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Abslract-Ion exchange performance to remove nitrate in surface and mldergromld water was studied experimentally 
in batch and continuous operation systems under various conditiolls. Data were collected by using commercially avail- 
able strong-base mfion-exdlange resins of C1- and OH- types. Equilibrium curves, obtained through the batch system 
and plotted as the concentration ratio versus nun time, were used to evaluate the effects of temperature, resin type, 
and initial feed concentration on the equilibrium chal"actefistics of nitrate. The selectivity coefficients of the resins 
were correlated as a function of temperature by using the Kl-aus-Raridon equation. Breakthrough curves, obtained 
through the continuous colunm system and plotted as the ratio of effluent to iltfluent concentration versus solution 
volume passed through the experimental colmrm, gave detailed results about the effects of the system parameters, such 
as temperature, resin type, feed concentration, volumetric flow rate, cohaml diameter and height on the performance 
of the anion exchange to remove nib-ate. The results of tiffs study could be scaled up and used as a design tool for a 
water-purification system of real ground water and surface water treatment processes. 
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INTRODUCTION 

Nitrate concentration in underground and surface water is increas- 
ing all over the world due to uatut-al sources as well as animal, hu- 
man and industrial waste. Nitrate concentrations in surface water 
are generally less fllan 5 mg/L due to the dilution by surface runoff, 
plant uptake and biological denibffication which tl-ansfonns nitrate 
to harmless nitrogen gas into the amlosphere. However, nitrate con- 
cei~a-ation in underground ks generally higher than strface water be- 
cause of lflnited dilution with surface water, minimum plant up- 
take and the absence of a suitable carbon source for deni~ification. 

Nitrate is so toxic, especially to pregnant women and int:at~, that 
the USEPA and Korean standards of 10 mg NO2-N/L or less in 
drinking water were established for human health. Even though not 
yet proven, there might be some relationship between m~-ate con- 
cer~a-ation and cancer occurrence. A porfon of the niWate consumed 
in drinking water is converted to nitrite in the body. Nitrite can react 
in the body with secondary amines, amides, and carhamates to foml 
N-nitroso compounds, several of which are poteiltial human car- 
cinogens, causing cancer of the nasopharyrec, esophagus and stom- 
ach [Pontius, 1993; Kalagiri, 1994]. Hill et al. [1973] reported that 
the death rate of an Eilgl/sh town with water containing 20 mg NO~- 
N/L fi-om gastrointestinal cancer was higher than that of other towns. 
Epidemiological studies in China, Iran, Canada and Sonthem Aus- 
tralia have shown an increased incident of esoptNgeal cancer and 
birth defects associated with several dietary factors, fi-om drinking 
water and food which are high in nitrate and nitrite [Yang, 1980; 
Pontius, 1993; Bouchard et al., 1992]. Nitrate also is a nutrient 
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source for the growth-limiting factor to the causes of eutrophica- 
tion. This causes serious damage to sea food industries. 

The problem of niWate contamination requires that appropriate 
water treamlent and purification technologies be developed. Sev- 
eral methods have been utilized in reducing nib-ate contamination 
from water supplies. The denitrification process should be selected 
depending upon the quality of water solu-ces, degree of treatment 
required, climate conditions, operational capacity, economical fea- 
sibility and availability of technology. In terms of ettSciency, cost 
and relative ease of operation, ion exchange, reverse osmosis, elec- 
trcxlialysis, bio-denibification mefll~]s have been found effective 
in nitrate removal. 

Reverse osmosis and electrodialysis are considered to be very 
effective technically, but too expensive for routine nitrate removal 
unless desalting is also required to reduce the total dissolved solids 
level or to remove additiotkal contaminants [CliffOl~_t and Liu, 1993]. 

Biodehi~ification is an effective, eflScient and easy method of 
nitrate reduction and removal from water supplies. But t t~ deni~i- 
fication process has the possibility of impat~g residual organics 
and snspended solids to the disCibution system, thereby increasing 
the oxygen demand and potentially encouraging t~desirable bacte- 
rial growth in the water. This problem should be solved before the 
process can be adopted in potable water treatment. 

