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Abstract Endosulfan was a widespread soil contaminant in Korean agricultural environment, and an eco-
friendly carbonaceous adsorbent such as activated carbon and biochar was one of the candidates for soil
remediation material. However, the information for biochar about its production, source material, and
contaminant adsorption properties was not well introduced, unlike activated carbon. Thus, the commercially
available biochars were collected total 14 in the Korean market and their endosulfan adsorption properties
were compared with the physicochemical properties like pH, H/C, O/C, specific surface area and pore
volume. In here, the biochars that had over 350 m%g of the specific surface area showed a potent endosulfan
adsorption property (45.2-68.1% of adsorption ratio). On the other hand, 43% of total collected biochars that
had below 20 m%/g of the specific surface area showed no endosulfan adsorption properties. In addition, H/C
and O/C ratio showed no relationship with endosulfan adsorption properties of biochar.
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N B 32 JTH(Choi et al., 2018b; Kim et al., 2015). 2004 2&
TE O 2R olF vk 20073 IFA 719
F7198A % 1950d0 ©]F DDT, endosulfan 5 A Aol AREULL, A5EF Fodr AAske
oeFet SH7E NEEY ASAR FE AREE $tom, POPs =2l thal A4t} AR, wWiE-S FAsHA Al
A= AN STL FE Y E w5y A3 5ol 9 Atk AT, olE LUEA F endosulfan H|w A X
< she T FF AAE 71of8ith A, 7194 ARg-o] FA Y] 201171 7R of| AFS HH 02 A}
&k DDTS} endosulfans} o] zHRAo] A3, AE5 SEJAL, o] & lal HI7HA| A EY HFs} o= <
A3 F4o] wom, AT olsAo] ol HRAE fH71L & A= 2 FA7F 78] AZIEAL ATH(Choi et al.,
&2 (Persistent Organic Pollutants, POPs)2 #7591, 2018c; Hwang et al., 2015; Park et al., 2013).
olE woF] Akt ARG, 1P WiES A OE A AAA] ESf 2HRske POPs 49| A3tse AE, &
B, A4 5 st oz Has & xR AAE
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£ tAlste] LAENAN AR IR oS AAAT|AL
ElM Y ol sde Ware SIS &83 Als &
27} =THAL et al., 2019; Choi et al., 2018a; Wang et al.,
2016). E3] H2o= 713 W & zqak_& B2 B szL

AE AREst] ZAZA] W) oliksieka At 0 EHY B
& 3t F4E 2AstaLAl vho] @ 2k biocharys 283 7
22| A8 A7 Ehis] XY E| AL Q) TH Varjani et al., 2019).

o] @ 2= o] @ mj X (biomass)E @ EIHAA B &
AR v A, At B4 st g B B4 A
T Wl =42 A e FEY va Aol
Hpo] @ 2= AlgHE Ak g aellA] ALtEM, tFet
Fo] He|emjAgl H=E FAHE, AH H*% %’,\_ LA
s oY 9 AR YA 55 dEE
Hpo] @ A5 Ak 917] oo
&2 3 Faks =
Hpo] @ 2= E2 ﬁ”*&q.% Z= g}rﬂ Bt 22 93|
71 & 77 29 E4S FFete Yol Hdsit
(Leng et al., 2019; Pourhashem et al., 2019; Shaheen et al.,
2019). 3FARE, vlo]@x}o] Y8 543 Az S wt
ulo] 9 249 specific surface area, pore size, pH 2 274 &
20 FxA EA Zo] dEtd £ 9o, o] nlo]9x1¢]
LAEA & 5 AHA #AE AH(Cha et al,
2016; Mohan et al., 2014). ©W2hH, & AFAE0| Hlo|
zke] ot Az Wl mE QHEAE FASAS v
AEL EAg L AEZd HAglE vlo] oA Al S
A3k TH(Lin et al., 2018; Shaheen et al., 2019). 2]
u, oln] ddste okt ‘j}o];Z}‘)ﬂ Haire S9Ed
25 Bl RATF7} vgete, AlEeA A% E°‘°] 7Fsgt
od=d Azt Ao tig e AFFEIF T30
webr], 2 A7 A= endosulfan®] FHFsle Z}x] o n}
2 AEE F A g veleaE Fysta, o)s9
endosulfan F2s-& Hho] QA9 o]5}8ha] £33 Bl aato],
fr Hfol A2 &-8-3 B4 endosulfan F3 7535} 7}
S8E HESISIH
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Endosulfan 33521 a-endosulfan, B-endosulfan} endosulfan
sulfate= Dr. Ehrenstorfer GmbH (Augsburg, Germany)°ll
A FYstaL, Aol ARS-3E acetone, acetonitrile, ethyl
acetate, n-hexane, sodium sulfate anhydrous, silica gel
(0.063-0.200 mm)= Merck (Darmstadt, Germany)ollA] -
dste] ARSIt §2 Algol AR endosulfane a-
endosulfan?} B-endosulfan©] 3:1¥]&= &3 35% technical
grade -7-A (Hankook Samgong Co. Ltd., Seoul, Republic of

