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Abstract : At high nitrate concentrations, water must be treated to meet regulated concentrations because it results in threat to
human health and eutrophication of natural water. However, it is almost impossible to remove nitrate by conventional water
treatment methods such as coagulation, filtration and precipitation, due to its high water solubility. Therefore, other technologies
including adsorption, ion exchange, reverse osmosis, denitrification, and electrodialysis are required to effectively remove nitrate.
Each of these technologies has their own strengths and drawbacks and their feasibility is weighted against factors such as cost,
water quality improvement, residuals handling, and pre-treatment requirements. An adsorption technique is the most popular and
common process because of its cost effectiveness, ease of operation, and simplicity of design. Surface modifications of adsorbents
have been enhanced their adsorption of nitrate. The nitrate-selective membrane process of electrodialysis reversal and reverse
osmosis have proven over time and at many locations to be highly effective in removing nitrate contaminating problems in
aqueous solutions. Both electrodiaysis and reverse osmosis methods generate highly concentrated wastes and need careful
consideration with respect to disposal.
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Figure 1. Schematic representation of the nitrogen cycle in nature.
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Figure 2. Development stage of sewer.
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Table 1. Key characteristics of technologies for nitrate removal
from wastewater sources

Technology Key characteristics

Post-treatment is not required

Medium operational cost

Adsorption| ¢ pH and temperature effects are important

Requires saturated/spent adsorbent disposal
Removal efficiency varies with different adsorbents

Approximately 90% efficiency can be achieved
Medium operational cost

Requires waste brine disposal

Sensitive to presence of sulfate, organic matter, and
chloride concentrations

Post-treatment is required due to corrosivity of
product water

Ion
exchange

> 95% efficiency can be achieved

pH and temperature effect are not important
Requires high total dissolved solid (TDS) disposal
Sensitive to presence of organic matter and TDS
High operational cost

Reverse
0Smosis

> 99% efficiency can be achieved

Medium operational cost

Requires biomass waste disposal

Temperature effect is important (low limit of opera-
tionis 2 ~6 C)

Post-treatment is required due to microorganisms

Biological
denitrifi-
cation

No waste disposal is required

pH and temperature effect are important
Post-treatment is required due to the product of by-
product

Maximum efficiency > 60~70%

High operational cost

Chemical
denitrifi-
cation

Requires lesser acid dosages

Higher water recovery rates

Requires waste disposal

Requires pre-treatment systems and close monitoring
High operational cost

Electro-
dialysis
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Adsorbents used for nitrate removal

charcoal

shells
Sugar beat
pulp

Carbon-based Natural Agricultural Industrial Miscellaneous
adsorbents adsorbents wastes wastes adsorbents
Activated Clay Sugarcane Fly ash Layered
carbons adsorbents begasse Y hydroxides
Carbon Zeolite Rice hull Red mud Nano-
clothes adsorbents alumina
Carbon A Coconut Mesoporous
nanotubes Sepiolite | shells | Slag | silica |
Carbon Wheat Cement
fibers straw paste

Figure 3. Different adsorbents used for the removal of nitrate from aqueous solution.
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Figure 5. Schematic illustration of chemical surface modification of adsorbents for the removal of nitrate (j represents unmodified adsorbent).
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th 220l Selcage) hth O 2 AAH FHH See] B F7HAAI, B4 WAtolLo] thet Wsk4(affinity)o] 2
TF2E 7L glom, o] L5 & il B ¥ £4 7157 |(functional group)E Al&-ske], AAikolof it AlA &
= WolsoAY & SoleA & & itk I A9 AAES g5 A 7P 29 UL B2 (heat treatment)
Fol o] FEjut 2AE Ao =N Aol 4= glom 3~ £ Foto FAAe A 7|e=E S7HA7IAL, FAH
10 A HIo|tf20]. F&F2 o] ZHe] 27 o] A7]|7F A3t PofEl= eeass SAARTE AASH] sl AHS-EH
uEo] 2 M-S shA ), tebd] B molecular sieve)eh  WAol £} ABHAO] £ AH§71S FAA Eo] R7lsto]
= o] festalck HEAS ol she A7k Bus] w93, Table 2