Nib-ate removal from &inking water using ion ~,~change is eco- 
nomical and convenient and provides a suitable solution for small 
or medium-sized water treatment plants containing comparably low 
nitrate levels [Kim et al., 1999]. Ion exchange is the most common 
process for public water supplies in the United States. Approximate- 
ly 15 of these plants were operating in the United States &ring 1992 
[Clifford and Liu, 1993]. Ion exchange systems are operated on de- 
mand, and utilize the beneficial selective reversal which common- 
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ly occurs upon regeneration [AWWA, 1990]. 
This paper presents the nitrate removal performance of anion ex- 

change resins, which is a part of the denitrogenation process devel- 
opment by mixed-bed ion exchange. This study also includes tile 
effects of important system parameters such as resin type, initial 
rob'ate conce,m'atiota, volunleUic flow 1"ate, coham dianlete~; and 
height, and temperature using batch and corfinuous experimental 
systems. 

THEORY 

Ion exch._ange is a physicochenfical process in which iotas in tile 
water are exchanged fox" a chenfically equivalent number of iota 
associated with tile exchange material. This ion-exchange material 
includes naturally occurring clays and synthetic resins. The resins 
are ill tile forln of gel or macropotous granules. Tile resin structure 
consists of an interconnected network of hydrocarbons where solu- 
ble ionic fimctional groups are attached. In this process, raw water 
contacts with ion exchange resin, and nitrates m water are ex- 
changed for similarly charged chloride ions. The process is confn- 
uous until tile resin bed is exhausted and then regenerated before 
the process is continued. The process is described as: 

R CI+NO;<' R NO3+Cl- (1) 

where tile selectivity coefficient is defined as: 

K - [R -NO3 ] [C1-] (2) 
[R-Cl]  [NO~] 

and tile regeneration process is: 

R-NQ+NaC1 ~ R-CI+Na++NO~ (3) 

Ion exchange is an exothemlic process, and the tenlpel-ature ad- 
versely affects the ion-exchange equilibrium and hence the selectiv- 
ity coefficient. Tile selectivity coefficient can conveniently describe 
ion-exct~lge equilibria, and selectivity is the preference of the par- 
ticular ion exchanger for one ion over the other iort Resin selectiv- 
ity toward tile exchanging ions is used to determine tile sharlmess 
of tile exchange wave [Helfferich, 1962]. The selectivity coefficient 
ks greater than unity when ion in the solution phase is preferred by 
the resin phase. In tim case, tile equilibritml is said to be favorable. 

Many rnethcx]s of con-elating the temperature dependency of se- 
lectivity coefficient were proposed, but Kraus-Raridon method pro- 
vided a convenient and practical method for detemlining the effect 
of temperature on equilibria [Divekar et al., 1987]. Using tile Debye- 
H~ickel theory of electrolytes, Kraus and Raridon [1959] developed 
a method for expressing selectivity coefficients as a function of tem- 
perature. The expression for the selectivity coefficient is 

logK=logI~+C ' log(T/T,)+C" (1-TIT) (4) 

where C', C" and K~ are constants and subscript t refers to a refer- 
ence temperature. By fitting experimental data to Eq. (4), Kraus et 
al. [1960], detemlined p~'amete~ C', C" and K~ by the least squares 
nlethod. Divekar et al. [1987], verified the deviations between ob- 
served and calculated values of the selectivity coefficient within lim- 
its of expefinlental en'ot'. Divekar et al. [1987], also developed an 
equation for the cation- and anion-exchange selectivity coefficients 
by using experimental results especially reported on Dowex resins, 
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and applied it to the mixed-bed ion exchange model for tfltralow 
concentmtiort Their equation is easy to use but not practically pro- 
posed. 

