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Leaching of Ionic Components from the Soil
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Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University

Supervised by professor Youn-Keun Oh

Summary

An agricultural land application of swine slurry is one of the best management
practices in Jeju island whose ground water must be protected. So as to study
the effect of appling swine slurry on ground water or aquifer, incubation-leaching
technique was used by assuming the incubating period of 1, 2, 4, 8 16, or 32
days, and application rate of 134kg N/ha, 34kgP/ha, and 80 kg K/ha, which
accounted for 42ton/ha swine slurry. The leachates were collected from the soil
columns(PVC 30cm Lx5.5cm D) packed 15cm in depth with Gangjeong soil series
by washing with 100mL distilled water. The leached components were measured
by using Ion chromatography for Cl, NOs-N, F, Br, Na, K, Ca, and Mg, atomic
absorption spectrophotometry for Fe and Mn, and UV-Vis spectrophotometry for
T-N and T-P.



1. The application of 134kg N/ha in swine slurry yielded nitrate-nitrogen of
1.18mg/L - day in leachate, while chloride increased in 1.0mg/L - day until 4 days,
but reduced to a fifth of 0.2mg/L - day since 4 days through 32 days. However,
those from the reference column was constant.

2. pH and concentration of HCOs resulted in reducing with time, irrespective
of application, which was estimated to be due to mineralization or weathering of
soil components.

3. The value of electrical conductivity(EC) appeared to increase with time,
while the equivalent sum of anions and cations were 3.1-4.8 meq/L and 2.9-4.2
meq/L, respectively, in which the more leached anions of 0.2~0.6 meq/L
suggested that the anions be more contributed to increasing EC in leachate.

4. The components of F, Br, PO437, NH4-N, Fe, and Mn, were leached in trace
amount, of which bromide concentration was the highest but not detected more
than 057 mg/L in leachates, indicating that they can not be used for evaluating
the effect on ground water.

5. The amounts of cation in swine slurry was in the order of K, Na, Mg, and
Ca, whereas those in leachate were Ca, Mg, Na, and K, which suggested that the
exchangible cations in soils must be leached because of soil environmental
changing from swine slurry application.

6. The concentrations of NOs-N in leachates were negatively correlated with
pH(r=-0.90""), but were positively correlated with Ca, Mg, and Na(r=0.85""
0.81", and 055", respectively), meaning that the exchangible cations in soils be

leached because of H™ produced in nitrification.

Conclusively, application of swine slurry in naked soil could influence on the
ground water or aquifer by increasing nitrate-nitrogen in leachate with time, or
leaching the cations present in soils in accompany with anions because of H'
produced in nitrification. Therefore, careful consideration should be taken about

what amount, when, where, and how for protecting ground water system.
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Fig. 1. Map of soil sampling site and soil series in Hallim taken from GIS.



Table 1. Methods and equipments for soil analysis

Items Methods and Instruments
oM" Walklly and Black method
P205 Lancaster method, UV (Spectronic Gernersys-5)
N Kjeldahl method, Kjelteck analyser 2300 unit
(Foss tecator)
K, Ca, IN Ammonium acetate method,
Mg, Na AAS(Varian SF 220)
CEC™ IN Ammonium acetate method,
AAS(Varian SF 220)
pH pH(1:5), pH meter (Orion 230)

* ¢ Organic mater, ~ : Cation exchange capacity

Table 2. Chemical properties of sampled soil

Exch. Cations

pH OM N P2Os CEC
(155 H0) K Ca Mg Na
— % — mg/kg ——— cmol / kg —————————

1 6.58 2.20 0.25 27.00 0.41 6.45 4.04 0.27 18.29
2 6.47 2.16 0.27 21.00 0.44 6.49 4.09 0.27 18.60
3 6.58 2.17 0.29 26.00 0.46 6.31 3.97 0.29 18.51
Ave. 6.54 2.18 0.27 24.70 0.44 6.42 4.03 0.27 18.50
SD 0.06 0.02 0.02 3.20 0.03 0.10 0.06 0.01 0.16
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stgith. T-N, T-Px UV-VisE 34 EA(HP 8453, Agilent, USA)E 72k 249] 4

of~F 2B AW o o3 ZAEAT, %ol &(Na', NH,- N, K', Mg®', Ca®)# &ole

’

(CI', NO3 - N, NOs - N, PO,~P, SO )2 045um filter(MFS-25, Advantec) = S3A1A Table

