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Nitrogen Removal using Zeolite
at On-site Wastewater Treatment System

DI

Bang, Cheon Hee - Kwun, Soon Kuk

Abstract

Recently, absorbent biofilters, which are inexpensive and easy to manage, have been supplied to the rural
areas, but have limitations in removing the nutrients effectively. Accordingly, as an alternative plan, natural
zeolites were arranged in front or at the rear of the absorbent biofilters, and their removal efficiency for
nitogen and, ultimately, their applicability to the on-site wastewater treatment system were studied.
Furthermore, the same experiments were carried out on artificial zeolites, made from coal ashes at National
Honam Agricultural Experiment Station, to compare natural zeolites with artificial ones.

Treated wastewater through the Absorbent Biofilter showed 22.6% nitrogen removal efficiency, while
64.6% was attained when natural zeolites were placed in front of the absorbent biofilters (Zeolite-Aerobic
process). As an addition, phosphorus was also efficiently removed. On the other hand, Aerobic-Zeolite
process, which arranged natural zeolites at the rear of the biofilters, did not have significantly higher nitrogen
removal as compared to the treatment using only the absorbent biofilters. Furthermore, upon regeneration of
the natural zeolite, the ion exchange rate was found to increase over 10% as compared to before regeneration.
Our results show that natural zeolites, applied to the on-site wastewater treatment system through the
Zeolite-Aerobic process, not only increase the removal efficiency of nutrients, but, by choosing the
appropriate regeneration time, can also be cost-effective. Artificial zeolites, on the other hand, though more
efficient in removing nutrients, cannot be regenerated and, therefore, are not cost-effective.

Keywords : On-site wastewater treatment system, lon exchange artificial zeolite, Natural zeolite, Absorbent
biofilter
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Ch &4 HIO|EE{(absorbent biofilter)

A doledEls Waterloo  Biofilter
System®] oA AHRR Row A #Fol
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Fiz. 2 SEM Imcrograph for granular artificial zeolite
(x7.500)
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Microscope : SEM) Apdoltt
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Fig. 4 Photograph of the experimental system (Zeo-
lite-Aerobic process)

2 A7 AgS 4% A9 F2+= Fig 49
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A2 EZ(Zeolite Tank), Ao} (Control Box)
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Ml BAPIE Eetol 9 2% AR F ol
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E12 yeA 9ok
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Table 1 The Composition of artificial sewage

Composition Concentration
(mg/L)

Glucose 100
Bacto-peptone 100
(NH4)»S0x 100
KzHPOq4 56
NaHCOs 250
KCl 7

MgSOy + TH.O 40
MnSO;s + H:O 5

FeSOy - 7TH0 22
CaCly 4

COD, T-P, Org—N, NIH;"=N, NO; —N, NO; —N,
T-N & 107) et 2E 242 Standard
Methods®l we} Z4s1ch??

o}, Algul

1) Zeolite—Aerobic 374

JAFego] i drYold daE AAG
s HAAgeto]EG AyAgEo]ER 116%
Tl 22 AFAFHOEA oF 10 BVhE 055
TUAT A AfFER AlsetolEe] 28 Aed
& etk 1A XHER o v 772
Z Eobo] 2% AEAA 571272 FUYNA 418
[N

& AARY 37129 AAGHS o 20 L/day
ojtt.

oLUL]o}./H 21)\_4 ;{“7{ E/qo _1}01-}] $]3H
Hz 20 mg/lLY ELod o A7 pAe

Samplmg sl 1, AlgTlo|ES oo} Fliof
= AARSS JJrOLOV] 8 40 mg/Lﬂ 60

mg/Ii shjsled AL Esh FHEd) ©
& 37zE -‘4'??_} FE4E  Samplingd}o]

Zeolite—Aerobic EA(Z/A F7)E PN
o FAEAS Fetsigitt
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2) Aerobic—Zeolite &%

o] X ATLFE 37|20 WA YA
A9 FETE ]%E}O]Eiﬂ] o3 HYske A
SR2A, AgTolEd o AHYE igtetr] ¢
Az Aatgtgo] AR os AHolof dth o
= Aol Ad AS AR R
A4} Aokl weh ALz AAT +