Selectivity of ion-exchange resins is enhanced by increasing the 
degree of crosslin!dng and by decreasing the solution concentra- 
tiotl Iotas with higher valmce, smaller equivalent volume, and great- 
er polarizability are preferred. The effect of the degree of crosslink- 
flag on the selectivity is illustrated by Myers and Boyd [1956]. Tile 
selectivity sequence for aniom is PO~->SO~->I-~O]->NO3>HCOj 
[Dahab, 1993]. This sequence shows that sulfates are preferred to 
m~tes.  This resin selectivity for sulfate over nitFate is a major dis- 
advantage associated with ion exchange. 

EXPERIMENTAL 

The anion exchange process has been successfully used in re- 
inoving mtrate from both groundwater and surface water. In this 
study, both batch and confnuous operation systems were used to 
show the nitrate removal characteristics of anion resins. 

For the present study, C1 -type anion exchange resin of PAd08 
provided by the Samyang Company, Limited, and OH--type of 
Dowex Monosphere 550A by the Dow Chemical Conlpany, were 
used These are grouped into Type 1I of strong basic resins. The phy- 
sicochelnical properties of the resin are shown m Table 1. The resins 
were iinsed with high purity water and stored in plastic containms 
until they were used for the experimental runs. Sodium nitrate 
(NaNQ) of analytical reagent grade was the nibate source m the 
expemnents. 

The batch system has been performed to investigate the effects 
of resin type, feed solution concentration, and temperature on the 
equilibrium data of nitrate. The system sit-nply consists of flask, a 
magnetic stirrer and bar, and a themlonleter. Table 2 shows the ex- 
perimental conditions of the system. Ion exchange resin and raN-ate 
solution of the known weight and concentt-ation, respectively, were 
added to the pure water in a l-liter flask container; and vigorously 
agitated. Water bath with magnetic stin-er was used to raaintain the 
constant temperature in the system. Water samples were collected 
periodically by hand using sample bottles. To avoid any leaching 
from the bottle itself, the samples were analyzed within at raost 6 
hours by using ion chromatography (IC). 

The continuous operation systern has been used to study the ef- 

Table 1. Characteristic values of anion exchange resins* 

Parameter 
Values 

PA 408 Monosphere 550A 

Resin type C1- Type OH- type 
Hard, Yellow, Hard, White, 

Appearance Sphere, Opacity Spherical beads 

Bulk density (g/L) 655.0 640.7 
Water retention 54-64 44 -50 

capacity (%) 
Capacity (meq/ml) ->0.9 1.10 
Diameter (ram) 0.35-0.55 0.59 
Specific weight 1.06-1.12 - 

*From the vendors. 
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Table 2. Experimental conditions of the batch reactor 

Parameter Values 

Resin weight (g) 0.1 
pH 7.0-9.4 
Temperature (~ 15, 25, 35 
Feed concentration [NO~-N] (mg/L) 1.64, 3.29, 4.94 
Agitation rate (rpm) 21000 

Table 3. Experimental conditions of the column reactor 

Parameter Values 

Feed concentration [NOj-N] (mg;L) 
Feed flow rate (L/hi') 
Temperature (~ 
Column diameter (can) 
Resin depth (cm) 
Resin weight (g) 

1.64, 3.29, 4.94 
7.2, 10.8 

20, 30, 40 
1.2 

2.0-6.0 
2.0, 4.0 

Fig. 1. Schematic diagram of the continuous operation system. 
1. Feed storage 6. Silicone stopper 
2. Pump 7. C-lass wool 
3. Flow meter 8. Water bath 
4. Glass column 9. Ion chromatography 
5. Anion resin 

