[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

J E H E Journal of Environmental Health Engineering , 2026; 13(4):412-436

Alborz University of Medical Sciences

Systematic Review on the Application of Biomass-Derived Biochars for the
Removal of 2,4-Dichlorophenoxyacetic Acid from Agricultural Water Sources

Received: 18 September 2025, Accepted: 05 January 2026

Mozhdeh Keramatzadeh!, Afshin Takdastan?*, Majid Ehteshami®
! Department of Civil Engineering, K. N. Toosi University of Technology, Tehran, Iran

2 Environmental Technologies Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

*Corresponding Author:
afshin_ir@yahoo.com

How to Cite This Article:

Keramatzadeh M, Takdastan A,
Ehteshami M. Systematic Review
on the Application of Biomass-
Derived Biochars for the Removal
of 2,4-Dichlorophenoxyacetic Acid
from Agricultural Water Sources.
Journal of Environmental Health
Engineering. 2025;13(4):412-36.

DOI:

3 Department of Civil Engineering, K. N. Toosi University of Technology, Tehran, Iran

ABSTRACT

Systematic Review Article

Background: Water contamination with the herbicide 2,4-Dichlorophenoxyacetic acid (2,4-
D) poses a serious environmental challenge, as its residues not only degrade drinking water
quality but also threaten aquatic ecosystems and the food chain. The aim of this systematic
review was to summarize and critically evaluate existing research on the performance of
various biochars in removing this persistent compound from aqueous environments.
Materials and Methods: A systematic literature review was conducted following the
PRISMA guidelines by searching major scientific databases including Web of Science, Scopus,
ScienceDirect, and Google Scholar. The search covered studies published between 2008 and
2025 that investigated the adsorption of 2,4-D onto biochars. Articles were analyzed based on
feedstock type, pyrolysis conditions, chemical or physical activation methods, and operational
parameters affecting adsorption efficiency.

Results: Reported adsorption capacities of biochars varied widely (from below 10 mg g™ to
over 300 mg g™), mainly depending on the feedstock source, pyrolysis temperature, and
surface modification technique. The Langmuir isotherm and pseudo-second-order kinetic
models were most frequently identified as the best-fitting, indicating chemisorption and
monolayer adsorption behavior. Acidic conditions (pH = 2-3) consistently yielded the highest
removal efficiency. Nonetheless, several challenges remain, including limited data on
regeneration performance, real-water applications, and the influence of coexisting ions and
organic compounds.

Conclusion: This review highlights the potential of biochars derived from agricultural residues
as cost-cffective and sustainable adsorbents for 2,4-D removal. Improving surface chemistry
and structural properties through optimized activation methods could enhance adsorption
efficiency and facilitate large-scale and environmentally sound applications in water and
wastewater treatment.

Keywords: 2,4-D herbicide; biochar; adsorption; biomass; water and wastewater

Copyright © 2026 The Authors.

Published by Alborz University of Medical Sciences
This work is licensed under a Creative Commons Attribution-Noncommercial 4.0 International License. (https://creativecommons.org/licenses/by-
nc/4.0/).Non-commercial uses of the work are permitted,provided the original work is properly cited.


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

3,5l g 50 dlio FEP LYY Giladio AP ¥ Glicas) F o,lack ¥ 00 dasas Sufiligs cusige dlas J I‘, I I I‘,

Alborz University of Medical Sciences

LSJ—\CJY JISJ.C« - L on:&L.w.l) )\ oMk}LL.A Lsujt-?.'ﬁb bf)lsJJMva; D30

8303138 Ll mbia 51 Aol Szl S 54 JS

\E-E/\-/\0 1ob ey &L \E-E/-2/YY 1 8Ly &6
rw\.&b‘ Lee Y Ol IS d_,i.ﬁ‘ A obb’ u‘; 0350
Ol Ol msb ez arl gt 2mis o851 O s pidige oAl
Q\J;_‘ ‘)‘j"ﬂ ‘)|}¢| )ﬁudu\.\} é“:ﬁ r}lﬁ aK.:,.'v‘b ‘%""’C"“*ﬁ) LSLQLS)JLJ QLS.:};J JSJ.A v

O‘ﬂ‘ g()l‘)@ ‘vﬂajb u—&"‘JlJ:““ 4;-\_,}- S NESHN co‘ﬁﬁ ks sl ¥

RVLCY 8 g
il 1 gl o oS S o

B s 4 a5 Gl Feee S 3T iSile L O e S JTias 5w | afshin ir@yahoo.com

LA 1y 2l o s 2l Sl ST S (sl OF ciS o 5l esdhe OF bl 15

1o ol & bt 0 g2
S 5 opl Gl s e b el gl SIS osb s sualal gla fa g Lwpllss candlan ol Cda S
i SIERLS SR (e SBotan S 0 j < <" | Keramatzadeh M, Takdastan A,
ol gl slalae 5l eslie | Ehteshami M. Systematic Review

. - .. . . on the Application of Biomass-
Sl oo el Sl ealiid e 53 o i als s tuaplls Lot 5 gmies L allas ool ila Gy, g 3lge |t PP

Google ; ScienceDirect Scopus Web of Science slasl L s ¢3-¥5¥ b oi | Of 2,4-Dichlorophenoxyacetic Acid
) ' from Agricultural Water Sources.

523 VO LY A Gadl i Sloj o3k A ¢l PRISMA. el sis ulul 2 Scholar | journal of Environmental Health
Sl T Fe gla el 5 slawdled 5 Pl s s Bl b bty g bl SV Engincering. 2025;13(4):412-36.
U

Ll o3 503 g5 8E S 5 3ls aes wuls Ll sl il o b sl 0L Slalllas 5 e ile 4l
Sladie b1 (St 5 25050 Gl ot iy s el 48 813 ol b iy 5 s
slowl 15 Bl Oledily o VL (PH = 2-3) (s Jaul 1 omen o3 S 55155 003 4 joact 5 5aSSY
DS 5 s Bl Bt 3 s Shes bl eodle Ll sl oLl dl nl ol o
el (Bl Ol

Gl S5 2ma 5 $3ES Sluls 5l ol Glaslr sl axs o33 2 $os0 adllas onl 15 S womd
Sl 5Y o3sa e iSile Gl s laodle cpl Sl 5 ineo 3,00 wie) B3 ls AST Lol b o
syl ol 5 O gl

Sl s Ol e s (b Clir Gl b (o3 5Y S ile gl (gla o3l

DOI:

FEF LYY Giladis AP F Glias) F oslacd ¥ 090 dasne Cudilign outige alas


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OEas g 0l ciol )S 6030

55 2l (WHO) Jler cilig bl s (EPA)
5 b s Wlesls 13 SU s laoaoVT v b 55 1
ST I SO P NGOV U R PR R
.Y/\—Yf .Ju'\abjs

sleiy Of 5l @YY Gl Gl s sl
Lile) a iy O el oSt Gl 3 Jols & Lilodd
(S5 kel (e bS5 o UV/PS
e Sl e Sl ol b
olzs A&l dul s 53 oYU Obeily e 3s; ol 5l
g VU glaayia Ogomen oy gdome Ll Lilesls
0 Glsds 5 TS Sdamy (e Sl SV pane
st oslil S ol ol e o 5 L

ARERR

Wl cnl 5> 7T LaL elan i gla tlr L e
308 SB 5 S e (Sole W 4 e il
3 bSO S Olsea e laulide 3
o5 5 I laedo VT Gl (gl WKl o 53 5
Tl o o as s S ile

Gosle G Olgear Hlral OSUSS slacils Ole 3
Cewlos S o a5 |y (3l a5 Gl 5 e 0 S
LS 5 s bl 3o Sl Sz sl T
s o3y o iile s S5 shls 5 o oy
ol 5 b Jule slaey 855 el Joulss L
Lol Aol Ol s Tl ol
5 (O L (ol () pland sla iy,
ol B e e (bl 5L ol sledlnd) (S5
SLS 5 lr O bl 5 oo c b S
8 Wlesls OLas o Slalllae M o sd o slie
5 Sroalsdhe Sl Olpea Kl el
o 3l e 58 3T gl Bl s S Sdaen liass
TV g e ol slalasea 5 s-Y Y Sl
oSdle Gl ae s b s slaas 058l s s
Olomar age oke GO 5 Lot (oo-F oY

FAF @ AFF Gliwe) F o lacki V¥ 0,90 cdauae Cubilags cunige dlae

LUNE-FY

Y peame W5 0 05580555 5L cumerr okl AS,
o0t BT w3 paas 51328 eslizal 5 (55,LiS
Slaed VT 51 e 5 LG o 3555 o e e iS il
24- sSile ol sas o glabsw 4
Jlse 4 (2,4-D) dichlorophenoxyacetic acid
O Ol 53 IS gla fsdle b e 5l (SG
8 esliad a4 (65,5iS 5y a5 ol aay cas )
S @YY aSie e 218 Ll ) 5,8
VL 3 ey Sl (e g 31T 5 e 418
D3l oo 53 58 et I e 53 5 ol oo
O\j}@g\.@?cb_ﬂjﬁ‘)oictﬁfﬁwrhr sls
53T e S e LIS ey 5l S
A eSOkl s ehsa e Ol
‘f"\'g @‘_},« 03 eScdde oyl Gy S Ol g+
ol g Sl (ol OVgame ple S
od b ol e 5 Lo iSGay 4 OF 1 g 5 LB
oS Sl S8 G e e ol i
FRPIREI TP FOV WY PN A A Wik b
ol Ll Sl 58 0 i D e 1L
oy 2l s 5 Kley Ll 53 W5 0 LS S
La8 Slags sl anm 55 5 s oy nl O A pE g8
Dl et Caeal O 51 0T Gl gl

Opzad laSiis ol oYY 2Sale
35 S 5 e oMl ool 53 YL (s ds Dl

RPN oj Slalesws 5yl Copuas (S s
T LIS e ol slacle )3 o= S5 nl 5yl
sde oWl das D) ol el 5 suLoL
0k s SIS 5 gadS 5 AS OISs (2 0503
5 Sl e p mmes TV SIS (e
Slp o 5 i) g5 ) T Gl S
TS e sl e D (Gl Do e
ol s ame Bl Slojl ol a1


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GJJJLZS"&T&JLMJ/{M/t&nkhl’wﬁSﬂJ_)KgJ*erquA—ﬂlc J.i;_)..lAJ_;JC&:J_}_}’&_L&&L}L(;LAJL’;#@J#JK#_Li.ofaLEJ_)J_,\-a

A s (St 5 5l bdbe B s
sl 0 S e

Mt pl 035 e LSS e B s ool
oS 5ol Gl a5 Gl 63,0 s (ele
50 el 65,5 Sluls wly p ausa

‘wﬂ@z eplls [y cpl e alul opl
)l el (sla ta sy sl s 5 a0l
sl g ol sl 5l eslinal U oo ¥ oY iSile (3l
S i amlie 55 503 Lallis pl il o3 S5 5
Olekily » Slbes gl bl I oy Ol gl Al
sladle o 5 B Glapdle =05 ol
23 gmpe GNS US e B (sl 5 (S
e sl sl tas s Slletor 5038 1, Sl
J.g M<=Um 63,505, 3l s adlas opl gsls S
Sladllas golisl Lo s PRISMA- Jadly sis bl
Slasusbd ann 5 sl oade glos Ll U sl e