=
—

Korea)g AH8-3titt.

& HO|2% +F A AEEH|

& HPOLXF A= upe]af AN BFes 7
== AF 1452 Frsii e, $3E nlo] @2k 0.10-
0.25 mm Z7]¢] 9=} BE7} 50% ool L, T2 A Fe]

= 0.1-025 mm =17]¢] Hpo] 2} sl Aol AMg-s}
ATH A 2R ARRE B e (powdered activated
carbon, PAC)2 Sigma-Aldrich Co. (St. Louis, MO, USA)
AES A3, /3 d e (granulated activated carbon,
GAC)2 Samchully Active Carbon Co. Ltd. (Seoul, Re-
public of Korea)oll X 9/ A& st AR&-sFITH.

E&N ol 0|58t B B
dle] Q2] pHE Choi 5(2018a)2] Wk 72o], 1g9]
AEE 20mLe] ST ¥o] 48h 5 150 pme.=E W
dt & pH meter (Orion, Thermo Electron Corp., Waltham,
USAIE AHgsle] ZAsigion], mEwas 35 Yol
AL 525 ARESRe] ASAP2020 (Micromeritics
instrument Co., GA, USA)SZE EA5I3T. d4AEALS
CHN628 (Leco Co., MI, USA) 9284712 AF-319] T}

Endosulfan 2t Al &

54 100mL7F 971 250 mL flaskel] &2HA 20 mga}
35% endosulfan &9 40 uLE ¥3L 24 h &< dZ27NA
150 rpm e 2 WHISIATE o]%F 587 FX|tL A5 1.0
mLE # 3 H, ethyl acetate (5 mL)E 2] vortex ¥ YA E
2 & AS5AES ethyl acetateZ 208] 3|43t 0.22 pm
syringe filter (Biofact Co. Ltd., Daejeon, Korea)Z ]}t
F GC-MS (Shimadzu Co., Kyoto, Japan)Z % endosulfan
e AT 7 AIES ouHE ATkl on, o] o
2] endosulfan S2HE-2 olEQ] 43} 70| endosulfan F
71EE9 2 5 B FEY HE ARSate] ARSIl

FHE®%) =[1-(FIEE / 271F%)] x 100%
Endosulfan 7|7| 24

% endosulfan®] ¥ a-endosulfani} B-endosulfan, L
2] 2L endosulfan sulfate?] 3.2 2FE31%12 M, endosulfan
42 offe] Table 13} & 240X Rx-5MS 24
(0.25 mm x 30 m, 0.25 pm)S A3 ®jstsl o, 7zt
o] Aol23} gl FellA JEeRd wiel 2tk AlE
29 AE3IAE endosulfan oA ZA 9} tARAE 247}
0.02 mg/Lo] 2o, 7+ o] ABALE 0,02 -2.00 myLE
A8IAAL R*E 0.999 oS YERH AT
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Table 1. GC-MS instrumental condition for endosulfan analysis

