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Adsorption characteristics of Pesticides
with Activated Carbons

Hak-Mo Kim

Department of Construction and Environmental Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor Yong-Doo Lee

Summary

Adsorption characteristics of five pesticides, fenitrothion, iprodione,
tolclofos—methyl, prodiamine and napropamide, were evaluated
depending on the type of activated carbon. Coal and coconut shell
based activated carbons were tested. Activated carbons had different
physical properties respectively. There were Y1100, Y1000, Y by
coconut-based activated carbon and C1000, C900 ,C by coal
activated carbon. Isotherm data were treated according to Freundlich
models.

According to the K wvalues adsorption capacities of coal based



activated carbons were better than coconut shell based ones. But
according to column test pesticides removal were higher than in

coconut shell activated carbons than coal based ones.
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Table 1. Characteristics of pesticides used in this study

Common Toloclofos

Fenitrothion Iprodione Prodiamine Napropamide
Name -methyl
3-(3,
) 5-dichlorophenyl) . .
O,0-dimethyl . 5-Dipropylamino .
. -N-(1-methylethy O-2,6-dichloro—p-t ) N,N-Diethyl-2-(
Chemical O-(3-methyl-4-n . -, ., a-trifluoro
) -2, olyl O,0-dimethyl . 1-Naphthylenox
Name itrophenyl)phosph . o . -4,6-dinitro-o-t .
) 4-dioxo-1-imidaz phosphorothioate . y)-Propanamide
orothioate - . oluidine
olidinecarboxamid
e
Molecular
. 271.2 330.17 287 350.3 272
weight
Molecular
CoH12NOsPS CisHi3ClN3Os  CoHuCl:OsPS  CisHi7EF3N4Oy C17H21NO2
formula
Chemical organophosphoru ) o . o .
dicarboximide organophosphorus  dinitroaniline amide
Class S
Chemical | .. . . . .
U insecticides fungicides fungicides herbicides herbicides
se
I 0= C N - CH () m0| O CH,CH,CH, . CH,CH,CH, e K
3 | NO, NO, oAy
Chemical -|—. rﬁ [ ¥ »p_. |" a, i ;
Structure '-— l y H |-
I’D NH, cr, 1 5 |
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Table. 2 Gas Chromatographic operation conditions for pesticides analysis

Instrument Gas Charomatographic
Model HP5890 series II
Detector NPD

Instrumental Setting

Injection volume 1

Detector temp. 260 C

Injector temp. 260 C

Carrier gas

Temperature Program

Initial temp.
Initial time
First rate

Final temp.
Second rate

Final temp.

Column
Length

Int. diameter

N2( 99.999%), 1 ml/min

140 C
2 min
10 C/min
220 C
2 C/min
240 C
HP-5

30 m
0.25 mm




9 gyne JuRduoen frd ge ERE 9 opdAe} Aw

24 okzbAl EAlErel Y1100, Y1000, 1]

i
=

Qore FE2RH FY3, vxWEdIH} AHFEHLS Quanta Chrome Co.

a1 Co aer= e 77 1111 mg/g, 1004 mg/g, 1018 mg/g, 1052 mg/g, 1012
mg/g, 1283l 957mg/g= A Y1100°] 7 =i C900¢] 7HE @ 2= ks YE
Wi v e Al weEw SddEs g e=rte] weld 3FRE EFshal
Ued, 22=717F 1100 mg/gelde 15+, 2552 1000 mg/gol o], 35+
900 mg/gel’delth. Bl A& ofxA & vhE 1043~1070 m'/gol™, A eA &4 e
987~1003 m'/ge] Atelel #EEstar glow, oA R dete] =2 ghs e 3l
ok Y7F 1152 mi/ge = 7F =3kar C9000] 987 m'/go = 7 wokTh RbHe Al
S42 ofAHAl FAdEE 058~0.93 mb/gAtele] XSt AEAGdEe] AE8

TEHSE 048~0.67 ml/g= Y10007F 093 ml/ge =2 7Y & AlEE&AES YERR

=3
Table 3. Properties of Activated Carbon used
Y1100 Y1000 Y C C1000 C900
Raw material coconut shell Coal
Todine
1111 1004 1018 1052 1012 957
Number(mg/g)
Specific surface
‘ 1070 1043 1152 1003 989 987
area(m’/g)
Pore
0.59 0.93 0.58 0.48 0.67 0.59
volume(ml/g)
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lawn

activated
carbon

sand

gravel

outlet

Fig. 1. Experimental apparatus.

Table 4. Experimental conditions for column test.

