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Characteristics of soil and eco—friendly media for improving the filterability

and water quality in soil filtration
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Abstract

Nowadays, the challenges of ensuring good water quality and quantity of river are becoming more important for human society,

but there has been troublesome for purifying river water. In this study, we performed the fundamental study of a river water treatment

system using riverside soil and eco—friendly optimal media for improving river water quality and can also treat a large amount

of river water. As the results of the physical and chemical characterization of the two different soils (Kyungan and Chungrang,

The Republic of Korea), which were collected from real stream sides in the Han River basin, and five kinds of media (zeolite,

perlite, steel slag, woodchip and mulch), both soils were all classified as a sand, and effective size (Do) and uniformity coefficient

(U) of the soil were about 0.2 mm and 4 or so, respectively. Through the batch and column experiments with the soil and

eco—friendly media, zeolite and mulch were found to be efficient for decreasing nitrogen. In addition, steel slag was especially

superior to the other media for phosphorus removal. From soil reforming tests volume ratios were 2.8, 1, and 1 of Kyungan soil,

zeolite, and steel slag hydraulic conductivity of mixed soil was increased 1.30 x 1072 from 2.85 x 107° of Kyungan soil, and

the removal efficiencies of nitrogen and phosphorus were also improved. These results show that reforming of the soil enhanced

the purification of a large amount of water, and zeolite, mulch, and steel slag might be facilitated as proper functional media.
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S AT FEY7A (dio) # T 5AIF (U=dso/dio) &=
E3 A¥A 49 (Standard Sieve Test, No. 4, 10, 18,
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), 150um ©]s} 27|12 4782 particle size analyzer
(Zetasizer, Malvern, USA) & A}g-3te] 74319t 1l
%A (United States Department of Agriculture,
USDA) ol A|A)8kaL Q1+ sand, silt, clay 24| = o]
L3l BEAS 73t (Nemes and Rawls, 2004).
B A AANES FrATE EZAIEY = A
Aol &t Tl 2N 7hedl A9 Tl
Ho g FAseltt 3582 v52 Bear(1972) &) WY
of wpe} S35 0, oFo] %822 (Cation Exchange
Capacity, CEC)> B9 Fofl 9= Na’ & ¥3pA71 $ o
E8 otm o)l (NH, ) 22 X3k} atomic absorption
spectrophotometer (28200, Hitachi, Japan) S ©]&3|
ZA3513tH(Chapman, 1965). 3324 S&432 EoF 1l
Z+ AR L] AAA7E 0.425~0.85 pmzE 2EH 1,
2, 3, 4, 5g FYsIslen, A= AEsF (TN
[NH,—N1: 30 mg/L, TP [PO,—P]: 2 mg/L) S #|%5}0]
ARgstlon, AN E FRTE AFESte] 47
50mL 4% 5, 24413 524 120 rpm, 20T %7 &
ZAEE FEsielnt gt o A9 B vwE $l8) ¥4
FAPAAA W] (Philips XL30 ESEM—-FEG, FEI) #4<
AAE3ItHEFig. 1).
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Fig. 1. Schematic of column test for soils and eco—friendly media
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Fig. 2. Grain size distribution of the soil and filter media
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% 5 50% o173l course sand 0]/
T Ao® UEh, R S-S Rtk 5
3] m &4 3782 USDA (U.S. Department of
Agriculture) ol W2 AFH$F EQF BF AFE (sand,
B 85~100%, WAL 0~15%, AE: 0~10%) ol F=]
Itk Fig. 27 S B 194 oA (F-=3 Al9)
off thet 74 97 £EE BolFa Slvh T-elA Hxo]
T A BEFY dAREE W AR 548 Bolar 9
ok

237 A FolA= Hele| Eg HAES JAEET}

Sl nlsto] AlZelolEo AEH 1 dAEEEs
Al dehta glom, 53] &9 A= YRRt
0.3~1mm?] UH—or T Welel EaEshar °]D} o= 344
CAS ‘?Jﬁ Aok RS ARESIS] wiEelth oA ¢

EE Uehls FEdRs, 5 At
= Bolat T WellM ojais gl AlFAl
A7gap] wtoll ojAfe] wEE e =4
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FAT7E A A E ¢ Sl ] Sk ol
L(cloggmg) o] =l iz AN, FEel ot
e g T TEE ASARE FuskA X
em, o]e}h Wit FrAlart Ag ol Al
= 571 A, ;4;4%&0] o151 A
ol v wheA Jed 5 9l wdo] Slth(Bear,
1972). Table 2014 B v} o] LES B XFA|
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SEEoIAbETE  Faso]  "olA (S Ader g3,
2004), B 55U HalMe 44 dols oA
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ZE BESTS NEst] HEGSHE 259 144
gof] &3+ Wakatsuki 5(1993) 8] Aol = Eokoi 3}
ﬂ £ SUE HHo7 5458 wo)7] st Eoked
EE o]9]of] 5mm 719 AL ES F552] oJAZA
Al~9—o}°ﬂv} SHAINE AR EQRESEE W 5450 £
sl tish AN BIPL o] FoIXA] Gkor7] wiitel A4
Sl EFEE AlAEle] ol- & G’ ojdteS 2t
Ao tigh R Algsta QA Gtk o] wieto] &
Aol Fe Eok 9 AARES] FrAT AlfelAE B
ou AS B5AGY 2.85 x 107°%2 4K 1.18 x
1077 o]l HlBlM e 1/4 F 22 ghe nlon, 1 vgel
Algeto)|Est A& el vlsiA= A2 1/400 &9
S gk Btk o) 5 gk SUE % B
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EE ASE B QA9 A} vls F2ab) A
o

