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Abstract

N4

This project is aimed to develop the extract plants that can be use as substituted substance for
herbicide to be used in agriculture activities. In this phase, the work was focused on finding the
active ingredients from plant extract from singer, galangal, garlic, neem, and eucalyptus to be
used further in next phase as substituted herbicide. From this work, the major active ingredients

L forim ginger, galangal, and garlic were methyl chavicol, cineol, eugenol, pinene and cadinene
;——methyujnnamate—.—TheAtraeefingredient5~1,~8{-ineol%&bisabol@aeTﬁ-—S%quipheLandrene-andk

Bﬂe.lemene. From the neem .extract, the .zerumbone, ﬂ-,carygphy.LLene .and lantadene were
detected. The 1,8-cineol, B—pinene Lay L-pinocarveol were also extracted as the major active
ingredients from the eucalyptus leaves. All active ingredients from plant extracts in this work

have high potential to be used further as pesticide substituted substances.
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Similarities and differences in adsorption mechanism of dichlorvos and
pymetrozine insecticides with coconut fiber biowaste sorbent
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ABSTRACT

fn this study. the similanities and differences of the adsorption mechanisms between dichlorvos
and pymetrozine and cocontt fiber biowaste sorbant (CF-8WS) were investigated, CF-BWS was
produced using the slow pytolysis pracess at 600°C for 4 h HCl add modification was used to
improve the pedbc suiface area The properties of CR-BWS were anayzed by SEM, FT-R BET, and
pHp2c. The adsorption kinetics of dichlorvos and pymetrozine on the (F-8WS were well explained
by the pseudo-second-order model, The adsorption isothems for both insecticides weve followed
the Langmuir kotherm. The difference in moleada structures and surface diémistry caused the
difference in adsorption mechanisms of both Insecticides. The pore-fiing and the hydiophobic
interactions were the key mechanikms for both insectidde adsomptions. However, the s-n electron
donor-acceptor interaction played the maor role in the pymetrozine adsomption but hardly
impacted on the adsorption of dichlosvas. The hydrogen bonding mechanism was pronounced in
the pymetrozine adsomption, but it had litde influence on the didhlorves adsorption. The CRBWS
Is exhibitad as an excellent material for the removal of both pollutants and has high potential to
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be used further as the adsorbent in water treatment process.

Introduction

Adsorption process (s known as a very efficient technigue to
reduce organic and heavy matal polhtants fram water
Concerning the adsarption economy, several types of bio-
mass have been transformed using pyrolysis, gasitication, or
combustion process,!?! with the result of a high porasity and
surface arca of the residual carbons which have been used as
the adsorbents in water weatment process. However, difter-
ent temperatures and burning conditions intlueace the dis-
tinctive properties of a biowaste sorbent, copsequently
resulting in different pollwant removal efficiency. These bio-
waste sorbents have been used widely in pesticide remaoval
from water with a wide range of dfidency in pollutant

removal. ! The physico-chemical property of pesticides Is
onc of the crucial factars atfected in the performance of the

pymetrozine using a biowaste sorbent'®?! The molecular
structures and physico-chemical propertics of both chemi-
cals are shown in ‘Table 1. Bath chemicals have comparable
molecular weaght and size with slightly different octanol-
water partition cocfiicients (log K..) representing the hydro-
philic specics. However, the major difterence of both chemi-
als is the double bond contined in the aliphatic
hydrocarbon structure of dichlorves and the pyridine con-
tined @® the hydracarbon structure of pymetrozine.
Maorcover, the pymerozine has three acid dissociation
steps, ! while dichlorvos has no functional groups capable
for dissociation.®! Hence, both inscctiddes contain many
similaritics and distinctive propertics, which passibly reflect

5o chemicals
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on a biowaste sorbent.

in this sescaech, the adsorption behaviors and remaval

adsorption process. However, less resaarch has focused on
the in-depth analysis of the adsorption mechanism in reh-
tion to the specific properties of pesticides.

