particulate 

total 12 biodegradable 
nitrogen 

inorganic  nitrogen - 75 % ammonia nitrogen 

2 - Various forms of nitrogen urban et al., 1984). 

in  wastes fiom gas  and wood 
1962). 

of 
in the the 

and the 

tallic of 
in its 

used in the 
even 

can 
also  be  caused  by  suspensions  of  colloidal  and  oily 
substances, fats 

in the the ef- 
fect of types of  waste. 

is to it is 
to the 

in sewage 
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Technologies for water  and  wastewater  treatment 267 

Natural water  treatment systems 

Continental the 
is the 

best of the 
tions which and gen- 

Also 
and 

eliminated  by with the movement of the 
as polluting substances. 

is impossible to specify 
of the 

that 
of can be  identified; such as 

and 

can be followed by specific stages 
the pollutants. 

One  of the most  common  and efficient methods 
is the of 

tion on This is often  combined 
with an 

to volatile such as 

can be an 
ing supplies if the chemical,  physical  and 

in 
the keep the 
on the 
tics of the of the soil, the 
conveyance  of solids etc.); on the  type  of  vegetation 
and  fauna  composing  the  ecosystem of the  basin  and 

- a  point  not to 
looked - on in the 

of good  quality 
in Fig.  3a 

influent floccCllant 

water - + ~ l + ~ ~ ~  -+ hypochlorite or 
chlorination  with 

chlorine  dioxide 

effluent 
filtration on sand + + 

(4 
flocculant 

influent 

activated  carbon  chlorine  dioxide 

(4 

3 - Systems for treatment of lake and reservoir waters 1991). 

in and the of species of algae, 
take place in 

low of the 
tions is suspended in high concen- in 
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268 G. Boari, 

to a lasting 
effect a 

in Fig.  3b. 

a 
that they most  cases,  specially 

the the of 
so that the 

often the 
polluting substances  coming fiom the towns, indus- 

and cattle a 
is difficult to because  of  the 

of the quality of the is 

of So, 

Urban  wastewater  treatment  systems 

Solids and  organic  carbon  removal 

settling, a biological  second  stage,  and a 
in some  cases  following a 

t 

in 
to con- 

in 

in  sedimentation tanks. 
in 

effkient in 
stances that in the  colloidal  size 

nation  with Cl, NaOC1. 

ponds,  stabilization  ponds. Stabht ion 
instal- 

lations.  Fig. 4 

one of its many 
modifications, is 
tions. 

have been used activated 
sludge.  The  most Eddy, 
1987): modified 

continuous-flow tank; step 
contact stabilization extended 

oxidation ditch; 

CL or  NaOCl 
1 

raw  sewa k effluent 

facilities 

(4 

screenings CI, or  NaOCI 

raw  sewage settling  tank 

___, & 

4 - Flowsheet for stabilization pond (a) and  aerated  lagoon (b) processes. 
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Technologies for water  and  wastewater  treatment 269 

screenings 
grit 

ra W se  wage sedimentation 
4 

waste  sludge 

4 + 
aeration  tank 

settlina  tank 

1 return  sludge 

waste  sludge 

filtration on 
sand bed 

CL or  NaOCI 

chlorine  contact 
chamber 

effluent 

i- (b) +m 
T chlorine  contact 

chamber 
return  effluent + 

5 - Typical simpliJiedflowsheets for biological processes used for urban  wastewater  treatment:  (a)  acti- 
vated sludge; @) trickling filter. 

the in the tank and the amount  of 
consumed. is  widely  used  and, in a 

sense,  is  only a modification  of the conventional 
to 

achieve a high oxygenation and thus satisfy the 
demand. As the  mixed 
tank,  synthesis  of new the 

the con- 
of  available  food.  This in a 

food to and a of 
thus 

the tank outlet to oxy- 
obtained: 

that less 
thus size of the initial and 

The modijied  aeration 

. 
1.5 to 3 h, and a high food to 

The step-aeration a modification  of  the  ac- 
ìn which the 

in tank to 

Flexibility of 
this 

The tank is subdivided into 
channels the use of baffles.  Each 

channel is a step, and the 
linked in A typical flowsheet the 

is shown in Fig. 6. 
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270 G. Boari, 

settled 
waste  water 

l return  sludge 

PLUG  FLOW 
AERATION  TANK 

effluent 

I waste  sludge 
't L 

6 - Flowsheet for step-aeration process activated  sludge process. 