°lS Ao g stEr)

37 oA 2] 7ol Table 204 BEo] 7149
RA FAER e ARSI v oF 3 JER
O oAl vl Eqkom, FAES S f7]E2
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e
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o
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gxwﬂ st F2HsS sk oko]bﬂ%a (CEC) =
A3} HeolE, RAE, Aol o7 ¥ Fs
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| 7k Algetol 2k e A ow e ghe nel e
AgetoE ) QJHRIEI ThE ol Aol ulste] ol ulet %
wzo] 2ghy] Wito = by ESEME 043t vk

Table 1. Soil texture analysis of the field soil in Kyungan and Chungrang streamside

Soil texture Size distribution(mm) (Ch;:;gf; %) (KyE;agC;ir?,n%)
Very Coarse Sand 2.00~1.00 24.86 309
Coarse Sand 1.00~0.50 30.52 273
Medium Sand 0.50~0.25 11.59 7.4
Fine Sand 0.25~0.10 15.01 13.16
Very Fine Sand 0.10~0.05 7.88 7.61
Silt 0.05~0.002 9.05 11.73
Clay < 0.002 1.08 1.89
Note USDA system Sand Sand
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Table 2. Physical and chemical properties of the soil and filter media being tested
Kyungan | Chungrang |, Periite Mulch Steel Slag | Woodchip
Soil Sail
Eﬁeo(“t‘)’e) Size 0.063 0.170 1.800 0.960 0.190 0.340
10,
U”'for”(‘g Coefl | gogs 3.706 1563 1,698 48% 2265 LxB
: (1~7cm),
Max. Size 475 475 6.35 2.00 475 2,00 D=3mm
(mm)
Min. Size 03x10° | 0.17x10° 1 0.18 08x10° | 425x102
(mm)
Porosity (P) 050 0.32 0.55 0.55 0.55 0.44 0.82
Spec'f'fs)era"'ty 238 24 178 045 160 204 065
Hydraulic 085
Conductivity < 10° - 129 - 118 x 102 1.17 -
(K, cm/sec)
OM (Cof;‘te”ts 28 28 66 11 263 00 95
Water (S()Jmems 130 94 130 04 2838 003 30.1
CEC (meg/100g) 46 44 58 317 46.0 41 49
Table 3. Adsorption capacity of the soil and media for nitrogen and phosphorus
Chunglrang Kyungan Zeolite Perlite Woodchip | Steel Slag Mulch
Soil Soil
Adsorption N 938 1414 2129 86.0 525 124.8 2571
capacity
(mg/kg) P 20.8 246 19.2 1.8 6.8 60.1 18.1
A A¥:= Fig. 304 Bizo] B4 A9 A s & Alo] &8 2SIt Table 32 52 A2 AE Yehllz
e B 7E fldlon, galolEY Ag- 1f ZHEA STt &7 AFA s oA F Ao FaReS Aleet
2AY P A0 10, ARIS AR KU @ ol AL T 53 350] S0k Al
o FFE 2L 0P TEE o[FIA Yo P F =Y AS grrlopy Aol tht FA5Ho] S5k
ol FE|3t FEE ZH= o7 Helt) Chen 5(1999)¢] Bt Ay} AX3h= Aot & = 3l
th 3 Al S| Es v d 2 ol wkgeo] §)
30 E9f gl o;|7(H_g| ERIEN 1, B3] gRYod Aiof thsh 2 MEAS 74X 1 Q)
271 o) ARAEF(FTHH, Fekd BEoh ¥ 571 1% 7] Wil FabsEo] s AR dEA qrH(ddE
733 A (zeolite, perlite, mulch, woodchip, slag) ol ths} %, 1999). Q18] AZFEE1odA 7 =2 F2HEe] SISl
o] &4 9AEA] TS vy Hrlel] Y8 F2a o} L8719 3RS Si0,2(20.4%), Fes03(38.2%)



M RESTERE VRS

o
rH
e
=l
Ofl

Bot+=88Xl, =g
247 4%, pp.453-462, 8%, 2010

Chungrang Soil

d“"

Woodchip

Steel Salg

Fig. 3. SEM pictures of the soil and filter media (Magnification: x 1,000)