Dichlorvos (22-Dichlorovingl dimethyl phosphate) and
pymetrazine arc insecticides with some similarity in proper-
tics but differ in major molkecular structure. Dichlorvos is an
organophosphate inscticide,! while pymetrozine is in a
group of pyridine azomothine insecticide!™ To date, link
research has reported on the removal of dichlorvos and

mechanisms of both dichlorvos and pymetrozine from aque-
ous solutions are the focus. This paper is aimed at discus-
sing the similarities and distinctions in the adsorption
mechanism of dichlorves and pymetrozine corresponding
with their physico-chemical propenties. ‘The coconut fiber is
an abundant agriculture waste in Thaand and was used as
the biowaste sorhent. This type of bibwaste has bheen
reported as an excellent sorbent with a gaod paresity and
high specific surface arca contiining many functional
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Table 1. Molkxular st iwe and physco-chenial prapertas of ddborwa and pyovtiodne.
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groups.“" The synthesis and characteristics of the sorbent
measurcd by FT-IR, SEM, BET, and pHy,. were reported.
The adsomption isotherms and the kinctic adsorption models
for buth insedticides from the batch experiment were also
included for the in-depth discussion.

Materials and methods
Chemicals

Pymeteazine (50% w/w) and dichlorvos (50% wh) were pur-
chased from the Syngenta company and the Big Glant com-
pany in Thailand, HCl (36.46%) fram ACI labsan
company (Thalland), and NaOH (9700%) from Ajax
Fincchem Pty Ltd wompany in Australia. All chemicals were
used as received. The coconut fiber biomass was obtained
from the local farms in the narthern region of Thailand. All
solutions were  diluted using  delonized  water  with 18
MScm resistivity.

Synthesis and modification of CF-BWS

The ¢oconut fiber biwnass was cut into 1 em cubes and
dricd in an oven for a few hours to extrude all the moisture.
Then it was transferred to a ceramic cructble and pyrolyzed
in a fumace (Nabertherm, Germany) under oxygen-limited
conditions, with a temperature inarease of 3°C per min up
to 600°C, and maintainad at this designated temperature for
40 The product from this pyrolysis was called coconut
liber biowaste suebat{C .

The CF-BWS was crushed and passed through a sicve
ith 0.8-mm_opening diameier. Acid mudificati

0.1 M HCL for 27 g of CP-BWS) was used to remove the
mincrals on the surface of the CF-BWS."™ The CE-BWS
was washed with deionized water until the value of the pH
reached neutral, and then was dried in an oven at 80°C
tor 8h.

Biowaste sorbent characterization

A scanning electron microscope (LEQ 1455 VP model, Carl
Zdss Microscopy GmbH, England) was ased to investigate
the surface morpholugy of the CF-BWS with an acceleration
voltage of 20kV, and the lowest vacuum of 10 * pa, Tape
coated with gold was used for loading the CE-BWS before
SEM analyzing. The total pore volume and specific surface

ara of the CF-BWS were analyzed using the BET method
(Brunaucr-Emmett-Teller) (TriStar 0 3020, Micromeritics
Instrument Corponation, GA, USA)L The specific surface
ara was measured with N, adsorption at 77.3 K. All sam-
ples were degassed at 80°C for 24hours before Na adsorp-
tion. The BJH model (Barrett-Joyner-Halenda) was applicd
to calaulate the pore sz distribution of the CF-BWS. The
functonal groups of the CF-BWS before and afer the
adsorption cxperiments were wnducted using the FT-IR
(Fronticr, PerkinElmer, Germany) in 2 range  of
400-4000 cm ' In the infrarcd spectrum, The batch method
was usal to determine the pHy, of the CF-BWS.'9

Botch adsorption-desorption experiment

The batch adsorption experiments of the dichlorvos and
pymetrozine ware performed. The dichlorvos and pymetro-
zine stock solutions were 1000mg L7 and 200mg L ',
respectively. The Initial concentralions in the range of
10-30mg L. ' for both insccticides were prepared from
stock solutions. The biowaste sorbent loading was 15g L .
To aveid the hydrolysis of dichrovos at the pH higher than
40, the solution was adjusted by HCl add to maintain the
pH of the sohution in the acidic region.!' ™

The adsorptivn experiments for both insecticides were
conducted for 6hours under dark conditions, Throughout
the adsorption process, the residual concentrations of
dichlorvos and pymetrozine ware examined during a specific
time interval, The separation of the CF-BWS and insecticide
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solutions bddte concentration analysis was donc by (lter
paper (Whatman 42). The UV-Vis spectrometer (Genesys

HO5—UV=Vis—pectrophotomter,—Tharmo—ScicntificH 54
was employed for the amalysis of dichlonvos and pymetro-
zinc concentrations at the wavelength of 210nm!"™ and
29920mP! respeaively. All experiments were performed
In trplicate, and the error bars were include in all figures.
The eftect of pH on the removal efficiency of dichlorvos and
pymelrozine by CF-BWS were examined and were in the
range of 20-4.0 and 0.7-12.0, respectively.

