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Degradation of Nonylphenol and Short Chain Nonylphenol Polyethoxylates in Soil
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Abstract: Biodegradation of nonylphenolic estrogens in soil and sludge-amended soil were investigated. Biodegradations of nonylphenol (NP),
nonylphenol monoethoxylate (NPEO1) and nonylphenol diethoxylates (NPEO2) followed the first-order kinetics, and the degradation rates were
enhanced when the temperature was increased. Spiked NP, NPEO1 and NPEO2 Cwith the concentration of 100, 50 and 100 mg*kg™ ',
respectively) could be degraded completely in 45 days at the temperature of 30°C . NP presented a higher degradation rates in soil than NPEO1
and NPEO2 under the same condition. The amended sludge enhanced the biodegradation of NPEO1 and NPEO2 in soil, while it inhibited that

of NP.

Key words: nonylphenol; nonylphenol polyethoxylate; soil; biodegradation

20 20 90 AR LA oK, T B W 2K A £ 0 Tk
(NPEOs) PRI A=A 7™ ) T 2 By ONPO B A IR AT
I8 22 00 17 32 B A B TR & 10 )32 %1 . NPEOs
J& H AT A BRER — KSR M AR B R ik 1 4, 4k
P FLAGH R O AR A2 T g
20 IR R AL T4, JEBE A 15 K 1
BOENIREE e E IR R NPEOs 32 1 B fif
) T3 B L% B CNPEOTD ~ T 25 )y 480 & 0 Tk
(NPEO2) I NP %550 5 BEAA AL & WA L, 3 284X i
PEMIAE RS T B R e, L S0 MR i 1 A M RN AR
Py BAPE

H T, 5% NPEOs S AR 7= (1) B AR AT 4 2
A REIRIES Y, XS5 B AR T e KRB NP
MR AP AL, B X T e AN 7E - (T
R AT i F NP NPEOL A1 NPEO2 HL
A AH 2 5 1R 7K T ZR B T ey AR 25 ) W
2 [ AR 4 22 1O Y, DR b, 2 e AT A A A
T T FAAT 2y H A B IS R S AR ST
LA N T NP AIELEE NPEO 1) T34 4, %+

BRI X B FH A G W I B AT AT T AT
[, 2 R Bk 1 v e (1 A FH AN el AR &4 H 25 1A
TR AL E A 8T B, o6 1 8 v gs in ) r v
JeJ5 NP FIKEE NPEO FIBFMRAT A REAT T 49 .

1 #MR5E7AE

1.1 SIS ) S Kk

Waters 600 HPLC, Waters 2475 2 1 58 Y6 4 I
#%, Spherisorb® S3W AEMAEC150 mm x 4.6 mm, 3 pm,
Waters),/*/é%@%g(HZQc, 5 2RI, R I 4

K ERLCIY92- 11, L3 B 2, Jig i B & 4% (QL-
901, YT 4 g J8% O, 25 0> HL C CETRIFUGE TDL-5, |
GE),

HE . IE ZBE I SR L6324 HPLC 2% ( Fisher
2D s BRERE S NPLNPEOT FIT NPEO2 (FR AU 5

Y5 B #A: 2007-04-07; 1817 B #A: 2007-06-12
HEEWH: HR ARREILEI0H (50578153, 50525824)
TEERI N Tr B4 (1976 ~ ), Lo, W+, R ZERF I 7 ) Ry 7K vs Ge g 4l
E-mail: bj-qiao@163. com
% TEIRIK R A, E-mail: yangmin @ rcees. ac. cn



870 7N 58

F} 2% 29 &

a7k CHBAZE 18.2 MQ®em ™' ):0.45 pum BEIELF 4k
JEME (Millipore 22 F]) .

TR0 R B b nt R, FLE R V[ AR
HH 4.4 %, TEEIR A AAE I LA ML 5k
(23.3+2.8) g*kg™ ', pHIEH 6.9 0.1, 5 &K
EH 1.9 % . v5e A HyG KA B ), $E A P
ARG AN 45 %, pHEH R 7.2 £0.1, ZIKEN
80.6 % . T35 NP KW Bt A5 SAC TR FR
757 ' NP. NPEO1 F1 NPEO2 I A & & 4 3l A
6.00.7.39 F12.84 mgekg ™" . TR 73 40t
SR, WFEE , 3k 200 H Jfi, 4°C IR AT
1.2 S wil
1.2.1 & BRI

FEREM NN 50 mL 1E ¢ A — 52 2 11 NP
NPEO1 #1 NPEO2, FF I 50 g 135, 78 7 B 41, i@ X
B T 4 OE ke 58 4 ¥ KR, B 5 19 2] NP/NPEOL/
NPEO2 I¥] %] 46 ¥ B 43 51l 2 5000/2500/5000 mg*kg ™'
1) fitr 4 T FF .