Table 2. Physicochemical properties of collected biochars

Instrument ~ GC-MS (QP2020, Shimadzu Co. Ltd)
Column Rtx-5MS (0.25 mm x 30 m, 0.25 um)
Injection 1 uL (Temp. 270°C)

Holding 150°C (2 min);
Oven Ramping 8°C to 220°C;
condition Holding 220°C (5 min);

Ramping 10°C to 320°C;

Holding 320°C (7 min)

207 m/z (Quantitative ion)

a-endosulfan o5 535 - (Qualitative ions)
Detection 195 m/z (Quantitative ion)
(SIM mode) p-endosulfan 237, 241 m/z (Qualitative ions)

endosulfan 272 (Quantitative ion)

sulfate 274, 387 (Qualitative ions)
l7=_=l jl_l. ol J—l_iél-

& Hio|2%te| 0|5tEY SM

AlgolA ek 14 59 vlo] o= i
08y dEE AxHIoH,
(C1), B2 3F(L1-L3)e] FH=EAT. FHE vlo] a1
pHe 5.5-1225 YERHIAR, 3 vlo]2ake] 75%¢°)7¢
o] pH 8 o]’de] d7178%1 AL I 5 AUt o= o
Wk o7 ozl upe} o] 2o 4 e HgS AXHA
=& o] 2o dApshE AL, O]T';? SEAAEE el A7
Zhe Zo® HoAW, 45 GAe} Hle] e xle 4F F3)
A2 M 52 T4 pH Zhe Aol Ak, =
USATHFan et al., 2019; Feng and Zhu 2018; Shaheen et
al., 2019).

T B dolot & Be S3 el
o) ek 0912:9] Hlolth, 4R 25 Lehd HIC 914 1]
gk O/C € vE BH, TR Hho] 2319 H/Cﬂl‘: 0.05-
0.875 HERHL glom, O/CH= <0.01-0.46°] W& et
dIRich. HCHle] 7, 4B PACE: 913 vlo] 97}
o] H/CH]= 25 0.30 o]’dol3lem, O/CHl= PACTT 0.08
B Ak danzt ghe Aol RlE o, FAEe oF
60%l et 9 FolA O/CRIZF BT FrAFsHEAY
ojit} vk Zho] ERIEITE AF7HA] ol ¥4 B9t @
HEA] F25 e B A7 AdEAeH, HY
CHI7} 19 2HEFE vlo] 22k aromaticity”F 57F8kaL,
o|& <lal A% % % A ZApeke] Qo] F7kste] Wk
=4 B4 tig 350l Eoe Aol B vt 9l
tH(Feng and Zhu 2018; Shaaban et al. 2018; Shaheen et
al., 2019; Varjani et al., 2019). =3}, O/CH|7} =09 Hlo]
Q22 U carboxylate”]9] Z7H=2 vlo] 22pe] o]-4 EA4
o] Zstelo] Yol 4 FAsol SUkske Aol ¢
#] IthFeng and Zhu 2018; Shaheen et al., 2019; Varjani et

= FH(01-
97 2%(R1-R2), A¥} 1%

i
PAC 79 0.05 0.08 1117 0.657
GAC 102 042 0.14 1230 0.452
Cl 109 0.87 0.05 383 0.138
L1 72 0.66 <0.01 508 0.185
L2 55 059  0.01 515 0.186
L3 103 072 0.02 0.7 0.018
Ol 122 037 0.02 408 0.162
02 74 055  0.17 <0.1 <0.001
03 105 034 0.04 353 0.128
04 99 031 0.02 350 0.131
05 85 058 031 4.6 0.011
06 10.1 052 038 352 0.167
o7 10.1 030 0.02 378 0.166
08 97 039 0.05 0.3 <0.001
R1 80 0.65 046 1.8 0.006
R2 10.1 053 027 0.3 0.003

al,, 2019). sHAIY}, o]2]gk SA4Jo] aromaticity”} SaL Yo
273¢] obd endosulfan®] FE-5ol= AHAA FFS
AA] 7o oz AztEy, B AT o]F 94
9} endosulfan S35 Apelofx| Holgh AAAGS 2
Skt