fects of  resin type, initial feed coilcenlratictl, t~a~npwomre, volumetric 
flow tae, column dimneter and height oil file break~ahrough curves 
of  hinge. Table 3 shows the experimental conditions of  the contin- 
uous system, and Fig. 1 shows file schematic diagtmn of the sys- 
tem. The experimental system consisted mainly of  a packed-bed 
colunm, its accessory for feeding, water bath, feed storage, and ion 
chromatogr-~hy for measuring effluent concentrations. Tile ion- 
exchange column used for the experiment was made froin Pyrex 
glass to see the resin loaded inside the column. Glass wool with 
stainless steel screens was used to support file resin and to ensa~re 
uniform flow disO-ibution. A water bath was used to maintain file 
desired temperature inside the column. Feed solution was distri- 
buted fi'om a 30-liter Nalgene carboy to file colunm through a per- 
ismlfic pump. The pump drive was equipped with a speed control- 
ler for adjusting the flow rate to file design conditions. The feed so- 
lution was designed to simulate gvoundw~er with file concentra- 
tion of 10 mg NO~-N;L, but louver nili~e concentrmions were also 
made to study file effect o f  feed solution concemration. 

A Dionex IC (mo:tel DX-300) and Standard Methods were used 

to analyxe file water smlples for both batch and continuous opera- 
tion systems. These two methods verified mutually the accuracy of 
the dat~ 

RESULTS AND DISCUSSION 

The experiments were p~fonned by usitlg both batch and con- 
tinuous opermion systems under various conditions. The results of 
water sample analysis were described as file r',tio of  the effluent 
concentraion (C) to file feed concenlrmion (Co) vs. inn time or so- 
lution volume passing through the experimental column. The results 
from each experiment separately discussed file effects of  the exper- 
inlental variables such as resin type, tenlpetature, feed concentra- 
tion, flow rate, column diameter, and height. 
1. Batch Operation System 

The results o f  the batch experiments were used to ~udy the ion 
exchange reaction equilibrium between chloride or hydroxide ions 
in file resin phase and ni~ate in the solution. Fig. 2 compmes the 
perfoimance of ion exchange resins, activated carbon, and zeolite, 
which are know11 to be effective for removing nitt~te in file solu- 
tion. At 30 ~ 2 g of each solid particles was added to file 25 mg/L 
nia~e concenlration of i liter solution. In this figure, file ion ex- 
change resins show better perfonnalce than acfivaed carbon or zeo- 
lite, regardless of  the resin type. These Samyang ion-exchmge re- 
sitls of  PA408, porous type 11 resin, and SA 10AP, gel type I resin, 
show similar ni~ate removal performance of more than 80% while 
activated carbon and zeolite show at'ate of 40% or less. This means 
that file ion exchange mechanism is more efficient than file adsorp- 
tion mechanisul o f  activated cmbon oi" zeolite to remove nin~e. 
From this fignre, it can be concluded that adsoipfion is not as agood 
method as ion exchmge reaction to remove ninate in the solution. 

Fig. 3 shov~ file effect of  resin weight on file removal efficiency 
of the PA408 resin. Although SA10AP showed better performance 
for the removal ofnilrate than PA408 in Fig. 2, PA408 was chosen 
in file expetfinent because of its physical strength. Fig. 3, as expected, 
shows better removal peffoimance ~vilen file resin weight increases, 
but file efficiency reduces with the increased resiu weight. The 
weight ofninate removed in file solution per the unit weight of  resin 

Fig. 2. Compa't~on of ntW~te removal elIiciencies at equmbi~mt 
of activated carbon, natur~al zeolite, and anion resins. 

Ma~ch, 2001 
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Fig. 3. Nitrate removal efficiency as a function of resin weight. 

Iration at equilibrium in the batch reactor shows better nitrate re- 
moval efficiency with the smaller resin weight. 

Figs. 4 and 5 show the effect of temperature on the equilibrium 
curve of nitrate with PA408 aid 550A, respectively. A close in- 
vestigation of these figures reveals that as the temperature increases, 
the cc~lcetm-ation profile of nitrate has stmrper slope and reaches 
the equilibrium state faster. This Irend well agrees with the model 
simulation ofDivekar et al. [1987], who evaluated the tempea~ku'e 
effect on the peffomlance of the mixed-bed ion exchange at con- 
cenlrations approaching the dissociation of water. With increasing 
tempe1~mre, the selectivity coefficient and solution viscosity de- 
ca'ease, while tile ionization constant of water and ionic diffusion 
coefficie~lt inca'ease. They believed that the selectivity coefficient 
and viscosity change to a much smaller extent than the other pm'- 
arneters, and that this change is overridden by the other two factors 
to improve the perfollnance of tile mL, ted-bed ion exchange. Figs. 
4 and 5 also show that the equilihJtan conceim'ation inca'eases as 
the temperature increases. This meats that the operation capacity 
of the resin is not likely ctkanged significantly by tempeiaute. There- 
fore, it can be said that tempel-aktre affects the ion exchange pate 
more than tile capacity of resin. 