1.2.2  PFEASEE

FRUL 50 g b 9 J5 1) =38 48 250 mL =, NN
—ERMAE R LR, R IRGIES AL NP/
NPEOI/NPEO2 [ #) 4 W FE 4 7 24 150/75/150
mg* kg™ +100/50/100 mg*kg™' ! 50/25/50 mg*kg ™' (iX
530k R T8 (9 1% 2 W A V5 e 0 AF A K T A
sl Z RN 50 mL R K, 4 43S K R AR
FEFE 509, F AN R (10,20 F130°C) % %%
NP-NPEO1 H1 NPEO2 ) B AR &, X BALF I 0.2
gokg ' NaN, DA P A KDe), B R g h
120 remin~ ' BEOGIE IR, 73 AAE 01232527 14.24.35
F1 45 d BUFE, HPLC € NP NPEO1 F1 NPEO2 %%

i, BERAL BB 3 AT

T ST e it IR A W R R NP i
IR SE A, AHIEFU AR, 5 %2 T AN [R] (1 1t A L A i H b
TR B AA R 0L, S 56 v A5 Y 1 35 Y0 it A T o 23 B0 00
K 2% 4% 10% , B 50 ¢ T HEAR R 3Rl mA
1.2 FI1'5 g V57, NP/NPEO1/NPEO2 X)) 46 ¥ 5% 43 J3l)
4 100/50/100 mg*kg™"» FBr 4 AF ) I
1.3 20T

1 g R T 40 mlL B OV ELIE RS,
N5 ml FEE-CR GBS 37, AR BLLEO TR A5 ¥, JE i)
7% EARY: 2 min, 600 W 45T T A 1 min, 85
F°5 000 remin~" &L 10 min, ¥ H EETHL A S
ml - PR L6 (3 7R A, T 75 B0 5 R
3 KA IEE AR HGHUCE T 199 I AU R IR 2

mL, it HPLC 737 . 4% 75 ¥ B b [l e 22 759% ~
98 % » AHXTARHE N 25 /N T 10%

HPLC 731 7732 S sh A A: 1E O/ N BE (93 :
7D, Ui B AH B: S A BE/HE 2l 7K (95 15D, U A
1 mLemin™ " BEREWRDE S F: A B 100% PR FF 6 mins
M 6 min | 7 min, A LMHILT 40% , IR FF 5 min, KRG
FHE B AR TREF 7 min. BEFERA 20 oL, A0 25
WORBEK 230 nms KWK : 305 nm. 1% 75X NP,
NPEO1 A1 NPEO2 ()4 HBR 43 7124 0.01.0.03 F10.03
mg*kg ™"

2 ZFR5WE

2.1 IR NP FIFEE NPEO B fig

K145 T AR N 88 1) NP NPEOL A
NPEO2 Fifi s} i) A48 £, 1) % B 6, 3 Tl 4y oL () 490 s AR 1
539924 10050 F1 100 mgekg™" . Bl 1 AJ %1, X HEZH
11 NP NPEO1 Al NPEO2 I & AR A K ALk,
45 d INFER B S ERTE 80% oAy AL AL g AT
WAL, 3 ) o 25 />, S &5 T IR (1 5 B A A
329 LA, BB AR XS HEZH rh H AR sk 2 > A2 AR ) [
fil (45 R 10 CIF, NP IR e 28 5% B %0 17.66% » Rl
45 d I LI IR EE N 17.66 mgekg ™' . i E ETF
b 20°C F130°C I, NP IR AR B MR BE 4 A 4.35
mg* kg™ FIA AT . NPEO1 F1 NPEO2 (1 [ fifé L 5 IR
HH A ) PR A A, gt A 150, TS P T R R 1E T 3 R
SR AR I A 7 o B o DR R R A 1
e (1 Bk 2R IR BRI AT % . Manzano 25T BF 5T
T NPEOs TEI /K H (1) A= Wy B i, A ATT A BIAE 30 d 11
KRR 7 CC i B RR 20 68 % , T A 25 °C I i fig
A 96% . Chang 55 FEAIF 0 1= 4 A= W % K A
NP (1) % g s 1 A A ) 1 &5 3%, JL B2 e 20 ¢ Tt
440 CIN NP AR 12.8 d 4k 2 5.5 d.
XU A I B 5 NP 2R oA ) e fige 1) — A R

K — 2% S i 5 7y i 2 3 NPONPEO1 Al
NPEO2 ¥ B fif i FE AT PG, o R 7R A

¢, = cpe "