e APl Aabol o] FulHoR We B2 of EEIAL ekt oldl Baleh £ 271 9 Bae
Seow Qs BeRy Aol AAd EHHolA k. of ot AT AWESS el
upepA FAikol 2ol tiet F&sES FFAI717] flske] &2
Aol ghehd = Ea & FH /)R (surface modification)o] Al 3.1.1. M XSt
=9 gich. 88} EWHEL Figure 50 Mol % upep ol Aol o] FALALS FAAL & Uk P F s
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Table 2. Adsorption capacities and other parameters for the removal of nitrate by adsorbents

Adsorbent Modification capﬁ?‘?;?;glg'l] rcazzze[n;f gtio]ri tcir(r)gz[l}(;; Ref.

Coconut granular AC* - 1.7 5~200 2 [21]
Coconut granular AC* ZnCl,, pH 5.5 10.2 5~200 2 [21]
Bamboo powder charcoal - 1.25 0~45 120 [23]
Mustard straw charcoal - 1.30 0~25 0.17 [24]
Commercial AC* - 1.22 0~25 0.17 [24]
Sugar beet bagasse AC* ZnCl, 27.55 10 ~200 - [25]
Coconut shell AC* pH2~4 16.5 - - [26]
Bamboo charcoal pH2~4 6.4 - - [26]
Carbon cloth H,SO, 125.9 115 1 [27]
Lignite granular AC* ZnCl, 4.4 5~150 2 [28]
Carbon nanotube sheet HNO3/Liquid ammonia 142.86 50~600 24 [29]
Chitosan hydrobeads - 92.1 1~1000 24 [30]
Cross-linked chitosan beads pH 5.0 90.7 25~1000 24 [31]
Cross-linked chitosan beads NaHSO4 104.0 25~1000 24 [31]
Red mud - 115 5~250 1 [32]
Red mud HCI 363 5~250 1 [32]
Sepiolite HCI 38.16 100 0.08 [33]
Sepiolite - 253 - - [34]
Sepiolite Surfactant, pH 2.0 28.1 - - [34]
Mesoporous MCM-48 silica APTES*/HCI 46.0 100~700 1 [35]
Natural zeolite Chitosan 459 10~3100 72 [36]
Clinoptilolite HDTMAB*, pH 1.66 ~ 11 11.4 10~300 24 [37]
Organoclays HDTMAB* 14.76 100 17 [38]
Organoclay ODTMAC*, CTMAB* 17.8 61.98 24 [39]
UZM-5 HDTMAB*,pH 3 ~ 11 18.62 30~100 12 [40]
Clinoptilolite and montmorillonite HDTMAB*, DODMAB* 125 160~280 40 [41]

* AC: Activated carbon; APTES : Aminopropyltriethoxysilane; HDTMAB : Hexadecyltrimethylammonium bromide, ODTMAC : octadecyl-
trimethylammonium chloride; CTMAB : cetyltrimethylammonium bromide, DODMAB : Dioctadecyldimethylammonium bromide
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Figure 6. Schematic of electrodialysis reversal process: (a) positive polarity and (b) negative polarity.