The desorption behavior of both insecticides was per-
tormed in a similar manner to the adsorption method. After
dichlorvos and pymctrozine were loaded on the CF-BWS,
the CF-BWS was scparated by Whatman filter paper 42 and
dried in an oven 50°C, for 6-10 hours. Then, 0.15g o the
CF-BWS was shaken with 150 m} of deionizal water in a
250-ml concal flask The pH of the DI water before
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desnrption was adjusted to a similar value to the adsorption
processes,! =

The amount of insecticide desorption was estimated using
the equation below:

- v, )
"y
where. g (mg g ) s the amount of insecticlde desorbed;
Cs (mg L ") is the concentration of insecticide in solution
alter desorption; m; (g) is the mass of CF-BWS after insecti-
cide adsorption; Vs (1) is the volume of solution used for
the desurption prooess)*?

Kinetic study and adsorption Isotherm

For kinctc and adsorption isatherm, the amounts of
adsorbed insceticide on the

CF-BWS were evaluatad using the equations below:

V(G Gy
@ - —(—w—‘— 2
Vi, G
% - ;@ﬁ__f__
where, i, and g, (mg g ') are the amounts of insecticides

(3}
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Freundlich isotherm which illustrates the adsorption ap-
acity, and n equals the adsorption intensity!*

For the adsorption kinctic study, the pscudo-fiest-order
{PFO) and the pscudo-sccond-orda (PSO) models were
used. The PFO and PSO models show the knetics of the
solid solution system, which follows the prindple of mono-
nuclear sorption, and binuclear sacption, respectively,!*
The alculation formulac of the adsorption kinetics are
described below: ™

In (q g} —Ing, kot (6)
{ 1 1
—— — 1 —1 7
4 k:(f Qe @
where, ky (h ') and ky (gmg 'h ') are the PFO and the
PSO rate constants, respectively,

Results and discussions
Characterizations of coconut fiber biowaste sorbent

The surface morphology of the CF-DWS synthesized at
600°C, for 4h was shown in the SEM micrograph (Fig. 1).
The tiny pores and heterogencous pores were tound on the
surfawe arca of the CF-BWS modification (Fig. th). The
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that were adsorbed onto the CF-BWS at time ¢ and at equi-
librium time & V' (L) is the volume of insccticide solutions;

pores of The surface morphology of The CF-BWS weee longi-
tudinal, and the diameter ranges were approximately from

5:3:-to-B38pm—The-morphulogy-of-the-CH-BWS—consist

Cor Croand G {mg 1. %) are the insecticide concentrativns in
the solutions at ¢ — 0, ¢, and ¢ ¢, respectively; W (g) is
the mass of CF-BWS used 2>

The Langmuir and Freundlich fsotherms were applied to
simulate the adsorptivn iswtharms of the Insccticides amd
CF-BWS:

Q. K G,
TR G o
4 - K (5 (s)

where, Q, (mg g ') is the capadty of the maximum
monalayer coverage; Ky (L/mg) is the langmuir isotherm
constant; Ky (mgg Mmgt V" is the constant of the

of heterogencous, longitudinal, tiny pores, which can bring
about the high capacity adsorption of pollutants. Figure 1a
depiuts the residual minerals on the surface of ron-modilied
CE-BWS. These pores can be blocked by the mineeals, whidh
leads to a decrease in the specific surface aeca of the CF-
BWS. Hence, the mineral removal by HCI acid washing sig-
nificantly improves the porosity and the surface arca of the
CP-BWSP¥ The specific surface arca (SSA) of CF-BWS was
024 m g ', and the total pore volume (TPV) was
0.451cm® g . Figure 2a illustrates the various pore size dis-
tributivns of the CF-BWS. The pore siz of the micropores
(<22om) and the narrow mesopores (2-20nm) of the CF-
BWS were 1740, 69.22%, respedively. The ceffective uptake
of adsorbate was inlluenced by the pore size of the
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adsorbent material. ™ The pHye: of CF-BWS was 0.7 (Fig
2b). The pusitive wr negative charge on the sorbent surface
selics mainly on this pil,. If the solution pH is higher
than this pH,. the sorbent surfaee tends to be negatively