In2
lip = k—l

K, o AVILRIRIE s ¢ N BEREETR; ¢, BT A ¢
I HARPIRR L s |y N BRI AR R 1, S I
SIRKHEMERRRL. L NP HH, 3 NMEET
InCe,/ o DRI TR] ¢ A P BT 153 B 2k (1 A D¢ & 20 H6 7
0.88 L ECHE 20 4ls ik, vF & T A & AF T NP



4 1 T B A5 T FAL B £ T

SR MR AE - 3 1) B AR AIE 5T 871

100 NI
80 1
—— 10C —o— 10C(W )
S 60 | —8—20C —8—20C(XR)
B —A— 30C  —A— 30°C(H )
B
g 40 - (a) NP
20
0 e
0 10 20 30 40 50
100
80
—o— 10C(X )
& \ —8—20C —B8—20C(HR)
ﬁ 60 |- —A—30C —A— 30°C(H )
= (b) NPEO1
% 40 -
20
0 A
0 10 20 30 40 50
100
80 —o— 10°C(X &)
° —8—20C —B8—20C(XR)
e 60 L —A— 30C —A— 30C(X )
&
&) (c) NPEO2
3]
§ 40 |-
20 |-
0 ‘ ' A
0 10 20 30 40 50

t/d

El1 TREIEET L% NP.NPEO1 #1 NPEO2 HYPERESR B
Fig.1 Remaining percentage of NP> NPEOI and NPEO2 in soil

under different temperature

NPEO1 F1 NPEO2 71 |- 18 1 [y [ fiff i 25 o £50R - 3
WIGR D AT LR W, FEA RGBT, 3 R i )
o A T e 5 T P 5 IEAH DG OR R, B () T s
e A T 6 B g, P RN . B R FSR A, NP,
NPEO1 A1 NPEO2 71 - 43 1 1 B i - 2 18 6.1 ~
35.0 d.

b ) I BE T A4 TR BE AN [R] I 15 21 1) e 3
SR 5% ot ok 2 B AN A )6 NP KB, 10 C )
GUSE N 150 mgekg™' A1 50 mgekg™ ' B, I ¢, 730l
JE23.9 dFI17.1 d, 200 W3 | H LI R 0 i) LA

JSU RIAN AR 28, 7T g DN 4 3 b g e g £ )
B fift S L s gl P o I N R 2, AT g
ZRP T FEVEAT OC | Gejlsbjerg AL OV 5 2 HT T
PEFRLE 338 v 1 B2 A 592 560 It R B, AE AR IR 2 A
10 mg*kg™ ' F1 400 mg*kg ™" I, o HE A% st 1R ) 1 2 30
A 2.5 A 8.0d.

0 10 20 30 40 50
0 . ‘ : ‘
+ 10C m 20C A30C
0.5
-1.0 y=-0.037 6x - 0.247 7
r2=0.9329
15 -
§20r y= ;.062 9x-0377 1
S 2
g 25+ 2=0.918 5
-3_0 -
_3_5 I
y=-0.079 1x-0.714 3
40 r2=0.8888
45

2 AEIRET NP LI FEREE 1 sk
Fig.2 Kinetics curves for NP degradation in soil

under different temperature

2.2 NP.NPEOI 1 NPEO2 £ i v5 Ve (1) - 3 v i1
B fiat

N T T RS YRt IR SRR A R NP K
ST SE A, AHIE G 58 T AN ) 149 it JIES L 451 i A )
1) [ i A 50, NP/NPEO1/NPEO2 PRI 4 < &£ 43 5l Ky
100/50/100 mg*kg™" . &l 3 Z5 1 3 B I AE A [A) 44
F B R s R e 1, b i R a X Y
BT IR LGRS HIRE i baend AT e 43 3R 7R M ¥5
PSR HCN 0% 2% 4% F1 109% 1) T3k R BE
fift 14 d J5 IRE g 5 b ARG, ¢ ~ e K
AT TR AR A AN v Y I R R il 6
bk, 14 d B NP NPEO1 FI NPEO2 [1)5% B % 73 il
N 16%~26% F1 36% , K} NP 2 L H B w5y (19 4 fif %
TR HCN 2% MR R P (1 ZE o, 14 d I 3 A
YT % B 0 9 o 5%~ 32% K 31 % 5 145 18 T 57
e 109 Mgk e, NP 5% R IE 2 65% »
IS N #) NPEOL 1 NPEO2 F1%% B K U F % 52
25% A 15% , 2| 24 d AR FR 1 (1) NPRO2 % 45 %
fife . B TT WL, S 0 ) — T TR EE T R g
FLEE NPEO [ BA#, 55— 7T XA T NP B fi .