The contact-stabilization to 
take advantage  of the of acti- 
vated  sludge. has been postulated that 

in two stages. The is  the 
tive phase, which 20 to 40 min; this 
phase  most of the colloidal, finely suspended,  and 
dissolved in the activated 
sludge. The second phase, oxidation, then 

assimilated  metaboli- 
cally. the contact-stabilization the two 
phases in tanks. 

settled  wastewater 

The settled is mixed with sludge 
and in a contact tank 30 to 90 minutes. 
The sludge is  then the efflu- 
ent  by sedimentation, and the sludge is 

3 to 6 h in a sludge tank. The 
flowsheet is shown in Fig. 7. The volume 

50 of those 
of a conventional plant. 
thus often possible to double the plant capacity of 
an existing conventional plant. 

SLUDGE 
RETENTION CONTb" 

7 - Flowsheet for contact stabilization activated sludge process. 

The extended-aeration in the en- 

which necessitates a low loading 
and long time.  Thus  it is appli- 
cable only to small plants with capacities 
of less than 3800 m3/d. This is used  exten- 

that 
vided the of wastes fiom housing 
subdivisions, isolated institutions, small  communi- 
ties and  schools. Although wasting 

is  not it may be 

of the excess solids is objectionable. 
digestion of the excess solids, followed  by 

sedimentation  is  omitted 
to simplify the sludge and  disposal. 

The  oxidation  ditch  is  essentially an 
is  used in 

found a of in the 
United  States. A schematic  of  an  oxidation  ditch  with 

is shown in Fig.8. 
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Technologies for water  and  wastewater  treatment 27 1 

sludge waste  sludge 
concentrating  aeration 

t rotor hopper 
R /  - 

influent 

I I I  

effluent 

S - Oxidation  ditch  activated  sludge process with intermittent  operation. 

to 1.5 m 
deep. of a  modified 

The 
the ditch, is the 

lates  at  about  0.3 to 0.6 d s .  The  cycle  consists of 
closing the inlet the 
stopping the and letting the content  settle,  and 

allow- 
ing the to displace  an  equal 
volume of can be 
made 

A  technical  modification  of the 
the 

is known as the Carrousel (Fig.  9). this sys- 

to  input  oxygen  and  at the 

solids from settling in the 

I 
l I 

waste  sludge 

--J......^ - [ . .A-.-  

settling 
the in addition to 
the channels.  Settled  sludge is 
hom the settling  tanks to the Ex- 
cess  sludge is 
is the most  common  method of handling the wasted 
excess  sludge although 
used. The settling tank be disinfected 

the 

High-rate  aeration is a  modification in which high 
of 

combined with high This 
combination  allows high food to 

(0.4 to  1.5)  and long 
times with 0.5 to 2 h. 
Adequate  mixing in the 

and to floc size is achieved 
the use of 

BASINS 

9 - Carrousel  activated  sludge process. 
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272 Boari, Trulli 

Nutrients removal 

The of plants in use the 
of on the of 

biological with 
and 

plants using 
of to be the most  eco- 

nomical and an in- 
alimentation  system achieving 

tion and denitifiication simultaneously. 

not to all the but 
of it - and ammonia- 

- then alone is sufficient. 
two fundamental schemes of 

in Fig.10 (Canziani, 

a) "combined" with oxidation of 
both take place in the same 

tank, 

b) fiom the oxidation of 
each 

consisting of an tank and a 

se  wage effluent 
oxidation 

nitrification 

return  sludge 
waste 
sludge 

(a) 

U -b oxidation u sedimentation . 

T L nitrification 

(6) 

10 - NitriJication processes: (a)  cornbinedprocess; (b) separate process (Canziani, 1990). 

the is a 
mass  containing a low 

because the to is initially 
high.  With  combined less 
sludge is is settled sludge, so 
plant and costs 

in the a of 
the in the stage, 
and in the stage the to 

falls so that both the volatile solid 
and the speed of 

is to 
in load as less dilution is it is 

also less sensitive to the effects of toxic substances, 
which by the 
biomass in the stage. 

can achieve high levels of 
tion as long as the age of the sludge is maintained 
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high,  and the contact the Fig.  11  shows  the  lay-out of 
is 

long to allow the oxidation of the 

- in is by 
in which 

in this in fidl scale  plants. 

oxidation - ~ l + o = +  
I l I \ / 

- Lay-out ofpost-denitriJication process. 

the and in the sec- 
the anoxic  stage,  biomass ond, stage.  The is into ni- 

in fed flow into the an- 
of oxidation of both oxic tank to 

return  nitrified  sewage 

.t sludge 

12 - Lay-out ofpre-denitriJication process. 

