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ABSTRACT

Facilities for low impact development (LID) or groundwater recharge have the high potential spreading groundwater
nitrate contamination because of the rapid infiltration. This study was initiated to remove nitrate from the waters using
agricultural byproducts as organic sources for denitrification during infiltration. As the first step of this purpose, we
experimentally tested the denitrifying efficiency of 4 organic materials (pine tree woodchips, cherry leaves, rice straws,
and rice hulls) and tried to identify the key factors controlling the efficiency. For this study, we precisely investigated the
change of chemical reactions during the experiment by analyzing various geochemical parameters. The result shows that
the denitrification efficiency is not simply linked to the availability of the easily decomposable contents in the organic
matter. It is found that avoiding the severe pH decrease due to the CO, generation is the essence to derive the efficient

denitrifying conditions when organic matters were used.
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AA AAL o+ e PAESH WHoRE SHIYE
A vBES o83 W (Koenig and Liu, 1996; Straub
et al., 1996; Till et al., 19987 Xt SAN|YE-S
o]-8-3F *H (Cameron and Schipper, 2010)°] AT}, °]F
TEHISEEL oz oF fU|EAE o83
F71E8 ABlENke-S Fot AUAE etk Ae
744 HY¥hH(Carmichael, 1994; Schipper and Vojvodi¢-
Vukovié, 2000; Healy et al, 2006), =3 (Vogan, 1993;
Kim et al, 2003; Gibert et al., 2008; Greenan et al.,
2009), N (Lee et al, 2013; Smyk and Ignato-
wicz, 2017), WerE/oEkS-(Monteith et al., 1980; Skrinde
and Bhagat, 1982; Lee et al, 2001), YU (Kim et
al., 2003; Gibert et al., 2008) 53 B, 94A 54 2
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Fig. 1. Agricultural by-products used for this study.
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B Aol = =% (woodchips), LSS (cherry leaves),
W (rice straws), FA(rice hullsy’} A ATHFig. 1).
oA71M, e by o HHE A7% a4,
A b= AelA APE RS FAsiact 2y
Fe gL wAell A A Aotk =33
HZE 3-5em FEo A7|E At ARgsiern, Bv
A3} A= TR ARSI

2 A ARE FRFAE A5 AEZ(cell-
ulose), 3l|WAEZ 2~ (hemicellulose), &)1 (lignin) 52
e Sy Esk vlo| QoUARRE ATt 9F]
3lo] BEAelar, Se)(E)ygd(Ca®, Mg™, Na', K
Fe 2 Mn9] e Zrko g 719B8s)et v, A =4%
Zolzn} BEFEA7)(ICP-OES, Perkinelmer 4300DV)S
ol-gsto] Akt

Aol ARSSE MFEERELS 2 L FEldHE ARSI
AT, 2 A 98t 1 em 279 2R 7 2
W7F &2l e aFePIE B s Eska, 7
zke] A2 Folls Sy BE 71 the, 8k AL
vl (reverse thread cap rubber plug)E TRA] L-5-3kTh
(Fig. 2). |5 = 3 1Fupjo] FAPIE A vhgx
ype] XSS AT 7 IES Stk tE
e 9k EF Ashe CO, 72 RISt Ui ¢

| 20 G needle
- 200 mm

Fig. 2. Photos of the reactor (left) and the syringe with a 20 cm
long, 20 G needle (right) used for the experiments of this study.
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AES 7k A HES StHFig 2). ¥R
e BET(Tedlar bagye ZEFdas Ae-al
HRAES ARkt

B ITE 95k o9} 2L HkSE TN(A~EE I
3IaL, ¥R B~Eolle SHFAE A8 50 g& FH3t
YIB: FEF, C: HURS], D: HA, E: 9A) 1519
KNO;(20 mg-N/L) 847} RESAIZT ¥hEE A= UIE
ToZ2 AR flsted f71EGle]l 1.5Le] KNOs(20
mg-N/L) SHTES A5} THTable 1). ¥kl WE &
AHzh= wSAIZ 34,10, 16, 24, 36, 48, 72, 96,
144, 216, 264 hr A|-A AlEE AHsH T3t
2 AdME RREE U] pHE AR 02,
Fr71E7e] Bkl ofal §4e] pHyt HelE =S SI5iTh.
ZF HhgZE52 25°CE 1 AH AFfHlojE el ¥Wal AHS
Syt