3= o] AA Hi PO RA ALAAREO
Hol A= dglo] H7] wgolct. wpeh, $7)3%=
422% ZQlo] 2% AZAZOZA HAEE Zo]
A stk ol w 37129 AALEE <
0.0367 m*/day(36.7 L/day)olth. Al &ejo]Ex=
Z/A EA3 vl R 1155 B9 2% AEA

AA <k 10 BVhE 04% FUAFh
A7 37 (Aerobic—Zeolite TH)< Z/A 34
% vlwsky] Y& dEuerd dA 20 mg/le ¥
Fol At ﬂ"ﬁg Arstglod W §A7F A 0R
1A BTy, 8l 37|28 FHd &

sampling& 2 ot
9% FHRS 492

%55 samplingslto] A/Z ¥
TABAE getsiith
3) Al&elolE AAjale
Algetol 29 AL g8 A, BESHH A
At AR EE v & AN E
A&etolEo] AN Al o]Lu LS Felsto] A
AskA ks wek Mz nlasb] {9l
4 A B8 S gotol AYsith
)

F(1998)& T/t 2855, Jo] &

Aol %% Fsbt £k B3 glek et
et Qs olza 1 oas] Sl 9o

M= zpol7k A9 ekar whE)a Qlek ujelA,
AdleMi= § $(1997) 2 &
1.ON NaOH9] 250 mL9] #geo]EE
12285 S Arlskglen, A4
2103 AHs & & z
ek

105CAA A
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Table 2 Effect of ammonia concentration on ammo-
nium exchange capacity of zeolite column
(in natural zeolite)

) Total capacity Effective capacity

Ammonia } .
Cone, | Through| Capacity |Through Capacity

(mg/L) | ~put (mg/g -put (mg/g

(BV) -zeolite) (BV) | -zeolite)

20 195 0.91 18 0.27

40 199 0.79 10 0.24

60 192 0.49 6 0.07

- BV{(Bed Volume) = 0.1 liter
- Flow rate = 10 BV/h
- Effective capacity : assumption

Remark)

in C/Co = 0.5
1.0
=
Sg o8
oo
=3
£=
g5 os
5=
o€
2304
c = -
2w
E.
€% —~-20 mg/L. -k 40 mg/L —O-GOWLJ
< 02

0.0
0 50 100 150 200

Bed volume (L}
Fig. 5 Effect of ammonia concentration on ammoni-
um breakthrough (in natural zeolite)

T oleu% FFE YUY ¢RYot ¥EIt =
ofde] wz} 0.91 mg/g—zeoliteollX 0.49 mg/g-
zeolite_oj_ soldS oF 7} Qo w3k fE)
2w 0.27 mg/g—zeolitedX 0.07 mg/g—
zeolite 0E FUFY gRUYo} FLp Aget o
S wzi= Ao® ety | (1998)
10x14 mesh® 10 BV/holA % o|&w 3 2
°] 6.35 mg/g—zeoliteo] ¥, 7} AR HE&
C/Co=0.28}1 & w 3.59 rng/g—zeo iteg}al o
3t Qlo} ¥ AFelxEt thh H& $XE Ro
7 ot o2y SxES Uity B
sk glo] S HlmsAl vehtn dEE o

T7F AT
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=
o

ghaE s Al Al A2E, 2002
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7k

& o, /7|7 AAle] dist AT A& Y
duelr FAAZE AR FEgF
Table 32 Zth 47|17l QoA hiayold
T} 20 mg/L, 40 mg/L, 60 mg/LE &

