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ABSTRACT

Nitrate released from chemical fertilizer, animal wastes, and synthetic detergents can cause methemoglobinemia to infants,
thus the standard in drinking water is set to 10 mg/L as World Health Organization recommended. In this study, zero-
valent iron-modified rice straw biochar was used to reduce and remove nitrate in the aqueous phase. The rice straw
biochar was prepared by pyrolyzing the biomass at 700°C for 3 hours, and the biochar was modified using 1 M Fe(III),
and the Fe(I1) on the biochar was reduced to zero-valent iron using sodium borohydride. The modified biochar removed
nitrate effectively, which removed more than 91% of nitrate. For the synthetic groundwater, the nitrate removal was

lowered to 82% due to the presence of other anions.
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1. M =
A AaWNOy e SElg, 715 WS, AR
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A A eddo] A& o R oslE Jtt. Arbdda
ARl A oA AANOHE FE] FlEa=R]
o] ArAEFHS AsA7IaL A B9 EdEY
Abgoll o]l2A & 4= JaL(Ward et al, 2018), 53] F
ofllA HMFS dozirth. fEjueiia Ak Hae
ArolA] 7S 7P Bol Raehe Ao, Ak
Aol ofgh Aslr 292 AR EEA F el
THSong et al., 2014). Wb s2juillre drbd 2
& He E 10mg/LE FrASHIL ATk
(Sadeq et al., 2008).

i3
=

o

N
Of

©

FATES

A4 Gheed, RRThekE B7IA§Re ANy
Fs A s, ARt st Sged Al g ket B Y A
o, AE kL Sl A8} HA kg Ak sE, AE
EEE R L IEPET T SAREAEEY

*AIARE W71e), HRiskl S |Agelt g
E-mail: kbaek@jbnu.ac.kr

Received : 2020. 10. 15 Reviewed : 2020. 10.20 Accepted : 2020. 11. 10
Discussion until : 2020. 2. 28

28

N
of
)

A Aie AEsH g4, o]2uwghy,
, A71EA, 38k 3l 5o el o) Az
ATHAmIt et al., 2011). GaFFe} A71E2 FAol
Ak Ao AAEL wou aAEE] vlgo] B
, ol2wd FAHL aFEe] Hoo] uhysie]
F712R1 A2lrt dashar, AESHE g tFe] &
A7F s fAER7E ZRESE ©do] St ool Bl
3 3}sta B TAHL nlg GFpFo|a o] 7HHs
A A AAe g 220]= 71&o]tiHwang et al.,
2011). 3FAIYE, 318 ghele e HEo] AAsiRME=R
ZEA)7])7]9E & 8 R A9 AASA] Hghct,
£ Ajorte Aslollr FAAE AT 5 e 3
< AR eE s
slehe ghloll A Ak AANO e A

AR (NHH FEUOHNH;)2F 2 AA315HE<] JE)
2 3999 4 Qlti(Yang and Lee, 2005). N,22] gt
o] 7k oAl wkgolvle st Wigw 22 17k
Zuj7} FQdle] 1o e Blgo] ZTl8laL(Kim et al.,
2013), NHy= 95 dov)e 27 LEEd= 3749
28] o] oty 8 JRyok= pHoll webA oF
EE ol2(NHHFEIZ EAIF 4 o™, NH,2 Hluw
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2 FA2l| golal] wlitol Fikd FdAE NH,9 FE
2 3N A 2 AASIA} FHA

A AAE o] AAE Hdlkksle AR
47V (Zero-valent iron, ZVIe] 8] AFEEIL glor,
ZVE= $lgo] =a1 B8 HlwA Agsie] A8l o
o] oy QASHES st AMsket] A8uo] &
THFu et al, 2014). 242 dhe zZviel o8 hey
o}Z 2hlw]al, pHell Wt NH,o] FEi= o3} & &
AL, Ao R rpEe slepER AskEnt zvie A
g Ao ghelol de] ARSI JARE, tE EA
o] wkgAo] Aa TR go] dojubr] wiiEel NH,'9
2 ARIEZF A zvi o zs Ak Axe] AA7}
Sol3lA] th(Xu et al, 2012; Qian et al., 2017). ot
ZA, FERCIES S7MA171a A A AASS
P73} vlo| oAk ZVIE JiEEt 2 A A