AU B BAZ oA A7 5Ee
M ARSI A7 sk Alel
A who] @Adol] ehgE L, wheby AskE Slg AH B

ol ashA "ok HE Y AALH S Hasstal A2

Hele] BRAE 74717 S8 @ 17
reversal, EDR) 74 o] 7l¥r=]¢icH16,77]. E

Tn

EX(electrodialysis

DR-2- B H 1]

od HEF Fo|7] flsto] FEL AR WS FUIHeR
HHL = = G (polarity reversal) RHA-& ©]-83F g7 o],
Figure 60| EDRO| thgt 7ief=& vebfi it} 1e|vk EDR
LA o] u-- Bxslar 71Ut Y E ¥(close monitoring)©] Z
f5teH16,78]. ATl vl A7|FA4 2 F st

wo A7 mgolth 1oy £ 34 55
& LA WS A, of Ha=o) Hlof v A4

0|5 7)gclof Gtk A7) A S Aikole Ao o] &
SJstol A= shitel mmeel &

—|—‘

_?_
7] 2
2c3t & @At 9, oS IaiAl
AAT 5 G A AE ol

FEH 791

e |o mlo ol ok m{u
12

\f(;‘:HU

it

l=J r{r

2 R 29

Atol 2o A7 &&

HApo] LS MenA]

gk =g}l Aol

e %ﬂ*XHQJ 7t A % A A, A

ok
o2
o
o
fo
9#
K
> ok
i
S
1o
Mo 2 =
& 2 o

EE
F—.‘Z
o
e, ©
FO
o
o]
o
Mo oX
£
il
o oot 4y O &ogn O go

io oo
e

of j'g
by
_?L
s
_>|4_',
oo
il
do mx
2 o
>

N N
ol
Ib
filo
2L
op
&
o
Loy

;;
o
M
R
)
rlo
é
N
e
sc)
ok

S Aneles Eae wg FE5ol
AR O] 8ot Aot fARHA o
H| S 2 T2 So]eg Hrlsto g 3|3
ol AR &8stk Aatre] 24 Aol B
HE Aol gk F7h7] dasih

1o

ol o
o o
e o poh H

=

Al

+ 3
5]

1o 2

ot
N

ofs
L]
£ x
&y
K

References

1. Cammargo, J. A., and Alonso, A., “Ecological and Toxico-
logical Effects of Inorganic Nitrogen Pollution in Aquatic
Ecosystems: A Global Assessment,” Environ. Int., 32, 831-
849 (20006).

2. Fewtrell, L, “Drinking-Water Nitrate, Methemoglobinemia,



12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Aok A

and Global Burden of Disease: A Discussion,” Environ. Health
Perspect., 112, 1371-1374 (2004).

Chiu, H., Tsai, S., and Yang, C., “Nitrate in Drinking Water
and Risk of Death from Bladder Cancer: An Ecological Case-
Control Study in Taiwan,” J. Toxicol. Environ. Health Part
A, 70, 1000-1004 (2007).
http://www.epa.gov/ground-water-and-drinking-water/table-
regulated-drinking-water-contaminants (accessed Dec. 2016).
http://oneclick.law.go.kr/CSP/CnpClsMain.laf?csmSeq=536
&cctNo=2&cciNo=1&cnpClsNo=1 (accessed Dec. 2016).
WHO, Guidelines for Drinking Water Quality, 4th ed. World
Health Organization (2011).

National Health and Medical Research Council, “Australian
Drinking Water Guidelines 6” ver. 3.2, Commonwealth of
Australia, Canberra (2016).

Ministry of Environment, “White Paper of Environment,” 57-
72 (1997).

Ministry of Environment, “Fundamental Plan of Water En-
vironmental Management: Fundamental Plan of Water Quality
Protection in the Four Major Rivers (‘06~’15),” 179-190 (2006).
Ministry of Environment, “White Paper of Environment,”
241-306 (2015).

Islam, M., Mishra, P. C., and Patel, R., “Physicochemical
Characterisation of Hydroxyapatite and Its Application To-
wards Removal of Nitrate from Water,” J. Environ. Manage.,
91, 1883-1891 (2010).

Carroll, S. B., and Salt, S. D., Ecology for Gardeners, Timber
Press, Portland, USA (2004).

Nam, Y. H., An, S. W, and Park, J. W., “Nitrogen Budget
of South Korea in 2008: Evaluation of Non-point Source
Pollution and N>O Emission,” J. Korean Soc. Environ. Eng.,
33(2), 103-112 (2011).