Aol Sl (WS pEg A oYY pSile B
(YY)
15 Y oY plard s sla S ¢S
2,4-dichlorophenoxyacetic acid  :s il
S S s e bl oS3 el ) (2,4-D)
0> Seatos Sl fSile (p S pan 5 0 S e S
ST dol S5 g0 0 S5 pl 3 pd e e Oler
S a5 ekd g b il gla mul 5 el Gl
Solite aacin S, (il 05 S g5 4w
& (CAS 94-75-7) ike ol sl 137 15
3508 G i M5 Gl a5 pled OIGL s
s
Slas,l gl 65T (bt Sl i )

S5 (F 57 5ol slacamise o3 IS W51 oo Ll

Ll b s Slallae iy oSOT s 55 32
MrUa.; duslis 44 2S5 o34 dgdme JAKJ:.&LU'T oo
sobral glel ensa wdhe il LS
o G35 GlapilSe 4ST p s Ll el Slol
T Sl Sen o dibe) oyl sl 655 2 T oY
23 (G Bols 5 Sl s xS slas (S5 5dn Lsey
@l s ekl Jls sl jsba Oldlas 51 (g5l
AT ST s s (2l Slae S p 53 s
5o omlpe Sl s sam o PH L) e ol ss
Ll s gie ol obuly 5 (s JT ols s
or sl s S s ey e AL
3800 S5IL Aol page o s g (e Dol 0
Ol 5 ol sbaausn (alisl 2B Gl sl
S el spe LS jsba jea o Gpd el
Klaz

YoV paScdle Gl w5 Sldlas Aul5sl s L
S san oS das e LS s sy oo o gladass 3l (g
5 e sl sl gl s Sas o dplll 5 wolr 550
DR gl e gy R Sl el el
Clr bl 5 Sles bl (gsledled
ST E YT L T SNVRS P RNV N WA ) PN W SR WE
Slamglio 50 SIS Al Ll 5 il 5 ol
oy alia Bld s bodle S Ole s
(Sealunse 5 sl o copluele ol 4 S
Lol o5k bl 5 (St 5 o505 sbadis
Lilodd sy 5 3 s D) seos Dlalllas 51 (65l )3
Canl 5 o S ile G e 033055, 5 aeS war s L
D3 el ol =l U Lol 51 b gl Ss gl J s
wr Sl Slas 5 Gy s Sl ol Leplls
Sl 3 Sl Sl eslial osls godae Slatash
Shdlas S Ll sl plail 5>-¥5Y Sl
CBLal sla By amlis J.,quE.l O gods &S cal;,—

bee Ll 5 ) odor slaedlSe B b il

V¥ liuey F oylacdi VW oy 90 cdosas Cadilags cudigo dlas ¢ YN0


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OLKaa g o0l ol )S 8030

BN PIPVRTI A ) RRCER T S PR S TP Tl (5 g0 s 4 Joate bl SLenS 5 S 05 8
s St b gl 5l eld > ol lalaoes b 23 s S s bl o ge sl ol T
Lyl i 4 ate ol (S OF Ga s S b s S 5 o s ek sladnl 3 Ly s el oL e
Oeed a AISG sk atla per B 5, L Sl aes 5

o e oS (pKar3.4) 2= pH 5 YL 0snliin @
@uﬂngw&,ﬁ)t{jsupgi@xﬁi&i

) Db ol s S sl
LS'L:lS @Wﬁjg Ql.ﬁo‘,*m- el s u“’f’“ Lﬁf‘
8-JA CLA )‘ aesls . Klodds awd= d)-\;- BE LSJ—Y)Y
T xler s,505,8 FAO ; ATSDR (PPDB L (Koc<100) JI o 5

fv-¥f

Combodr oo [ a S baw YL S e

(5 o 55 (LogKow=2.8) o~ w0 b gie Lles @

Glalis 4 358 Ol Ll ssdome [y s oilol ot
XS e a3 sk

FE_FV Y5 ¥ oY S plard 55050 sla ;:,U tl_,sl REPRES

Josdbe s .
IS S
c o
orbond Jga CsHeCL0s
CAS sl 94-75-7
Sesle o> 221.04 g/mol
o8 akais 137141 °C
@555 | hea adads 89 oo 4355 273 °C o
pKa (25 °C) 3.40
(20 °C) e Lad 1.4x107 mmHg
(20-25°C)o o e (g 1ax0)540-677 mg/L
(PHR7)ST o > ~900 g/L
LogKow (s 4355)2.81
LogD (pH~7) -0.82

Y15 @ \Y¥ Oleuny F o ladd VW o,y gu Joans Cudilags oruaige dlae


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GoaslaS o plio 5 o] Kitia] S 538 5 8 (g 5 JESdle i o a0 gicia; Sl s it slasla pl IS disallis g e

(i wdﬂ‘,ﬁsh{‘fﬁ&:ﬁﬁ&wc&]ﬁadhyT)a °

LSJ‘j’“Lf .]a.].‘_,& BL) Y L;b- BEINTERY J._._:.ZA aa L=

B35 Ygons acios Ll 13 0 a3

ol 35 S ) S
Aol Loyl i 55 (a-F Y oS s o OLS W S5 oyl
Srve Sl (Gilme b sdnl Glalas ails)
ol{ngcu)wg Sl a5 5 axils

Y ) b s Sl

Sy Bazes 55 (0= T Y Sile S5

JUCI RIS IS S NP S AR (U CRCRJe g
Lome (S3S) Ll b 5 OF bt 553 sl S
S5 s Ge b 3 Bee S5l als 513
Sl pland sladuT b G b 5l S sdos 35l5e 3
S ol 5 S s Gl L e 5
I35 IS 53=Y 50 5 4 e Ygoma &8 Sl s S
Ol edle a8 s dbaaly Cdpke Olgea
O @ S g Bl g el 53 O sl enS1 5B
PR s 555 Sl aeS (s etas LS 5

Tl prie les Jaee 55 (6-F Y jesans

aza f 3l P U dseme bl 8 55 55, VEY SIS s

.Ca—u“ ol ‘_):")‘Jf LSJ\.:«.M‘ 6&5[}- DL

eo-or.fo Lau‘ BT —f}* PSG.LF‘ 2 w"i’u "d}.\a.-

(55l52) 2Eiole;l S o jee das 595 7Y g0
S S 0 s Ao 5 VF U e
Silop T 5 os ans 395 V0 090>
lased 50 yes dess 59, YA 290>

i 3deied 0 e dad

&S 7

S3l9p (2 gy 9 2l )0 yes des

(KOC) ‘5” u.v}s—ujb o o.._n.\.’> wfo

S s S

Loy ) mly Dl
lit
) l/kg

(BCF) gy cunlsl oo

;‘5) 'Y éa»

59, YT 15 F)
mg
1 V1Y%

3L b lawgte

AFoF Glcea) F o yladi VY 0y g0 Joans Culilags oudige ddae ¢ FIV


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OEas g 0l ciol )S 6030

w3l b glaclly, 5l iSas b 5l sl -
5 LU wile mban glacT 4 oS 5 35,5 o ge &S
05 5 o baltsy,

23 esh ol JWEl 5 s G b o) s s slasl =Y
Sl s sV ples bl o

s sl e S o b sl 51K 8 g
ailie (Bl LS b cagb Ol (Sl il
ilmlr Lo 5 Ul 0 S ad Jalse nl 5301 18
AT JSE) o dal gt Jaes 3 (63 Y

e oYY S5 e solaly el
sbos sy mg/Lar Lyo) o s YU (s pdddles
St oS 4 ol cde gl 5T (C Y0
(S s iy 53 Ve 5l S Ysens KoO)
Sl ol P el e 53 YL S a5 gl
sy 5l ce i S plaS s e e
SRS LSL'N,JT Dl 5035 hpe S o
ol s h (IS 5b w358 (655508 laces

Dl ke G lamee 55 (625 Jll
Lol dlisa oS ¢ (Ko 27 31 s as 35 )
Jdon o VT (3508 S a5 03l o ol

PO s s Sl S o s N JSE

LGl 5 SSS Sy il 5 e L
-i\—o‘\ b)quA 4;'"’.'){

Sl CoMw 3 (63-F oY pSile  silug o JI
Sladels Ll 55 o (g3-Y,Y pScile 5 oae s S8
39535 ol S e Sl ails Qs Gl 5y (g3 daze

fJJJ‘y)b}éJL@Mﬁwwdﬁud‘bbufsﬁw‘

FIA & VFOF Glias o o lack V¥ 099 cdasne Sudilags cudige dlas

05 =YY LIl sas o Wlesls OLLS sdaze Dlallas
Ll o et 2l e (Sl 5 odle s Laes
Sl 5o e 58 ol 0y o o Jas! o
Gble 3 ehnsm 5 sk IS Obpl 5 b
S5l JE ks G gl R s osliS

s i o il gr I S e 5 YL


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GJJJL:S‘frc-JLMJ/{M/@w’w‘f}d\jﬁ&d*fjruﬁﬂ JJAJ.Jédfg‘hgj_)/ém&;uhthL’a#@JﬁJK#_Li.ofaw_;‘;_,\-a

L a hilos S e o5 S8l psSole 5 S 58 8
Pl ol e s (ARl e S S
2l c(TARC) ol oo Sl Mallops (usl3T 35158
Sl 130U s Yzl Gliae 4 2B 65 8 s iscile
SSlad glod s S8 5 e suai b 0L
Ol s3-¥5Y piScile B cou Ll Gua gl

.” AR (Y J.i.l) g:,\...al ol ab‘)

Saigya
53 09 )..‘J:)) d&l.o| (e
Jales pac g gy a8
g4k (90

I o al wpf Sy

A ulS @) coal 4 orie

g > 4l 3)Slae 3 Jis]
33520 gl il a5

e e gt ol Olos 3 S (el Bz

=¥ 5Y 45 Llosls oL Slallas s ,s 1 (J4+ 55u5)
(has Cins dax 5l ae OV Carse Ll e
I 0 iS5k Solen Sl Ll 5 (gl ol s
(o SO0 58 5 LS55 0594 ) ,05,3 348 )3
Oered 355 ook Al s 65l 5 S S
esid S5p b1 OF Byl S5 dsmedyl Slllae &

I

A i S acly
ke 9y 9 (5)18) lyaads

23,530 yguisS)ly

a5

sl &l}él qgS Caow
guil S| oo iul g 15..\.55 gl
.!.yfu.n

i 34193 plianses
Sy=d g slisd yholS dacly

HE sl 10 Gl dyganl
S5 liwd Carom 9bs.ub

233,540 ;Lo

TV 6o f 5Y pScile U o Ll B glapluil Sled sles Y IS

Wead Olge a LHls |y s ol slacys gde
B s w36 wdiy OpllS) glaanl
W bos sy pauss Yyeme bl cinea JT slaoaY
S sy [P Llelen e Sl Yy
Sly Sy LlagpaS 5 L e b

30wt Cem Mo ol e Ll 5w (0L

s-Yo¥ Sl D gl Sy, ¢l 5
S YaY ehsa pslie laisde Sl ol
S LBl ey JSUS sl s, ol slalase
¢ (AOPS)as piny O gpulibonS] sladul 3 Lils
clr 5 ol bl (S ladas
sl LSy onl 51 S e T il e i