Paving Depth

Fairway

Green -+ Tee

Activated carbon

Activated carbon3cm +

30 cm

1.5 kg/m’

sand 27cm

o]

ol

TS 19949 5E 20039744 o] A F =9

A}
=

sherh
A AA A7) Fope HEFE A

&

Ab
=

iy

S AE3Y H(Table 6).

skl 2

!

X

=1l

prodiamine,

tolclofos—methyl,

fenitrothion, iprodione,

M=

I
o
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napropamide®] Aol A #-E fenitrothion®©] 53.1 ml/m’, iprodione 17.7 ml/m,
tolclofos—methyl 17.7 m¢/m’, prodiamine 5.4 ml/m’, ~L2] i napropamide 54 ml/m’°]
=

Table 5. The conditions for spreading on Pesticides and rainfall

o the
application
o .. . . amount
. Dilution application dose in  the times for
Pesticides L e ] of
ratio dose™” column rainfall .
watering
in column
. . June to
fenitrothion 20me/20 ¢ 32/m 53.1mf 7470
September
spread
. . evenly
iprodione 20g/20 ¢ 17.7md May to June 10.7¢
among all/
10a
_ September
tolclofos—methyl  20g/20 ¢ 14/m 17.7ml 5¢
to Octorber
o March and
prodiamine 10g/20 ¢ 300 ¢ /10a 5.4mf 57
Octorber
_ March and
napropamide 33g/20 ¢ 300 ¢ /10a 5.4mf 57
Octorber

% #% ! instruction of pesticides(3 ¢FAF-& XX A, 2002)

sk 1 [(11/4x0.15%) xapplication dose] , 0.15 : the inside diameter of column



Table 6. The annual rainfall in JeJu(mm)

onth
\ 12 3 4
year

5 6 7 8 9 10 11 12

1994 823 835 1044 3424 2377 5304 1342 8103 2266 3932 498  69.6
1995 1114 111 2398 2148 5067 304 12035 6338 1924 1699 56 236
1996 489 524 3006 2019 1773 6256 1297 4449 302 1616 1638 160
1997 1689 45 168.1 4224 1993 2153 3434 4114 779 81 4393 202.3
1998 2816 2176 2582 4674 2091 428 3941 186 8905 1353 394 154
1999 1601 956 2519 1251 371 4998 16242 13091 8249 983 643 369

2000 2107 314 1154 935 2082 2647 331.6 4139 5194 2596 1871 27
2001 1552 1721 34 26566 2679 5315 3963 4747 1841 2916 961 1891
2002 143 861 1605 2226 3361 21567 865 7775 2785 2951 493 2001
2003 55.9 1339 2772 3459 6763 15389 688 | 555.7 15537 736 222 31.8
averages 141.8 10286 191.01 270.16 31896 41539 611 601.73 377.82 18863 136.71 95.58
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(Cleveland, 1996), 1/n#k< 38 G HP 5% Alol9 AHdAde] =& YEU =
F27m ] A ®olal(Bansal, 1983), 0.1~05% Wl F2 7] i, 2014 e &3
ol FEHAA Atz gapAolx] Frkar e ATk, 1995).

A ere)] thek Foke] KE Ay B, fenitrothion, iprodione, toclofos-methylss <k
EollA = AuAgdEEe] opAIZAdRE Ho Kgtel EF EA ustoen

prodiamine™ ©FAAl A €] Y10009] Kate]l 35142 71 =3 napropamide®™ Y

ok FRO mE By FHL Avnw o

G zbo] $<3lt}. Fenitrothion®} Iprodione®] 7%+ C10000] 7} &Zo] ZHojwto

A A

gt

ARl A sFEe]