Nam, Y. H., An, S. W,, Jung, M. S., and Park, J. W., “Ni-
trogen Budget of Agriculture and Livestock in South Korea
2010,” J. Korean Soc. Environ. Eng., 34(3), 204-213 (2012).
Shin, J. H., Yoo, C. W., An, S. W., and Park, J. W., “2011
Nitrogen Budget of South Korea Including Nitrogen Oxides
in Gas Phase,” J. Korean Soc. Environ. Eng., 36(2), 75-83
(2014).

Kapoor, A., and Viraraghavan, T., “Nitrate Removal from
Drinking Water-Review,” J. Environ. Eng., 123, 371-380
1977).

Bhatnagar, A., and Sillanpaa, M., “A Review of Emerging
Adsorbents for Nitrates Removal from Water,” Chem. Eng.
J., 168, 493-504 (2011).

Choi, K. O., Seo, S. J., and Ko, S., “Nitrate Reduction Tech-
nologies for Safe Groundwater Drinking,” Food Eng. Prog.,
18(1), 36-41 (2014).

Moreno-Castilla, C., “Adsorption of Organic Molecules from
Aqueous Solutions on Carbon Materials,” Carbon, 42, 83-94
(2004).

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Yang, R. T., “Adsorbents Fundamentals and Applications,”
John Wiley and Sons, New Jersey, USA (2003).
Bhatnagar, A., Ji, M., Choi, Y. H., Jung, W., Lee, S. H,,
Kim, S. J., Lee, G., Suk, H., Kim, H. S., Min, B., Kim, S.
H., Jeon, B. H., and Kang, J. W., “Removal of Nitrate from
Water by Adsorption onto Zinc Chloride Treated Activated
Carbon,” Sep. Sci. Technol., 43(4), 886-907 (2008).
Loganathan, P., Vigneswaran, S., and Kandasamy, J., “Enhanced
Removal of Nitrate from Water Using Surface Modification
of Adsorbents-Review,” J. Environ. Manag., 131, 363-374
(2013).

Mizuta, A., Matsumoto, T., Hatata, Y., Nishihara, K., and
Nakanishi, T., “Removal of Nitrate-Nitrogen from Drinking
Water using Bamboo Powder Charcoal,” Bioresour. Technol.,
95, 255-257 (2004).

Mishra, P. C., and Patel, R. K., “Use of Agricultural Waste
for the Removal of Nitrate-Nitrogen from Aqueous Medium,”
J. Environ. Manag., 90, 519-522 (2009).

Demiral H., and Gunduzoglu, G., “Removal of Nitrate from
Aqueous Solutions by Activated Carbon Prepared from Sugar
Beet Bagasse,” Bioresour. Technol., 101, 1675-1680 (2010).
Ohe, K., Nagae, Y., Nakamura, S., and Baba, Y., “Removal
of Nitrate Anion by Carbonaceous Materials Prepared from
Bamboo and Coconut Shell,” J. Chem. Eng. Japan, 36, 511-
515 (2003).

Afkhami, A., Madrakian, T., and Karimi, Z., “The Effect of
Acid Treatment of Carbon Cloth on the Adsorption of Nitrite
and Nitrate lons,” J. Hazard. Mater., 144, 427-431 (2007).
Khan, M. A, Ahn, Y. T., Kumar, M., Lee, W., Min, B., Kim,
G., Cho, D. W., Park, W. B., and Jeon, B. H., “Adsorption
Studies for the Removal of Nitrate Using Modified Lignite
Granular Activated Carbon,” Sep. Sci. Technol., 46, 2575-
2584 (2011).

Tofighy, M. A., and Mohammadi, T., “Nitrate Removal from
Water Using Functionalized Carbon Nanotube Sheets,” Chem.
Eng. Res. Des., 90, 1815-1822 (2012).