VEF licus) F olach VY o 99 cdosns Cufilags eusigo dlae & 14


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OEas g 0l ciol )S 6030

Sl e Juml: Gl SIS el o b ol AT 5 !
Jlal 5z B b o3 358 (bl mha 4 gl 50
IS o 223k 5 o mhw Jlad LOKG & ole
i e ol D3 o3Il il Jlelse 4 Jol e ol
oo« pH) Sllas Ll s 5 (b o sla S

T s s (San (o 5 dsl e
Tl 33 g5 f kel (5l eslizal 550 sla3l
S (g ol (555 oy S Alb) Sdae
ST OS5 Gl oo b b s oL 5 0l

.JJ)‘J

03 48 (ouslas Sluls Olu s Lle) anb 5 e

LAl (6 S

@3ls VL o3y b o (Jlub S A5L0) (5o S
oA ujj ‘..U)‘J LM.LJ“‘YT R BE) 45’.9} )L;.WJ. v..:\)lsj
390w |y 0T i 5 218 1350 (ol pds 5 5 VL

.C,V.A\ OJJS

25855 5 e D3 S Ul sl b el gladle s
sy el cpl el a8 S I3 ehy ax S 3yse
Do 2 Shs oS5 Ly osde M i)
onb M anse s e el glaey S L s
A sl JT slaea VT Bl s isual Sl
R B A A (1

Sl

Sl s 5l S cl Sl S el S sl
Gsm) O3S 3 9dome Tl 5 o T (gloed S5
s b Jola sl A5 Al ole 5sd e A s
T sy e 51 aliS Olels wl el sl g 5l
o (Mo Dl o b 5 S (i olS o s
sl o £55 o) o et sl a5 AL
G il y DA Sl b G S5 s 5 b o e e

Q,&Jw Lle dLﬂ) ‘Lob) J',:.UJ:..:: ,Ja.ilf.:: 9 4.:.‘_}‘ osle Cj,a

FYC @YY licas) F o ladi VY o) g dasas Cudilags cudige dlas

Al (g3 gde 3 I8 GlL LS 5l s Skal 8L
5 Sr sl Wl 8 plis syl T
Ogmen SO Ll ctias @l VL (s pliolsl
ol Sllas slaayza 5 Vb 550 4 5k Las S5 S
JUIN UGS o 3 50mes 1) WOT 5l 03 28 eslizal

b Sl s 4 i Sl a0l ool
023k 5 Lodlr o155k ClbB 2aS 4 e (6ols pe e
A s Skl 5l S olgea i VL
laiScdle o5 5 T slaod VT Gl ol ey S
(AELST alde 53 LS 6 by s e anlis
Sd B Sas 5 She 5 o glas )8 5o S
Y0 el esls OLES 345 5

has e 0L (gadae Dlallls mls oS ol S5 0L
ol S 43D iy O grtlbaS | 3 G Olaily 4 S
ipa g Ll b b sy ol 5l YL S
3 ol ol gl ke 035k 5 (g d s ol
FOponly e 5 gl S glay S Faeaes 0> ()
Sl ol Gladass 51 oY iSile Gl gl
T s

Olge 4 pbaw Ol .,\.;Ij.e Tl aelsl ys ¢ wlal pad
e 3 oS e O kil Sl o ee 3 S
srb s o3l S Olpsa Sl sl s lB 5 s S5
S A s s

e e

ks sl b, on S 5 ST e o T3
C@d'b\q—gile-&&ﬂba@YTOT&ASW\
A )y Do 93 4 Ll ey pl Aol s

ol il s O s & (S ol
el i8S Ve 5 e Lad S e ol
ol 5 S sladisg O (b & abed Qi
EREOR I SR - PNt [ [PRU- P A
LS e sl g VL


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GJJJLZS"&T&JLMJ/{M/t&nkhl’wﬁSﬂJ_)KgJ*erquA—ﬂlc J.i;_)..lAJ_;JC&:J_}_}’&_L&&L}L(;LAJL’;#@J#JK#_Li.ofaLEJ_)J_,\-a

7 abols LI S el (S CudS s
S S

Db dled S b sl gl boaslis o
s Lol (il anils (g 5wl o3 Ck.ww‘uiq.ad.p-ﬁ\
5 M Skl 5 Vb g pds o s (S L
oS ke 4 onls ke sl Olsea (giladlad
Llosls 0L (gles 1S Sliios | sadle b o
(Sl b Sl sy Gk Ol Ll Slel &S
Sob s (s gladest 5 Sl (IS0 (ol
S b Ll e (Laslrle U 8 b ol > s5ledled)
B s I Sy sk ) 0T Sl
QL 5 spby il S Ol sl nlaly
A eslie JT slas VT Gl gl VL ckls
5 sSs Ste sles IS 53 s ls 3= 5Y iSile
Ol L ates Sl Jool> Sl b G 51 SEM s
Mol iiies sl gy s i 3Ll el el

‘.J'l’ 6‘-‘“;'-"-:3‘5“ j‘:’ J J\’,,'jﬂ‘-j QJS.LQ.F Soe 9

s S

Slos Sl sane 5 sbar il (38 Lame 5 b S
ORI O3 5 O3St Glsms 1alS oo s
o e 5 plard GO S5 4 55 5 S o
M osde sl sl

g Jboony mhaew L sl sl B )
e s W ale glaey S 5 Joudsus sl
“COOH —OH i 5 oSl slaes § o 30
5 etk S ea s s suls 28 —C=0
Sl e S Sl pedle S e il S
3 (GSLs 5 055 2 OS] OS50 (o S)
(o b 4kt pH) pHPZCE 0 oan sla ol i
MU e s L O ol 5 5 el sla S5
./\\

3 e 23 S Olgen Dl sl ey ks |
Slols 3l esliul col a3 S I3 g 5y L
L &bl W ol pibis sle 5 65,5008
OO alS o pe aSL s o S ] ) 5 e
e Sl a8 lisl 5 Wlews Co pde I a0
Sl ke 5o 5 sl VU oIL (raman 5l

Jé&l{ug%)g]wjéwm.o}uw\ébﬁ&

I Ols 5 Gl s olesa bl als beaVT 4l 5
QL.:..' &YL u.:l)ls 0)|j,a.h LAJZS;LLQ J..JL& ?]LE.O

M2 o 5 SEM. s 5005 5 g0 55y Sbo slod ¥ IS

5ok bl W w81 el bl
AL e bl Lle glaey S

VEF licas o o,lacdi VY 090 dosns Cudiligy cusigo dlas ¢ FYY


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OEas g 0l ciol )S 6030

Lo (g3lge edSAnST fulge L Aol e
S gles S aSl 55 0 O3 LH202 KMnOs
Sl CB s ws BlA) sl w4 1) Jled
ens U1 ) lend (sl S o o b
S, sk st 5 Sl (5,108 ,0 .
LZn Mn  Feaols ) g3l 3ol b oy
3t p oo Olrnl mhae p (WO glads)
LS sl BB Lol Ll e ol 23D
Gl b sl cadbls—odlr w1 Slrsl s
Lol 3ledled ko) b iy & eS|

b b (O3 LS

S el

)‘ o:\.&;.«\ LJ 45 k:«w\ L;’LAL)::)) qu L;)\/JJJ C)A..,o‘
3p Lol rle (38 L SOl ol ks
LSLALAJ BE )L’{ﬁb OJ‘) CJJ‘J? :‘;Jlf dj\mdl&;
.Jj,f«da ck)cb.wub‘f‘j&bl}u"wj} o e

5ot b o038 Ol 1 SO e
<3 el Ll e ball milling wole L eSS
6LAajJ§j 03l> u,:._ib_‘)‘ b °5’.’.) ck.w co3ls U,Z.ALS b
LS DL 1y e Jlb

Cel Lau':,)) Cﬁ-‘ Iﬁj}ﬂb C‘y‘ (0 L“""’)k?.

L de- Jles LgLaoj; J&i\j&h.d@jw Q‘J::"s

(5 ) o 55435 £kl
Sugb s eleed Gl fy S 5 ol e
Sl b W Shs s Olejen Uy 0 S0

FYY @ Y0¥ licas) F o lad VY o) g dasas Cudilugs cudige dlas

S sldle s Qb{i.aﬁ._f (s men 4 s S
5 (modification) oHhol o Glens S
b wlaesls oL (activation) gjledles
ol b Gl OF plasd 5 e sla S5
dn 5 o3y e Gl Oda b Ysame sl
Jd s (slaos S 0558 oo S ot ¢ s
plowil Lot VT L polianst| (sla iiSom (2l
wws Sl 5 bl IS jsb 4 s e
oMl pland Pl D e guail LG L]
S5 el g alerd 505 PRl (S8
./\‘\—/\V AL

&Lympﬁ C)LM

5,500 ol el S sl Sl gy e sl
L oodeSunSt Jalse dasl dannl 5l eslazal ol

Y-S LT P W IPRCH It RN TS

¢ HCLusk Slaaal 51 eslizal 1 gkl el
(e Sl Gl 5 HNOs L H2SO4
L$JJ'3'“S‘ L;LALO L;L‘ijf uﬁj’u 9 J:;L‘»J u:‘i\J‘g‘
3 g Sl C}Mo‘ Cﬁ‘ J}&L;a—OH) c(—COOH
L Shooder Lsm 5 SOl Sl Gla S s
338 o b LS S

o 9o KOH L:NaOH B oalaul :Q;g.w Cwl °
L‘;db-)ejwcbu:ﬁ\p\j&u;%,\,:wj
sl spde (S 5 ms e e A
LS‘J" &YL: u.)o- C.L.:AJ.L &L:,L% o.l.&c%‘
Sl esdte g als 5 SOl JI gV
J:"i‘)ﬁ‘jch“w)l"@&w‘hiw‘cb“
Db o e Sl g Sl Sl iS5


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GJJJLJS‘_H/.C.;LMJ/{M/QL/WS}AJ_)Kg.kY‘JYUZS‘_dc J.i;_)..lAJJJ‘C&:J_}_}’A.L&&L}L(;LAJL’;#@J#JK#..Li.afaLEJ_)_;_)-a

S RNTTS PG JUgaE Google Scholar
Ao an S S 3 YO B Y rA st

25 eSS Jald eslanal ) 5e ol glasilsls
EELPY

(“2,4-D” OR “2,4-
dichlorophenoxyacetic acid”) AND
(“biochar” OR “activated carbon” OR
“carbonaceous adsorbent”) AND
(“adsorption” OR “removal” OR
“herbicide” OR ““organic pollutant™)

Activated “ 1l oSS glaells I omen
Sldlas sl gl "Adsorbent” s "carbon
A eslasl glanslae

5 IST jome Mo 53 ol e SVl 4 gt
i3 5 3o S 5 5

Oldlas 79,5 5 59,9 byl

145 WS 3,05 590 opl 55 Sl

Slakama Sl a7 fScile ol b Bl w0
Ly s

ealinal L3l Ol sisay sl b pls Sl sl 5l e
Loy 02 S

laddle codr b b Jold S 2 glaesls ®
035 &)l Ll Sl b Sz 5 0555
NEVLPY

L b el ol o giledde by oS Slallas
Vs lajg,e sy wtlb s slaet VI
LdE G oy 3 LbaabOLY 5 il S
Slllas sl 5 6 S8

Lol oVE S 5 bl als
J=1e 5 23 S ol PRISMA 2020 Jasd!; g2

299 9 LSJQL’;C‘ gL;)bi: b)\}a AJJP- av_iL»L..D

Cowd Llg o o3 ks Sl e S el JJke
Jb sloes S oa b 3,8 3 55 il (olwdlad
S S s Al 3y e o 5 olerd
Loobrsl (ol el Lol RBSLEE
LS a3l (B ) Gl 5 ol
5P !

