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13.1 INTRODUCTION

Historically, water treatment for the production of potable supplies was concerned primarily
with disinfection and removal of suspended or colloidal material contributing to visible trbidity
or colour. The earliest treatment plants were based on the use of slow sand filtration through
beds of fine sand to remove turbidity of mineral or algal origin. Such processes were labour
intensive (for cleaning accumulated material from the beds) and required large areas of land.
However, the ability to produce a high-quality water has led to their continued use, and many
slow sand filter plants are still in operation worldwide. In particular, the London area is served
by several very large slow sand filter works.

In order to reduce the labour and land requirements for water treatment, more rapid processes
were developed. The new treatment plants were still based on filtration through beds of sand
but also used chemical coagulation to improve the removal of material through the coarser
sand needed to establish the higher rates of filtration. Such plants often include a clarification
stage based on settlement or, more recently, flotation, to reduce solids loadings to the filters.
The removal of turbidity and colour from the water not only improves its appearance but
also helps to increase the efficiency of disinfection necessary to prevent the spread of
waterborne disease. ‘ _ . ‘

The most widely used and well-established disinfectant for water treatment is chlorine,
although concern over the production of chlorination by-products has resulted in a trend
towards other disinfectants (for example, ozone or chlorine dioxide). Modern treatment works
can involve many process stages, including initial screening, chemical coagulation,
clarification, sand filtration, ozonation and chlorination. Concern over organic compounds
in water supplies, particularly pesticides, is leading to the widespread inclusion of adsorption
processes into the treatment stream, using granular activated carbon. Chlorination by-products
and pesticides are among the group of health-related parameters of newly developed concern
within the water supply industry. Nitrate is also included within this group.

.. High-nitrate concentrations in water supplies can lead to a rise in bottle-fed babies of
.. methaemoglobinaema (see Chapters 1 and 15), a condition in which the oxygen-carrying
. €apacity of the blood is impaired. There is also a reported link between high nitrate in drinking
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water and stomach cancer, but the evidence for this is inconclusive (DoE, 1986). The medical
implications of high-nitraté concentrations in water supplies have resulted in the EC Drinking
Water Directive (EEC, 1980) stipulating 2 Maximum Admissible Concentration (MAC) of
50 mg'NO,~ .1~ and a'Guide Level (GL) of 25 mg NO;™~ _I=1, The EC Directive standards
are now incorporated into UK legislation by the Water Supply (Water Quality) Regulations
1989 (Statutory Instrument, 1989). ,

Nitrate in water supplies can be controlled at source through the construction of protection
zones or other limitations on nitrate application (see Chapters 11 and 12), but, in addition
to the impact on the farming industry of such approaches, the benefits for some aquifers may
not become apparent for many years because of the long retention times involved (see Chapter
8). However, protection zones have been established and are under investigation as a long-
term solution to the problem of high-nitrate concentrations in some areas.

Another option for control is the use of blending of Jocal low-nitrate sources with the high-
nitrate supplies. The low-nitrate sources may have other quality problems, particularly high
iron and manganese, but these are cheaper and easier to remove than nitrate. It is also necessary
to take into account other chemical changes in the water when introducing blending, which
may, for example, lead to corrosion problems because of the alteration in the ionic composition
of the water. Blending offers an easy-to-operate solution to nitrate control in water supplies,
and is in widespread use. The main drawback is the fact that for sore areas the nearest low-
nitrate source will be long distances away, and costs for installation of pipes and pumping
would be excessive. In such cases it would be necessary to install treatment to remove the
nitrate from the supply before distribution. Nitrate is not removed by conventional water-
treatment techniques, and a range of nitrate removal process types have been developed in
response to rising nitrate concentrations in water sources. ' I

The two types of process currently favoured for nitrate removal from public water supplies
are ion exchange and biological denitrification. Membrarne processes (reverse osmosis or
slectrodialysis) can remove nitrate, but are likely to be expensive for all but the very smallest
supplies, where they might offer advantages in terms of ease of operation. They may also
‘be chosen for sites where disposal of ion-exchange waste would be expensive. — *