Chatterjee, and Woo, S. H., “The Removal of Nitrate from
Aqueous Solutions by Chitosan Hydrogel Beads,” J. Hazard.
Mater., 164, 1012-1018 (2009).

Chatterjee, S., Lee, D. S., Lee M. W., and Woo S. H., “Nitrate
Removal from Aqueous Solutions by Cross-linked Chitosan
Beads Conditioned with Sodium Bisufate,” J. Hazard. Mater.,
166, 508-513 (2009).

Cengeloglu, Y., Tor, A., Ersoz, M., and Arslan, G., “Removal
of Nitrate from Aqueous Solution by Using Red Mud,” Sep.
Purif. Technol., 51, 374-378 (2006).

Ozturk, N., and Bekta, T. E., “Nitrate Removal from Aqueous
Solution by Adsorption onto Various Materials,” J. Hazard.
Mater., B112, 155-162 (2004).

Ozcan, A., Sahin, M., and Ozcan, A. S., “Adsorption of Nitrate
Ions onto Sepiolite and Surfactant-Modified Sepiolite,” Adsor.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Sci. Technol., 23, 323-333 (2005).

Hamoudi, S., Saad, R., and Belkacemi, K., “Adsorptive Re-
moval of Phosphate and Nitrate Anions from Aqueous Solutions
Using Ammonium-Functionalized Mesoporous Silica,” Ind.
Eng. Chem. Res., 46, 8806-8812 (2007).

Arora, M., Eddy, N. K., Mumford, K. A., Baba, Y., Perera,
J. M., and Stevens, G. W., “Surface Modification of Natural
Zeolite by Chitosan and Its Use for Nitrate Removal in Cold
Regions,” Cold Reg. Sci. Technol., 62, 92-97 (2010).
Onyango, M., Masukume, M., Ochieng, A., and Otieno, F.,
“Functionalised Natural Zeolite and Its Potential for Treating
Drinking Water Containing Excess Amount of Nitrate,” Water
S4, 36, 655-662 (2010).

Xi, Y., Mallavarapu, M., and Naidu, R., “Preparation, Charac-
terization of Surfactants Modified Clay Minerals and Nitrate
Adsorption,” Appl. Clay Sci., 48, 92-96 (2010).

Selium, M. K., Komarmemi, S., Byrne, T., Cannon, F. S., Shahien
M. G., Khalil, A. A., and Abd El-Gaid, I. M., “Removal of
Nitrate by Synthesis Organosilicaa and Organoclay: Kinetic
and Isotherm Studies,” Sep. Purif. Technol., 110, 181-187
(2013).

Aghaii, M. D., Pakizeh, M., and Ahmadpour, A., “Synthesis
and Characterization of Modified UZM-5 as Adsorbent for
Nitrate Removal from Aqueous Solution,” Sep. Purif. Technol.,
113, 24-32 (2013).

Bhardwaj, D., Sharma, M., Sharma, P., and Tomar, R., “Syn-
thesis and Surfactant Modification of Clinoptilolite and Mont-
morillonite for the Removal Nitrate and Preparation of Slow
Release Nitrogen Fertilizer,” J. Hazard. Mater., 227-228,
292-300 (2012).

Yin, C. Y., Aroua, M. K., and Daud, W. M. A. W., “Review
of Modifications of Activated Carbon for Enhancing Conta-
minant Uptakes from Aqueous Solutions,” Sep. Purif. Technol.,
52(3), 403-415 (2007).

Wang, S., Ang, H. M., and Tade, M. O., “Novel Applications
of Red Mud as Coagulant, Adsorbent and Catalyst for Envi-
ronmentally Benign Processes,” Chemosphere, 72, 1621-1635
(2008).

Le Cloirec, P., “Adsorption onto Activated Carbon Fiber Cloth
and Electrothermal Desorption of Volatile Organic Compounds
(VOCs): A Specific Review,” Chin. J. Chem. Eng., 20(3), 461-
468 (2012).

