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Degradation and Adsorption of Nonylphenol in Soils

WANG Yan-ping, YANG Zheng-1i", LI Zheng, REN Hai-jing

(Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China )
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™.
Keywords : nonylphenol; soil; degradation; adsorption
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AR SREUE P VT A3 P 3 bk FH Y
0~ 20 cm $= T3, LRk TEM . 3 F 58
EERT ARRT, LB, BT, 3 2 mm i &
o HIAMERILE 1.

B TEE W (NP) S 2 F [F 4 A R TR & 45
1 i (Sigma—Aldrich A 5] ) ; NER . ZJE 28 | F
(HPLC %%, LHIBTER ) ; TTKBR RGN . A ALES . B Ak
RS LT

AU AR BE 4% : Agilent 1200 WA A5 (Agilent, 38
[ ), API 3200 5T 4% (AB SCIEX, 3 [ ); fHIR IR ¥
# s TEVRIE SRR s W B UEAS s B 3 R ESL.O AL (B
£ 50 mL R YR LM B35 B0 ) ; ATC-032 Jigh
FERAL (Buchi, Fi+ ) ; BAHZEBCRE & , BAHERE &
# ENVI™ Carb Il /PSA(Supelco, 600 mg,6 mL, 3E[F );
C18 [EAHZEHE ; AKX ;0.22 pm JEAE
1.2 R H*E
1.2.1 T IEREARRT

4 BIFREL 3 Fb 134 50.00 ¢ F 250 mL i =44
A, A 10 mL —E ¥R NP 9 B VA VR, 60 4%
A Ja B TiERE 2 PR SR, Hl15 NP WG
FEk 40.00 mg-kg?! MUAER TAE. T BIFRE 3 F+
$390.00 g T34 1 L=+, HA 10.00 g fi&
M, RO RS 8 NP IRIIRWRE R 1.00 mg kg™,
T S KEA ZE HERKER 60% , AR
2R, FHEIRFP 25 CEYCRER , BRI E +
B NP S &, RN, S REgER T E K
&, B4R 3 17,

TEHAVERAFRIX 10.00 g 18+ , 2 T/K AR AREN T4 |
WFEE S , P9 i A 4R B, 4 000 remin™ B0 10 min,
EIEWE XS0, 40 CKIRTEHZERIET , ZE R
ST, H 3 mL ZJE/R R (3:1,VIV) XS Hf
AORET K VA R A AT B 15 mL ZJF/F 2R(3:
1,VIV)iE{LR NH; & BEAHZERGE, A 15 mL 2

/AR 2R (3:1, VIV )RR B AR A BOR: , SR v — R i e
FrH—IG.00F, LR T BRRR T H S5
mL i EhAH F EBEE 45, 1 0.22 wm JEFEJS , it HPLC-
MS/MS 43#7. FIEFINE LS KE, RAGERUT L
0o AT EXT HAEH NP B ENSCR A 78%~96% , XY
R ZE R 2.3%~5.7%.

1.2.2 380 fiH e

PRI L4 5.00 g F 50 mL Y BLOE T, IIA
¥k #E >4 0.10,0.50.1.00.2.00.5.00.,10.00 mg-L™ f§ NP
PREZE W (0.01 mol - L™ CaClL, 41 i, & 0.01 mol - L f
NaN; /E R4 )25 mL, 378 5% ¥, B FHEER
B F 25 CTF#E6HR% 24 h, #2544 000 r-min™
B0 10 min, f_R3EWGE T C18 BAHZEBGE: (S5
10 mL — & B 42/FR B (80:20,V/V) .10 mL F i |10
mL B KRR IE), 5 mL B R/ 4K (1:9,V/
VOWGE/IME SR E i T/IME, TR 10 mL Z&0H e/ H
BE(80:20, V/V ) BEM , Ve W % = XG0, 2R
T EBSKT,H SmL W HFEEZR, T 022 pm
IS, it HPLC-MS/MS 4347 .

AR 5 o1 5 8 AR PP v B ) AR b TSR A R
e (4 I B (3 SRR R+ HEAT IO, R ST e
BOJE 4 AE EIE WA T NP & &L 15
FSCE ST EMEL R TES), LHl kSR
Lo BMEHRE 3 AT, T EXKAET NP /Y
ISR Ky 82%~99% , M HRIEMZE K 1.8%~6.4%
1.2.3 MEHE

Bt AN Agilent ZORBAX RX-C18
FE(150 x 2.1 mm, 4.5 pm); #2318 25 °C; Fish Ak
. 10 mmol - L Z,FR%%=9:1; ¥ A 0.2 mL-min™;3
FE& 10 pL,

JB T 4 1« H BT 3 (ESI) B 8, 22 )2 o s il
(MRM) 7t B 44 ; B 7 U505 B (TEM )400 C; H,
W55 HL  (IS)4 500 V; KR K (DP)126 V; A H
R (EP)I0 V, M O H R (CXP)17 Vi 5BVR 1 K7
(GAS1)40 kPa, 5 BIS 2 JE /1 (GAS2)40 kPa; K45 K,
JE/1(CUR )20 kPa; fif#8 <& /1 (CAD)5 kPa,