7l #-g-skict.
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AA biomassE EE-3H
sle] e EA=E, gAv) 53 Edolt). nlo]Afe
FEAAo] Wil bt 28715 AL e Sl &
o g E4E deEAo TEEe FEHHE B
o] AREE|3L QITHTan et al., 2016). ZVIZ 7HEE n}o]
Ak= ZVIY] S ES Holral HIEEAR] & Hlo]
22k= zviel 2l " NH, ol gk &3 A|ES
AT 7 e Bolgtar 7Idsilth. wekA, ZVIE i
AE npolexl= Zibd AAE NH o2 IA7AL, &
Alell NH,"& nlo]@xh Akskdol F2Eo] A A= 3io]
ol 7HdE AT B AelME zvIe R /dd
Hlo] o X2 £33 Aakg Are AA 88 2 1 EAS
getalaial slgct. ZVISE JHAE ule] k] pHel| )
2 AN Axel AAEES Blwslgar, A4 sk %
AdAe] A Ax AA 5L FrietaA stk
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2.1. HIO|2X} M=

Hlo]exk= wid of 5 WiNkE Whsle FYFARES]
B2 (rice straw, RS)S ARSI A|Z381aL, A7 = X
A FAe HES ARSIt 11X2E RSE Muffle
Furnace(MF-32GF, JEIO TECH)IA 700°CZ 3A1ZF &
S N, 7F=2 9 (purging)dte] -4k B7gellA GEsl
BIATHGEEE=7"C/m). AZ3H PH Blo] 23 (rice straw
biochar, RBy= T&dS gH3l7] £1all 100 mesh(<150
um)E A AF3s] ARSI

2.2. H7HE = JH &St Hjo| 2%} M=

RBE 1M FeCly-6H,0(97%, KANTO CHEMICAL,
Japany&-<oll 1:10(100 g/L)e] HIE&Z 4A1ZF B2t 400
rpmOE wWHksle] RBO| Fe(ll)S 3HIAZ & R
3le] 105°ColA] 4rITE B AFEATE HEE RBE
1M sodium borohydride(NaBH,, 98%, JUNSEIL Japan)
gollo] 1:20 (50 g/L)e] HIEE 1AIZF B2 400 ipmS 2
wHkske] 21y o] RBo| 3D Fe(ll)S ZVIE
QAATE AR-E 5757 (Deionized watery= 37}do] &
& Akl o) JbslEE AE WAIE] Yt NE
purgingst] 8FAAE AT & ARSSITE Fe(ll)E
AIZL & NaBHZ WRAIA Q7HE= /A1As 3y
HlO] XHRBZVI-1)2} Fe(IlE TIAIZ1A] &3l NaBH,
2 ¥kg-A17] B npe]  XHRBZVI-2)E ZVIZE 371
FollA AstEe S BAE] 918 NoE purginggt Tl
AlA OB A BE} Tt

