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Mechanisms of Different Exogenous Dissolved Organic Matter Affecting Nicosulfuron

Adsorption in Black Soil and Red Soil

ZHU Peng" %, SUN Zhaoyue®", SHI Weilin'

(1 School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou, Jiangsu 215000,
China; 2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: This study investigated the adsorption behavior of Nicosulfuron (NIF) in black soil and red soil, as well as the impact
of dissolved organic matter (DOM) derived from manure and straw on NIF adsorption. Results showed that black soil, with its
higher organic matter content, had significantly stronger adsorption capacity for NIF than red soil. The addition of exogenous
DOM significantly inhibited NIF adsorption in both soils, with manure-derived DOM having a more pronounced inhibitory effect
than straw-derived DOM. The adsorption kinetics followed the Elovich model, where DOM reduced the initial adsorption rate
through competitive adsorption, site shielding, and complex formation. Isotherm models indicated that NIF adsorption in black
soil was mainly driven by chemical adsorption, while in red soil, it was dominated by hydrophobic interactions. FT-IR analysis
revealed that DOM enhanced the binding of NIF to soil-DOM complexes through hydrogen bonding and coordination. This study
elucidates the regulatory role of DOM on environmental behavior of NIF and provides a theoretical basis for assessing the impact
of exogenous DOM input on herbicide behavior in agricultural soils.

Key words: Sulfonylurea; Nicosulfuron; Dissolved organic matter; Soil adsorption; Competitive adsorption
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Table 1 Basic physicochemical properties of tested soil
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Fig. 1 3D-EEM spectra of DOM from manure (A) and straw (B)
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0 FEEDOM 400 mg/L v FEFFDOM 400 mg/L. © FEALDOM 200mg/L. & FHFFDOM 200 mg/L
FEAEDOM 100 mg/L « FEFFDOM 100 mg/L v JECDOMZN

181 10
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Fig. 2 Adsorption kinetic models and intraparticle diffusion models of NIF in black soil (A, C, E, G) and red soil (B, D, F, H) with different
exogenous DOMs
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F2 FEMEREEMINE DOM FT A LRI NIF 9z hZEUEER
Table 2  Fitting results of different kinetic models for adsorption of NIF in two soil types with addition of two exogenous DOMs
fitit DOM  DOM 9yl F-fif Ph—2zh Jy 2 = Gzl g Elovich HE
B SRS PREL NI gt it 7 ke R e k R a b R
ML) (mg/kg)  (mg/ke) (') (mg/kg)  (kg/(mg-h)) (mg/(kg'h))  (kg/mg)
B+ &L DOM 400 12.92+0.11 11.40+0.70 14.09£5.61 0.899 11.85+0.61 1.52+0.73 0.938 9.85+0.14 0.87+0.06 0.996
200  14.35+0.16 12.39+0.81 13.42+5.59 0.889 12.93+0.70 1.26+£0.61 0.933 10.61+0.16 0.99+0.07 0.996
100 16.07+£0.20 14.07+0.85 13.55+5.23 0.903 14.65+0.72 1.16+0.52 0.944 12.11+0.16 1.08+0.07 0.997
fEFF DOM 400  15.20£0.09 13.34+0.88 13.27+£5.55 0.888 13.93+0.76 1.15£0.56 0.933 11.41+0.18 1.08+0.07 0.996
200  15.74+0.19 14.12+0.87 12.39+4.83 0.901 14.77+0.71 0.99+0.41 0.948 12.03£0.26 1.13+0.11 0.992
100 16.68+0.13 14.86+0.80 14.60+5.14 0.921 15.38+0.68 1.30+0.55 0.954 12.98+0.19 1.03+0.08 0.996
¥ 0 17.31+0.04 15.35+0.85 16.94+6.44 0.916 15.81£0.76 1.62+0.83 0.943 13.64+0.26 0.98+0.10 0.993
213 &I DOM 400 3.93£0.07 3.05+0.34 9.34+6.64 0.746 3.30+0.33 2.24+1.76 0.821 2.42+0.13 0.36+0.05 0.964
200 6.34£0.10 5.32+0.46 4.11£2.21 0.849 5.58+0.38 1.07+0.56 0.915 4.00+0.10 0.60+0.04 0.992
100 7.2240.17 5.76+£0.79 2.68+2.01 0.671 6.12+0.74 0.61+0.53 0.777 4.19+0.28 0.70+0.11 0.949
f&F DOM 400 7.22+0.04 5.79+0.46 15.21£7.91 0.844 6.01+0.44 3.33+2.37 0.879 4.99+0.18 0.48+0.07 0.977
200 7.61£0.10 6.58+0.46 13.10+5.85 0.875 6.90+0.40 2.16+1.11 0.924 5.60+0.11 0.55+0.04 0.994
100 8.65£0.05 7.24+0.67 2.86+1.45 0.846 7.70+0.57 0.49+0.26 0.913 5.13+£0.15 0.91+£0.06 0.991
¥ 0 8.84+0.11 7.21+0.45 20.34+9.64 0.897 7.36+0.45 527+4.17 0911 6.52+0.23 0.42+0.09 0.975