39] EA x4 o] 2 A ZrtE 12 3] (Dionex 500, USA)E ©]-&3ato] 4138151

Table 3. Analytical conditions of ion chromatography for cations and anions

Cation Anion
20 mM Methane 3.5mM Na2CO3
Eluent . .
Sulfonic Acid +1.0mM NaHCO3
Ionpac CS12A Tonpac AS14A
column
(4x250mm) (4x250mm)
Eluent flow 1.0 mL/min 1.2 mL/min
Inj. volume 2510 2510
Detector range 2548 30us
Current 100 mA 50 mA
Peak threathhold 3,300 3,700

Table 4914 HeIx)i= nle} 2ol NH-N, NO-N 2 NOy-N&= 242+ 20000mg/L, 550 me/L
2 161mg/LEA o) I7HA] A& & ddsh= T AhE 24601 mg/Lo)ith T-N2
32000 mg/L2A F71dedaste] Ag frIdAR ek A7) d4aE 5l0mg /L= 4
e} E3 T-PE 800 mg/LE 22449 2% 0|2tk

gol Lo zME Clo] 8761 mg/LE 714 ®gow, t&e SO, PO-P7} 217 4648



mg/L, 2853 mg/LZ WEETh NH,-NE A9 Foleo) g3& K, Na'|, Mg” 2 Ca’' 9|

SO R I870, M62, 2365 E 2203mg/LE YEh ESE g 9ok vilE JERIY
(Table. 2).

Table 4. Concentrations of components in swine slurry

Components Concentration(mg/L)
NH4-N 2089.0
Na’ 546.2
Cation K’ 1887.0
Ca”’ 2203
Mg” 2355
Cl 876.1
NO2-N 525.0
Anion NO3-N 16.1
POy =P 285.3
SO4 464.8
T-N, T-P T-N 3200.0
T-P 820.0
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FAGTEFer Aosh] wiitel A 27] EYe] e R8T wA8] flsiA ol

e 10ml (42 tonha)E 3L, 19, 29, 49, 8¢, 169 H& RYo] At Fol| A

100mme Ak F4E 42%, EFAY @HAS 18ste] 100 miz sFAth2] 1).
FAF 100 mL = 100 mm(3FE) <042(3%8) x238em (AH] WA <o v v venn (1)

=it A 29 et iz DS AAjste] Aeldk 23 FA2E A vl 2es
S GEHS 4TColstE WHET § HF Ao §gds A F FA S s

pHS} A7 =%+ pH meter(Orion 230)2F 71 E%A(Orion 120)& ©]-8-3F912H, Fe, Mn
A=A (Spectr-800, Varian, Australia)S o]-8sto] Z+z} 2480mm, 2495meol A Z7431
HCO; & bromocresol green A|A2Fo & ale] 002N HCIZ AHASUTE o2 F, Cl, Br,
NOs-N, NO-N, PO;”, SO{" ¢} %ol Na', NIL - N, K, Mg”, Ca”' Table 39] Zzio2 getolg
0.45¢m filter(MFS-25, Advantec) 2 & XA|A o] AZnfE g 2519

2 wro ARE 5H A FHARE S0l 0029~03209 HAE B, Fol
0.019~0642¢] W92 Yeuith 94 w55 WAHSRE 1200 sMshdA Z74319S W, peak”}
el A 2 A WIS AEAR Felsla, ARAe F50Ae] 39 fgow itk

rlo

Table 5. Physical properties of the soil column for leaching experiment

Bulk density Particle density Porosity Hydra1.1h~c
. . conductivity
(g/cm) (g/cm) (em/sec)
1 1.30 2.66 51.10 957x10°
2 1.30 2.75 52.80 9.62x107°
3 1.30 2.81 53.80 9.52x10°
Ave. 1.30 2.74 52.60 9.57x10°
SD 0.00 0.08 1.37 5.00%10°7°
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Elapsed Nonttreatd Treated (mL)
time(days) (mL) Col. 1 ol 2 ol 3 e -
1 (6} H 81 30 32.0 27
2 72 36 9 30 81.7 38
4 67 R B & 88.3 35
8 73 3 8 (6} 9.0 46
16 68 65 67 61 64.3 31
32 60 61 63 60 61.3 15
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1) Aol &(Cl )

Haole $EEE hxTolA Z7] 2mg/LolA 329 73} Folx 30mg/Lz D48 vehd
ahd Aol s A19717% Smg/lellA] 1I5mg/LE F7HkET, 19004 49714 1Y Img/L=
S7RIL, 1 Selle BY B2t 02mg/l/day= F7kete] 894w0) 168 7HAaSithFg. 3).