4FS"+3BH, + 9H,0 — 4Fe" + 3H,BOy + 12H'
+ 6H, 1 (1

AMA A fHE KNOy(=99%, Sigma-Aldrich,
USA)E ARE3t AlxsI9aL, 27] S5 A8lrolx9]
A A FEE 133t 25mg NLZ A3
npo] 2219k NO;~ S48 1g:20ml(50 g/L)2] HIEZ 8
AIRE nkeldtt. vlo] @ x1e] pHell W NO,™ AlA &&
< 3] 81 1M HCI(35%, OCI Company, Korea)
GH o7 nlo] @A) pHE 5, 6, 72 FHsto] AP
o} vlo]eate] ol wE A Aio] AA a8S 3
7V&17) el 1g:40ml25 /L), 1g:200mi(5g/L), 1g:
1000 ml(1 g/L)e] HIE= AFS F3h319aL, AlKtel| &
A Aie] AAES 7] S8 wHk ARES SE,
10%, 30%, 1X3h, 2/ 1Zke 2 R3gsloet. AAl R|skr
oA A Ao AAES W7k f1El 1EA
SkrE Azl A A AA DS T o
FARF = =] 37770 A-lA AFHe s 3
T ol E =S FHarsle] A|Z3ItH(Table 1) (Chae et
al,, 2007). A& 24 30 rpm(Rotator, FINEPCR,
Korea)® 2 ¥, RE AdAv= 2 3] vkE A9

a3t

off

2.4. By

A AAE 220nmo| A Spectrophotometer(HS-
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Table 1. Components of the synthetic groundwater

29 - gl - 4

Parameter Na* Ca* Mg*

Ccrr HCO5™ COs*> SO, pH

Value (mg/L) 85.6 52 10

87.5 100 3 139.5 7

3700, HUMAS, Korea)®& =43}, & dAE Total
Organic Carbon Analyzer(TOC-L CPH, SHIMADZU,
JapanyE AFE-31] Z4al9det. o] 9Ae] pHE nlol e
ARt FHTE 1g:10mie] HISE 9t 1A AA
% pH-meter(K2200-pH, ISTEK, Korea)2 Z43}3iT}.
Hlo| QS Sr(Fak A k=3:1) FE31e] ICP-OES(720-
OES, Agilent Technologies, USA)Z &< &3S £4
3t vlo] ko] Y4~ £42 Elemental Analyzer(IT/
Flash 2000, Thermo Fisher Scientific, Germany)S A&
skt vlo]ox ¥He] Z-8-7]= Fourier Transform
Infrared  Spectrometer(FT-IR)(Frontier, Perkin
USAYE Fall EAsiqint. ulelexat FHe] 2A7x=
Multi-Purpose High Performance X-ray Diffractometer

Elmer,

(X’pert Pro Powder, Malvern Panalytical, Germany)=
B3} 31, Specific Surface Area Analyzer(BET, micro-
meritics, USA)S.Z H}o] @ 2}2] H|EH &S A3t}

3.1. Hjo|2Xle| A

nlo|exte] Eejsleld 545 gRlsl] 918l RS$F RB
o] A A 9F FZ= pH, BET RIEHA EA47=
2 VYERHSITH Table 2). RSS} RBS] &4 gHake Z7)
38.99}, 46.9%= Fwsl & v o] TR,
#HZ] A4 H, O, N, S e BF 743kt Rseb
RBY| pHe= 27t 6.59 1122 GE& 3 pH7F S718)
RaL, g EFERA Cadt Mg = ITISIITH
A 3 RS9 RBOA 27 1849} 436 mgkg, BET
H3EAZEe Z47F 0.87) 286.6 mY/glE S EUTH

RS, RB, RBZVI-1¢} RBZVI-2¢] ¥W 2k87] B44
k= Fig. 191 YERIATE. RSE 3660-3000 cm™'ol|lA] O-
H stretching, 1700-1550 cm™'o|A] aromatic C=C %
1200-950 cm™ o4 C-0-C 5¢] peakE 7}A|aL AT
(Xu et al, 2020). RB, RBZVI-1¢} RBZVI-2E 1700-
1550 cm™'ol|A] aromatic C=C, 1200-950 cm o]~} C-O-
C % 520-410cm™'ol A aromatic C-H7} #Z¥ At}
RB, RBZVI-12} RBZVI-2E= RS9} ©2] O-H streching
peak7} TAE|A] 2431, aromatic C-H7F A At &
WIS B3l Ak FEFo] 7hAstal7] Wil vlo] A}