In the UK, process development started in the early 1970s. Pilot plant trials of biological
denitrification led to the development of a biological fluidised bed process (WRe, 1979) and
experimental work with ion exchange (Gauntlett, 1975) identified the need for nitrate-selective
resins. Similar development work occurred throughout Europe and the USA, leading to the
wideé range of processes now available, particularly with regard to biological denitrification.
Installation of plants commenced in the late 1980s in the UK and other European countries,
notably France (Philpot and Larminat, 1988; Richard, 1989) and, to a limited extent, in the
USA (Lauch and Guter, 1986).

13.2° ION EXCHANGE
13.2.1 GENERAL PRINCIPLES

In ion exchange, the water to be treated is passed through beds of ion-exchange resin beads,
which absorb anions, including nitrate, in exchange for another anion, normally chloride.
When the capacity for exchange becomes exhausted the resin is regenerated, normally with
sodium chloride solution, to return it to the chloride form ready for the next operational run.
The spent regenerant, high in nitrate and chloride, can represent up to 1% of the volume
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treated; disposal would be by discharge to sewer or tankering to a large river or the sea.
The high chloride concentration makes it unsuitable for disposal to agricultural land..
The need for waste disposal can have a major influence on process operating costs. It is
possible to reduce the disposal volume using membrane processes, particularly electrodialysis,
to treat the waste, but this would also be expensive and the costs must be balanced against
those for direct disposal without waste treatment. The use of biological denitrification to treat
jon exchange waste has been investigated (van der Hoek, van der Ven and Klapwijk (1988));
removal of nitrate from the waste could make disposal easier and can also allow limited re-
use of the regenerant, thus reducing waste volumes.

A layout for a typical ion exchange plant is shown in Figure 13.1. A minimum of two
beds would normally be used, operated out of phase with each other to even out the treated
water quality variations which occur during a single run. An example of these quality variations
for a nitrate selective resin, as discussed below, is shown in Figure 13.2. Counterflow
regeneration (regenerant flow in the opposite direction to the treated water flow) is normally
used for nitrate removal ion exchange.

The anion exchange resins used for the production of demineralised water (conventional
resins) are capable of removing nitrate but suffer from the following disadvantages:

) " Increased chloride in the treated water as a result of regeneration with sodium chloride,
coupled with reduced bicarbonate, a situation which could lead to the corrosion of brass

fittings in the distribution systern.

Low nitrate removal capacity for water high in sulphate because of the higher selectivity

for sulphate over nitrate shown by the conventional resins; lower nitrate capacity results

in greater salt requirements and larger volumes of waste regenerant for disposal.
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Figure 13.2 Treated water quality variation from a single ion exchange bed over one run (using nitrate
selective resin)
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(3) Displacement of nitrate from the resin by sulphate (because of the sulphate selectivity)

if the run is continued past the point at which nitrate leaving the bed is equal to the
inlet concentration.

Nitrate selective ion exchange resins are now available, which have a higher selectivity
for nitrate over sulphate. These have a lower total capacity for ion exchange but a higher
nitrate removal capacity for high sulphate waters. The lower total capacity results in lower
chloride concentrations in the treated water, and the nitrate selectivity prevents the displacement
of nitrate by sulphate. The higher nitrate capacity can result in lower costs for regenerant
chemicals and waste disposal when treating high-sulphate waters. These advantages of nitrate-
selective resins are illustrated in Figure 13.3,