O o a3 it Jols Sl b (SS5 5 g 0L
FoS ey el o L‘“ri}j L beaslEls S b
bl al 5l sl g e Wl J sl
sl e slp 58 Slrab @B leeags s
Sl phe b iSCile siSe e slag sSL
Sl (ps 35 5 2l Al ) oS 5 Wl e
RS

Sl S 2,555 Syl el (S 55k«
o509 pslis ST gbeaNT Gis s of LIS ol |
Oloman ol (glacd iy 549 Lol (62-Y Y
glol daplls aslie gl molr Olllae o 5L
Sersl 25k s ol s el sla i)
sxwe plie g (o3ladl oKl izl

44 AV VY Y T
. 315 3455 Ol

& by 9 Slge

Gl g L Do aslles
Josdlyies wlul  (Systematic Review)
PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)
Gl gane) o eddplxl Glaiass U Ad el
2l s olrsl Sl ekl Lo oYY sde
s o 5 65l S S sl

Pz 3yl

e ine gools slaelSily o dinpllss (g gt

s ScienceDirect Scopus Web of Science

V¥ liuey F oylacdi VW oy 90 cdosas Cudilags ouaigo dlas ¢ FYY


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OEas g 0l ciol )S 6030

Cbl g v sl ks sty dlie V)Y

REER WA

BE) Sl ol 63ls QLL; Y J}.,\;— BE lalas &L@.}

(JE e s S Dl o 5 GO s

PRISMA 6‘,§|| sl Sladlas 6J§.H4Jﬁ Ja-‘,c PO E A PR

Web of sals GLQO&JL )| o..\.w‘ssLuL..w Yo

Y-+ Google 5 ScienceDirect .Scopus Science ol
Scholar
. cilizee sl jo LG 5l i a5 (5,55 Yl LS5 3 g Bi .
D593 00 s 43
\5Y S5 550 B 3l ymy oile Sl Y lie PRI -
o L goFo¥ i b paiins bl a5 slalllas 5 Olsie sy oy B .
RVLS RN PO 0d S

Voo wog s Lulyd b IS slaosls wils a5 llas

AR el Judos sl bl s aaly covine Oldlas

e Jdos g sl Ll st STL Sldlae LS

A Bl

Ly aisL
S s e 0L ¥ Jod 3 edigsls S Sl e
Cod Sl oYY Ascile Gl s sl oL
5 bl bty 5 o s el iy 8 U
eSSl lacd b wals ool Ll sledle
Foo Sl e 5 mElg S S e e0S e
Sl Coasl S g5 ool S wd e mg/g
Lol gl ileosbl w3 5 et el momo
Gl Jle Olgsa il e L5 ol
Kearns et al., adlas wib) 35,0 5l Jol= ool
Llosls Ol N VYME/E s> s glacws b V(2014
LKOH 0, 630 b pband s3ladles & Jl= s
gl oISl Jas Sada eyl 4 e ZnCla

FYP @ Y0¥ Glicas) F o ladi V¥ o) g0 dasas Cudifugy cudige dlas

J.alsu.a.o‘_s.m)).a 4J.>,c)o RS

f:UaJ )5)./:4)0..)...) ‘3)‘5 @LQ‘J Sldlas .

1 031 Julxs 9 gl il

@ g Jold pleesls st gdlis )
ol gla Sns ol pb leds Luls 5 Ao,
Slkes la bl (el (slaos S ¢ Jodo oy 5 o)
ol o b (sl e (il s des PH) wg
o e o S5l 5 (St ladde (Qmax)
s S gl sk bl s

L s 5 230kl (lamlio Jla CIB s Laesls
sy Lol 5 sl ks, U
Lyd plald

Dlallos waius (L))

2 addlae pa odS daeshs Hlasl 5 <35 51 Oleabl 6l
b ombsl b cslis wilbe plalas elul
Jobo 5 S L amlie s s eodr sl el Sl

A oL besls (gLl


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

ngJL&fwnic_‘nLloj/.&uyl@}u/wafﬂj_)ﬁgd—f‘;fuffg.ﬁk a8 gScieas ;5 sl Gl (;LA‘)%\,Q@J‘):UK#.&’:LEJJJ)@

B Q}rﬁ‘/w; CJ}L&I.A Lgl.hw 9 c(COOH O.L;L.»IJ V"mg/g J\u:,,:_’bbu.b-&:ﬁj]oje.kd 578)
SlodeS pons c\.\S A S iy ol sl sl AT
Al s L;Lar.w.:}lia 33 Sl s ol 1 a6 Ol oo 1) 5 Shee B

—JOH— e}ljﬁ\.g) Jls LfLALF &Lﬁa}; S 9 c&M

b O3l el b ga-F oY Jds a5 ek ol Sldlas F Jyu

K tzadeh 5 5
s eramatzade A yo A ),9&\1 £Y/\ ¥ v/. Do) YYS/EY NaOH La):; s
et al., 2025 oo
9 Binh & Neuyen e eSSy YV/$ Y v/ e YaA/) HF o58
(2020) s
Ma et al. A3 ye 4l _
8 (2024) N 255 YAVA ¥ Ve o YeesNe o ovsl ZnCl Sir Sy
90
Georgin ctal. General- 2eSY ey Yoo vy H:SO. —
94 . oY —
(2021) order 2 il
Kearns et al. . .
91 (2014) - Flaig ) /e o 178 \ PRA o &8
W H e ah . .
7 an§08;4 o ” s Y/AR vk b YAY 5ol ey e o
(2024) £ sl
95 Mact al. Rl 295y YVsiy Y Ve Ae=ye fyv/e S 058 Sluls
(2022) o
o Mandal et al. A yo dds R OAAD € /o Beeryes OYS/ 23,Bu sl oluls
(2017) . .
Bahrami et al. PRI Sl .
97 2018) i by YY/N§ £ V/ \ Yy./ (800°C, N2) T Ly
Khan et al. A ye el ~ / 5L LawlsT
98 (2021) o Sy s8lss Y Y/ _ VV/A H2SO4 (Acacia
nilotica)
Knani et al. HDL e
99 _ . . —
(2025) MIE YEE/Y Y v/ I HzSO04 SRR
Vinayam et al. Ay dd . e ‘o b 5l ogun
100 (2024) oo Hill YA Y HCL S0
Salman et al. Ao 4 b g,,> s KOH X
’ SHRGYE Vaghoy v Vo o _ Sl e
0 (2011) s e COneos 700°C
92 Ham;ggget al, e ot 93 YAAY Y - feo vsve B> KOH Lo,5 atn
(2009) Js! Nzcos 700°C

V¥ ¥ Glcua) F o yladi VY 0y gu Joans Culilags oudigo ddae ¢ FYO


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

102

103

105

106

107

108

78

109

110

110

110

110

111

111

111

Essandoh, M.,
etal., (2017)

Sellaoui, L., et
al., (2023)

Zhu et al.,
(2018)

Evyetal.,
(2019)

Tang et al.,
(2025)

Wang et al.,
(2022)

Amiri et al.,
(2020)

Samanth et al.,
(2025)

Hernandes et
al., (2022)

Zhu et al.,
(2018)

Zhu et al.,
(2018)

Zhu et al.,
(2018)

Zhu et al.,
(2018)

Brito et al.,
(2020)

Brito et al.,
(2020)

Brito et al.,
(2020)

A o A

£3°

Ao A

Jsl

Al o Al
P92
Al o dds

P32

Al o Al

£y

Particle
Diffusion
Model

A o A

£3°

Linear
Driving
Force
(LDF)

Al o Al
£9°

Al o Al
£9°

Al o Al
£9°

Al o Al
P92

Ay Ao

£3°

A yo Al

£9°

A o A

£3°

Y

ryeSY

ryeSSY

ENs

RSy

A3

Koble

Corrigan

RS

eSSy

RSy

RSy

Redlich

Peterson

Redlich

Peterson

Redlich

Peterson

OEas g 0l ciol )S 6030

\YE Y Y
Ve /a
v \
nel'g
Va/A - 2%
4. - 5
Ve-pY Yof \
AO/NY - -
\YO/A Y AN
Y-Y/s8 v Ko
el -
. [N
G St
vt ? .
L ol i
ZnCl: B
Yy
Aot \ /2%
Va/A- Y 2%
YY/A® Y 2%
\Y/AY Y Nial
VoA £ -/f
Yyy/- #.4 -Ie
YO/ £4 N

foooY

NAN

'R

YO--0

YO--0

ATAREA

A

AR\t

FA-

EARIANS
\v-q

OOFNA

VYEYA

—FY/N
ANy

oYYy

FA-

74

ya-.

OfY

VeFA

& s

sbed )3 5edsrm
Siere byeeoC

Sl peliy
(K-COs)

HC1
S yid Sl

Sligal o

KOH

e b sjle L

(600°C)

HsPO4

5 s bl
ZnClz

sled 5 5dgym
$..0C
L sslo]lesd
K.CO:s
b ooods )l.)d.l.:.ni
39755 sloeg 5
b o 5ol

HNO;
(oommsloemsT)

Sexd sile ]l
(A’ -°C )59 )

Sexd il Jld
(A--oC JB)

S sle]ld
(A' -°C )l"“. )

LS

Switchgrass

S ez

ydels

Ty gy

5 ol

cetyltrimeth
ylammonium
bromide

1515 a3l

RGNS

Pterocarpus

S5 Sy
Cedrela
fissilis

&) adle

&) adle

&) adle

&) adle

s 5L

BRgptone

bl 55l

o). el B/ e 45V i) s (el el 2SS MY e s (Gmax) Sl b lie ol

B Brito et al. (2020) 4.\“.]4& 4 .19).1}& ' G YA Lsugﬁ.;.:) 2 f}sjj"'.‘ de g;.w‘ L;\.p‘ c...a 2 b.>|.> ui)bf (J\.G AMJOL:J

(o 03ls OLES lie 53150 50 5 5aS0Y o) ol o 550158 550 o 20 b Redlich—Peterson Jue Ll

FYP @ NFOF Glicus o o lack VY 090 cdasne Cudilags cudige dlas


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GJJJLZS"&T&JLMJ/{M/t&nkhl’wﬁSﬂJ_)KgJ*erquA—ﬂlc J.i;_)..lAJ_;JC&:J_}_}’&_L&&L}L(;LAJL’;#@J#JK#_Li.ofaLEJ_)J_,\-a

DLl s Y x5l 28 ials L s eslinad oS
C b s s B 2l 0T Sl e bl S e L
LT (s3lng pag) alies opl 25 0 odalie Sl

s e 0L 1 Cibr iledldsl 5 sdand
Ol sl sl A 85 sl eslinal 5550 slaesle ly e 2
wed Ll oy Oluls 5l anwy b &S das
O 4 by s esed Slulo e Bl iy L
Copa Al e mla cpl 5l eslial Lileds w8 S
Sl oKl (Bl S (ol sl ge 4y (Sals 5 M5
L S3 1 28l 5 (6555L5S Sladilony u s )
© ol Wl (Sny cpl A8 e ealp s
bl a5 calizs (b= 55 ud g o3l
Slsg zoedle 2dr el B Il oS
T sl San (Gl 5 cpbodn) (Snd
YT e slaadl 5 ol sl SolesT ekl o
Sles S o Siooder Gl JSET iaman 5 (2
sk sbes S 5 (COOH—- 5 OH-) v e
LS s lAv_w:}K.a ol S o Wl pege B 63T Y
8 ekS s (Gl Ll s 5 jral ke L