group (C —~ O) showing the existence of ketane, carboxylic
acid, and ester™ The 2354 and 2299¢m ' peaks repre-
seated the presence of the ketone groups (G - 0P The
1570cm * hand was assigned 1o the aromatic C— G fn

charged. On the contrary, if the CF-BWS presented In the
solution with the pH lower than the plpze, the positive

charges of thrsorbent-are predominant

The FT-IR spectrum {Fig. 3) shows the chamcteristic ana-
lysis of the cight main functional groups of the CF-BWS.
The 1217 em 7 peak represented the C-O steetching of OM
{phenolic hydracyl).”! The band at 1070cm ¥ was assigned
to the C-O stretching of alcohul!® Peaks betwemn $78 and
750¢m ' were attributed to the aromatic C-H, revealing
that the aromatic benzene rings did exist oo the CF-BWS
surfaces*¥ The peaks between 2915 and 2845cm ! were
assigned to C-H straching of the alkyl group.‘:‘al The
3000-3600 cm ' penk regions and the peak at 3789.am '
represcnted  the Ol (hydroxyl group) strctching vibra-
tions*™ The 1715¢m ' peak was attributed to the carbonyl

summary, the surface of the CF-BWS contined the ketone,
carbonyl, aromatic organic molecules, and the hydroxd

unclional groups.

Adsorption-desorption of dichlorvos and pymetroxine

Referring to the physico-chemical properties of dichlorves
and pymcirozine, the pymetrozine has three acid dissoci-
atlon steps, while dichlorvos has no functional groups cap-
able tor dissociation. The first pymetrozine acid dissodation
occurred atl p 0.7, the second acid dissociation was around
pH 3.0-40, and the last acld dissoclaion was about pll
10.0-120." No acid dissoctation occurred for dichlonvos. In
addition, the hydrolysis of dichlonvs occurs at pH higher
than 40 with the formation of dichlorvinyimethyd
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phosphoric acid and dimethyl phosphoric acid 7! Thus, the
clleat of pHl on the adsorption of dichloevos and pymetro-
zine on CF-BWS was conducted at plt lower than 4.0, and
the results are shown in Figure 4a. The removal percentages
of both insocticides are relatively high in the acidic solution.
Approximalely 90% of dichlorves initial concentration was
adsorbed on the surface of the CP-BWS, Slightly higher in

reentage removal than the dichlonves, 95-9%6% of the
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the pymetraztne, the maximum ndsurpuon capacity (Q,)
obtainad from the CF-BWS was 1904mg g ' at pH 4 which
was slightly different from 2 Omglb maximum adsorption
capacity from Brewer's spent gr.\ln."

The desorption behaviors of dichlorvos and pymetrazine
were conducted after the adsorption process and the results
are shown in Table 2 and Figure 5. The desorption of both
insecticides reached equilibrium within 15 min. The amounts
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pymetrozine initial conaeatration was renwved. Althaugh
the surface chemislry, such as the acid dissoclation of pyine-
trozine and the elecirostatic attraction, is largely involved
with the adsorption of buth insectiddes in this acid region,
less effects of pH on the adsorption of both insoctiddes were
otserved Recadling that the pHl,, of the CF-BWS was 0.7
and all experment sulutions were conduded at a pH highee
than this pHy,., the attractive force baween the nogatively
charged surface of CF-BWS and the protonated pyrdine or
triazinone ring of the pymetrozine possibly played the major
role causing the ti-bonding between the adsorbate and
adsurbent in this adsorption process (Fig. 4b). On the con-
trary, there are no functional groups in the didhlonvos capatle
for dissociation; p1t has a very Umited fmpact on the adsorp-
tion of dichlorvus on the CF-BWS. The maximum adsorption
capadty of dichlonws on the CF-BWS was %0.9mg g . For

of desorbed dichiorvos, cxpresscd as a pacentage of the tai-
tial sorbed amount, varied between 072 and 1.12% at pll

e ih—those—uf—p)mlmzlm:—vancd—in the range of
U 12-0.58% at pH 2-12. Both chemicals shiwed a strong
attachment with the CF-BWS during the adsorption process
resulting in insignificant desorption on the surface of the
CF-BWS.