Rengel-Mendez, J. R., and Streat, M., “Adsorption of Cadmiun
by Activated Carbon Cloth: Influence of Surface Oxidation
and Solution pH,” Water Res., 36, 1244-1252 (2002).
Loganathan, P., Vigneswaran, S., Kandasamy, J., and Naidu,
R., “Cadmium Sorption and Desorption in Soils: A Review,”
Crit. Rev. Environ. Sci. Technol., 42, 489-533 (2012).
Namasivayam, C., and Sangeetha, D., “Removal of Nitrate
from Water by ZnCl, Activated Carbon from Coconut Coir
Pith, an Agricultural Soil Waste,” Indian J. Chem. Technol.,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

60.

61.

62.

oo R e UL AAS AT 71& 13

12, 513-521 (2005).

Namasivayam, C., and Sangeetha, D., “Application of Coconut
Coir Pith for the Removal of Sulphate and Other Anions from
Water,” Desalination, 219, 1-13 (2008).

Hassan, M. L., Kassem, N. F., and El-Kader, A. H. A., “Novel
Zr(IV) Sugar Beet Pulp Composite for Removal of Sulphate
and Nitrate Anions,” J. Appl. Polym. Sci., 117, 2205-2212
(2010).

Zhang, M., Gao, B., Yao, Y., Xue, Y., and Inyang, M., “Synthesis
of Porous MgO-Biochar Nanocomposites for Removal of
Phosphate and Nitrate from Aqueous Solutions,” Chem. Eng.
J., 210, 26-32 (2012).

Kookana, R. S., Samah, A. K., van Zweeten, L., Knull, E.,
and Singh, B., “Biochar Application to Soil: Agronomic and
Environmental Benefits and Unintended Consequences,” Adv.
Agron., 112, 103-143 (2011).

Orlando, U. S., Baes, A. U., Nishijima, W., and Okada, M.,
“A New Procedure Lignocellulosic Anion Exchangers from
Agricultural Waste Materials,” Biosour. Technol., 83, 195-198
(2002).

Orlando, U. S., Baes, A. U., Nishijima, W., and Okada, M.,
“Preparation of Agricultural Residue Anion Exchangers and
Its Nitrate Maximum Adsorption Capacity,” Chemosphere,
48, 1041-1046 (2002).

Katal, R., Baei, M. S., Rahmati, H. T., and Esfandian, H.,
“Kinetic Isotherm and Thermodynamic Study of Nitrate Ad-
sorption from Aqueous Solution Using Modified Rice Husk,”
J. Ind. Eng. Chem., 18, 295-302 (2012).

Bowman, R. S., “Applications of Surfactant-Modified Zeolites
to Environmental Remediation,” Microporous Mesoporous
Mater., 61, 43-56 (2006).

Haggerty, G. M., and Bownam, R. S., “Sorption of Chromate
and Other Inorganic Anions by Organo-Zeolite,” Environ. Sci.
Technol., 28, 452-458 (1994).

Masukume, C., Eskangarpour, A., Onyango, M. S., Ochieng,
A., and Otieno, F., “Treating High Nitrate Groundwater Using
Surfactant Modified Zeolite in Fixed Bed Column,” Sep. Sci.
Technol., 46, 1131-1137 (2011).

Islam, M., and Patel, R., “Physicochemical Characterization
and Adsorption Behaviour of Ca/Al Chloride Hydrotalcite-
Like Compound Towards Removal of Nitrate,” J. Hazard.
Mater., 190, 120-128 (2011).

Socias-Viciana, M. M., Urena-Amate, M. D., Gonzalez-Pradas,
E., Garcia-Cortes, M. J., and Lopez-Teruel, C., “Nitrate Re-
moval by Calcined Hydrotacite-Type Compounds,” Clays Clay
Min., 56, 2-9 (2008).