Alb03(9%), Ca0(29.6%), Mg0(6.3%), K20(0.16%) ©.
2 FAE] Qo] FEAAANAFATY, 2007), Ca™,
Mg™", A%, Fe*?, Fe™ AE-50] elato] 9] A7 o
RO oA 53], Hol£9 AT {359
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D) E dde® Y Al disl J&5R4] A
pow, 3 A3l AMEEYY T, A
el EoF 5572 X3 ofAlel digt AY A Ay
Fig. 4} Zth A2 N0s —N+NH, -N) s} 21 (PO, ™
—P) B EFA AAGEe] woke, 53] A4l A
T T B, 19 A= A Eoko] 3t
1317 oAl A4 AAaEo] 919 -9 nls) F35
SHAl =31 AR R o] 2] FolA = AlgTolE, F
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A
[e}
dekEny 374 Ader s sl R s Ax
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U, AP ALgal s e AA s34l A
= dEYold A9 oFof nldl] Aikd AA49 vlEo] E
R 77] W&o (NOs —N: 16.7 mg/L, NH;*—N: 0.95
mg/L) Z=2 AZF 3ol o3t Al AGE HlwellA 32
A3l AAg o] 2ol7}t U= A0 2 AR FHTE AYAY
T} 552 Ao A §91422]P0, P ~PEr}t AA 2o 7}
U] o9k Q1] 9= 3|44 A gl nixbriR| 2 &
Y12 2 AAFEO] 7HF 5830t Algto] Ak
T2 AAQ5S 2% A4 9 % AAFTE0] "olx|& vk
| AYEH 10 A9 Q12 AAaEo] APE AWs= &
et F A= %t

ANH O B9 AP A AP BF Aast Y
A7 AR A W YA Bl 3 e
E R o 5 Qi oz Ao R Bk Ao A

459 ———



Journal of Korean Society of Water and Wastewater
Vol.24, No.4, pp.453-462, August, 2010

—— 460

20 35 18 100
18 *» & » Y » ' 'y 16 'y » ! & [ [ ] a0
[ ]
16 T * i i * ” i - 80
4+ 14
~ 14 25 - 9w
= 7 = 12 — 5
o bl N o
z W § RE a1 — g RE.
-:E 10— § . ':E os + | [ % #inf
§ 8 15% mef E 1 ~a0 8 met
8 b 'i' o 2 8 06 — = — [— 5 2
Nl B N .i. | 04 ——— .—7 20
2 — — — _ — —I— L 3 02 — — ] — T — 10
o 0 o I o
Chungrang Kyungan zeolite  perlite  mulch woodchip steslslag Chungrang Kyungan  zeolite  perlite  mulch woodchip steelslag
Fig. 4. Influent and effluent concentration, and removal efficieny in nitrogen(a) and phosphorus(b) for the column test (R.E.: removal
efficiency, Inf.: influent, Eff.: effluent)
Table 4. Comparison of removal efficiency and hydraulic conductivity between sail, zeolite, steel slag, and mixed soil
Kyungan Sail Zeolite Steel Slag MS+
Nitrogen 1.7 (+6.1) 82 (3.9 52 (£5.2) 27.8 (+12.1)
Removal
Efficiency (%)
Phosphorous 70.1 (£23.1) 454 (¥18.4) 724 (x1.4) 74.8 (5.4)
Hydraulic Conductivi
y bt 285 x 10-3 129 1.17 130 x 10-2
(K, cm/sec)

* MS (Mixed Sail) : Kyungan Soil + Zeolite + Slag (2.8 : 1

12 AAGE] §-
74 oA TOML
7%** o] TTOWE}
FAE7} 9akalan, Q1 AA OHL A& 27 o A

nls) gLt a7t 952 Flskoict 8 o
A Aol EYT-S ANt of shrhd, 2 Ao A A
gt AlgEto|E, AR, AZEH IS Agste] 7)e4e

2 843 5 9lg Bolgt AlrH) 53] skAE R
4= A7)170] 2012:35E] BOD 10 mg/L o4 5 mg/LE,
COD 40 mg/L ¢4 20 mg/L. &, TP 2 mg/L oA 0.2
mg/L & % Zstdvty she S 1ed o (3T,
2010), a5 Aejint ofye}, shA )%

=l
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oI T =
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33 EVHEC]| wE Fot
Bk iAo thet E3E Dotny] Y FrAFe A

1)

o} Qlof| tist M| a &S AHUAP S Bl AP
It A7) Bk} ofAle] FAs
FArA| o] A s} <lof] thgh A A5l
2%}, Table 494 Hi= s} 7o) 7t
o] E 9} A7)0l Blal 4004
& 3ol e A e £l

229} Q1 AA $stE xﬂﬁa}fﬂ@} %Eﬂz
2 2.8 10 19 Hl&R Alojx A-AdEE §
AAZES =43 A3} Table 404 Bo] 7|A3E B
o] ErAlS Aok Bkl 285 x 1070 cm/secoﬂfﬂ
1.30x107% cm/sec® Z7kato] oF 4,604 % F540] =
ofx a1, A9l Q19 AARE HollME ZH 11.7 oA
27.8 %, 70.1914 74.8%% AAEES FA8 1 tha
7Pk AS® ekttt o]} o] AAUY Ede o
S AEA AAFo] Y WA AT HEs nEE A
of A5t & s sE $13t Efoizlol o] gt}
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