Adsorption thermodynamic of dichlorvos and
pymetrozine

The cffet of emperature on dichlorvos and pymetrezine
adsorption by CF-BWS was examined at svarious tempera-
tures {25, 35, and 45 °C). This experiment was performed to
estitnate the feasibility and exothermic or endothermic reac-
tion of the adsorption process. The equations of the thermo-
dynamic parameters are summarized as below: lated
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Table 2 Perceteage of deicptnn of dxhiaress and pynvtrazine in diferent pH @nditony
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where, K, (Lfg) is the adsorption eguitibrium constant:
AG® (k) mol ') is the standard free cnergy: R (8314 |
mol ' K ') is the gas constant; AH® (k) mol ') is standard

cnthalpy, AS (J mal ' K ) is standard entropy. Al and

AS® arc the slopes and intercepts of the plot of 1K, against
e



Thermodynamic adsorption of both insecticides is shown
in Table 3. The negative values of AG” confirmed that the
adsorplion processes of dichlorvos and pymetrodne onto
CF-BWS were spontancous in nature,™ and these values
were increased with increasing temperatures. The adsorp-
tions of buth insecticides were an exothermic process with
the same range of negative AH values as of - 3.29 and

408 (k) mol l). ‘The higher temperature can create the
randomness of the adsorption at the solid-liquid interface of
the CF-BWS and the insccticide solution. Thus, the high
temperature has a high tendency in enhancing the adsorp-
tion performance of both dichlorvos and pymetrozine

Adsorption Isotherm and kinetics of dichlorvos and
pymetrozine

The adsorption isotherms of the CF-BWS for dichlorvos and
pymetrozine were comfuctad. The calculated paramcters for

Table 4 The ivtham maddd paamretas of dklEores and pymettazing wee
wibed onto the CI-BVS

Langmuic isetherm

Freundih sotheim

e % K img g
Jasecticdes  {mg gf) (Limgl R, R (agth" e R/
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both Langmuir and Freundlich adsorption isotherms are
shown in Table 4 and Figure 5. Fram the Langmuir iso-
therm, the capacities of the maximum monolayer coverage,
Q.. were 90.9 and Y4.4mg g ' lor dichlorvos and pymetro-
zine, respectively. From  the Freundlich isotherm, the
adsorption capacities as illustrated by K, were 7.99 and 150
(mgg NmglL )" where 1n was 0848 for dichlorvos and
0.819 for pymdrozine, respectively. Huwever, the cocfii-
cients of determination, R*, from the Langmuir isutherm
were much higher than those from the Freundlich isotherm
model for both dichlorvos and pymetrwine adsorption.
Thus, the adsorption behaviors of both insecticides followed
the langmuir isotherm which describes the monolayer
adsorption of dichlorves, and the pymetrozine on the sur-
face of the CF-BWS. This mondayer adsorptien of dichlor-
vos was also similar to that previously reported by Ogwuche
et ak., for the adsorption of dichlorvos on activated carbon
derived Trom Hyphaaie thebaica nut shels with the max-
imum monolayer coverage (Qu) - 1567mg g e

To estimate the adsorption Knctes, the PFO and PSO
models were applied to the experimental adsorption data
(Fig. 6). The parameters of the two kinctic models were
compared with adsorption capacitics, rate constants, and R*
values as shown in Table 5. The adsorption of the insccti-
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Tabde 5. The psomeens of the PIO amd £SO momdels 821 the adirption of indec B sdes onta the CE-IYS,

The parammters Of (8 custi~frst~ardit

The paamaters of paeale<wand-ordet
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Wymerosne 10 641 0.09 103 087 642 2.y 1000
p-+] 1289 135 1.82 GSM 1285 3194 1000
3 1904 3.13 0.9 0966 1921 0.79 1000

Table 6. The swixfit swlace draa [SSA) a0t the tata) mre walane 1TW) o
the CH-BWS bfore and after dehionns and pyaetiazine adiarpion.

Geeuped in
T 4w SSA i’ g1 TPV km' g PV %)
Befos: adsopiion 024 0.151 -
At ditiones adioiption [[3] 0.083 527
Ahsr pymettoSne st0ipson 1452 0972 5231

cocflicients) of the PSO model whidh were higher than the
R* values of the PFO maodel (Table 5 and Fig. 6). This #SO
adsorption kinetic was alse reporied on the dichlorvos
adsorption onto activated carbon derived from 1. thebaicoa
aut shetls. The PSO mudd can be explained by the chem-
ical interaction which includes covalent bonding forces, imn
exchange, and the exchange of electrons.™ (n this study,
the functional groups of the CF-BWS causing the PSO
adsorption kinetic were tentatively alechol, phenol carbox-
yllc acid, carbonyl, ketone, and aromatic hydrocarbons,

Adsorption mechanism of dichiorves and pymetrozine

Based on the different structures of dichlorves and the
pymeteozine molecules, the functional groups and the poras-
ities on the CF-BWS demonstrated the similarities and dis-
tindtions in the adsorption medhanisms of the two
tnsecticides onto CF-BWS.