Jbete] wel & olewd §%#E 0.61 mg/g-
zeolite, 1.73 mg/g—7eolite 134 mg/g—zeolite
o yepgor, fraolZuwEEwS 0.12 me/g-
zeolite, 0.57 mg/g—zeolite, 0.43 mg/g—zeolite
o7 uepdt) o]24 AdFA&eo)Eix g Yo}
d Ah w7t mopdel wet o] 2wt §go] v
A F7VeR: A4S 2YE ¢ U A% @9,
o] 5(1998)0f upitw ol Al-&etolEl= qhizufo}
A AAE 90.3% AAstL HAA S B
99.6% AAgCka Baska Qlo] £ el A
k= 0|7} Qli= Ao YEREATE o Ad
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w3k, B Aol AdAEeEtelEs) uAlet
o|tr vl A% Ay AAA Gl Ei: Ask
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A YA EerolES 0.61 mg/g-zeolite Lk ¥
& oFo) otuvold Aair AASIAG v, 2L
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1.0
S
=c 08
o O
p==
E=
e c
N 0.6
S =
f=
s §
‘EE 0.4
E 0.2 —-20mg/L 440 mg/l. - 60 mg/L
0.0 L
[} 50 100 150 200

Bed volume (L)

Fig. 6 Effect of ammonia concentration on ammonium
breakthrough (in artificial zeolite)

Table 3 Effect of ammonia concentration on ammo-
nium exchange capacity of zeolite column
(in artificial zeolite)

. Total capacity Effective capacity
Ammonia - -
Conc. Through | Capacity | Through | Capacity
(mg/L) -put (mg/g -put (mg/g
(BV) -zeolite) (BV) | -zeolite)
20 212 0.61 10 0.12
40 210 1.73 20 057
60 204 1.34 10 043
Remark) - BV{Bed Volume) = 0.1 liter
- Flow rate = 10 BV/h
- Effective capacity : assumption in
C/Co = 05
2. SHeist0]| olst AAMH Eb

7}, Zeolite-Aerobic SH

ZIA #39 AaAA 54E& Adehe AoE2A
A#7} Table 4, Table 5, Table 64 2.k o]
Atk A7IA, 2t AAE AR HE: 7Y 5 2
ZollAl AAR S A Flojrt

dEYoty HasEe] W COD AAES &
puopy A4FE 20 mg/LolARt HAAEefol
L 41 9%, AFHLEOIE 29.6%%F Aol BY

40 mg/lL.Y 60 mg/LofjAy COD AAEANA
/1«] Aol7k G5 & F7F AT wEA, HA
AgetolEg dFAgetoES §7/1E AA: &
TUoly Ao sl o]Fo] 7tk Johnson
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Table 4 Water quality characteristic of Zeolite-Aerobic process in the standard ammonia concentration

COD (mg/L) T-N(mg/L) PO,"-P (mg/L)

Average Rerr.;,lltoeV i Org N | NH{-NINO; “N|NOy -N| T-N Rerrggav al Average Regl{)g/ )

(%) (mg/L)| (mg/L) | (mg/L) | (mg/L) | (mg/L) (%) (%)
Influent 270 - 70 20.2 0.1 1.2 28.5 - 12.1 -
Natural Zeolite 157 419 34 14.9 0.0 15 198 305 6.5 46.4
Biofilter | 66.8 75.3 18 0.8 0.3 72 10.1 64.6 19 84.3

Astificial Zeolite 190 29.6 40 173 0.1 14 228 199 2.8 76.9
Biofilter | 50.0 815 08 1.1 0.1 78 9.8 65.5 0 100

Remark) - Standard ammonia concentration = 20 mg/L
+ COD removal rate (%) =each tank COD concentration/influent COD concentration®100

- T-N removal rate (%) =each tank T-N concentration/influent T-N concentration*100

- POs-P removal rate (%) =each tank PO:"-P concentration/influent POs* -P concentration*100

Table 5 Water quality characteristic of Zeolite-Aerobic process in the double standard ammeonia concentration

COD (mg/L) T-N(mg/L) PO/ -P (mg/L)