J. Soil Groundwater Environ. Vol. 25(4), p. 28~34, 2020

Table 2. Composition of RS and RB

Parameter RS RB
C (%) 38.9+0.6 46.9+0.23
H (%) 51+0.1 0.8+0.1
O (%) 36.3+4.7 6.8+0.5
N (%) 14+02 0.8
S (%) 0.1 N.D.
pH 6.5 11.2
Ca (mg/kg) 2779 + 143 5662+ 15
Mg (mg/kg) 890 +£22 2085+ 6
Fe (mg/kg) 184+17 436+ 49
BET surface area (m%g) 0.8 286.6
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Fig. 1. FTIR spectra of biomass (RS), biochar (RB), and ZVI-
impregnated biochars (RBZVI-1 & RBZVI-2).
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s IG5 k. =3k FRE B3l aromatic 2
77F A AR RS 1T 5 Ao

3.2. Hio|2X}le| pHOY| M2 Eikd EA KA

Y7} pH 5, 6, 7= ZH3F RBZVI-19} RBZVI2E
A A gljEt R - ofatelo] Hik Aot
T Ax TS Al 2doE UrhiRitk(Fig. 2).
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Fig. 2. (a) Removal of Nitrate and (b) Removal of Total Nitrogen (Initial concentration of nitrate was 25 mg/L, and 50 g/L of RBZVI was

used).

pH 5, 6, 79| RBZVI-I= M AALE %27] 5%
25.6 mg/LolA 22t 2.1, 6.1, 144mgLE A8kl
RBZVI-2E 217} 6.9, 11.6, 16.5 mg/LE o}t At
d A AAEY F i) AA B FY siomH,
ulo] @2ke] pH7}F BHEE A|AE0] EUal, RBZVI-2E
t RBZVI-19] AALC] ¥ =34th 53] pH 52 =4
St RBZVI-19] 9ol 2] da AAEC] 91%=
Hd AA &85 Btk Y5 B4 23 RBZVI-19]
A R 2,618 mgkeR, UFHoE HE FNHS
73F-(RBZVI-1) 2] ghgo] 1%7] k& 7-9-(RBZVI-2)
Ho} oF 6 ¥ =T} =, RBZVI-IS RBZVI-2HTH &
9] gFgo] o} AMAALE I JE FHol ¢
Z Ao Xt} RBZVI2= ¥R UlAE 3 gleg
A Aa) Wkg3le] RBZVI-IHEE A|A &&o] bt
SARE, pH 5014 F 71%2] AdELE AASIIT
AN Aol A v ope} & dAakA] AAE A
o= Hol Fikd At FiEo] Fiw el WAs)
o] AAIAY, = kg Aart A3 F30]
AALRS A2 dPdert. Y7Fde o8t Ak da
o) 2 B RS IHow Guyold AANH;
N)o|THWei et al., 2018). F=Hold Hie pHoll wet
gmjole} IEF ol2oz EAT 4= )

Table 4. Proposed reaction pathways for nitrate reduction by ZVI

Table 3. pH of nitrate solution after reaction according to pH of
biochar

Solution pH after reaction

Initial pH of Biochar

RBZVI-1 RBZVI-2
pHS 53 6.5
pH6 63 7.1
pH7 73 75

RBZVI-1, RBZVI-2¢9} Hkg- & Zibd A 89
pHE 25 Z71819tH(Table 3). 22HA] AAo] 9 wh
30] FdE= St HE ARsh guvopd AAa= 3
LEA7] wiitol] pH7F S7ke Aoz HRIth 1o thd
Hkg-20 ol YERNRATHTable 4). A2 Aio] FHz
3 RS Telshy] 98 Wk & odyst Fakd Ha
|lo] pHe} ORPE =431 Pourbiax diagramellA] H]
WEFITHFig. 3). NHy= pH 10 ool @713 el A
BN B oko] EZAYEH pH 8ol = NH,9 el
2 EAR. Ak Fa 9] pHeF ORPE B3
A, WkS- Ae] ORPE oF 0.55, pHE oF 5.98 =45
AL, WS- 59 ORPE 0.29-0.34, pHE 53-7.52 %
Ft}. Pourbiax diagram’dollA ZiHd A7} NH,"
2 39 RS RIS AL(Fig. 3), W& T pHe
o] 7,52 85 gEUolE AHES A dojuA] ke

e E

-

-

oL

N fo

Al

>,\l

Reaction

References

NO;y + 3F + H,0 + 2H — Fe;0, + NHy

3NO;5™ + 8F® + 9H,0 — 4Fe;0; + 3NH," + 60H

NO;s™ + 4F" + 10H" — 4F + NH," + 3H,0

(Suzuki et al., 2012)