The potential problem of corrosion of brass fittings (particularly dezincification (Croll,
1991) occurs as a result of the increased ratio of chloride to bicarbonate (alkalinity) in the
treated water, rather than from the higher chloride concentration itself. In most water supply
applications the increase in corrosion potential will be marginal. However, in some cases
the corrosion will be unacceptable and measures to reduce the chloride to bicarbonate ratio
will be necessary. One way of alleviating this problem is to use bicarbonate during regeneration
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Figure 13.3 Advantages of nitrate selective resins over conventional anion exchange resins
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Figure 13.4 The effects of bicarbonate conditioning on treated water quality

to condition the resin after normal counterflow regeneratiox_\ with sodlumhchlolrllctlﬁ.e 'tl)“:(;s
involves passing a small volume of sodium bicarbona.te solution upwarctllf t rc;]\lxgride form,
such that resin in the lower part of the bed is in the bx_carbonate rather ar;T c bg arbonate.
The initial high chloride peak passing down tpe bed is partly exchanged for 1;Cof ona i;
reducing the early chloride:bicarbonate ratio in the tre.zated water. An' ;xarg‘p:j O e
illustrated in Figure 13.4. Sodium bicarbonate 18 eXpensive c.ompa‘red with so 1t_ chior bé
the minimum amount needed to achieve a satisfactory chlon.de: bicarbonate ra 1ob et
used, and in most circumstances the effects on total operating <_:c?sts woul;l .not z boﬁaie
One further problem observed in the past has been the dep051.t10n of ca ;:u;n co ;ditions
within the bed (Harries, 1981) probably as a res‘.llt of the formation of loca ;Sthe% onditions
of high pH and bicarbonate concentration, which increase thg hea}dloss thm;:g ’ ior; ondl
more information is available on this problem, curn.:nt advice includes the pxl'o tsinstalled
facility for an acid wash and/or full bed backwash in any water-treatment plan .

13.2.2 PLANT DESIGN AND OPERATION

The design of ion exchange nitrate removal plants is discuss'ed in detail in a WR;:: rfetpo:z
(WRc, 1989). The plant gize is based on hydraulic considerations and the degree od ni ;la:ld
remO\;al required. Ion exchange can achieve nitrate removal of 99% Or more, an ;:erau
be used to treat as small a proportion of the total flow needed _todglve fﬂtl; n;gcissa'geatment
1 ' ith the remainder of the .
i removal after blending the treated water with :

et =3 bed per hour (i.e. 25 bed volumes per hour), which, for _most
waters, should give operating run lengths of u_p to 24 hours betw.een regener;;ltci);sl.
Regeneration can be initiated on the basis of monitoring the treated water nitrate concl:.‘ertl 110\;/
although for many groundwater sources, the feed nitrate may be constant enough 10 a

rates are typically 25 m>.m
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run length to be based on volume treated, once the nitrate breakthrough curve has been
established from initial runs. Small-scale pilot plant trials can give useful information for
proposed full-scale plant design and operation, for example, with regard to selection of suitable
resins and regeneration conditions.

The factors to be considered when choosing the optimum operating conditions for an ion
exchange plant are (1) nitrate removal:salt use ratio and (2) nitrate removal:waste volume
ratio. These two factors will vary in importance from site to site. On a site where disposal
of the waste regenerant is relatively cheap (for example, to a sewer) the process can be
optimised on the salt use, thus minimising chemical costs. If, however, the waste regenerant
had to be tankered to a separate disposal site, the transport costs.could outweight the chemical
costs and the waste volume would need to be minimised. This can be done by:

(1) Using an increased concentration of sodium chioride brine for regeneration (although
there is a limit to the maximum concentration that can be used for a particular resin
because of the osmotic effects which can physically disrupt the resin structure);

(2) Minimising the volume of wasted rinse water (the water used to displace brine from

the resin bed, and the first few bed volumes of treated water which may still contain
traces of residual brine).

If no rinse water was needed, then the same regeneration level (in grams NacCl per litre of
resin) would be the optimum for both waste volume and salt use. However, as this is not
the case, and a fixed volume of rinse, independent of regeneration level, is needed, then
the optimum regeneration level for the waste volume can be higher than the optimum volume
for salt use. This is illustrated in Table 13.1, which shows examples of typical values for
nitrate capacity for a nitrate-selective resin at four regeneration levels using a brine
concentration of 5% w/v, with different amounts of rinse water (2 ot 4 bed volumes).