is is 
such a . in oxidation ditches  and in 

in An of this 
the in in Aus- 

the plant designed 
300,000 inhabitants. This plant, which 

is &th sedimentation, includes 
in the  activated  sludge tank. Flow in tanks equipped with me- 

is in chanical, two 
a  specific  point of the tank and a  pumping station the sludge is 
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274 G. Boari, Trulli 

this 
can  be  classified  in two 

- in which the 

- in of 

the A/O 
esses, the 

of sludge  pass 
- - 

tank. the 
the 

is still in its 

in 
is the is not 
biological as it uses  chemicals to the phos- 

- the 
com- 

"fi111 

A n 

is that 

in 

sedimentation  and  biological  oxidation  with  acti- 
to the  point 

at which the is added (Beccarì et 
al., 1990): 

the 

tank at least the 
the addi- 

tion 

high levels of 

culation in the of 
of that the of 

not 
as a 

of of co- 
the 

in the case of 
tion this 
tion of the in the ensuing 
biological  stage. 

n v SETTLING 
PRIMARY  OXIDATION  SECONDARY  TERTIARY y SETTLING v TAN K SETTLING 

\ ' insoluble 
phosphorus 

* insoluble 
v phosphorus + insoluble 

phosphorus 

13 - points of chemical  agents for the  removal ofphosphorus via  chemical precipitation a con- 
ventional plant fop. treatment of urban wastewater  (Beccarì et al 1990). 

the dosage is 
the 
vantages  of this that it 

modified. 

The investment  costs of 
to be 

is  applied  only in 

is 
that of adding the 

tank to the 
is an 

efficient  method of 
to in which  the 
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addition of 
one  of the the ex- 
ample the flow the 

This 
the 

in in a 
in the fmal 

effluent. 

municipal effluents 

is 
The  accomplishment  of this 
advantages but the ef- 
fects on the people, soils and and definition 
of the to 
quality level. 

The  main  advantages of 
tion  uses  consist in the  fact  that  many  of  the  sub- 

in as 

The  salinity  level of the 
toxic 

not high enough to its use 
it is advisable to check on 

the of 
be so that the 

is to a suitable level  and its 
pathogenic  load  eliminated. 

include  the  coagulation  and  flocculation  stages in line. 

The the 

to in suspension. is 

moved in 

sludges 

the 

the 
the which in the secon- 

an is an indispensable  stage  as 
it the limpid and 

suitable this is 
an essential condition the 
and which to dis- 
infectants. is most  commonly  achieved  by 

sand 
the dual-media type 
sand and also the 

at 
1992). 

on 
cially with to the limit values 
set by law 
tion is achieved 

such as UV chemical  agents,  in- 
and iodine. The 

most fiequently used  disinfectant is 
cause it is easily  analyzed  and  economical to use. 

of the pathogenic  load is inade- 
quate,  sometimes  because  of the limited difision of 
disinfectants in the contact 

is often  neces- 
sary, in 
acceptable  levels.  Consequently, it  is to 

to 
the which could  damage 
the agents  can  be  used to achieve 
this 
dioxide, which has the advantage that it can be 

using the 
which is cheap  and 

highly  stable. 

Fig. 14 shows intensive 
which involves all the 

setting-up and 
those connected with the sedi- 

mentation  tanks, with the use  of  chemical  coagu- 
lants and the handling  of the quantities of sludge 
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sedimentation 

coagulation-flocculation 

-+ 
disinfection 

14 - Layout of an  advancedprocess (Asano et al., 1992). 

Although complex  systems such as that with dosages of alumi-nium 
the ten- salts in the 2-5 mg1 and of in the 5- 

dencies 10 mg/l with 90 minutes of contact time 
involve the use of in the coagulation- (Asano  et al., 1992). The show that the 

simplified systems adopted  by the of 
and 1992). of as an to the inten- 

sive efficient. A 10 NTU value 
of by contact in can the limit indicating the economic 

Fig. 15a, and in Fig.  15b,  advantage  between the intensive the 
on in contact 

effluent + 

coagulant 
flocculant 

agent 
1 

effluent 

disinfection 

coagulation 

flocculation 

chemical 
agent 

to  the 

45l--+ 

disinfection 

15 - Lay-out advancedfiltration  process: (a) contactprocess (3) direct process (Asano et al., 1992). 
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limit in- 
this possibility of 

having  access to act as an in- 
centive to 

The  advantage to 
in the light of a of 

hdamental aspects such as 1969): the 
the 

cleaning at the 
expense of the absence of 

in the without  the possibility of having ac- 
cess to in the 

stage  is  on the to that 
in 

is obtained by of 
taking place 

that 
be lost. with 

a in many 
the viability  of its appli- 

cation must  be  analyzed in the  context  of  each 10- 
cality,  which  may  be  quite the lo- 

plants have 
installéd; possibility 

of of 
be  analyzed. 