& vpo] 23] HEHAL <(0.1-1230 mYg7HA] bl
el Az S AT F Ao, 54
sl FA o] o]Fo1%] PACSH GACE A5k, +75]¢ v
o]} 145-2] AEH HIERAAE 515 mY/g= S vt
o|9ate] FFEIE H) 0.657 cm¥/gS UERNIOLE, o]
A W*Ehﬂ PACPV} GACE Al9lahd, dvkl njo] Q.
2pe] FFEIE <0.001-0.186 cm’/gS &2 BA3E FA o] &
£5 1 oro npo] 92te] B3 FxE PACS GACH H
3 T3P g K A AT F 9UArh PACS
GACE AIS T3 vlo] o4} F 65 vho] oaf 22 H]
EA o] 20 mYg ]38k, =27} 0.018 em’/g ©]3k=E fr
T Hle]xke] 43%= =EA v & ddo] HA X
3 A|ZToZ §Lo SR= q_ o]& st gaﬂ EAL I;H}_%mo]
PACS] HIEHA (1117 mY/g)2 F=75)(0.657 cm¥/g)o} H]
WaPH & ztelE YeR ST

o=

et o

-

= E%E

B S 22490 vle]extell thet endosulfan &2
T XYL = negative controlZ silica gel& ARESIAAL,
positive control2 PACS} GACE AHE-3I%T}. Negative
control?l silica gel®| endosulfan S2H&-2 32.4%2 s
1o, ofo] w2} endosulfan F2E°] oF 35% olsiel 7
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T tA o] 22ke] endosulfan 53t 5402 Atts}
7] ojHth.

Positive control®! PACS} GACE= %
v R TSI 2ol we
AnbA o 2 HiEHA o] F FERA I CHEH
Aoz 27 gtk Choi S(2018a)2] B9} 70] PACS]
endosulfan 252 2 AJHoM 84.6%, T gF &

J[m <>lfo
O_L4 —|—‘
o
1~o
R
é
=
of
ol
£

%)
< 359 mgS UERNo] ul$- 7323 endosulfan S2HA] IS
golsk &= 9ol T3 GACE PACS €¢] &43}1H o
Ao, W AELE FHAEETE PACO] HlE] =9 AL
2 dEA glon, ofd wet B Al AR 2dolA
F2E(40.1%)2 E2-8%(167 mg/g)°]l PACO] ®l&to] o}
42 5| K Choi et al., 2018a).

Table 3014 A|AIGH A1@ ApellA & 4 %], PACS}

GACE #|2)3F 8%2] nlo] XFE endosulfan F2HE°] 45%
OPHEFEEF 133 -244 mg/g)o 2 5T FHEAS
ERAIE} ©]E ulo] Q= H|EH A ] 350 - 515 mYgS 2F
= Cl, L1, L2, O1, 03, 04, 06, 0792 PACS} ¥]aH,
8% 5421 BlEH A o] 2-4ul), IS5 4-50) 7 &
A9t endosulfan S2HELS 452 - 68.1%%2 <3kttt w
2hA], BIEHA 0] 350 mYg o]l ‘dgutelexte] 79
endosulfan S35 45% oS &R 4= Qlof, AZA] &
A Al ARTFsE rd FFA FEE IS
ubE W) F o] 20 m¥g o312l vho] 2212 endosulfan &
g2 35% vRte R 3 HE3l EAd0] wig v, 218k
73 FRARA G E4E 2FA X3 AE < }Oj‘:‘r