Fig. 6 contains tile same data as Figs. 4 and 5 at 35 ~ and shows 
the difference between the perfon-nance of PAd08 mid 550A. The 
550A resin, which is OH- type, shows a sharper slope of the crave 
than tile PA408 resin, which is CF type. Tile slope of the curve im- 
plies that the exchange pate of nitrate with hydroxide is higher than 
that with chloride, which means the selectivity of the 550A resin 
for nitrate over hydroxide is bigger than that of PA408 for nitrate 

Fig. 4. Effect of temperature on nitrate concentration prol~de in 
the batch system with NO~-N 4.94 mg/L and PA408. 

Fig. 5. Effect of temperatm~ on nitrate concentration prof'fle in 
the batch system with NO~-N 4.94 mg/L and 550A 

is about 15 mg with I g of the ion exchange resin, but reduces to 
about 8 mg with 5 g of the resin In this figure, the nitt~te concen- 

Fig. 6. Effect of resin type on nitrate concentration profile in the 
batch system with NO~-N 4.94 mg/L at 35 oC. 

Table 4. Selectivity coefficients of anion exchange resins with 
NO~-N 4.94 mg/L 

Temperature Selectivity coefficient (K) 

(~ PA408 (C1--NOj) Monosphere 550A (OH--NO3) 

15 4.88 64.70 
25 4.27 56.49 
35 3.78 49.50 

Ko[~an J. Chem. Eng~(Vol. 18, No. 2) 
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over chloride. The equilibnurn concen~a'ation of 550A is lower than 
that of PA408, and this is because 550A has a bigger total capacity 
than PA408. 

Selectivity coefficients of nilrate over chloride or hydroxide were 
obtained tYom the equilibrium data and given in Table 4. These data 
were applied to the equation of Ya'aus-Raridon [1959] based on 
Debye-tFflckel theca-y. Using selectivity coefficient values of 15, 25, 
and 35 ~ the equatioxl for PA408 was con'elated as: 

logK~~ =4.2678-0.5367 log(T)+0 .0915(1- -~)  

at 4.94 mg/L (5) 

and fox" 550A: 

at 4.94 mg/L (6) 

Fig. 7 shows how the variation of initial niliate concentration af- 
fects the ion-excbaige Izeffonnance. The figure shows higher equi- 
librium concentration and worse performance as the initial concen- 
b-ation increases. Based on the figure, it is possible to suggest that a 
low initial concei~-ation needs longer reaction time to reach equi- 
librium. 

Although hgtfly re?a-ate-selective resins were used in the experi- 
ment, the peffoxmance of these ion exchange resins was affected 
by the existence of the other anions, especially sulfate. To study the 
fates of anions existing in the solutioxl, the solution of ion rnixOare 
of SO42. NO3, NO2, and HCO3 of the same equivalent anaount 
was used as an itffluent solutioit These ions are easily found in nat- 
ural water sources. The resulNlg concei~-ation profiles of the ions 
are shown in Fig. 8. As is shown fla this figure, the selectivity se- 
quence of the anion exchange resin in the experiment was found 
as SO~ >NQ~>NOj>HCO~. This result coincides well with the re- 
sult of Dallab [1991] except NO~ ion, but the order of nibite was 
found as expected. 
2. Cont inuous  Operat ion Sys tem 

The results of the continuons cokann exp~len t s  are given in 
Figs. 9-14, fi-oxn which one can see that different levels of initial 

Fig. 7. Effect of initial feed concentl~tion on nilrate concenlralion 
profile in the batch system a t 3 5  "C (PA408). 