Mo

W tolclofos—methyli:= Y1000, prodiamine< C1000, ~2#] 3L napropaminey oFx} A &

AErel Y11000] 713 & xo] & ¥t}



Table 7. Freundlich adsorption constants K and 1/n for pesticides adsorption

2

Pesticides Activated Carbon K 1/n R°
Y1100 0.1798 0.0896 0.6156
Y1000 0.2480 0.1908 0.904
. ) Y 0.1796 0.0767 0.7433
Fenitrothion
C 0.4190 0.3983 0.9825
C1000 0.4443 0.4091 0.9715
C900 0.3758 0.3413 0.9972
Y1100 0.0585 0.2675 0.7649
Y1000 0.1476 0.5530 0.8903
) Y 0.0390 0.1375 0.3094
Iprodione
C 0.1883 0.5396 0.912
C1000 0.4519 0.7474 0.9914
C900 0.2113 0.5416 0.8882
Y1100 0.4269 0.3256 0.8959
Y1000 0.5665 0.4416 0.8575
Y 0.3201 0.2214 0.955
Toclofos—-methyl
& 1.8951 1.1026 0.9509
C1000 0.8433 0.5160 0.9172
C900 0.6542 0.5044 0.9023
Y1100 0.0162 0.1348 0.4266
Y1000 3.5144 2.3171 0.7512
o Y 0.2748 0.8949 0.8878
Prodiamine
C 0.1072 0.3999 0.5408
C1000 0.2828 0.636 0.8533
C900 1.1269 1.1365 0.832
Y1100 0.2849 0.3826 0.8511
Y1000 0.2590 0.4111 0.9622
. Y 0.8512 1.6357 0.9651
Napropamide
C 0.461 1.1 0.7947
C1000 0.4683 1.1106 0.9009
C900 0.4947 1.2087 0.8604
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Fig. 2. Linear adsorption isotherms of Fenitrothion
(a)Y1100 (b)Y1000 ()Y (d)C (c)C1000 (d)C900
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(a) y = 0.0585x
R® =0.7649

e

0.2675

001
001 01
Ce(mg/L)
1
(c)
CE» y = 0.039x0'1375
201 R® =0.3004
K
o 3
H
¢
001
001 01
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1 (p)
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E, o1l R =09014
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001
001 o1
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1
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®
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001 01
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;
(d)
S y =0.1883" %
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2 o1
o . *
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4
001
001 01
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’
69
= y =0.2113x>>"°
£ R® = 0.8882
g’o1 -
3 il
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Fig. 3. Linear adsorption isotherms of Iprodine
(a)Y1100 (b)Y1000 ()Y (d)C (c)C1000 (d)C900
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001
001 041 1
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(c)
— y
O
£ Y
9.1 F
£ y =0.3201x%%"
© R? = 0.955
0.01
0.001 0.01 0.1 1
Ce(mg/L)
;
(e)
)
c .
80-1 e y = 0.8433°56
S R =09172
0.01
0.01 0.1
Ce(mg/L)

]
)
£
g 01 +
S R =0.8575
0.01
0.01 0.1
Ce(mg/L)
;
(d)
*
)
£
201 | ¢
\(D/ 1.1026
= y =1.8951x"
R®=0.9509
0.01
0.01 0.1
Ce(mg/L)
;
(f) .
)
£ .
© o1 f
© R =0.9023
0.01
0.01 0.1
Ce(mg/L)

Fig. 4. Linear adsorption isotherms of Tolclofos—methyl
(a)Y1100 (b)Y1000 ()Y (d)C (c)C1000 (d)C900
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Fig. 5. Linear adsorption isotherms of Prodiamine
(a)Y1100 (b)Y1000 ()Y (d)C (c)C1000 (d)C900
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R =0.9009
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Fig. 6. Linear adsorption isotherms of Napropamide
(a)Y1100 (b)Y1000 ()Y (d)C (c)C1000 (d)C900

24




4.2 22 SHER| M 22 HH U

) - B 26 A A
2xg oW - Esh g 29 el FAYAE wEo YV TR v w

AA AdE ach 2SS opAZd (Y1100, Y1000, Y) 3FF o MetAg e
(C, C1000, C900) 3FFE c°]& 3o, FeF2  fenitrothion, iprodione,
tolclofos—methyl, prodiamin Z2] i napropamideZ A}-&3}91t}.
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APEEA AL AEHAU

Aol AHgE FoF FolA prodiamined] Wi FAERe] F2 F&o] THE = ATh
Y1100, Y1000 z2jar C900°AM+= A FHE7HA prodiamine®] &ZEo] fIU oM
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=z

Napropamidet®= 2 & 7|7t 5 vlA|"o] A¥xEglom g AX Jo BE {F&5F
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A= AT
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Fig. 7 Residual pesticides concentrations after scattering first pesticide
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Fig. 8. Residual pesticides concentrations after scattering second pesticide
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Fig. 9. Residual pesticides concentrations after scattering third pesticide
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Fig. 10. Residual pesticides concentrations after scattering fourth pesticide
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Fig. 11. Residual pesticides concentrations after scattering fifth pesticide.
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Fig. 12. Pesticide Removal rate with activated carbon in Green - Tee condition.
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Fig. 13. Residual pesticides concentrations after scattering first pesticide.
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Fig. 14. Residual pesticides concentrations after scattering second pesticide.
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Fig. 15. Residual pesticides concentrations after scattering third pesticide.
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Fig. 16. Residual pesticides concentrations after scattering fourth pesticide.
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Fig. 17. Residual pesticides concentrations after scattering fifth pesticide.
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Fig. 18. Pesticide Removal rate with activated carbon in Fairway condition.
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