to 
ficial 

that all the 
taken 

is 
used,  the should focus mainly on 
the solids, the of 
toxic solutes 

The  type  of will depend 
not  only  on the quality  of the 
the  selected  feeding  system, but also (in the case  'of 

by on the  quality of the 
of the 

capacity 

solved solids 

Full-scale plants have  been in 
both in the United  States  and in 

These plants can handle a daily  load of about. 
350,000 m3,  used  chiefly to 
supplies and, in some  cases, to a 
against the of salt 

Fig. 16 shows  the 
waste  and the of in the 

addition by in 

of  clay (Treweek, 1985). using 
loads of between 10 and 

160m3/m2 on a cyclic  basis, adding a load 
fiom this plant 

highlights the effect  of  the 

Fig. 17 shows the plant 
is in 

of a of with clay  deposits 
in the and diffusion is used to 

of low 

of os- 
mosis have been out in the study of 

civil 
1970; and 1974;  Lauer  et al., 
1984). Given the high costs involved, the applica- 
tion of this can be justified  in cases 
the of soluble substances is essential, as 
with the use of effluents destined 
ing of and use. The quality 
of obtained the of os- 
mosis is  such  that  it can be used 

this is only 
used in because of the complex 
and that 

essential (Boari 
and 
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stabilization  ponds 
chemical wells 

precipitation tertiary  stabilization  ponds _ _  ...v o p  

'.t 

waste  sludge 
infiltration area 

16 - Lay-out refining process for civil  waste  and  recharge groundwater  at  the Dan  plant, in 
(Treweek,  1985). 

SCREENING  AND  GRIT  REMOVAL  CHEMICAL  PRECIPITATION 
screenings 

t grit chemical 
ra se wage 

bar  racks grit  chamber 

I methanol flocculant 

.L SEDIMENTATION 
TRIFICATION 

I' 

ADSORPTION  ON 
ACTIVATED  CARBON 

1 A  

.- 

FILTRATION 

4 

- 
diffusion zone 

- Lay-out of Cedar Creeekplant for recharge of groundwater  by infiltration and  aspersion of treated 
urban wastewater  (Treweek,  1985). 
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wastewater  treatment 

an 
takes place in a plant built in the of 

in the sewage  system 
within the 

within the can those 
on the waste that allow it to be 

into the 
in the 

giving the the 
its the public 

sewage  system. 

of the 
those used in the of 

tions, the systems tend to 

1962): 

- 

- the 
pounds  (such as salt, 
anate, to with ion 

- the of  cations  and  anions in the 
of insoluble  compounds, such as the 

The  simplest  plant  system is that 
in which the with a 

All that is 
to the length of time that the 
is detained in the falling sludge is col- 
lected on the 

Lime in of milk of lime is the chief agent 
used in the some  cases it 
is to to 

the of calcium  sulfate. 

When it is advisable to add 
a the stage, so 
ducing the 
tubing 

highly 
containing toxic compounds with an elevated  solid, 
fat 

the of waste is limited 
to the of 

tion in to the 
an 

which 
is can be out 
to the the pu- 

of domestic  sewage in 
signed  plants. 

with a high 
of 

than about 3 g/l, can 
systems involving in the cen- 

in ad- 
(zettinga et  al.,  1980,  1989;  Lettinga 

and Hulshofl 1986). with 
these less biomass - 

the availability of equal - because  of 
the in which 

cal  sludge.  Toxic  substances can 
age than in is 

such 
to and 
by toxic substances. 

in 
such and fluidized  bed 

along with 
this case, the low 

be 
tent of the the low 

on 
esses 

fiom 
oil mi l l s  (Boari et al.,  1984, 
Carrierì et al.,  1988,  1993; 

on olive  oil mill 

on fidi-scale plants (Carrieri et al., 1986, 
1993; Boari et al., 1993). 
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on the 
that the limiting stage in the stabilization of the but at 
sludge is of in 

This 18 
of bacteria al., 1981,  1982). this 

in 

wban wastewater sedimentation  oxidation  sedimentation 

biogas 
\ 

r- 

i I stabilizedsludge 
3 

anaerobic  digester 
/t /. ! 