Fig. 8. Concentration profiles of various anions in file batch sys- 
tem at 35 ~ 

Fig. 9. Nitrate breakthrough curves with  PA408 and 550A at 
30 "C (NO;-N 1.64 rag/L). 

leakage of nitrate appear in the effluent of the exchange process. 
The initial leakages might be due to the insutticient contact rune 
between the solution and the resin, which results from the high flow 
rate and the relatively short bed depth. These conditions were se- 
lected for a reasonable duration of the experimental nms. 

The peffomlance of two anion exchange resins, 550A and PA408, 
for the removal of nitrate was comFared in Fig. 9. It is observed in 
this figure that 550A shows a lower level of initial leakage and much 
longer time to reach the equilibrium state than PA408. This can be 
explained by the differences in the selectivity coctticier~ and the 
capacities of those resins. The selectivity coefficient directly relates 
to the ability of the resin to remove an ion over anothei: Consider- 
ing the results obtained through the batch expeiiments (see Fig. 6), 
it could be expected that 550A showed much better perfon-nance 
for the removal of nilrate in the continuous system than PA408, re- 
sulting in the lower initial leakage. The capacity of the resin is de- 
freed as the net number of ionic sites utilized in a given wei~at of 
the resin in a given process. As shown in Table 1, the capacity of 
PA4(~ is lower than that of 550A, and as a result, PA408 is ex- 

March, 2001 
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Fig. 10. Effect of temperature on nitrate breakthrough curves 
with  NO;-N 1.64 mg/L  (PA408). 

Fig. 12. Effect of feed concentration on nitrate breakthrough 
curves with  2 g of PA408 at 30 "C. 

hausted and reaches the equilibfi~u state taster than 550A. It is ob- 
vious fi-can file figure that file selectivity coefficient and tile capac- 
ity of resin influence the shape of the breaktt~ough curve signifi- 
cantly. 

Fig. 10 shows the effect of temperature on file effluent concen- 
tration profile of nibate. Tile figure indicates that the differences 
among the curves with different temperatures are more obvious than 
those in the batch expeliments. With file higher tempel-a0are, tile 
b r e ~ o u g h  curve shows lower initial leakage and steeper slope. 
This results in two ctisNlct zones in the curve. In one zone, tile higher 
temperature gives better removal performance; in tile othel, the re- 
verse effect ks noticec[ Thus, it can be concluded that temperature 
eni~lces the exchange rate below the resin capacity and causes fast- 
er exhaustion to the equilibrium state. 

Tile effect of tile vokaneb-ic flow rate on the breakthrough curve 
of m?aate is shown in Fig. 11. The figure indicates that tile initial 
leakage increases and the slope becomes broader as the flow rate 
increases. This might be because the contact time between the so- 
lution and tile resin decreases with the increased flow rate. As tile 
same as temperature, the flow late also appeai~ not to affect the ca- 

Fig. 11. Effect of volumetric f low rate on nitrate breakt ln~ugh 
curves wi th  NO~-N 1.64 mg/L at 30 ~ (PA408). 

Fig. 13. Effect of feed concentration on nitrate breakthrough 
curves with  4 g of PA408 at 30 ~ 

pacity of the resin significantly An interesting point observed in 
the figure is that the slope of breakthough curves is broad com- 
pared with the results of Yoon et al. [1995], who studied the effect 
of cation to anion resin ratio on the mixed-bed ion exchange per- 
fonnance at ulmalow NaC1 solution conceim-atioi1 They used the 
Ambersep 900OH of Rohiu and Haas Company, especially manu- 
factured for file inixed-bed ion exctkange. The resin selectivity co- 
efficient of 900OH was 15-18 for C1--OH- exchange, much bigger 
than the resin used in this expe~nent. The lower selectivity coeffi- 
cient makes a broader slope of the breakthrough ctu-ve. 