521 WRHE N AR, % K NP NPEOI
FINPEO2TE 5 Y Jt NI A4 2 v 1) e At ith S 2047 1 TR FF



872 A 29 %
#1 TREZMHT NP.NPEOL #1 NPEO2 £ T IEP MIMEMERE Mk OMETH (1)
Table 1  Degradation rate constants (k;) and half-lives (¢;,,) of NP, NPEOI and NPEO2 in soil under different conditions
NP NPEO1 NPEO2
i WAL WAL WAL
/°C . ky/d! tip/d 2 . ky/d™! typ/d 2 1 ky/d™! typ/d r?
/mg*kg /mg*kg /mg*kg
150 0.040 23.9 0.97 75 0.025 28.3 0.88 150 0.020 35.0 0.84
10 100 0.038 18.3 0.93 50 0.029 23.7 0.87 100 0.023 30.3 0.87
50 0.029 17.1 0.88 25 0.046 15.1 0.96 50 0.040 17.2 0.97
150 0.056 12.4 0.87 75 0.051 13.6 0.92 150 0.035 20.0 0.92
20 100 0.062 11.2 0.92 50 0.056 12.3 0.97 100 0.045 15.3 0.96
50 0.079 8.7 0.95 25 0.097 7.2 0.90 50 0.098 7.1 0.96
150 0.060 11.6 0.79 75 0.043 16.2 0.94 150 0.037 18.9 0.94
30 100 0.079 8.8 0.89 50 0.082 8.4 0.97 100 0.076 9.1 0.97
50 0.083 8.3 0.81 25 0.104 6.6 0.84 50 0.114 6.1 0.83

M—ah 1=, Rk 2. WK 2 h ol FH H,
FE15 Ve 4> B R C109% ) , B WL (0 T v, B
fiff 0 e HHE O, P R R AR NP M 10 C
(1) 44.1 d B&% 30 °C (1) 33.3 d NPEOI M 20.2 d
P4 6.4 d\.NPEO2 M 10.1 d ¥R 4.2 d, 45 X
— 30T A ] (20°C) V5 8 & B AN RN, NP )2
ARG T Ve B I N T 2B K, v U i i A BN
2% T %) 10% , NP P2 H 26.6 d 1B %2 40.3 d.
Telscher %[Mﬁﬁﬁﬁﬁﬁﬁi Y] 3 NP BF i sk
B30 T AL &5 AL, WIAR K LN 1.53 mgokg™
I, 28 135 d MEEFR )G, 775 e & 70 508 10% -
50% 1 100% (1) - HEfR =, NP 5% 20 8.9%
17.5%F1 25.6% . 3X B W75 8 7 Bk =, NP (1) B A
B NPEOs HEH 5 NP 16 1 AH %, Bl AE V5 e & &=
(3w, V-3 R 2 AR R, V5 Ve L B 29% T
£ 10% , NPEO1 F1 NPEO2 -2 115370 4 M 14.5 d
IR 8.2 d MM 11.7 d A 4.9 d. X HEZT5 T
IS A T AR R A AL B A AE
G4 - S R ) B R T X NPEO (1)

Bfde . 53— 7 T, WS N5 Ve I R 48 I i A ) R
ghf T BE R AL T AR Ak, v e P R B AR A o S TR
HFEHE NPEO, T ANF T NP 75 -3 rh (1 B il X —
MR B — P I SERR AT

EO1
NFEO NPEO2

(2) 0d, 0%

(b) 144, 0%

s

(c) 14d, 2%

i

(d) 14d, 4%

i

(e) 14d, 10%

4 8
t/min

(=]

10

0% ~ 109% 4 L35 598 1) i 43 3
B3 FRE#HMA HPLC KX &L E

Fig.3 HPLC-fluorescence chromatograms of the different samples

#2 TREEHT NP.NPEO1 #1 NPEO2 7EiR N5 R A LIB P AIMEMERR Bk OFETH (1))

Table 2 Degradation rate constants (%, ) and half-lives (¢, of NP, NPEOI and NPEO2 in sludge-amended soil under different conditions

R R NP NPEOL NPEO2
/°C 1% ey /d! tn/d 2 Fy/d! tipld 2 fy/d-! tn/d 2
10 10 0.016 4.1 0.91 0.034 20.2 0.99 0.069 10.1 0.99
10 0.013 40.3 0.84 0.084 8.2 0.99 0.163 4.9 0.99
20 4 0.019 37.3 0.90 0.069 10.1 0.99 0.103 6.7 0.99
2 0.026 26.6 0.95 0.048 14.5 0.95 0.059 11.7 0.9
30 10 0.021 33.3 0.97 0.108 6.4 0.98 0.142 4.2 0.95
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