TR Yo & A T4 AXH 22 Fol AX]
H AFAEHE 5310] 20 cm Zol9] HlE(20 Gy ol%-
slod FAPIZ AFSITE A8 AFHE 18] 60(x1) mL
£ 39 AFHSE AR F 10mLe pH, DO(dissolved
oxygen), EC(electrical conductivity) 2 EhE Z7A3}=H|
AREEIR O™, UHA] AlEE 045 pm HHIR|Z oS
% 10mLe A2 @rhste] ol 40 ARSI
), 40mLe S0l 2 AN A5E ARSI

A&2] pH, Eh, EC, DOE A3S ARE3le] A3 2
% Z43199t). pH, 2B (Eh), A7 1AEE(EC)
FEL FF NS olgdle] Ao, DOE 34
Z(Orion 087010MD)S- o-&3l] =43l oM, 57|12
F3le 7ol Hle] 252 uwske) RSt o
= (Alkalinity = F2 FAHEF 0.05 NyS ARE3te] 130
27T (Gran titration)©- 2 F-A3}HKim et al., 2019).
A= FA AREH GiHEAe] FEE NaHCO;
1 meq/L FF8NS FAeke WHoE AHs] HAs)
ARSI 9 kol (Ca*, Mg, Na*, K, NH )
20]&(CI, NOy, SO~ NO,) #2418 o]z ZnlE Tz
Z(Dionex DX500)& °©]-&3ton, FEEF7|EA

Table 1. Organic materials and KNOj; (20 mg-N/L) solutions used for each reactor

Reactors A: Control B: wood chips C: Cherry leaves D: Rice straws E: Rice hulls
Organic materials - 5039 g 5049 g 5072 g 5036 g
KNO; solution 15 L 1.5 L 15 L 1.5 L 15 L
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(TDIN; total dissolved inorganic nitrogen)< ++49%
NOs-N, NH;N % NO,-N& Tlgte] 2FE3tTh Fe,
MnE ICP-OES(Perkinelmer 4300DV)E ©|-&3f] #4
3o, o2kl AERH(pCO, = log [partial pressure of
dissolved CO,) FE X3}X|4=(Saturation index; SI=
log 1AP/Ksp, here, IAP=ion activity product, Ksp=

HIAE 3 sPIES] BE S AYAT 85

solubility product), 12]31 8FEF7|E(DIC, dissolved
inorganic carbon)™= PHREEQC(Parkhurst and Appelo,
19995 o83kl AEsth. &E/7192(DOC,
dissolved organic carbony= TOC analyzer(GE Analytical
Instruments, Sievers InnovOx TOC)E o83l EA5}
k.

Table 2. Simulated freshwater volume by SEAWAT for groundwater recharge scenarios

Cellulose (%) Hemicellulose (%) Lignin (%) Ash (%) others (%)
Woodchips 40.67 + 0.64 23.00+0.25 31.05+0.52 0.5+0.04 4.77+0.34
Cherry leaves 14.76 £ 0.38 13.06 £0.19 46.97+0.4 5.48+0.00 19.73+£0.17
Rice straws 38.76 +0.04 23.6+£0.07 18.46 +0.04 11.36 £ 0.06 7.81£0.07
Rice hulls 34.05+0.76 20.57 +0.34 27.13+0.45 13.82+£0.07 4.44 £0.04
Ca’ (mg/kg) Mg** (mg/kg)
17,500 1,750
15,000 4 — m.5g Olg 1,500 A -
12,500 4 1,250 4
10,000 4 1,000 4
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Na* (mg/kg) K' (mg/kg)
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1,200 el
800 1 200 - I
400 4
o Lm— I [ - Nl = lﬂ [
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Fe (mg/kg) Mn (mg/kg)
600 1,800
1,500 A —
400 4 1,200 4
9200
200 4 600 -
I I
0 L= S ol == | [m
Wood  Cherry Rice Rice Wood  Cherry Rice Rice
chips leaves StEAWS hulls chips leaves straws hulls

Fig. 3. Ca’*, Mg?*, Na*, K", Fe, and Mn contents in the organic matters, which were measured using HNO; digestion method.
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3. 4%t A E9|