oje} Fo] A F 4UE A - FajA Hioleo AU §BEEI A Hadt
7189 Tal&E 2 B9 pH M3l 5 EdsA ] Ml 7|Qlsks Aoz AR

w3 EERe] Ao gaole A¥Eke 37kg Cl /haza] tiztol HlgiA 3 ~12mg/L
A b, ol wie] Ao dafe] 271FE vehks 3S oJwlEisith o] ¥ 27|
FFE Uehlle olfre Gaolo] ol Wil gl7] wiito] EgQiate] o]y whlE o

ofsto] =9 ol et 7] wiEell yehhs e 7wtk Misrast Mishira, 1977, 31, 1994).
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Fig. 3. Comparison of chloride concentration in leachate between non-

treated and treated soil columns with elapsed days.
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Fig. 5. Comparison of sulfate concentration in leachate between non-treated

and treated soil columns with elapsed days.
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Fig. 6. Comparison of bicarbonate concentration in leachate between non-

treated and treated soil columns with elapsed days elapsed days.
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Fig. 7. Comparison of sodium concentration in leachate between non-

treated and treated soil columns with elapsed days.
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Fig. 8. Comparison of potassium concentration in leachate between

non-treated and treated soil columns with elapsed days.
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Fig. 9. Comparison of magnessium concentration in leachate between

non-treated and treated soil columns with elapsed days.
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Fig. 10. Comparison of Calcium concentration in leachate between non-

treated and treated soil columns with elapsed days.
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Table 50 UERA wle} o] =5 % K, Na, Mg® 2 Ca”'9 =7} 1887.0, 5462, 2355,
2 203mg/LE 2}z ekl Az} w2 88S G Mg”, Na' 2 K9] o2 7hasidr). o=

s 3 Folo] SEHAW| Bk =] A= Q) wskd Bl o BT
A Folo] Gl o7t Aor A7,

4 Fadof ME MIM=E Het

WHEEE 718 198 5 e 229 S veple Ax=A §29 T A Kelectron)
Foll sfBar] witell Fol&at Folol FFe] e AVIHERS} AR Ao] dubH ol

Table 7914 HoA &= viep o] gz AVHEE Fhe 326 ~528us/m=E



>,
o

do] Aol wet Frkste AFS EHAa, ol Fol @R & 7
1~48meq/L, 28~42meq/LE &°]°] 0.2~0.6 meq/LEA & & % 3l t}.
o] 2o thdlt ol2 HE&L 1124 AAHoZ 16¥d FEHN(1.3)S A3t 7
e et olE AR Toste o], ol HE&E itetd
7} 51~559%, 45~49 %<9 Fxd AT AT

oj} 2 A EFUA] FH wel Folo] vig =4 22 5 ds o=

Jﬁ fo o2 1N

SSEAT, Folew EXRT BN A Soleqe] §UHE HAA EGF A8

FolZo] FrutgeE wA 7Ilehs Alr dSEATHE, 1994).
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Table 7. Equivalent ratio of anion and cation leached from soil column treated with swine slurry depending on days after application

Anions(meq/L) Cations(meq/L) _
D EC Ratio of
ays
(s/m) - No, N SOZ  HCOs  Sum K Na®  Mg® Ca2  Sum A/C

1 3.26 03 0.1 0.8 1.9 31 0.1 07 09 1.3 29 11
2 3.39 0.6 0.2 0.8 16 3.2 0.1 0.7 09 1.3 2.9 11
4 3.30 0.6 0.3 0.7 15 31 0.1 0.6 0.8 1.3 2.8 11
8 3.40 1.0 0.3 0.8 1.1 3.2 0.1 0.6 0.8 1.3 2.8 11
16 395 2.0 0.3 0.7 1.0 40 0.1 07 1.0 i3 32 13

32 5.28 3.0 0.4 0.6 0.8 4.8 0.1 0.7 1.3 2.1 4.2 1.1
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Fig. 11. pH variation of leachate by elapsed days.
oeldt Ry ATAEY AE vl B w, 2|9 SHele] pHr} EopE olf EFS
Azt zAldke Fol EFYA} vhslwa Fahen, vigAste BRI 276 sl

ST Tl ddf FiEaEEA He Axgst teol OH 7I7F A7 miEes 4%t
(Wild, 1992).
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Sy ole] WS Yol AYE Hole, FRagel g A3 Fiolen Feele $ol

Table 82 A7 % 7oA ZA2pd ngedE4de] s #X 5 YeRA Flojch Xzl
A BAE F, Br, PO;-P, NH;-N, Mn, Fe% PO,-P, NH,-N&= #AZ5A] &to) F, Br &
27} 0.18mg/L, 053mg/Lolstz AZEHJTh E3F Fe, Mnke AA M o2 7153HA] o]Ao]=|qt

Fujgos AZHUE oA dETAME et FFEoR §9H ZloR Ko EY Ao
3y Bdolgt AZEh Fi s 2307, sPebde] Ede] ol E3HE(AWWA,
1971), disrellA - Fits=7) 1.4 mg/LA %o i Benifield, 1982).