Average Rerr;fev ) Org-N NH,"-N| NO; -N|\NO; N| T-N Regl‘feval Average Rerr;lf! )
(%) (mg/L)| (mg/L) | (mg/L) |(mg/L) | (mg/L) (%) (%)
Influent 270 - 136 38.4 0.1 14 535 - 14.2 -
Natural Zeolite 158 415 12.2 30.3 0.1 1.3 439 179 115 19.0
Biofilter | 56.5 79.1 2.7 16.5 0.7 4.2 24.1 55.0 0.8 94.4
Agificial Zeolite 157 419 8.2 23.7 0.1 1.0 330 38.3 7.1 50.0
Biofilter 46 83.0 18 16.9 0.6 38 23.1 56.8 0.2 98.6

Remark) - Double standard ammonia concentration = 40 mg/L

Table 6 Water quality characteristic of Zeolite-Aerobic process in the triple standard ammonia concentration

COD (mg/L) T-N(mg/L) PO;*-P (mg/L)
Average Rerr;ltoev al Org N | NH N NO; "N |NO; -N| T-N Rerrzriltoev al Average Rerr;lé)eval
| {5 |(me/L)| (me/L) | (mg/L) |(meg/L) | (mg/L)| 59 “l
Influent 250 - 151 56.0 0.1 11 72.3 - 148 -
Natural Zeolite 177 29.2 112 485 0.1 1.2 61.0 15.6 9.6 35.1
atura
Biofilter | 61.2 755 2.8 34.0 0.2 15.0 52.0 28.1 16 89.2
. Zeolite 187 25.2 11.3 40.3 0.1 11 52.8 270 11 92.6
Artificial —
Biofilter | 589 764 29 33.0 0.2 8.4 445 385 0.2 98.6
Remark) - Triple standard ammonia concentration = 60 mg/L
168 ghops-g s A A447 A28, 2002
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Table 7 Water quality characteristic of Aerobic-Zeolite process in the standard ammonia concentration

COD (mg/L) T-N(mg/L) PO,"-P (mg/L)
Average Rerr;raltoeva1 Org-N | NHy'-N|NO, -N| NOs -N| T-N Reglt(;val Average Re1:9T11t0eVal
(%) (mg/L)| (mg/L) [(mg/L) | (mg/L) | {mg/L)} (%) (%)
Influent 260 - 118 21.3 0.1 1.2 35.3 - 12.6 -
Biofilter 57 78.1 2.0 17.1 0.2 78 271 23.3 15 88.1
Natural - - -
Zeolite 54 792 19 159 0.2 7.6 25.6 215 14 88.9
o Biofilter h8 77 2.1 185 0.2 6.7 215 22.1 14 88.9
Artificial -
Zeolite 55 78.8 19 169 0.2 6.4 254 28.0 0 100
Remark) - Standard ammonia concentration = 20 mg/L
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Table 8 Comparison of ammonium exchange capacity
of zeolite column between fresh natural
zeolite and Ist regenerated natural zeolite
(in NH/-N 20 mg/L)

Total capacity Effective capacity
Through | Capacity | Through | Capacity
-put (mg/g -put (mg/g
(BV) | -zeolite) | (BV) -zeolite)
Fresh 195 0.91 18 0.27
Ist 280 101 % 039
service
Remark) - BV(Bed Volume) = 0.1 liter

- Flow rate = 10 BV/h
+ Effective capacity : assumption in
C/Co = 05

tby Husln 3, Jorgensen et al.{(1976)&
AR o] w-go] 1.38 mg/g—zeolite ¢1H|
Hig] 539 QAL st ALelo|EE 2.14mg/g—

Table 9 Comparison of ammonium exchange capacity
of zeolite column between fresh artificial
zeolite and 1Ist regenerated artificial zeolite
(in NH;*-N 20 mg/L)

Total capacity Effective capacity

Through | Capacity | Through| Capacity

-put (mg/g -put (mg/g

(BV) | -zeolite) | (BV) | -zeolite)
Fresh 212 0.61 10 012

Ist
service 106 047 0 0
Remark) - BV(Bed Volume) = 0.1 liter

- Flow rate = 10 BV/h
- Effective capacity @ assumption in
C/Co = 05

zeolite® 55% F7Fettha Rasigich webA, A
e FogA o]2udgFY T 5d P 43
£o] ofd 3 A FHFCEA AAHow
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-10 rm
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