g vloloate] 0ABA FHEA Aol oln] AN B

N T

Table 3. Endosulfan adsorption properties of commercial biochars

Adsorption ratio Adsorption amount
(Average+SD, %) (mg/g)
PAC 84.6+6.2 359
GAC 40.1£12.6 167
Cl 45.2+8.8 133
L1 64.9+14.4 194
L2 55.5+16.7 162
L3 27.8£15.4 83
Ol 68.1+9.0 244
02 6.1+18.4 24
03 54.1x11.1 228
04 62.0+9.4 225
05 31.0+8.6 131
06 64.9+16.7 196
07 51.9+74 156
08 25.549.9 79
R1 34.4+13.4 110

R2 16.4+8.3 50

FES B3l 4T Ao, & 4
o] o]g}ets 543} endosulfan 53
3lo] endosulfan - F&AQ] 12} =
WA ARE AN AT 53], 48 vholeat &
A 0] 350 m¥g 1’4 739 endosulfan T&HE 45% ©|
FE Fug 5 3i9len, ol A2l endosulfan 528
133 - 244 mg/g® 2 ©]&= Choi 5(2018)0] Xt 713}
o] QHENAM ZEZ9] endosulfan S50|8S G7HA 0
A & e TR o ETh v, B ER A 0] 20
m%g ©]3}<] Hlo] QA= endosulfan §250] vl oFslsl o,
ol A T nlo] QAk] 43% FEOE ATl 5]
© "ol eate] e BAprt w2 As Fsit &
ATE 53 endosulfan LFA] B Q3 vlo] 2=
vl w2 7HAgh Bl BAE Fate] | ]'* EIgeia |

3, o|& Fal A=RA endosulfan RS

F,

oy rlo

%3} endosulfan

B dTe 1Y AHdASgHe Y e
(PJ01381603)4 A-H] Aol o8l = AF YL
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@ @
=) = o = 5| L =
AE HIO|2Xe RZIY¥AH = endosulfan &S HWEHI}
BiX|Q1! - 0|5 - F[Q|2)? - O|FIEF - HEG'*
734t A A TATY (IALS) 8B AT w8t 2 F gAY BT,
ol et AP AL 2t et Ay A4k st
3 o Endosulfan® H< 254 §710 9848 AR 4719404 5o g T 4R EYX AF A
3 3loem, o2 Q3 FANE ZAFQAEA 7} A &Aoo 2 wAlEl L ittt FH2ol= A AA] endosulfan HFEAS 3
gsiur, vl 2 A4S Besls B A7) WAA0R AHT. gk e, 09 vk o
St blo] @ 2} EAJA7F *'5“'01] =gkEo] Qlar, o]n] AZ2Fgo] Sry] ]01 76‘11]1. "@*PEV‘ 44 mfo] Q A}
st endosulfan FHEA HlaArt B8l LHeH 7“}7(] o ARE-E = Qe g ulo]9fe] A o2
S A3 U} wepA, B A= FollA AZ F-55He S uko ]i’_} 2o 14§a -ruo}oq o] £ o|s}stA
5"3—% e M3tal, 012} 37 endosulfan S2F 54 vlwsle] A Hlo] 0xke] QU SIAIEAN &8 7FeNS HE
ATk A, R A nlo] e3pe] 57%E BIEHZ ] 350 mYg ool L, ©]E¢] endosulfan FAE0]
452 - 68.1%, &2&-0] 133-244 mg/gQ 2 93T}, wha, 427 njo] @ 24e] 43%E= BIEHZ o] 20 m¥g ©|31
37, endosulfan §2-50] 2] 3k}, Fal vlo] @2} o|akeld EA 5 H/CH9} O/CH]= endosulfan S22 &
A3t Aol %i% Zii’i FAEAS.
Molo]  ulo] 9}, =AY T2 B FHZ
@ @
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