Table 13.1 shows how the optimum regeneration level tends toward the higher values as
more rinse water is wasted, and to a fairly low value (100 g NaCl per litre resin) if salt use
is the most important factor. The table also illustrates the trend of average chloride to
bicarbonate ratio in the treated water with increasing regeneration levels. In areas where
dezincification could be a problem the average chloride to bicarbonate ratio of the treated
water could be important to minimise blending requirements, and so a higher regeneration
level would be used.

Table 13.1 Optimisation of ion exchange

Regenerant Bed NO; NO;: Salt NO;: Waste NO;: Waste Average
level volumes of capacity ratio volume volume treated
(g NaCl per regenerant (2 BVs (4 BVs water
litre (BV) (meq 1! (meq g~} rinse) rinse) CIV/HCO,
. resin) resin) NaCl) (meq 1Y (meq1-')  (meg/meq)
50 1 100 2.0 333 20.0 0.9
- 100 2 250 2.5 62.5 41.7 0.85
L0150 3 330 22 66.0° 47.1 0.8
;. 200 4 380 1.9 63.0 47.5° 0.75#

 Optimum values.
Salt concentration = 5% wiv.
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13.3 BIOLOGICAL DENITRIFICATION

13.3.1 GENERAL PRINCIPLES
turally in sediments of rivers, lakes and reservoirs (see

£ dissolved oxygen (anoxic conditions), certain widely
converting it to nitrogen gas:

Biological denitrification occurs na

Chapter 5) where, in the absence 0

occurring bacterial species can use nitrate for respiration,
N03_ had NOZF — NOQ - N20 had N2 (gas)

treatment process requires the establishment of high

bacterial concentrations, achieved by providing a food/energy source for bacterial growth

and a large surface area for bacterial attachment in biological reactors. A wide range of

biological denitrification processes have been developed throughout Europe. They vary in
the type of food/energy source used and the nature of the support bed. The principal variations
are:

(1) - Processes using heterotrophic bacteria which obtain the ener
growth from organic compounds — the carbon sources norMm
are methanol, ethanol or acetic acid;

(2) Processes using autotrophic bacteria which ob
chemicals (hydrogen (Gahrs, Rutten and Schno
1987)) and carbon from CO,/bicarbonate;

(3) Support beds of gravel, plastic media or fluidised sand.

To use this natural reaction in a water-

gy and carbon required for
ally used for denitrification

tain energy from oxidation of inorganic
or, 1989) or sulphur (Schippers et al.,

In operating the denitrification process it is important to minimise the amount of food/energy
source entering the water supply system in order to prevent any problems of bacterial growth
in the distribution pipework. In heterotrophic processes this is done by controlling the carbon
source dose in response to the dissolved oxygen and nitrate concentrations in the feedwater.
The autotrophic processes offer advantages in this respect. Excess hydrogen can be easily
removed after denitrification by aeration of the water (Gahrs, Rutten and Schnoor, 1989).
Autotrophic denitrification by sulphur-oxidising bacteria uses beds of sulphur granules upon
which the bacteria grow; the energy source (sulphur) is utilised directly by the bacteria, and
does not enter the water being treated. This process also offers simplicity of operation, which
could be of benefit for remote rural sites. A disadvantage of the autotrophic processes arises

from the relatively low reaction rates compared with heterotrophic denitrification. This results
in the need for larger autotrophic plants for the same degree of treatment and, therefore,
higher capital costs. Furthermore, nitrate reduction using sulphur increases the sulphate

concentration in the water:
5SS + 6 NO3~ + 2H,0 — 3N; + 5 SO, + 4H"

For some waters, this could result in the EC Directive MAC for sulphate (250 mg.SO42' 17h
being exceeded.

The range of heterotrophic processes developed differ with respect to the carbon source
and biomass support material. However, the choice of carbon source is primarily economic
and/or political rather than technical, and each of the process types is likely to operate
satisfactorily with methanol, ethanol or acetic acid as the carbon source. In the UK, methanol
is the cheapest carbon source, and the use of ethanol or acetic acid would increase chemical

costs by factors of about 2 or 3, respectively.

