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Degradation and Adsorption of Nonylphenol in Soils
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Abstract Nonylphenol NP as one degradation intermediate of widely used nonionic surfactants occurs widespread in the environment. The

objective of this study is to quantify degradation and adsorption of NP in three soils using the thermostatic cultivation approach and the batch

equilibrium approach, respectively. It was showed that the degradation of NP was divided into fast-degradation phase and slow-degradation

phase, and the degradation half-lifes #,, in these two phases were 6.74~9.72 d and 70.02~78.77 d in different soils, respectively. The degrada—

tion rates of three soils was different in the early degradation phase, following order Heilongjiang black soil>Beijing fluvo—aquic soil>Guangxi

red soil, which was consistent with the soil organic matter content. However, the gap among three degradation rates narrowing with the cultiva—

tion time going on. The different combination states of NP with soils and different degradabilities of various NP isomers might be the main rea—

son for the occurrence of slow degradation phase. The adsorption of NP in three soils was tested with six different initial concentrations resulted

in linearly fitted isotherms with adsorption constant K, ranged from 31.66 to 65.52. NP was most easily adsorbed by the Heilongjiang black

soil. Adsorption of NP was primarily related to soil organic matter content. Since K, ranged from 3 696.22 to 4 334.51 in three soils, NP was not

easy to migrate in soil. The adsorption of NP by soil belonged to physisorption with changes of free energy less than 40 kJ +mol™.
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/ 31 VIV
1
N 5
1.1 mL 0.22 pm HPLC-
N N 3 MS/MS o
0~20cm o 3 o NP 78%~96%
2 mm 2.3%~5.7%.
o 1. 1.2.2
NP 500g 50 mL
Sigma—Aldrich N N N 0.10.0.50.1.00.2.00.5.00.10.00 mg-L™" NP
HPLC N N 0.01 mol - L™ CaCl, 0.01 mol - L™
o NaN; 25 mL
Agilent 1200 Agilent 25 C 24 h 4 000 r-min™
API 3200 AB SCIEX 10 min C18
10 mL / 80:20 V/V (10 mL .10
50 mL ATC-032 mL 5 mL / 1:9 v/
Buchi V 10 mL /
ENVI™ Carb /PSA Supelco 600 mg 6 mL 80:20 V/V
C18 0.22 pm o N 5 mL 0.22 wm
1.2 HPLC-MS/MS o
1.2.1
3 50.00 g 250 mL
10 mL NP NP
NP l
40.00 mg-kg™ o 3 o 3 o NP
39000g 3 1L 10.00 g 82%~99% 1.8%~6.4%
NP 1.00 mg- kg™ 1.2.3
60% Agilent ZORBAX RX-C18
25 C 150 x 2.1 mm 4.5 pm 25 C
NP o 10 mmol - L =9:1 0.2 mL-min™
o 3 o 10 plLo
10.00 g ESI
4 000 r*min™ 10 min MRM TEM 400 C
40 C IS 4 500 V DP 126 V
3 mlL / 31 VIV EP 10V CXP 17V 1
15 mL / 3: GASI 40 kPa 2 GAS2 40 kPa
1 VIV NH; 15 mL CUR 20 kPa CAD 5 kPa.
1
Table 1 Physical and chemical properties of the studied soil
OM/% pH CEC/cmol + kg™ <0.002 mm 1% 0.05~0.002 mm /%  >0.05 mm 1%
3.06 7.52 24.22 35.81 49.07 15.13
1.44 8.86 18.18 11.20 61.41 27.39
1.30 6.31 9.57 45.39 44.15 10.46
oM CEC
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Figure 1 Extracted ion chromatogram of NP standard substances
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Figure 2 Remaining percentage of NP in soils
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Table 2 The dynamic data of degradation of NP in various soils

InC=-kt+B r tyo=In 2/k,
InC=-0.102 91-0.167 3 0.9612  6.74
InC=-0.009 9:-1.089 4 0.978 0  70.02
InC=-0.082 5:-0.104 5 0.974 7 8.40
InC=-0.009 75:-0.825 4 0.9843  71.46
InC=-0.071 3;-0.081 1 0.9808  9.72
InC=-0.008 8:-0.7329 0.9582  78.77
ki 10.39.8.51
8.10 . NP 3
3
> >
3 o
o
NP
o
meoNp
NP
o
NP
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2.2 NP NP Linear r=0.968 6
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10.00 mg- L™ NP N o
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2 NP 3
o1l - Lol
43.58 mg-kg 0.34~44.42 mg-kg™ 3 Table 2 Linear isotherms for NP adsorption in various soils
. [17] > k. !
Diiring NP 51 C=65.52 C,~4.848 5 65.52 0.991 8
NP Linear €=31.661 C,~3.839 31.66 0.968 6
Hou ™ NP €=32.705 €,~2.952 9 3271 0.984 3
Linear o Linear Cs mg kg Cy mg*
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2 Y
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pH (191
NP 3
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. 0I9 4, r’=
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50 pH o
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Figure 3 The adsorption of NP in various soils
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Table 3 K values and changes of free energy of NP in various soils

OM% K, Koy Koc AG/k]-mol™
3.06 6552 214398 3 696.22 -19.00
1.44  31.66 2194.04 378253 -19.06
1.30 3271 251422 433451 -19.39

4 Koe

Table 4 Relationship between K values of compound and its

mobility in soils
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