A Aol b ol

slosl LS Gl 55 aee Jolse Kol
53 el LT (s3ladlab 5 (g3lueslal ¢ g ((slos S s
0l 55 0 ile Jolite gla g, cedd puy 5 lallae
Lol ol b plad (iladled 5 (S5 5ledled
o550 NAOH U sl (s5ladle . Llas; 584 sl
Sl andl s o s il (555l gLl ¢y
ol Jlole slans S 51 b 5 Joibsie s (5l
Sl St sba ) oYY Gl s b s s
ZnCL b gsludle b e ey S Jb s aas .
wopn s a4 Ll lesls QLS il ol s Shas 50
SB 5 NaOH. 51 eslinal « Jamec s Jils 5 5V
Lol g pams il old 3l3 e 5 s 5 (53l

el Bl Ol 55 IS Jule 55 J ke Slasilo
Olseas |, PH =2-3) ol o350 Slillls S|
S w3l pl 5s s lles S A8 ag bl S
O PR C N NI ] C PR WP 9
Sl 5 Soaodes Gladism o pods Sl iSea
s PH il b Jlie 55 e cusis uls )l
adls Lol byl mhw e L S50 DA o5 s
Al o Lrals Gl Okl 5 a5 5 e Skl S
53 eV sl clale il szl pH 5 0558
@B ol SlodiS el A& 55 eled Oley 5 D3l
Gy sl ke 5l L s Wlesls 0L Slalllas S|
gl A B odr b 5 ot i p o LA S o
03kl o Al Gl Aoy Lal b o Aol 58
Sl sl (hll o e Ol 355 il blie
Vyare 55 bl Oloj 35 so G Olaily 350 5 e
L oSty o Jolad Sl a4y 4i33 VY B 50 03 s
2513 Gllad g g5 4 peand Jks

Gl e (S 5 sl lede k)
sk SIS £33 4 et Jdo 2 5050Y Je b Lsesls
QY S8 5 plesd ol 035 i Sl S o
B L K P P U AU Y
L @J,\ijé sbdde bz S5l oldlas & 5
cla.ﬂ @fwu o k30l oS (sl ol 35158 55 pwle g
Ll o JUs S Ao 5 O

oo Oladlls 53 Salusge 5 slaasl (opl 5 esdle
Gas 2 Y Cde alp oSl O 5 S
Rl |yl o 5 S gl bl sl
Ol bl ol bileds 518 aw "AG 5 <z "AH
L sa=FY 358 5 JsS0se 08 1 les (L1568 das
S o S pE 5e 5 5 S Al o

sl il 5l S oleal 2k ol oS )
Sl S Aas e Ol s s el ol
4 4w b Yyeme ZnClo | NaOH U szl

V¥ liuey F oylacd VW oy 90 cdosas Cudilags cudigo dlas ¢ YYY


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OEas g 0l ciol )S 6030

sy G s 98w sl Ll (L3l pled s
il 0 VT L oS Ml 5 ¢ o Jle (slaos S
b b aS das e Ol Y i laesls s o
S eSSl e Sldlas s sl SIS ol
53 Teoemglg 5l e U (e Ll )\ mg/g
g5 ol il e (LB slge b odddle sladi sai
S Sy 5 sl esle s STl il 28 Sl
Arm““..x,.il{da Gl Ayl 5 Shas s

3> ol

Slas gazma Joli Jlrpl 655 @Y7 ol il
A e Sl et 5 (s Gl sl
35 oLl ny syl 4 Ol8 o ol Gl s

5 bl Soles)l sladil o TT o S on s -
b oo s YU 5 e slales js a8 (- oY
354>) pKa I zes pH s Sl 1831 Sl -
2> Dol GlaiSen n asd Lol oS (TF
580 Sile ol e -

COOH= ;OH— (slass S oo S50 slakise -
—FOY ke slaes S 5 edddled slajlr sl 3 3 s
(8

53 0kl L (531 slad 558 Ol oSS ladisy -
P WT (sl d sS0 50 5y b sl

AR 5 (S glo Joe

£33 &t Jdlo &8 Ahs S A1 Sllllae i
Ol Saew glaesls glp 1y 33l o 2e PSO)
Jde s plasd Ol 03 LB Y5 S a3 e
oS Sl msla 5 5ol S slalles s Jsl 4 et
Jde S35 o lpe il s Ll Wil ol ol Ko
Elovich Jus (Saal glalass 53 .ol zis PSO
Sl ails 3 )8 58

PR B mseSY de snl slade L
L Gllail (i o3l SIS a5 Do sy NS

YA @ VY0¥ licas) F o lad VY o) g dasas Cudilugs cudige dlas

D35 Sl b s by, bl oS ol cnl Sl
e Bl 5 anlp s ode Obedily o
2,8 Dose

b aslSe al Comal 35 Sb slatassy slaasly
OLEAT (YA) 0Laa 5 Liu (Jls O ey 515 AST
ST S W8 0 S 4 Sl ol 035530 &5 sls
OLen 5 YING (rizman das Jials e oS sln
Loodd il Sl pl & WS 518 T (Y0)
53 1y e ¥aY S AAY 51 e ol B Fe® o4t
2Bl S Gl el VY b edla ol St
s ot S 5l s Shas oS el O SOl
25 ess gl Sk 4 ssaen byw b sl
Sldllas opl Rl )l gege S8 5 (SB glam Sl
L el slaeile 5 0 KuSs oo Sbs 5 O o
Al o e

Olzas oge oty dacs iyl 255 L
elil Aol ulde s Sldlee el Ll
Ll s 5 sl S 5l gs s slaesls 5 Lleds
A Slesssa onl posdle ol sy ol mlie a3l
Sos JTolS 5 5 olie slaog H6 Gl sl 215k
ole 0o 2,08 eilimay e 5 edamy sad e o
Gy ol Ol LA S I3 ax g sy geS xis
ol sl gy dnpllal anglin r L s ul (sla tass,
Lo Sl S5 5 (Al lls s oLl
wils S a5 (AOPS) O peslinnS] ad iy glannl 3
Sl 5o obr b Il 5 s 5 )6 Sl Bl
Sluls 5l ol b pl oS sl oL xw(-UéJ R Cu
Shestasal Sopse 3 be atn oiaa (Slos Sl
s NaOH il slacs 3ladlad 5 2ol sl i,
oY saale Gis gl VU i s b KOH

S S S5y a sl ol TR, 1 g


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GJJJLZS"&T&JLMJ/{M/t&nkhl’wﬁSﬂJ_)KgJ*erquA—ﬂlc J.i;_)..lAJ_;JC&:J_}_}’&_L&&L}L(;LAJL’;#@J#JK#_Li.ofaLEJ_)J_,\-a

Sl oS Bl G5l e laie i AG
el Slhes Ll 3 53 Ol AuT B 055 635 a
Sz g5 51l bl S ae PAG ke 4
el i pllae

035 Sl S stiasolis i cote luie iouie *AH
3o oo gn Loz 33l &S L ol a4 sl odr ) 5
Sl e b Ygoms Sy cnl 3580 2l Dbl
el ol s ploend

3 ol RISl g ST SR et °AS
AL ol il Sl g 3 —ean VT 5 3l
et 5 ol lad 5050 0 ST L ol oS s e 0L
el ol pen O3l e Lt

o T S s OF Lo pammme 03 b S5 0ol
bl o cdd w5 a5l plecd caale LI sba
ol oo el il y Ol e S sl il
S Jas las )8 534S das e Ol Les 40 Sl
3 Shes Siluaing 53 Sl A8 L5 e SOl Ll 20
PTAATYA Sl anils Ol

D L LIPS

i) Sl bobre (p Sage abexr 5125l Sk
s 530 Dlallls S a3l s (6 O
L NaOH U saddles lal sl oS sias e 0LE
A L el et 5 06 Y b lses ZnCl
5 e Ol gieas S o Jasd Yoo 51 28 Olotil
Dl odr b Bk IS V51 ey el
LBl Sl ol ol &8 il 2als V07— s
ol 3l bl J g

S lad sloee sleslanal Jold 51550 il laos)
L odpbl wl) I sladd> (NaOH aul) ol
Al bl bt o3 g bagpl 51 oS 5 L s (U gile
2P o a0l (S o Sl e 2r 3B 00
izl 5 ele glaos S 2als (o Jlas lacola
el Bl S8 S

ot e b max bl 5 andls o glaesls b
uiAAL C]a.ﬂ L: &LA)L?:ﬁL) DL chP-j w‘ L: C»‘w\ o)js
‘\\‘_‘\Y.g:,..w‘ b)ﬁ )K‘)L«J jlé.: G’:)J”}f JJA CQYV\.\% Li
ks sl sl

B F S W\ (R S UG PG PP R
slazsls

F0S) kel (G035 5d5es 53 iSale Ll i e pH
che b GSAR S s 3S e Ul ea gt
.W A .,U‘ab_)s

Olily Julsdl 4 e OBl 595 JAulsdl il 590
Ol ey b el Yeame Ll osd e Ol
S g gLl 5l Bl eVl e 4 o
AR N PRI

Sl e sl cdale sl eaVT Wyl chale
P eyt xS B e S S e (5550
oS Jld glacsle Cosgdee s 4 Gl o s
Vs A

ST

By uJ} Jales a8 Wlesls olis oldlas S elel Olej
Sy g ol 435 VY BT Sl o5k

SLS sl Sl s Ol J...J),e Jgoes glos
ol Bl ge Ly il pl b ol sas 1S

Sy ol b i 53 ol Ol

o Salusgef
Si ke duli Sabisge gl sbl b
T TL T iF JYCHUIPI RV
Cde a8 e dd ol el H e Sldlae ST s aas s

el 5 S S b sbr sl baw g (oo F Y

VEF licas o o,lad VY o 99 dosas Cuudlags cusige dlae & Y4


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OEas g 0l ciol )S 6030

AL 4l VT L Al W Jasecens il
AL Bl

Slolas v az g Ly odd 50 Slllas o ulid
L 25 Olsea NaOH L oles giledl (G5
oble ol Vb Gl b sl ol
sloed Slss ok s ke wupr dl S
VL 0Ly oS 5 sla by o STl sl |
NaOH (sl =1 055 o3l 5 (s5lasl sl 5o ckins o 231
sbosls Wy gl cwls glayS o 1, O
Sl 035 B Jsd BB s Shes b sles St
'QV.V/\.M.\‘O

slaslgin 5 okd,g e Sllae Cind 5 OB bl
oyl 2agh

C\};l st Ol pl S das e Ol Oldlae o)
—¥LY aScile Gl s VU sl OF GodOho!
Gl iass o bl syl ol glalass 51 (oo
03 5y adsl Sl VL g5 4 Ol e el
(e POl 5 gledl e sla B, ¢S %
Ot Slp G (St 5 o505l gladde Sl eslinad
© 03Pl s praes oS U Gl il
@b iy Olpsn islis gbakilewy 51 eslindd
Goets Sl b g S (sedaa0li
sl 45808 5 L sl Sl