\I 

18 - Combined  anaerobic  digestion process for urban  sludge  and dissolved high  organic wastewater. 

an a this too much land 

Fig. 19 shows  the 
(Boari  et al., 1993; et al., lay-out  of a an 

1994). 

~ suitable 

urban wastewater 

I 
effluent 

chemo-physical mechanical 

19 - Anaerobic  digestion process for high-organic wastewater and  urban wastewater. 

of salt water 

in in the 
60s led to the idea of using as a last 

suitable desalination 
esses have been tested, with the aim of 

with a low salt content using 
as the plants 

built in the United States, and 

All the desalination plants now in 
tion have been built the last 

the salt  content in 

Table 4 
common  use. 
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Table 4 - Values chlorides  concentration for uses of water  (Heitmann,  1990). 

use chloride concentration (g/l) 

potable 0.20 - 0,60 
industrial 0.02 - 0.75 
irrigation 

(according to type of soil and  crops) 0.1 5 - 

a 

in 

than 

of desalination 
os- 

not  widely  ap- 
plied in the 

in the East, % of the 

to 

- multiple-effect long-tube  distillation; 

- distillation. 

l 

~ - multistage flash-distillation; 

on the that the 
boiling of 
nution in two make  use  mainly 
of heat the of 

plants (Fig. 20) consist of a of 
of 

each of these a of long, 
tubes which  divide the into two zones: a 
condensation  zone into heating is 
admitted,  and an zone into which the 
saline solution passes. 

heating in a special is 
sent into the as the condenses it 

heat 
tubes to boiling point. 

heating 
steam- 

20 - long-tube distillation (Chiappa et al., 1970). 
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the boiling stage is used 
heating in the 

the last phase, in which is 
is which 

in turn is heated. 

flash-distillation plants (Fig. 21)  also 
consist of 

is to 
of  between  100  and  200°C. 

both the multistage flash-distillation 
the multiple-effect long-tube distillation 

the the the 
the quantity  of distilled unit of 

by the the 
hand, the the the 
the cost of setting up the plant. The 

each plant is on the 
basis of a techo-economic 

involve a se- 
quence of 
long-tube distillation involve a 

30-40 10- 
12 kg of distilled kg 
supplied  by the 

E- î 
D I 

E- 

tT 

21 - flash-distillation plant (Chiappa  et al., 1970). 
A, influent; B, endproduct; C, brine; D, heating vapour; medium pressure vapour. 
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7 1  COMPRESSOR 

BOILING 
REACTOR 

. .  
I I 

EXCHANGER HEAT 1 A 

22 -Diagram of a vapour-compression distillation plant (Chiappa et al., 1970). 
A, influent; B, endproduct; C, brine. 

Usually, if the is to 
it 

ment. is also 

sis plants.  Although  distillate can be mixed with 
to give it the 

in this 
is that the 

used on a scale to 
- os- 

mosis - 
soiling due to the of 

influence on the and the 

external  pressure 

used in 
and 
involving 

used, and the is 

23) depend on the 
of types which al- 

low to pass them, but a high 
quantity  of the salts  dissolved in the 
these  and the 
called This in 
use a long time the 

low salt content, which low 

y:'-! diluted  solution ' I 

semi-permeable  membrane 

23 - of the  reverse  osmosis process (Heitmann, 1990). 
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a in one 
cated  one  next to a in the  next  cell.  When 

fiom the  cells two 
a high salt  content,  which  consti- 

cell  pack  is  subjected  to a a low  salt 
As 

to anions 

influent 

24 - of waterpurijkation by 1990). 

attention must  be  paid to the of 
scaling and plant suitable 
used can 

Calcium sulfate scaling is especially  common in 
plants. The solubility of this compound 

has a limiting effect on the 
tions that can  be  achieved  and on the 

of calcium sulfate can 
elimination of cal- 

cium ions and of sulfate ions. these ions not 
in solution, a in the 
can be  obtained  by using tem- 

These ions 
tion ion  exchange. 

the of deposits the best 
possible exchange of the can  be 

as well as a in the maximum  op- 
and  maximum cycle effi- 

ciency. 

exchange used desalina- 
tion of with a low  salt  content. con- 
sist of a of columns and cationic 
exchange. When col- 
umns, the  ions in the  salt contained in  the 

exchanged with  the and with  the 
ions. When the exchange have 

been used they using alkaline and 
acid solutions. 
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