The biomass support material is in either fixed beds or fluidised beds. The former are
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Figure 13.5 Biological fluidised bed schematic
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periodically taken out of operation and backwashed to remove excess biomass accumulated
as a result of bacterial growth. Biological fluidised bed (BFB) processes are described in
more detail below.

“In-situ’ biological denitrification techniques have been developed ( Braester and Martinell,
1988; Mercado, Libhaber and Soares, 1988) which rely on bacterial growth within the aquifer,
initiated by injection of a carbon source into the water within the aquifer at strategic points
around an abstraction well. In-situ denitrification offers potential advantages with regard to
capital costs because plant and equipment requirements are minimal. However, its application
is likely to be limited to relatively homogeneous aquifers and the area of land required may
be substantial, depending upon the properties of the aquifer and the level of denitrification
required. The risks associated with failure of in-situ systems are much greater than those
for treatment plant, in that it may be necessary to abandon boreholes because of aquifer
blockage (Kruihof et al., 1985). Treatment plants are, therefore, likely to be the preferred
option for most circumstances.

Work in the UK by WRc, Anglian Water and the Department of the Environment has led
to the development of a heterotrophic biological fluidised bed (BFB) process (Croll et al.,
1985) (Figure 13.5). The use of fluidised sand provides a large surface area for bacterial
growth, and consequently high biomass concentrations without the problems of clogging of
the bed. The sand is fluidised by upflow of the water being treated. The carbon source
(methanol, ethanol or acetic acid) is dosed to the influent water; phosphate dosing may also
be necessary to stimulate bacterial growth. Excess biomass is removed, without shutting down
the process, by taking sand from the bed through a pump to strip off the attached bacterial
film, returning the cleaned sand to the bed and transferring the waste biomass to a suitable
point for thickening and storage before disposal. Waste volumes are very small, and the sludge

is suitable for disposal to agricultural land.

13.3.2 DESIGN AND OPERATION OF BFB DENITRIFICATION PLANTS

Details of BFB denitrification plant design and operation are given in a WRc report (WRc,
1989). The process uses fine sand (0.3—0.5 mm) as a biomass support, in beds fluidised
by upflow of the treated water at rates of 20 m per hour. Removal of dissolved oxygen (DO)
occurs at the bottom of the bed, establishing anoxic conditions for nitrate removal in the

upper regions of the bed.
The depth of fluidised bed required is a function of the dissolved oxygen and nitrate

concentrations in the feedwater, the average biomass concentration in the bed and the rates
of DO and nitrate removal at the minimum operating temperature. Other design figures that

can be used are as follows:

Average biomass (volatile solids, VS) concentration = 15 kg VS/m~? bed.

Removal rates at 2°C using methanol:

DO removal = 18 g DO/(kg VS.h™")
Nitrate removal = 5.5 g NO;~N/(kg VS.h™")

Using these figures, the required fluidised bed depth can be calculated from the raw water
DO and nitrate concentration, the total depth required being the sum of the requirements
for DO and nitrate. The approximate requirement for DO removal is 0.75 m depth per 10 mg

Table 13.2 Carbon source requirements

Cal b()ﬂ source For DO lenloval [ or ‘lllllate‘ I‘e"l()val

(mg/mg DO
Methanol ) (mg/mg NO;~N)
Ethanol 1.0 - Y
Acetic acid ‘ (l)g 2.0
i 35
DO 1™

, : ,
feedwater, and for nitrate i |
. , removal is 0.25 m NI ’
ool per mg NO; "N 17! rem i
on vl ‘fl:%ﬁé t(lj]:sgl:‘:xlﬂ woullcli be used to treat only a proportion of the tota]o\zzgl'(: cfu‘:;d:
_ overall nitrate removal. .C i ‘ N
oxygen and nitrate removal are shown in Table la?szo 7 SOUEE Tequiements for dissolved

O e t- » - . )
perating experience with all types of biological denitrification process has shown that