P O T LGN R Oy E N R F
S lous b s otid 18 LT Byl 5 s ey,
Bl Sy Klge S dledd ol o suas
slais, L 0L pa |y goslis glacly
Laosls a3 o158 (go s 5 (5 S o3Il glausty ¢ ilas
Ll JWTLL; Ghmalin 505 slae Dledllas Ol s
Sl 4 SKOllas (ol esdhe ol 03 Sl 5d
Jl s 2l st o golul ((Selusse

Sl Olejen DS 5 1 iomen Lilaztls y (53Lal

FYe @ AYY licas) F o ladi VY o) g dasas Cudilags cudige dlas

Dl dSle ae ol 5o ol gla il
J&.ﬂﬁjég;\q—n)’l{ﬂgjfp}am)t}b%j&d
tslisb

s S aland slpe 4 155k (Sals
ol 51 2t

3Bl Rl s 215 esls el Sldlas 540
EW

sen e sl Ol goll el 4 a5 L
i il Gl as s e kul sla e
L i OpeltnS] slagosls 51 eslizad a5le)

2 obral et Ll s (s slaan] B
ST b S e ably slas S

103 5 im s Lol (silueslel (gla by, amslin
o e LB b

Shsgims slodl glueslel Cilsia sla b,
ZnCl H:PO: NaOH 1) lass 3ledles fols
2 s ey ele e s S iledle (KOH
s 5 ol gl a5 Llse sl S
S Llas S o, oS5 i S praes Sllas
Ll ol g s Shes 5 VL Gl S b 4 s
5 i et sl a5l T3 (S J i b
Shles lie 53 1 gy ol slal GV a e
LS o > s

rdeld s e Sl (el sla sl

Gl sl el o b UL O3 ol ol el
sl anils aea YT

sdate glaas = 5s L O3l sl el (gl
Sy B Gl ol

5 ka5l anls Slles Sy 5wy
AL plal LG ]

5 3P O RS ealial t gl Slge 5 (551 G an

Sy g e3ls o SUbs lagd sl


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

GJJJLJS‘_H/.C.;LMJ/{M/QL/WS}AJ_)Kg.kY‘JYUZS‘_dc J.i;_)..lAJJJ‘C&:J_}_}’A.L&&L}L(;LAJL’;#@J#JK#..Li.afaLEJ_)_;_)-a

Syh o o3

2o o)l

S s s sl 5 aS Wgls e Oledl 08t

sl il (55 &S dlis ol

e wulea

S g Laal&_zils L Laslg (a0l (g5 3l Jle

Lledls

M lba Vo

Lol alslde Jol 5 ol i sla rass

oS es i 5l sl slaesls o505 5 5 olil

RGO PLA RERCIPP-RE PSR L v R S LR N - P
Olf 3 “9.-‘ - r)l

OlwdSS il sl 3wl S es5e 1 A gh eyl &1y

OadtSS padl cosl 3l S 0350 1o ‘5,31@.?

o33l S 0350 1alie ilites glaasend (g 5lwoslel

3 s il ot 119 5

Ol s

&L«J}‘ .l.;.>r.a :J‘..a‘gj.; ‘5‘)’.‘ BL GJJL:.A ﬂ\jb‘

bzl does 1l ol adead (glwoslal oS

Lfﬁ)ﬂfﬁ@s‘j Lgu.}a:m )épH Q‘M}F‘f
ol 0l
:ﬂyﬁexgj 6‘-"‘_):'-“‘9}; 3 g o J% ng»‘ C)‘i‘}.’

Sl s S e )

LSl gl A b3l sls s, (gslwsylliul-
talizes Olalllas & O FEds el
sl mle a3l Bls s bl s Sles o
(F s Sl slra 55,5US glacle
DalonS| latsy b ol ol AnT3 oS 5
(Gl allS il shteay ew b an iy
Gl S Gl Se Lk e i Ganst
058 Ja sdate glaast = 5y = gl
(LCA) joe s 2 Jolos 5 s3lasl gla oL, ploil-
o3t a5 smeo Ol o)y S
Dbyl

308 Garws 4 Llg e Olegsge pl 4
Olpear ioslss gladklewy 51 Jobs laslr sl
S AT e 53 f3e 5 5L b ponly e plal
S Ll S s eile @ as T T b
GRS

S ASES]s PHEN TS oA s Sl ak g s
‘_}:554.3 el H i ks Ls_i_.ﬂﬁ r}lﬁ & ils IR VY

(jy slacol> 5 e @L;.c o 6)'l_..u(,.alfé

VEF licas o o,lacdi VY 090 dosas Cudiligy cusigo dlas ¢ ¥YY


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

OLl&as g o0l cuol )8 8050

References

1.

12.

14.

FEY @ VFF Gl F o ladi VY o) g0 caaas Cudifige cusige dlas

Islam F, Wang J, Farooq MA, Khan MS, Xu L, Zhu J,
Zhao M, Muios S, Li QX, Zhou W. Potential impact of
the herbicide 2, 4-dichlorophenoxyacetic acid on human
and ecosystems. Environment international.
2018;111:332-351 .

Benbrook CM. Trends in glyphosate herbicide use in the
United States and globally. Environmental Sciences
Europe. 2016;28:3 .

Gervais J, Luukinen B, Buhl K, Stone D. 2, 4-D technical
fact sheet. National Pesticide Information Center,
Oregon State University Extension Services. 2008 .

Ambrus A, Hamilton DJ. Food safety assessment of
pesticide residues. World Scientific; 2017.

Ehteshami M, Keramatzadeh M, Takdastan A. Analysis
and Monitoring of the Herbicide 2, 4-D in Agricultural
Drainage Systems and Karun River Using HPLC
Method. Pollution. 2025;11:889-900 .

Orooji N, Takdastan A, Jalilzadeh Yengejeh R, Jorfi S,
Davami AH. Monitoring of 2, 4-dichlorophenoxyacetic
acid concentration in Karun River and effluents of water
treatment plants. Toxin Reviews. 2022;41:785-794 .

Jorfi S, Almasi H, Takdastan A, Jaafarzadeh N,
Tahmasebi Y, Babaei A. Spatiotemporal variations of 2,
4-dichlorophenoxy acetic acid with the role of sugarcane
industry and related human health risk assessments in the
Shadegan International Wetland. Environmental
Geochemistry and Health. 2023;45:5279-5291 .

Shahsavari AA, Khodaei K, Asadian F, Ahmadi F,
Zamanzadeh SM. Groundwater pesticides residue in the
southwest of Iran-Shushtar plain. Environmental Earth
Sciences. 2012;65:231-239 .

Organization WH. Guidelines for drinking-water
quality: incorporating the first and second addenda.
World Health Organization; 2022.

. Jorfi S, Poormohammadi A, Maraghi E, Almasi H.

Monitoring and health risk assessment of organochlorine
pesticides in Karun River and drinking water Ahvaz city,
South West of Iran. Toxin Reviews. 2022;41:361-369 .

. Rezaeigolestani M, Hashemi M. A review of pesticide

residues in agricultural and food products of Iran.
Journal of nutrition, fasting and health. 2018;6:1-6 .

Samarghandi MR, Jaafarzadeh Haghighi Fard N, Jorfi S,
Yari AR, Panahi Fard M. Pollution status of pesticide
residues in food products in Iran: A mini-review within
2008-2018. Archives of Hygiene Sciences. 2020;9:214-
223 .

Meftaul IM, Venkateswarlu K, Dharmarajan R,
Annamalai P, Megharaj M. Movement and fate of 2, 4-
D in urban soils: A potential environmental health
concern. ACS omega. 2020;5:13287-13295 .

Buerge 1J, Pavlova P, Hanke I, Béchli A, Poiger T.
Degradation and sorption of the herbicides 2, 4-D and
quizalofop-P-ethyl and their metabolites in soils from

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

railway tracks. Environmental Sciences Europe.
2020;32:150 .

Parven A, Md Meftaul I, Venkateswarlu K, Gopalan S,
Megharaj M. Pre-emergence herbicides widely used in
urban and farmland soils: fate, and potential human and
environmental health risks. Environmental
Geochemistry and Health. 2024;46:132 .

Wozniak-Karczewska M, Parus A, Ciesielski T, Trzebny
A, Szumski R, Wilms W, Homa J, Framski G,
Baranowski D, Frankowski R. Effect of cation sorption
on 2, 4-D mobility of herbicidal ionic liquids in
agricultural soil combined with diversity of the bacterial
community. ACS Sustainable Chemistry & Engineering.
2022;10:12559-12568 .

Freisthler MS, Robbins CR, Benbrook CM, Young HA,
Haas DM, 17- Winchester PD, Perry MJ. Association
between increasing agricultural use of 2, 4-D and
population biomarkers of exposure: findings from the
National Health and Nutrition Examination Survey,
2001-2014. Environmental Health. 2022;21:23 .

Parven A, Meftaul IM, Venkateswarlu K, Megharaj M.
Herbicides in modern sustainable agriculture:
environmental fate, ecological implications, and human
health concerns. International Journal of Environmental
Science and Technology. 2025;22:1181-1202 .

Mekonen S, Argaw R, Simanesew A, Houbraken M,
Senaeve D, Ambelu A, Spanoghe P. Pesticide residues
in drinking water and associated risk to consumers in
Ethiopia. Chemosphere. 2016;162:252-260 .

Burns C, Bodner K, Swaen G, Collins J, Beard K, Lee
M. Cancer incidence of 2, 4-D production workers.
International Journal of Environmental Research and
Public Health. 2011;8:3579-3590 .

Burns CJ, Swaen GM. Review of 2, 4-
dichlorophenoxyacetic acid (2, 4-D) biomonitoring and
epidemiology. Critical Reviews in Toxicology.
2012;768:42-786.

Dann AB. The effects of triclosan, 2, 4-D, and their by-
products on the adrenocortical cells of rainbow trout. In:
Lethbridge, Alta.: University of Lethbridge, Dept. of
Biological Sciences, c2011; 2011.

Curi LM, Peltzer P, Sandoval MT, Lajmanovich RC.
Acute toxicity and sublethal effects caused by a
commercial herbicide formulated with 2, 4-D on
Physalaemus albonotatus tadpoles. Water, Air, & Soil
Pollution. 2019;230:22 .

Gaaied S, Oliveira M, Domingues I, Banni M. 2, 4-
Dichlorophenoxyacetic acid herbicide effects on
zebrafish larvae: development, neurotransmission and
behavior as sensitive endpoints. Environmental Science
and Pollution Research. 2020;27:3686-3696 .

Viriato C, Franca FM, Santos DS, Marcantonio AS,
Badaro-Pedroso C, Ferreira CM. Evaluation of the
potential teratogenic and toxic effect of the herbicide
2,4-D (DMA® 806) in bullfrog embryos and tadpoles
(Lithobates catesbeianus). Chemosphere.
2021;266:129018 .


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

‘;JJJLJSLEIf&LLaJ/Jju/_;@/wf}ﬁJjﬁgd—eruﬁSJkJJAJ.JO.JJJ‘Q&_U_}J/O.LJ §id ‘;LA‘)B_:JE@:J‘)gJK_):I_L&IaLEJJJﬁ

Organization WH. Pesticide residues in food—Evaluation
2019: Part II, Toxicological. Food & Agriculture Org.;
2021.

Pest HTIY, Pesticides L-R, Poisonings H, Land 10T. 2,
4-D Fact Sheet .