Br& & 34 9 sl g B NGl A= (Gary Amy T 19%4), 2945 Br
< 053mg/L oletE AZHUAR, tx2T9k Fo4 A= Aole qlodth web  EReAe
of ot JPojzpr|nrhs EFAF Aol dljety} "ol ez A|golojA] ajFe % g
2 AHEATHE 1999).

;- P, NHNS 1ol A 323t ) 2ol A &ebo] 4] ¢kgieh. PO, -P7L 8954 ¢
& AL PO,-P7F E%Fke] 733k AdHHiston. 1967, 1968)S 817] o], o] $-EEHH|Z o]
£3 BEoh fole 8o AEHA ¥ A(H, 1903, AEA Y] sy s U &

FollM BEFE wHEo] o213t oS Wugs Al PO -P7F SEA oFd A(aL, 19947

NHNo| 8957 gk AL 89 Ha1E 2t Bl Folexasd ur o) dals
26 NH-No| E%9] claysh colloidel §35j0] ool g5 A} EFBUS atshs Afolo]
9] o gt

M| ZA2ol uh FEahs 2909 29904 008 mg/LolskE AEHUL B rix 34
Qo= P8 AZol HA B9k, Fe 016 my/L olatold] mlgel At AEwA) gsleh, o=
FEoAE B velx] Eaha el et E7elel Fe, Mnol $m7b 7b

A

il
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(£ 5, 2000002 odHARt st njgos Aad Aow & wf Akshe Aeje] o Aol

A Aol 29 5 ek

Table 8. Concentration of trace components in leachate from soil column

treated with swine slurry with elapsed days(unit : mg/L)

Elasped days F Br POs-P NHsN Mn Fe
1 0.17 053 ND ND ND ND
2 0.18 0.27 ND ND €0.03 0.05
4 0.18 0.26 ND ND ND 0.01
Treated
8 0.16 027 ND ND ND 0.02
16 0.16 042 ND ND ND 0.02
32 0.17 025 ND ND 0.03 .16
1 0.17 0.33 ND ND ND ND
2 0.13 0.29 ND ND ND ND
4 0.16 0.23 ND ND ND ND
Non-treated
8 0.16 0.31 ND ND ND 0.01
16 0.18 0.22 ND ND ND 0.01
32 0.21 0.28 ND ND 0.01 0.4
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Aol o] 23t e AE-S B8] flaiM 4 ARt RS pH, EC 3 ol

Hole] vk WIkE SAT gk oI 01%, 1%, 5% F<wollA £298ko] Table 90l R AT

Table 9. Correlation coefficients among pH, EC, and leaching components

pH EC Cl' NO;sN SO/ HCO; Na' K Mg”

EC -0.80""

Cl -0.56"  0.66~

NOs-N  -0.90"" 0.89™" 065

SO~ 057" -065" -036 -067"

HCOs 0.76™ -052" -047 ~0.777" 044

Na’ -048" 083" 042 053" 045 -0.15

K 0.23 002 -026 -024 -0.09 051" 023
Mg® 069" 098 059" 081" -060" -036 085 0.13

Ca®  -0.73"" 099™ 063" 085" -0.62" -041 083" 009 0997

* ! significance at 5%

*% | significance at 1.0%
x#% | significance at 0.1% (df=18)

SEAF pHotel JAAAE vud ) Al A7) Wl 48 Aoz NOs-N,
EC, HCOs, Ca*, Mg”9] o= yeh} 2aksl 2go] o3 NO;-NAAd o 7H4 =7
71gk Aoz YElETh ole EA dakstat-go] osiA 1mole®] NH,-No| NO;-No.=
sk o 2moled] Ho] AN A7t =855 pHYL Wolx]7] wiio|th

gz AJAEE W] 28 AoRE Ca”, Mg?, NO;-N, Na', ClI, SO/,
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