3LRIIEME BM 2

B AEZ 2 (cellulose), FPAEZ 2 (hemicellulose),
21 (lignin)0 2 F3=o] lom o]E2 HluZ Zaf
7} ol"@t(Hosoya et al., 2007). AEZ 2~ (cellulose)=
25 MEES o] 7T, BE A5 B4
30% oVde AAsle AeRE d#A Jth(Kumar et al.,
2009). 3l|n]AEZ 2> (hemicellulose)= AEHS A
O35 oA AEZ 2 (cellulose)E A2t 7S 23t
1 (ligninye U2 Tgke AlFsle ARoE vt
Z F3l7) o Aol o5 EY FollA wig- =
A E3l=]7] o] EST Ul 3PS W7o
2 vEolFEd -85 Ao® dHA Stk (Partheeban
et al., 2014).

Ao AREH FHFARESC dish A2, Fn)Ad
22 9 gade] B4 Ad(Table 2), A&, 39|
ASZ s SEH BiZollA vz & s B
o} 2l Bhuslel s ol 71 w3ke, wizle
7P 2R S Bk Ashe] e BRI ol
=Skom, 1 9] VJEPES WUElAIA TP Wol
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o] ofd YIRS E FE FA], B, 74, BRd 5l
7]l gzt

5T A4 (Fig. 3), WS e Al E B
o 5-6Hl =2 Ca¥eERe R Mg, Fe, Mn 5%
e AEEd Hgl w2 S B HES Na'9}
K] grgo] k& RS Hlst wie- =8ka1, Mg*=
HUSM g5l =2 3k Btk A =3
B FEoA JUFoz wlg v S Bk &
Aot SEFRRS Hlwd uf, Ca’t P FEFo] tha
EXOU K, Mn®] S AVE =0a1, UH A e
(Mg*, Na*, Fey> A= ths3 kS By}

| i

Arbgdae oFsh SIS0 A 24, AlAEY
22y S oopagAAR A} HEHes A
2(Ny) 72 A dRUoddAaeE 7182 23
2 WAE7] wEoll(Knowles, 1982), & ujolddso]
T wIlE f71ES] &S tEHos AAigitha &
4 ok e, 88 dRYopddae dvkARl pH =
A< 9PIA tiF-E Fol&(NH, O EAISH ] wizel (-)
EHAEE ue FESE 94 FFEHXie et al,
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Fig. 4. Temporal variations of NO3-N, NO,-N, NH,4-N, and TDIN (total dissolved inorganic nitrogen) during the reaction.
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2017), Fabddae} vkg3ie] N2 H3k= ANAMMOX
B o3l AAH7E= FTHMulder et al., 1995;
van de Graaf et al., 1995).

HZS o]ggt A (DA dibddid] see 4Rt
Tl AZ3H olFlE Folmo 2N, tE AsE HIs)
W 77 HATH(Fig. 4). BAS o]&3H Aol
A 1hg ANZE AN ol AT FHEER] 239
ot AE o83 AP (EPIFE dibddie 16ARE v
o ¥ AA=E dus BHiou, 43 AN E A
3] Ho olEAAL FE(13 mgl oHE Bow,
16A17E 3] k3] A AR o=, Blel njsl] 2o
2 g4 gdikgo] F85Ant

37 YA theo 2 weE gEEEE B Alge
U (CrleH, 38 o83t AP BrIMe &

il

o

AT E el
1= =
L
L

3

TRIESE At 93] AAENeY, obEtEe &
AFEAFANAE B =& w55 BAch Hud

87

(C)e o}t T} 144R]7F 0]Fo) £4:13] A AE]

on, $EF B 2 AP vER A 2644
3 o]Felm -S| HolIirt.

PRo A A7HE TR e FAdEA
o] AT R veldth =, 7P e 2Es
5 Bl BZE o] &gk A (D)elA dEYopddirt
7P w438 F71sl 7Y %2 HFES(peak con-
centration)2 HJ1l, @A&ETY “HW =3By 7}
=g kRl 7P W ATEEE B o)F
Al F7H YoM ALY e o] A3elA

NS g5 Yol A2 Y. A4
A7k B ol EAIEA) ke whe Fatel Qhmjoldas
o v} gass 4TS B AL Bce] Bl
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Fig. 5. Changes of colors during the reaction (A: control, B: woodchips, C: cherry leaves, D: rice straws, E: rice hulls).
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Fig. 6. Variations of DOC, pH, EC, alkalinity, Eh, DO, pCO,, and DIC as a function of time.
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