Figs. 12 and 13 show the effect of feed concentration on the ni- 
mate breakthrough curve with the different weight of the resin. As 
expected, the curves m both figures indicate a steeper slope and fast- 
el" break~u'ough when the concentration increases. While the initial 
leakage also increases with the feed concentt-ation when the weight 
of the resin is 2 g in Fig. 12, it is almost constant regardless of the 
concentration with 4 g of the resin in Fig. 13. These weights con'e- 
spond to 3 cm and 6 cm of bed height of the continuous cohann, 
respectively. The ratio of the treated solution volume, which is the 

Ko[~an J. Chem. Eng~(Vol. 18, No. 2) 
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Fig. 14. Effect of column diameter on nitrate breakthrough 
curves with NO;-N 3.29 mg/L at 30 "C (PA408). 

leff-t~nd side area of the br~ktta-ough curves, agrees with the ratio 
of the resin weights. Therefore, it can be said that the capacity of 
the resin is likely not to be changed by the variation of the initial 
feed concentration. 

The initial leakage depends on the bed height for the favorable 
equilibman. The limiting slope of the break~lrough crave is reached 
in a shorter height of bed for a favorable equilibriurn, while an un- 
favorable equilibrium gives a more gradual and broad breakthrough 
curve [Vemleulen and Hiester, 1959]. As a function of bed height, 
anion breakti~ough curves in Figs. 12 and 13 show different levels 
of initial leakage. This is because of the relatively short bed of the 
system and thus, insufficient contact between the solution and the 
resin for the favorable equilibrium. The results in tim experiment 
coincide with the results of Yoc~l et al. [1999], who studied the tem- 
peratue effects on the mixed-bed ion exchange performance at ul- 
tralow NaC1 solution conc~ltlation. They used the Dowex Mono- 
sphere 550A with selectivity coefficient of 22.0 manufactured by 
Dow Chemical Company, and showed a steeper anion breaMtxough 
curve than c ~ o n  heakff~ough curve and different levee of hieak- 
through as a function of  cation to anion resin ratio. 

Column diameter with a constant flow rate influences the per- 
fon'nance of the continuous colmrm, esFeciaHy at an early stage of 
the process. Fig. 14 shows the effect of column diameter with the 
same weight of the resin on the nl?rate breakthrough curve. The ser- 
ious increase of initial leakage for 10 lm-n inside diameter might be 
due to the short bed. The ratio of 10 to 5 mm inside diameter cor- 
responds tothe bed height ratio of 4to 1. The effect of bed height 
was described previously in Figs. 12 and 13. 

CONCLUSIONS 

The effects of the system parameters, such as resin type, feed 
concentration, teml:erature, flow rate, column diameter and heig~ 
on the performance of an ion exchange unit for the removal ofni- 
Irate were e>cpermaentally evaluated. Through both batch and con- 
ffnuous colunm ~xpermlents, the following conclusions are ch~vn: 

1. The selectivity coefficient and the total capacity of resin di- 
rectly affect the ability of the ion exchange unit to remove nitrate. 

The OH- type anion resin shows better results for the removal of 
nitrate than the CF type resin This is because the selectivity of the 
former resin for nitrate over hydroxide is bigger than that of the lat- 
ter for ni~a'ate over chloride. The equilibritma concentration of ni~ate 
decreases as the resin capacity increases. 

2. Temperature affects positively the performance of ion exchange 
for the removal of nitrate below the resin capacity. As temperature 
increases, the exct~ange rate increases and the equilibrium is more 
favorable. 

3. As the initial feed concentration increases, the equilih-it~n con- 
centmtion decreases and the breakthrough time is shorter: However, 
the total anlount of  nitrate removed is not changed 

4. With the increased volumetric flow rate and column diameter, 
the contact time between the solution and the resin decreases, result- 
ing in the increased initial leakage and the steeper slope of the ctrve. 
The operation capacity of the resin does not appear to be affected 
sigmficantly by these parameters. 
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