&1 i T ENERELNR
Table 1 Physical and chemical properties of the studied soil

ks i OM/% pH CEC/emol(+) kg <0.002 mm ¥iki&E/%  0.05~0.002 mm HPRi& /%  >0.05 mm BRI & &/%
BBt 3.06 7.52 24.22 35.81 49.07 15.13
e+ 1.44 8.86 18.18 11.20 61.41 27.39
JiEaR: 1.30 6.31 9.57 45.39 44.15 10.46
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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=-k¢+B r ti=In 2/k,
MMt PREFEBE InC=-0.102 9:-0.1673 09612  6.74
BB InC=-0.009 %-1.089 4 09780  70.02
HUEpEE InC=-0.082 51-0.104 5 09747  8.40
1@ HEE InC=-0.009 75:-0.825 4 0.984 3  71.46
Hugp B InC=-0.071 3-0.081 1 0.9808  9.72
1BEHEE 1InC=-0.008 8:-0.7329 0.9582  78.77
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B SR £k 5 Hou S5 97 s 32 B NP 7 4338 v i) 1% B
4 Linear W fHEIRZE . ASCHIF Linear [ <51
TR BIEHATIE SRR 2,

FI7% 2 AT, BE T 2R+ AU R Ve A et

1 1
0 0.3 0.6 0.9 1.2 1.5

C,/mg-L*
50
iiEAR:
st
T 30}
£
3 201
10
O ¢ 1 1 1 1 ]
0 0.3 0.6 0.9 12 1.5
C,/mg-L*!

3 NP 7£ 3 #1358 g g it i 2%

Figure 3 The adsorption of NP in various soils

NP FH B REBCHF AT Linear J7 72 (r=0.968 6),
W2 B R %K K, 23 65.52.31.66 1 32.71, BApIT+
HExt NP (99 B8 ) B, ALt LA P AT 22
FHEAKR

&2 NP # 3 ML IR ERL S 2

Table 2 Linear isotherms for NP adsorption in various soils

B K, r
ARt C=65.52 C,~4.848 5 65.52 0.991 8
LT+ C.=31.661 C,-3.839 31.66 0.968 6
IEAR: €.=32.705 C,~2.952 9 32.71 0.984 3

T Cs 2 AWM , mg - kg™s Co VR TR B P BT L , mg -
LKy M R B

2.2.2 A 3R TR ) 5 M)

AYLE T EP IR 5B PR | 3%
LA X, W TIEETFRA VY, BT sk
TRAEAR ST FE R , R MLE A AL B s il
WEHE YA BT, R AR, WokRL
&, pH FIPH B T304 B 02 1 25 R s i R 3R,
NP 7E 3 Fp 3B R M R 5 &K AR &
& . pH Kk & & CEC 5 HE R HEATRIH 047, 4553
T 4, A ML & & X IR AR i K (=
0.99) , FHES 738 #e B X R I A — e M, TR R 35 &
1 pH X B B2 AL/
2.2.3 THEA NN L Ko SEVII B ST

A LR B BL Koc VB R PFAT T 3EXT A B R
MBE T B — 4805, RIENIEE F LS WE HIED R
SR — R T Koo — B AT 1 1380 B 35 %
83 Koc=100K,/(OM%/1.724 ) (X1 1.724 &+ 3
HURFE PR S BZ RN ERE) . £1157,3 F+
B Koo 76 3 696.22~4 334.51 Z[A1( L3 3), 3 fi+
AR EIM Koo HZEBK, RUANMUBAVEM S E,
T H A HLE A4 AR Z5 AT NP IR B B,
U AT RS M A — R 3, HoAth 13
PR B B A — IR

Z: B8 McCall 45 77752, 2R F 1 3875 MLAK TR B %
B Koo (EXHEA WA R B St BB HE T 4328 (R
4), NPTE 3 Fi +58H ) Ko 7E 2 000~5 000 i 1Y,
FB NP 7E H 3P B SRS
2.2.4 NP 7£ 3 Fp -8 iR it B BB 2R fk

3 Y B R R B R R S
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Figure 4 The correlation between K,; and OM, pH, clay and CEC
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Table 3 Ky values and changes of free energy of NP in various soils

OM% K, Kow Koc AG/k]-mol™
HpyTHE 3.06 6552 214398 369622 -19.00
JbE#+ 144 3166 2194.04 378253 -19.06
SO 1300 3271 251422 433451 -19.39

R4 LAY K BESEETETHBIHEHXR
Table 4 Relationship between K values of compound and its

mobility in soils

53245 Koc Bahik
1 0~50 R
2 50~150 i
3 150~500 g
4 500~2 000 E5)
5 2 000~5 000 RS
6 >5 000 XER S

BAKH : AG=—RTInK oy

A H:R=8.314 kJ -mol™; T IR B ; Koy HE WL
W% 96, K oni=100K,/OM %6

3 Fp A% NP W f A9 B B BEZR b8/ F 40 kJ -
mol (3% 3), PRI K AR BRI B =

3 #ig

NP 7£ 3 Fp L3P BRI AR, 5
18, BIpm B+ JLEE AT L A NP FE bR
R BR A /A4 B8 6.74.8.40 d F19.72 d, 7218
T B EE 2 32 4510 70.02.71.46 d i1 78.77 d, 1R
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T HEXF NP (1 fH 3 A FF A Linear 5515 WK 77
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3696.22~4 334.51 Z 8] , B 1R 55 . WM B FHREAR
ALI/NF 40 kJ-mol ™, FRHH NP 7E 135 (% B A4
PRI A 3
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