National Family Farm Coalition v. US EPA. In: F. 3d.
Court of Appeals, 9th Circuit; 2020:893.

Gir6n-Navarro R, Linares-Hernandez I, Teutli-Sequeira
EA, Martinez-Miranda V, Santoyo-Tepole F. Evaluation
and comparison of advanced oxidation processes for the
degradation of 2,4-dichlorophenoxyacetic acid (2,4-D):
a review. Environmental Science and Pollution
Research. 2021;28:26325-26358 .

Khader EH, Muslim SA, Saady NMC, Ali NS, Salih IK,
Mohammed TJ, Albayati TM, Zendehboudi S. Recent
advances in photocatalytic advanced oxidation processes
for organic compound degradation: A review.
Desalination and Water Treatment. 2024;318:100384 .

de Souza TF, Dias Ferreira GM. Biochars as Adsorbents
of Pesticides: Laboratory-Scale Performances and Real-
World Contexts, Challenges, and Prospects. ACS ES&T
Water. 2024;4:4264-4282 .

Satyam S, Patra S. Innovations and challenges in
adsorption-based =~ wastewater ~ remediation: A
comprehensive review. Heliyon. 2024;10 .

Ighalo JO, Ojukwu VE, Umeh CT, Aniagor CO,
Chinyelu CE, Ajala OJ, Dulta K, Adeola AO,
Rangabhashiyam S. Recent advances in the adsorptive
removal of 2, 4-dichlorophenoxyacetic acid from water.
Journal of Water Process Engineering. 2023;56:104514 .

Gao Y, Zhang Y, Li A, Zhang L. Facile synthesis of
high-surface area mesoporous biochar for energy storage
via in-situ template strategy. Materials Letters.
2018;230:183-186 .

Flafel HM, Rafatullah M, Lalung J, Kapoor RT, Siddiqui
MR, Qutob M. Enhancing the efficiency of
phytoremediation using water hyacinth (Eichhornia
crassipes) for 2,4-dichlorophenoxyacetic acid removal
with modified biochar as an assisted agent.
Chemosphere. 2024;367:143591. doi:
https://doi.org/10.1016/j.chemosphere.2024.143591

Zhong Y, Deng Q, Zhang P, Wang J, Wang R, Zeng Z,
Deng S. Sulfonic acid functionalized hydrophobic
mesoporous biochar: Design, preparation and acid-
catalytic properties. Fuel. 2019;240:270-277 .

Yang H, Chen P, Chen W, Li K, Xia M, Xiao H, Chen
X, Chen Y, Wang X, Chen H. Insight into the formation
mechanism of N, P co-doped mesoporous biochar from
H3PO4 activation and NH3 modification of biomass.
Fuel Processing Technology. 2022;230:107215 .

Reguyal F, Praneeth S, Sarmah AK. Modelling and
spectroscopic investigation of 2, 4-D adsorption in soil
amended with pine sawdust, paunch grass and sewage
sludge biochars. Water Emerging Contaminants &
Nanoplastics. 2023;2:N/A-N/A .

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Dong X, Chu 'Y, Tong Z, Sun M, Meng D, Yi X, Gao T,
Wang M, Duan J. Mechanisms of adsorption and
functionalization of biochar for pesticides: A review.
Ecotoxicology and Environmental Safety.
2024;272:116019 .

Fernandez ME, del Rosario Morel M, Clebot AC,
Zalazar CS, de los Milagros Ballari M. Effectiveness of
a simple biomixture for the adsorption and elimination
of 2, 4-dichlorophenoxyacetic acid (2, 4-D) herbicide
and its metabolite, 2, 4-dichlorophenol (2,4-DCP), for a
biobed system. Journal of Environmental Chemical
Engineering. 2022;10:106877 .

Tuzimski T. Pesticide Classification and Properties. In:
High Performance Liquid Chromatography in Pesticide
Residue Analysis. CRC Press; 2015:11-75.

Peterson MA, McMaster SA, Riechers DE, Skelton J,
Stahlman PW. 2, 4-D past, present, and future: a review.
Weed Technology. 2016;30:303-345 .

Qurratu A, Reehan A. A review of 2, 4-
Dichlorophenoxyacetic acid (2, 4-D) derivatives: 2,4-D
dimethylamine salt and 2, 4-D butyl ester. International
Journal of  Applied Engineering  Research.
2016;11:9946-9955 .

University of Hertfordshire AERUA. PPDB: Pesticide
Properties Database - 2,4-D.
https://sitem.herts.ac.uk/aeru/ppdb/en/Reports/4.htm?ut
m. 2025 .

(ATSDR) AfTSaDR. Toxicological profile for 2,4-
Dichlorophenoxyacetic acid (2,4-D). In; 2020.

(FAO) FaAOotUN. Physico-chemical properties of pure
2,4-D. In; 2021.

Canada H. Guidelines for Canadian Drinking Water
Quality:  Guideline  Technical Document 2,4-
Dichlorophenoxyacetic acid (2,4-D). In; 2022.

Tayeb W, Chaieb I, Hammami M. Environmental fate
and effects of 2, 4-dichlorophenoxyacetic herbicide. In:
Nova Sciences Publisher: New York; 2011:161-187.

Magnoli K, Carranza CS, Aluffi ME, Magnoli CE,
Barberis CL. Herbicides based on 2,4-D: its behavior in
agricultural environments and microbial biodegradation
aspects. A review. Environmental Science and Pollution
Research. 2020;27:38501-38512 .

Wang Y, Tian Y-S, Gao J-J, Xu J, Li Z-J, Fu X-Y, Han
H-J, Wang L-J, Zhang W-H, Deng Y-D. Complete
biodegradation of the oldest organic herbicide 2,4-
Dichlorophenoxyacetic acid by engineering Escherichia
coli. Journal of Hazardous Materials. 2023;451:131099 .

Barros do Nascimento AC, Nhampossa NA, Félix TsP,
Itabaiana Jr I, Nascimento RPd. Exploring Fungal
Biodegradation Pathways of 2,4-D: Enzymatic
Mechanisms, Synergistic Actions, and Environmental
Applications. ACS Omega. 2025 .

Vazquez AEG, Chou MY, Hockemeyer KR, Vang M,
Koch PL. Seasonal Environmental Variation Impacts
2,4-D Fate and Metabolism in Urban Landscapes.
Environmental Toxicology and Chemistry.
2025:vgaf205 .

VEOF Glicus) o o lack V¥ o g9 doune Sudilags cudige dlae & FYY


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

FYY @ VFF liss ) F o ladi VY o) gu caaas Cudifage cusige dlas

OLl&as g o0l cuol )8 8050

Jote CA. A review of 2, 4-D environmental fate,
persistence and toxicity effects on living organisms. Org
Med Chem Int J. 2019;9:22-32 .

Authority EFS, Alvarez F, Arena M, Auteri D, Leite SB,
Binaglia M, Castoldi AF, Chiusolo A, Colagiorgi A,
Colas M. Updated peer review of the pesticide risk
assessment of the active substance dichlorprop-P and
variant dichlorprop-P-2-ethylhexyl. EFSA Journal.
2024;22:¢8658 .

Mount CRMR. Herbicide systemb .

Dehghani M, Nasseri S, Karamimanesh M. Removal of
2, 4-Dichlorophenolyxacetic acid (2, 4-D) herbicide in
the aqueous phase using modified granular activated
carbon. Journal of Environmental Health Science and
Engineering. 2014;12:28 .

Coelho ERC, Brito GMd, Frasson Loureiro L, Schettino
Jr MA, Freitas JCCd. 2, 4-dichlorophenoxyacetic acid
(2, 4-D) micropollutant herbicide removing from water
using granular and powdered activated carbons: a
comparison applied for water treatment and health
safety. Journal of Environmental Science and Health,
Part B. 2020;55:361-375 .

Sarker A, Kim D, Jeong W-T. Environmental fate and
sustainable management of pesticides in soils: a critical
review focusing on  sustainable agriculture.
Sustainability. 2024;16:10741 .

Ray S, Shaju ST. Bioaccumulation of pesticides in fish
resulting toxicities in humans through food chain and
forensic aspects. Environmental Analysis, Health and
Toxicology. 2023;38:¢2023017 .

Tyohemba RL, Pillay L, Humphries MS.
Bioaccumulation of current-use herbicides in fish from a
global biodiversity hotspot: Lake St Lucia, South Africa.
Chemosphere. 2021;284:131407 .

Banaee M. Toxicological interaction effects of
herbicides and the environmental pollutants on aquatic
organisms. In: New Insights in Herbicide Science.
IntechOpen; 2022.

Hongoeb J, Tantimongcolwat T, Ayimbila F, Ruankham
W, Phopin K. Herbicide-related health risks: key
mechanisms and a guide to mitigation strategies. Journal
of Occupational Medicine and Toxicology. 2025;20:6 .

(IARC) IAfRoC. IARC Monographs evaluate DDT,
lindane, and 2,4-D (Press Release No 236). In; 2015.

Mohd Ghazi R, Nik Yusoff NR, Abdul Halim NS,
Wahab IRA, Ab Latif N, Hasmoni SH, Ahmad Zaini
MA, Zakaria ZA. Health effects of herbicides and its
current removal strategies. Bioengineered.
2023;14:2259526 .

Gurav R, Mandal S, Smith LM, Shi SQ, Hwang S. The
potential of self-activated carbon for adsorptive removal
of toxic phenoxyacetic acid herbicide from water.
Chemosphere. 2023;339:139715 .

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Chen S-F, Chen W-J, Song H, Liu M, Mishra S, Ghorab
MA, Chen S, Chang C. Microorganism-driven 2, 4-D
biodegradation: ~ Current status and emerging
opportunities. Molecules. 2024;29:3869 .

Wu X, Wang W, Liu J, Pan D, Tu X, Lv P, Wang Y, Cao
H, Wang Y, Hua R. Rapid biodegradation of the
herbicide 2, 4-dichlorophenoxyacetic acid by
Cupriavidus gilardii T-1. Journal of Agricultural and
Food Chemistry. 2017;65:3711-3720.

Hosseini N, Toosi MR. Removal of 2,4-D, glyphosate,
trifluralin, and butachlor herbicides from water by
polysulfone membranes mixed by graphene oxide/TiO2
nanocomposite: study of filtration and batch adsorption.
Journal of Environmental Health Science and
Engineering. 2019;17:247-258 .

Gong W, Bai L, Liang H. Membrane-based technologies
for removing emerging contaminants in urban water
systems:  Limitations,  successes, and future
improvements. Desalination. 2024;590:117974 .

Blachnio M, Kusmierek K, Swiatkowski A, Derylo-
Marczewska A. Adsorption of phenoxyacetic herbicides
from water on carbonaceous and non-carbonaceous
adsorbents. Molecules. 2023;28:5404 .

Gallego-Ramirez C, Chica E, Rubio-Clemente A.
Combination of Biochar and Advanced Oxidation
Processes for the Sustainable Elimination of
Pharmaceuticals in Water. Sustainability.
2024;16:10761 .

Ahmed MB, Zhou JL, Ngo HH, Guo W. Adsorptive
removal of antibiotics from water and wastewater:
progress and challenges. Science of the Total
Environment. 2015;532:112-126 .

Alluhaybi AA, Alharbi A, Alshammari KF, El-Desouky
MG. Efficient adsorption and removal of the herbicide
2,4-dichlorophenylacetic acid from aqueous solutions
using MIL-88 (Fe)-NH2. ACS omega. 2023;8:40775-
40784.