Helfferich, F. G., lon Exchange, Dover Publications, New
York, USA (1995).

Liang, S., Mann, M. A., Guter, G. A., Kim, P. H., and Hardan,
D. L., “Nitrate Removal from Contaminated Groundwater,”
J. Am. Water Works Ass., 91(2), 79-91 (1999).



14

63.

64.

65.

66.

67.

68.

69.

70.

AL - ZAY

Darbi, A., Viraraghavan, T., Butler, R., and Corkal, D., “Pilot-
Scale Evaluation of Select Nitrate Removal Technologies,”
J. Environ. Sci. Health, A38(9), 1703-1715 (2003).
Samatya, S., Kabay, N., Yuksel, U., Arda, M., and Yuksel,
M., “Removal of Nitrate from Aqueous Solutions by Nitrate
Selective Ion Exchange Resins,” React. Funct. Polym., 66
(11), 1206-1214 (2006).

Buelow, R. W., Jropp, K. L., Withered, J., and Symons, J.
M., “Nitrate Removal by Anion-Exchange Resins,” J. Am.
Water Works Ass., 67(9), 528-534 (1975).

Dore, M., Simon, P. H., Deguin, A., and Victot, J., “Removal
of Nitrate in Drinking Water by lon-Exchange-Impact on the
Chemical Quality of Treated Water,” Water Res., 20(2), 221-
232 (1986).

Kim, J., and Benjamin, M. M., “Modeling a Novel lon Ex-
change Process for Arsenic and Nitrate Removal,” Water Res,
38(8), 2053-2062 (2004).

Bergman, R., Reverse Osmosis and Nanofiltartion, American
Water Works Association, Denver, USA (2007).

Symons, J. M., Bradley, L. C., and Cleveland, T. C., The
Drinking Water Dictionary, American Water Works Associa-
tion, McGraw-Hill, New York, USA (2001).

Elyanow, D., and Presechino, J., “Advanced in Nitrate Re-
moval,” GE Water and Process Technologies, Report No. TP-
1033EN 0601 (2005).

71.

72.

73.

74.

75.

76.

77.

78.

79.

Soares, M. 1. M., “Biological Denitrification of Groudwater,”
Water Air Soil Pollut., 123, 183-193 (2000).

Shrimali, M., and Singh, K. P., “New Methods of Nitrate
Removal from Water,” Environ. Pollut., 112(3), 351-359 (2001).
Hiscook, K. M., Lloyd, J. M., and Lerner, D. N., “Review
of Natural and Artificial Denitrification of Groudwater,”
Water Res., 25(9) 1099-1111 (1991).

Haugen, K. S., Semmens, M. J., and Novak, P. J., “A Novel
in situ Technology for the Treatment of Nitrate Contaminated
Groundwater,” Water Res., 36(14), 3497-3506 (2002).
Luk, G. K., and Au-Yeung, W. C., “Experimental Investiga-
tion on the Chemical Reduction of Nitrate from Groundwater,”
Adv. Environ. Res., 6(4), 441-453 (2002).

Cheng, I. F., Muftikian, R., Fernando, Q., and Korte, N.,
“Reduction of Nitrate to Ammonia by Zero-Valent Iron,”
Chemosphere, 35(11), 2689-2695 (1997).

Kumar, M., and Chakraborty, S., “Chemical Denitrification
of Water by Zero-Valent Magnesium Powder,” J. Hazard.
Mater., 135, 112-121 (2006).

Rautenbach, R., Kopp, W., Opbergen, G., and Hellekes, R.,
“Nitrate Reduction of Well Water by Reverse Osmosis and
Electrodialysis-Studies on Plant Performance and Costs,” De-
salination, 65, 241-258 (1987).

Eyal, A., and Kedem, O., “Nitrate-Selective Anion-Exchange
Membranes,” Desalination, 38, 101-111 (1988).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