. 1 - . - o
3 1

well i A
Nitl:it;ni:xceis of the EC Directive MAC of 0.1 mg NO,™ 1-! (0.03 mg NO,-N |~
NOL 1) ?r?cli )’t;zmo‘ve-d using c!ﬂ?rine, but the chlorine demand is h.igh (ngg Czl el 4
deniteifiation pree ;1stnt; 1ls c?x1<lixsed back to nitrate, impairing the efﬁcienc; l:)fr gg
. Biological denitrification pr.
underdosing of d oo processes are normally operated with
ource, to leave a small residual nj i od
water o ' ual nitrate concentration in
rcmainingﬂilztt;llzrt;ally complete removal of the carbon source js achieved. Any car;l;fl tsrs:ted
cystem. Gpomtio e;tie:: ;v:t;ar dcou.(xlld lead to problems of bacterial growth in the distributir(:rf
ystem. nderdosing of the carbon source i
reve i
dlifir;:tl.m;)n,t bu't lhas, a tendency to result in nitrite productionp e becteral growth in
plant trials have been carried out 1o j i ‘ ‘
ot plant tr : 0 investigate the w i
oot P ( o ays of operating th
o aint rlgorgtzlct,e residual concentrations at acceptable levels. This workpinvolvfd o:el:;oc'ess
obabon t_u.rce.(methanol)' a_nd removal of excess methanol through the devel o
g clivity in post-denitrification conventional water treatment The pilot plzgtm s
. was

DENITRIFICATION
AEROBIC TREATMENT
Fluidised bed 1
Raw water Methano!

Fluidised bed 2

Clarifier Filter 1
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Filter 2
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Figure 13.6 i i igati
BFB pilot plant for Investigating control of nitrite residual concentration

Metnanol Aerator
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designed to compare underdosing and overdosing of carbon source in two fluidised beds
operated in parallel. Denitrified water from the overdosed bed was aerated before further
treatment using pilot scale floc blanket clarification and/or rapid gravity filtration (both process
types being commonly used in conventional water treatment). A schematic of the pilot plant
is shown in Figure 13.6.

Overdosing of methanol was successful in controlling nitrite concentrations. This is illustrated
in Table 13.3, which shows profile concentrations of nitrate, nitrite and methanol up the
fluidised beds. When the methanol is used up in an underdosed bed, high nitrite concentrations
remain in the treated water leaving the bed. In the overdosed bed, however, the remaining
nitrite is removed, using the excess methanol, once nitrate removal is complete. In principle,
the same effect could be achieved by dosing the exact amount of methanol needed for complete
denitrification, but problems would be encountered in controlling the dose, which would need
to be adjusted as the dissolved oxygen and nitrate concentrations in the feedwater varied.

The results obtained indicated that a methanol excess of up to 5 mg 1~! can be removed
by conventional treatment processes subsequent to BFB denitrification. This is likely to result
from the accumulation of bacteria (carried over from the BFB) within the floc blanket or

Table 13.3 Example of profile results from BFB pilot plant

Underdosed bed (mg 17') Overdosed bed (mg 17"

Height above

base of BFB
(m) NO;N NO,N Methanol NO;N NO;N Methanol
0 13 0.12 33 13 0.12 43
1 i1 0.37 22 11 0.28 40
2 7 0.49 10 4 0.38 19
3 5 0.48 5 <0.1 0.11 9
4 3 0.60 1 - <0.1 <0.1 , 6
4.5 3 0.42 <0.5 <0.1 <0.001 6
Table 13.4 Methanol removal in conventional treatment processes
Treatment Mean methanol
(mg 17') in:
Feed Treated
Rapid gravity filtration (coarse sand) 1.7 <0.5
Rapid gravity filtration (fine sand) 1.8 1.0
Chemical coagulation and rapid gravity 4.8 <0.5
filtration (coarse sand)
Chemical coagulation and floc blanket 4.8 0.7
clarification
4.8 <0.5

Chemical coagulation, floc blanket
clarification and rapid gravity filtration
(coarse sand)

Chemical coagulation using ferric sulphate
Coarse sand = 8/16 mesh grade

Fine sand = 16/30 mesh grade
Water temperature 16°C
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filter. i

r::gvgefglll?s iz;m;:;:ng ;)(tj’ the plant over the whole period of operation indicated that good
ained at water °

are shown o Tap rane emperatures of below 10°C. Examples of the results

. SIE ;;tn;r::g(; stl;eo;;ilot Elant work indicated that] nitrite production could be avoided by using
carbon source (<5 mg 17"y which could b '

2 on 5o <5 my e reduced to <0.5 -1

y the development of biological activity in conventional water treatment processer;1g !