Wang Y, Chen L, Zhu Y, Fang W, Tan Y, He Z, Liao H.
Research status, trends, and mechanisms of biochar
adsorption for wastewater treatment: a scientometric
review. Environmental Sciences Europe. 2024;36:25 .

Jha S, Gaur R, Shahabuddin S, Tyagi 1. Biochar as
sustainable alternative and green adsorbent for the
remediation of noxious pollutants: a comprehensive
review. Toxics. 2023;11:117 .

Al-Ghouti MA, Al-Absi RS. Mechanistic understanding
of the adsorption and thermodynamic aspects of cationic
methylene blue dye onto cellulosic olive stones biomass
from wastewater. Scientific Reports. 2020;10:15928 .

Jagadeesh N, Sundaram B. Adsorption of pollutants
from wastewater by biochar: a review. Journal of
Hazardous Materials Advances. 2023;9:100-226.

Samanth A, Chandrasekar R, Vinayagam R, Selvaraj R.
Density Functional Theory Insights into the Adsorption
of 2, 4-Dichlorophenoxyacetic Acid by Mesoporous


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

‘;JJJLJSLEIf&LLaJ/Jju/_;@/wf}ﬁJjﬁgd—eruﬁSJkJJAJ.JO.JJJ‘Q&_U_}J/O.LJ §id ‘;LA‘)B_:JE@:J‘)gJK_):I_L&IaLEJJJﬁ

Biochar. South African Journal of Chemical

Engineering. 2025 .

Lehmann J, Joseph S. Biochar for environmental
management: science and technology. Routledge; 2012.

Ahmad M, Rajapaksha AU, Lim JE, Zhang M, Bolan N,
Mohan D, Vithanage M, Lee SS, Ok YS. Biochar as a
sorbent for contaminant management in soil and water:
a review. Chemosphere. 2014;99:19-33 .

Braghiroli FL, Bouafif H, Neculita CM, Koubaa A.
Activated biochar as an effective sorbent for organic and
inorganic contaminants in water. Water, Air, & Soil
Pollution. 2018;229:230 .

LiuK,HeY,XuS,HuL, Luo K, Liu X, Liu M, Zhou X,
Bai L. Mechanism of the effect of pH and biochar on the
phytotoxicity of the weak acid herbicides imazethapyr
and 2,4-D in soil to rice (Oryza sativa) and estimation by
chemical methods. Ecotoxicology and Environmental
Safety. 2018;161:602-609.

Ma W, Song R, Wang Y, Cui X, Yan Y, Liu Z, Wang X,
Gao H, Lua R, Zhou W. Optimized Ginkgo leaf biochar:
An efficient adsorbent for 2,4-D herbicide removal from
wastewater. Water Environment Research.
2024;96:¢11124 .

QiuM, LiuL, Ling Q, Cai Y, Yu S, Wang S, Fu D, Hu
B, Wang X. Biochar for the removal of contaminants
from soil and water: a review. Biochar. 2022;4:19 .

Keramatzadeh M, Ehteshami M, Takdastan A. Removal
of 2,4-Dichlorophenoxyacetic Acid Using Activated
Dates Seed Biochar: Adsorption Characteristics and
Optimization. 2025.

Keramatzadeh M, Ehteshami M, Takdastan A. Efficient
removal of 2,4-D using NaOH-activated date seed
Biochar with adsorption behavior, kinetic and isotherm
modeling, and process optimization. Scientific Reports.
2025 .

Tan X, Liu Y, Zeng G, Wang X, Hu X, Gu Y, Yang Z.
Application of biochar for the removal of pollutants from
aqueous solutions. Chemosphere. 2015;125:70-85 .

Mia S, Dijkstra FA, Singh B. Aging induced changes in
biochar’s functionality and adsorption behavior for
phosphate and ammonium. Environmental science &
technology. 2017;51:8359-8367 .

Zhang H, Chen C, Gray EM, Boyd SE. Effect of
feedstock and pyrolysis temperature on properties of
biochar governing end use efficacy. Biomass and
Bioenergy. 2017;105:136-146 .

Ok YS, Palansooriya KN, Yuan X, Rinklebe J. Special
issue on biochar technologies, production, and
environmental applications in Critical Reviews in
Environmental Science & Technology during 2017—
2021. Critical Reviews in Environmental Science and
Technology. 2022;52:3375-3383 .

Kearns JP, Wellborn L, Summers R, Knappe D. 2,4-D
adsorption to biochars: Effect of preparation conditions
on equilibrium adsorption capacity and comparison with

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

commercial activated carbon literature data. Water
research. 2014;62:20-28 .

Hameed B, Salman J, Ahmad A. Adsorption isotherm
and kinetic modeling of 2, 4-D pesticide on activated
carbon derived from date stones. Journal of hazardous
materials. 2009;163:121-126 .

Binh QA, Nguyen H-H. Investigation the isotherm and
kinetics of adsorption mechanism of herbicide 2, 4-
dichlorophenoxyacetic acid (2, 4-D) on corn cob
biochar. Bioresource Technology Reports.
2020;11:100520 .

Georgin J, Franco DSP, Netto MS, Piccilli DGA, Foletto
EL, Dotto GL. Adsorption investigation of 2,4-D
herbicide on acid-treated peanut (Arachis hypogaea)
skins. Environ Sci Pollut Res Int. 2021;28:36453-36463.

Ma W, Fan J, Cui X, Wang Y, Yan Y, Meng Z, Gao H,
Lu R, Zhou W. Pyrolyzing spent coffee ground to
biochar treated with H3PO4 for the efficient removal of
2, 4-dichlorophenoxyacetic acid herbicide: adsorptive
behaviors and mechanism. Journal of Environmental
Chemical Engineering. 2023;11:109165 .

Mandal S, Sarkar B, Igalavithana AD, Ok YS, Yang X,
Lombi E, Bolan N. Mechanistic insights of 2, 4-D
sorption onto biochar: Influence of feedstock materials
and biochar properties. Bioresource technology.
2017;246:160-167 .

Bahrami M, Amiri MJ, Beigzadeh B. Adsorption of 2, 4-
dichlorophenoxyacetic acid using rice husk biochar,
granular activated carbon, and multi-walled carbon
nanotubes in a fixed bed column system. Water Science
and Technology. 2018;78:1812-1821 .

Khan MM, Khan A, Bhatti HN, Zahid M, Alissa S, El-
Badry YA, Hussein EE, Igbal M. Composite of
polypyrrole with sugarcane bagasse cellulosic biomass
and adsorption efficiency for 2, 4-dicholrophonxy acetic
acid in column mode. Journal of Materials Research and
Technology. 2021;15:2016-2025 .

Knani S, Khemis IB, Fuhr ACFP, Lefi N, Mahmoud SA,
Dotto GL, Alenazi A, Selmi R. Theoretical modeling of
2, 4-dichlorophenoxyacetic acid on acid-treated peanut
skin: microscopic analysis via statistical physics
treatment. Scientific Reports. 2025;15:14238.
Vinayagam R, Nagendran V, Goveas LC, Narasimhan
MK, Varadavenkatesan T, Samanth A, Selvaraj R.
Machine learning, conventional and statistical physics
modeling of 2, 4-Dichlorophenoxyacetic acid (2, 4-D)
herbicide removal using biochar prepared from Vateria
indica fruit biomass. Chemosphere. 2024;350:141130 .

Salman JM, Njoku V, Hameed BH. Adsorption of
pesticides from aqueous solution onto banana stalk
activated carbon. Chemical engineering journal.
2011;174:41-48 .

Essandoh M, Wolgemuth D, Pittman CU, Mohan D,
Misna T. Phenoxy herbicide removal from aqueous
solutions using fast pyrolysis switchgrass biochar.
Chemosphere. 2017;174:49-57. doi:
https://doi.org/10.1016/j.chemosphere.2017.01.105

VEOF Glicue o olach V¥ 099 cdasne Culilags cusige dlas ¢ YYD


https://jehe.abzums.ac.ir/article-1-1135-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-06-17 ]

103.

104.

105.

OLl&as g o0l cuol )8 8050

Sellaoui L, Dotto GL, Pereira HA, Vieira Y, dos Reis
GS, Oliveira ML, Silva LF, Khan MR, Manoharadas S,
Godinho M. Adsorptive properties of the pesticides 2, 4-
D, mecoprop, and dicamba on a pinus-based biochar:
conventional and statistical physics evaluation.
Chemical Engineering Journal. 2023;474:145564.

Zhu L, Zhao N, Tong L, Lv Y, Li G. Characterization
and evaluation of surface modified materials based on
porous biochar and its adsorption properties for 2,4-
dichlorophenoxyacetic acid. Chemosphere.
2018;210:734-744. doi:
https://doi.org/10.1016/j.chemosphere.2018.07.090

Evy Alice Abigail M. Biochar-based nanocarriers:
fabrication, characterization, and application as 2, 4-
dichlorophenoxyacetic acid nanoformulation for
sustained release. 3 Biotech. 2019;9:317

106. .

107.

108.

109.

Tang L, Chen S, Wang N, Jiang X. Comparative study
of adsorption and slow-release performance and
mechanism of phosphoric acid and ammonia-modified
biochars on 2,4-dichlorophenoxyacetic acid. Separation
and Purification Technology. 2025;358:130470 .

Wang Z, Ren D, Wu J, Jiang S, Yu H, Cheng Y, Zhang
S, Zhang X. Study on adsorption-degradation of 2,4-
dichlorophenol by modified biochar immobilized
laccase. International Journal of Environmental Science
and Technology. 2022;19:1393-1406 .

Amiri MJ, Roohi R, Arshadi M, Abbaspourrad A. 2, 4-
D adsorption from agricultural subsurface drainage by

YYF @ NYY Gl F o laddi VY o) g caaas Cudifuga cusige dlas

110.

111.

112.

113.

canola stalk-derived activated carbon: insight into the
adsorption kinetics models under batch and column
conditions. Environmental Science and Pollution
Research. 2020;27:16983-16997.

Hernandes PT, Franco DS, Georgin J, Salau NP, Dotto
GL. Adsorption of atrazine and 2, 4-D pesticides on
alternative biochars from cedar bark sawdust (Cedrella
fissilis). Environmental Science and Pollution Research.
2022;29:22566-22575.

Zhu L, Zhao N, Tong L, Lv Y, Li G. Characterization
and evaluation of surface modified materials based on
porous biochar and its adsorption properties for 2, 4-
dichlorophenoxyacetic acid. Chemosphere.
2018;210:734-744 .

Brito GM, Roldi LL, Schetino Jr MA, Checon Freitas JC,
Cabral Coelho ER. High-performance of activated
biocarbon based on agricultural biomass waste applied
for 2, 4-D herbicide removing from water: adsorption,
kinetic and thermodynamic assessments. Journal of
Environmental Science and Health, Part B. 2020;55:767-
782 .

Ying B, Lin G, Jin L, Zhao Y, Zhang T, Tang J.
Adsorption and degradation of 2, 4-
dichlorophenoxyacetic acid in spiked soil with Fe0
nanoparticles supported by biochar. Acta Agriculturae
Scandinavica, Section B—Soil & Plant Science.
2015;65:215-221 .


https://jehe.abzums.ac.ir/article-1-1135-fa.html
http://www.tcpdf.org

