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Figure 1. Grading curve for the used sand in the filter.
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Figure 2. Grading curve for the used anthracite in the filter.
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Table 1. Characteristics of the geotextile layer.
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Table 2. Chemical analysis of Semnan zeolite clinoptilolite (%).

ALO; SiO, TiO, Fe,0, CaO MgO Na,O
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11.8  66.5 0.21 1.3 3.11 077 2.01

MnO PO Reduction in the weight
percentage due to the combustion
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Figure 3. Grading curve for the used zeolite in PRB.
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Figure 4. The filter system used in the present study.
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Table 3. Penetrability coefficients of the constituents of the PBRs.

(466 S Bl) s s e sl
Penetrability coefficients (Cm s constituent
0.0256 Yoo L;j)avULAJ\-\;Q‘j‘a.LiJ)MLA
The sand passed through the sieve No 16 and stayed on the sieve No 200
0.0747 \-\L;j)a.b'bsj/\ ;{.“)"AJ..:J)MLA
The sand passed through the sieve No 8 and stayed on the sieve No 16
CMJ £ .
0.0421 7
Zeolite
Sl 2T
0.0540 i
Anthracite
Al o3l
0.0388 S
Iron borings
o)l St
0.0344
sawdust
Sleded oy anle (6358 O35 YU s LSk Ao by e 6 pddsd S i Y dsds b
WPRB 5 aule pf 51 0T S 655 okile s A S Sl an by o O Ja g pdid el e reS s anls
J_IJ.:E)J U.L_gﬁ) a.ﬂ;: (S BE L oS oslarul )LS‘L_: bg\v\? S ped S J.-:-Yl.luﬁ UAT oJ\J.f 9 a)‘
sl ol 05, S84 ng_.l_ér)j Cools Mo Gl pl &S il a,

oealoslp O3 a5 ol Cl o)l St

ay



o 3 Grdad s slagilbesl plal 5l

B350 o s 32 Ulpoaty 4 5 a5 O] gl
NP S P A Ct B S DU P I I
RO VA DRGNS VA T-IRPIPIVA T JICTS RO
3 Sl o o)l SN 5 el el LY
S5t =S5 LPRB (s pdds8 oy Ad w8 8
el Y8 Oley S8 5 S plal 5l de

S0 = o el s ilasl b

Sl s s a3 slse 5 ciliis lads s
Ao il Ls(o IS2) glany 5 o Sas
s 2 PRB IS 035 7Y 050 U7Y 51 cd 55
3t M s (5 35
AN I SN SN SRRV PO I PN ESUN
=35 PRB (s »d358 PRB s 03,5 7Y U

0.05
=
3 0.048 -
2
(1=
}SL_“ 0.046 -
iom
2 E ;
¥ o
W e
3 0.042 |
5
~ 0.04 —
0 2 4 6

8

Consumed zeolite (%)

10 12 14 16 18 20 22 24

(L) b e Zdsi

P s S $) A3 &y o (523 g Dl i -0 JSS
Figure 5. Variations in the penetrability coefficient versus the percentage of the consumed zeolite.
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Figure 6. Effect of the pH on the surface adsorption of the nitrate by the iron filings (the initial concentration
of nitrate was equal to 100 milligrams per liter, the concentration of the adsorbent was 5 grams per 100
milliliter of the solution, and the contact time has been 24 hours).
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Figure 7. Efficiency of the nitrate removal in different pH levels using sawdust (the initial concentration of

nitrate was equal to 100 milligrams per liter, the concentration of the adsorbent was 5 grams per 100 milliliter
of the solution, and the contact time has been 24 hours).
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Figure 8. Efficiency of the nitrate removal in different pH levels using iron borings (the initial concentration of
nitrate was equal to 100 milligrams per liter, the concentration of the adsorbent was 5 grams per 100 milliliter
of the solution, and the contact time has been 24 hours).
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Figure 9. Efficiency of the nitrate removal in a period of three days and in the optimum pH in different
concentrations of the nitrate in the presence of 100 grams of the adsorbent.

PRB ¢l e Ao s Sl (sl 0l s

N U | R W PRV L WPV R PR W AR
Olaj 3l A Gl Ol 5 )gj,";:r.\pjouj NS
L 53 PRB ¢l = celn 41 Jslws Ol 555

Al a S

Ol s Sl Ky, p odlr b eles 0l L8l -

PRB L.
Sl e s ltas 10 6 jlemd yigloa 3
S sl Ol o pw el AT BYY 51 0L
So s cde G el AT Ol Sl ol
Sl AT Olej s ol e o o b Sl

Al e BT g e aniS Jalas 0oy Of 4 &S

100
2
. B 80
Yz 60
338
',{%E 40 1
13 20
5
o)
a o -
0 12 24

36

Contact time (hr)

48

84 96 108 120

60 72
kel Ola

ol ¢;\~~ s 53 wilises la0bey ja Vor mE/L O 25 Wyl chle g pH s Of 23 Bde el -V S

Figure 10. Efficiency of the nitrate removal in the optimal pH, the initial concentration of nitrate was equal to
100 milligrams per liter in different times, in the presence of 100 grams of the adsorbent.
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Table 4. Column test results for the removal of the nitrate.
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Abstract

Background and Objectives: Currently, in many parts of the world and even in Iran, the high
concentration of nitrate in drinking water has shown to be a serious problem, mainly caused by
the introduction of agricultural wastewater and home and industrial sewage runoffs in the water
resources and especially in the groundwater. The ultimate goal of the present study is to design
and investigate the bio-geo-filters in order for the elimination of nitrate from the runoffs.
Materials and Methods: In this research, alternate layers of non-woven geotextile filters and
granular soil have been used for reduction and removal of pollution. These layers are of
paramount importance in terms of their permissibility and absorption capability. For selection of
materials some points have been considered, which include the material capability for pollution
elimination, their accessibility and maximal cost-effectiveness.

Results: After conduction of permissibility tests, the ratio of the weight mixture of the applied
materials in PRB has been considered as 25% sand, 20% zeolite, 20% iron borings and 10%
poplar wood sawdust. It has been observed that for pH=7, the maximal nitrate absorption
efficiency by zeolite is about 69%, sawdust 29% and iron borings 12%. As indicated by the
results of nitrate absorption through the final mixture of PRB in different concentrations of
nitrate under optimal pH conditions while other parameters being constant, maximal absorption
is due to the concentration of 150 mg L™ and occurs in about 83%. The more the original nitrate
concentration increases, the more the absorption amount goes up. Moreover, nitrate elimination
with equal amounts of absorbent and optimal pH has been performed in different times for
determination of equilibrium time and the maximal elimination of 100% has been obtained in
equilibrium time of 96 hours. In the administered test for removal of the pollution, after the
growth of biologic mass in its environment, the filter was able to decrease the amount of nitrate
up to 99% after the elapse of 9 days and consequently its final amount was decreased from
100mg L' to 1 mg L™

Conclusion: The designed permeable reactive barriers with the percentage of weight mix has
the capability of adsorbing a quite large amount of nitrate in a short time. Washing of adsorbent
materials and removal of the pollutants result in the increase in the especial surface of the
adsorbent and thus the adsorption power increases.

Keywords: Bio-geo-filter, Nitrate removal, Treating urban runoff, Absorption, Low-priced
absorbents
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