SYEOLSE R CnEE . B ER)P). 7 Langmuir
BRI (R 3), B ARV NZENE DOM Fif5F DOM J5
X NIF 1 R B 25 it (gm) A 588.571 mg/kg TREZR
167.321 mg/kg H1 306.446 mg/kg, ki {EM 0.019 L/mg
FFFE 0.065 L/mg Hl 0.035 L/mg. g )RR
DOM i 1+ 78 75 5 43 - HE 0™ 1y 2% 1] 5 ik 5 40 W B )
77 SRR T 4t NIF BB 2524, i e (A9 1
F+#H DOM mIfigS NIF JEE S, H% T NIF
50 A5 W RS gt =2 ) (4 45 A5 3 PO, 7E Freundlich 45
Airp, BMZENE DOM FIFSFF DOM Jm, BRI n
EART;, R POt B AR AS T, IR B ALY

T —57; ke (A T, £ DOM nlRE S8 T+
BT AR W R A, WD T R HERT NIF A9 R B

Z1 4T NIF (15505 W B 2:F F27E Freundlich #8574
FPLEFERE R T Henry B84, {H7E Langmuir BRI
R EAE ALK 3B, 3R 3), K] NIF 7E203EH 1)
W AR LARE S AH B g /KA )R = B
808 DOM A5 FF DOM J&, 7E Freundlich 5 5
H P EHRTE, 7F Henry A ko (AR FRE, £
Bkt DOM 414 (WK A bi k) 25 NIF 3840 B4
A, ANTTTFR AR NIF 762032 b g e i

WA, TLREBAAMEINE DOM, AG (HIFE

e AL, XATAEEH T DOM HIIMARE  —2.264~-5.982 kJ/mol(F 3), FW] NIF 7 Fiff + 15
e T IR A AR B, 0 B A A B A AR A K% B S 1 25002 B R RN
75F
@) . s6f (B) N
/ §
60| e
42+ Vs
o 45t g
=< 4 H
éﬂ E’ 28} :
< 30t < .
15k 14+ ) ot ‘
0 24+100 mg/LZAEDOM ey 0 £03E+100 mg/LAALDOM
® £1+100 myLFEFFDOM o ® ZI3+100 mg/LESFFDOM
o A B+ (EDOMEI ol & A 205
0 2 4 6 g 0 2 4 6 8§ 10 12
¢, (mg/L) ¢, (mg/L)

(92£% . Langmuir FAIZE ; S RIZE. Freundlich BEAUHHZE; 4k Henry HEAIHHZE)
3 100 mg/L DOM *F 2 1+ Fn4T 12555 W Hf NIF B9 200
Fig. 3 Effects of 100 mg/L DOM on adsorption isotherm characteristics of NIF in black soil and red soil
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F3 ARBEEEFFINE DOM RN T AHLIRZEWM NIF B9#Hl& 45

Table 3  Fitting results of adsorption isotherms for NIF in two soil types under addition of two exogenous DOMs using various fitting models

fitiX.  DOM DOM Henry #71 Langmuir #5781 Freundlich 57! AG
i RRE R ) 2 5 o~ e I " 2 (kJ/mol)
(mg/l)  (L/mg) (L/mg) (mg/kg) (mg/kg)/(mg/L)"
4 FA0 DOM 100 9.279+0.566 0.978 0.065+0.009 167.321+21.553 0.997 9.643+0.164 1.107+0.015 0.997 —-5.518+0.151
F5FF DOM 100 9.203+0.355 0.991 0.035+0.014 306.446+103.861 0.996 10.449+0.709 1.099+0.055 0.993 —5.499+0.096
7 0 11.171£0.205 0.992 0.019+0.015 588.571+42.829 0.995 11.149+0.246 0.996+0.017 0.993 —5.982+0.046

414 L DOM 100 2.495+0.098 0.991 AW sk 2.305£0.067 0.947+£0.012 0.998 —2.264+0.098
f5FF DOM 100 4.194+0.145 0.993 A sk 2.311+0.262  0.802+0.031 0.999 —3.552+0.086
Ja 0 5.123+0.398 0.965 A sk 1.7724£0.251  0.661£0.029 0.997 —4.042+0.193

AESNE DOM X A 1 NIF WAL=
g4

FT-IR Z5 L /R (K] 4B 4D), 5 K4 DOM (¥
XTHRAIAH LG, 2508 DOM AbBRALFIFSFF DOM 4b P4
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