(Wei et al., 2018)
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O dpgErh Wepd, A At H'E 2Esi o
74 ols) g oleoz gUsgion A Hlole
Aol FHHo] F A AARQAY, A A
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o FHE v e pHolA Yol HoE delA 9l
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2ol o3t Ak Ao Fdnt T3l JFS v 4
Rom, o]yt o] 25 ALY HAo AA BET A
A &&d 4P vE F Aok pH 5, 6, 7= 243
RBZVI-1E I3A8l 203 o3k AaHd da 89
o] Z83tq Hibd A} T Ao AAEES vlust
Az 7200 gk A3 Ao= Fig 4o YERRICH

pH 5, 6, 79 RBZVI-19] &l Zibd dAE =27)
X 25.6 mg/LollAl 242t 4.6, 8.5, 13.6 mg/LE 7HAS)

Hal, FHAE A7 37, 64, 104mg/LE A3
g Aa AAEH F 22 AA BT L S
o

, Hlol A1) pH7F Y8 2 AASS 1T
g AATh 53] pH s5elMe] Ak Aa AAES 82%
2 7P =2 888 B AFABS oM A
2] Ax AAE 573 dabd Axo] AA B A
10%2] A|AEo] st Tt g0l 9 folo]
Aok Ahe] 39 e F2) e a1z 283
AAEC] e a3 Ao Addr). AN o33
pH 5, 62] RBZVI-I= A5 S8 2 He & &
A71FE(10mg NLyS B 5313, pH 79] RBZVI-
1= A8 71520 mg N/L) ©J8t2 @Ak A1E A
Astaart. webx, A sk 2AdME G7FE=E A
g Hpol A A Aa Al A8 5 US Ao

Z 7dj€d).

l

3.4. HIO| 2X}2| Fo{2k0f| [E Eikd E A
nlo] e xpe] Fojigel] mE A HAae] AA asF

~ 100

e\i (b) 1:;’:::;:: lgu:;(l)lz(lwvater
q:"1)80- V/

: v

g 1w
: 1 .
11
i 11
g 20 % / %
o 11
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pH of biochar

Fig. 4. (a) Removal rate of Nitrate, (b) Removal rate of Total Nitrogen (Initial concentration of Nitrate solution =25 mg/L).
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3ol = AlRES &7] 28l 188 kinetic A3
Av= Fig. 59 YERAISE RBZVI-12 50, 25, 12.5,
5g/L o HIEE A Aa AA AP0 Feddar, 2
A AL AAELS A2 91, 77, 48, 20%, F A4
AALEL 94, 81, 52, 25%% A Ax AAS} & A
20] A|A 73k FUAE. vpo] o] Fofito] F7}
S5 A Aol T AAY AAE] Skl 2s
& AL, W F 1087 oWE P EEshe A
S & 5 IS RBZVI-1S] FoJ@o] 125 LY ¢
AL 71220 mg N/L) o3te Arkd A4S A
T S FoF ARERAT, FFPol waA = she A
o= Hol e AR Aslkr o] A HAE A
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A vl st W

Norle
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Sl A Aot dEE ol FEE SUE A &
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ok &gk A da Slollbe GrHd A1 npole

A= Adl 91%2] Aakg Aa AA 58S BN, AF
A5l 2 Hdl 2% AA &8-S Bk 2
FHHoZ, B dAqtllx et F7HE A npoleak= A

Al /R]./H ;d
b

A sl el Ak Aas axpzo AAT = 9
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