Pore-filing mechankm
The high pore volume distribution in micropores (<2nm)
and narrow mesopores {2-20nm) o the CE-BWS were

Hydrogen bonding [H-bonding)

The surface chemistry of the investigated insectiddes and
the CF-BWS plays an important role in the atteactive inter-
action «f the bopded hydrogen atom and anather clectro-
negative atom for hydrogen bonding consideration. For the
CE-BWS, the pH,,, was 0.7 and, at the solution pH higher
than this ptf, , the negative charge of the proton tentatively
covered on the surface of the materials. For pymetrorine, as
its first acld dissoctation occurred at pll 0.7 and the second
acid dissoctation vas around pit 3.0-40,"" there was high
occurrence in the hydrogen bonding between pymetrozine
and CF-BWS, While dichlorves hay no functional groups
capable for disoclation, the hydrogen bonding between
dichlorvos and CF-BWS was less comparable with that
between pymeirozine and CF-BWS,

The H-bonding intcraction can also ocaur from the inter-
action hetween the oxygen contalning functional group of
the insecticides amd the hydrogen In the catboxylic acid, and
the phenolic groups of CF-BWS. From the FTIR analysis
(Fig. 7b, Tables 7 and 8), the il-bonding between pymetro-
zine and CF-BWS arc predominant from the changes of
intensity In the alcohol, phenol, carboxylic acid, C-O
stretching of alcohol, and phenolic hydroxyl groups. The N
atoms from the pyridine ring and the triazine ring of pyme-
trozine can furm an H-bunding interaction with 1 from the
functional groups of CF-BWS. The pyridine ring had
protonation, which brought abuut rich electrons, causing a
negative charge on #, and the N atom of the triazine ring
carricd 1.‘I4:4:la'um:g.'niv.-ﬂy.“"‘7l Both N atoms cause interac-
tions with i from the carboxyl, phenolic, and the alahot
groups of the CF-BWS via H-bunding interactions,
Marcover, in the pymelrozine mwlecule, the dectronegativity

29

0 . saleidatod_molequlir 0f an O atom from the carbunyl group is higher than that

sizes of dichlorvos and pymetrozine from ChemBio3D soft-

of a C atem, which leads to the O atom arrying a negative
charge™ fHena, a (f-bonding interadtion was formed

ware™  are  approximately {076 x 6,26 x )__and

SR A

(111 x 019 « Q.56 nm), respectively, Considering the pore
size of the CF-BWS, the diameter ranges weee approximately
from 538 to 13.38 pm. Apparently, the molecular structure
of the two insccticides are cluse to the pore size of the CF-
BWS, and, thus, both insccticides can be diffusad into the
micropores and parrow mesopores of the adsorhent. In add-
ition, the specific surface arca of CF-BWS was atso reduced
afler the adsorption of the two insedicides was wniirmed
(Table 6). The pore-filling of dichlorves and pymctrozine in
the micropores and narrow mesopores of CF-BWS is anc of
the adsorplion mechanisms in the adsorption process. This
mechanism has also been previvusly reported in that the
eifective uptake of adsorbate was influcnced by the pore size
of the adserbent material. 1!

using the O atom from the carbonyl group, and the H from
carboxylic acid, phenolic, and the alashol groups of the
CF-BWS.

The {l-bonding interactim of dichlorves and CF-BWS
were constituted by the O from the P O group of dichlor-
vos, and the H from the functional groups of CF-BWS,
induding carboxylic add, phenolic, and the alcohol groups.
In comparison, the chemical functional groups of pymetro-
zine that created a H-bonding interaction were more numer-
ous than dicklrvos. Thus, the H-bonding interaction plays
the role as the key adsorption mechanism of both insecti-
cides on 1o the CF-BWS. However, the eftect of the H-bond-
ing interaction on the adsorplion of pymetrozine is much
higher than the adsorption of dichlorvos on the CF-
BWS surface.
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