13.4 MEMBRANE PROCESSES

In reve i ic
membr;iz ?smoms (RO), the hydraulic pressure exerted on one side of a semi-permeable
orces water across the membrane, leaving salts, including nitrate, behind (WRe

specific circumstances,

In el i i .
- elecfr?;;?dlalysw, th.e meml?ranes .allow lons to pass but not water. The driving force is
. current which carries the ions through the membranes. By using stacks of alternate

is reve
5 electr:;; ;)1; ;Src.agllxliar basl(sj to prevent problems of calcium scale formation The principle
15 15 illustrated in Figure 13.8. Nitrate-selecti ‘ i
which make the prommer At 3.8. ' tve membranes are now available
re cost-effective for nitrate remov i
/ : al, because the
nitrate removed relative to other ions is i ’ S ADR. T
S 1s increased, compared with conventi i
' onal EDR,
re;i;:’cels) th: overall power requirements per unit nitrate removed e
r . . . N :
Oth reverse osmosis and electrodialysis the concentrate flows would typically be

13.5 PROCESS SELECTION

The main iaCtOI

(1) he need for filtrati i i
ation after biol itri i
I — ; oglcal demtrlﬁcatlon, to remove carry-over from the

(2) The disposal of ion exchange waste regenerant.
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384 NITRATE: PROCESSES, PATTERNS AND MANAGEMENT

For most public supplies derived from surface water sources (see Chapter 5) (which are
normally relatively large compared with groundwater supplies and are already treated by
filtration) with continuously high nitrate concentrations, biological denitrification is likely
to be more cost-effective than ion exchange. For groundwater sources (see Chapter 8) (without
existing filters), ion exchange would normally be the cheaper process. However, for large
groundwater sources (above, say, 20 000 m> per day), or where waste disposal by tankering
was necessary over distances in excess of 20 km, biological denitrification might offer cost
advantages. For very small supplies, the higher costs of membrane processes might be
acceptable on the grounds of easier operation or where tankering of ion exchange waste was
necessary.

Where nitrate concentrations are intermittently high, the slow start-up characteristics of
biological processes may preclude their use in favour of ion-exchange or membrane processes
which can be started up rapidly.

The costs for nitrate removal processes are reviewed by Booker, Hall and Hyde (1989),
and are discussed in more detail in a WRec report (WRc, 1989). Generally, operating costs
plus capital repayment for ion exchange or biological denitrification would be roughly in
the range 5—15p m™3 distributed (1991 prices), depending on plant size, nitrate concen-
tration and waste disposal options, among other factors.

13.6 OVERVIEW

The action being taken to maintain nitrate concentrations in water supplies below regulatory
levels includes the control of agricultural activity, blending and water treatment. In the long
term, the control of agricultural activity through the implementation of nitrate protection zones
(Chapters 5, 10 and 12} is likely to offer the most favourable solution to the problem. However,
in some areas the full benefits from protection zones may not be derived for many years,
and short-term control measures are needed. Blending with local low-nitrate sources is being
used, but the availability of low-nitrate sources will limit the potential of this option because
of the high costs for pumping over long distances. At many sites, nitrate removal treatment
processes will be the only viable control option, at Jeast in the short term and perhaps, in
some areas, in the long term.

Treatment by ion exchange offers advantages with respect to operation and costs for smaller
groundwater sources, However, the environmental effects of the disposal of ion-exchange
waste regenerant, high in nitrate and chloride, are of increasing concern to the water supply
industry. As a result, there is likely to be a trend towards the more widespread use of biological
denitrification, either to treat the water directly or to treat the ion-exchange waste to reduce
its impact on the environment.
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