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Study on the Degradation and Transformation of Nonylphenol in Water

Containing Algae

PENG Zhang-e', FENG Jin-mei', HE Shu-ying’, WU Feng’

(1. College of Urban Construction and Safety Engineering, Shanghai Institute of Technology, Shanghai 201418, China; 2. Shanghai
Center for Energy-saving and Emission Reduction, Shanghai 200003, China; 3. School of Resources and Environmental Science,
Wuhan University, Wuhan 430079, China)

Abstract: The photodegradation of nonylphenol induced by two common freshwater algae was investigated. The mechanism of
nonylphenol photodegradation induced by algae was analyzed. The synergistic induction of nonylphenol degradation by algae and
substances in water such as humic acid and ferric ions was also investigated. Results showed that the algae could induce the
photodegradation of nonylphenol. The degradation of nonylphenol in water in the presence of algae, humic acid and ferric ions was
obvious and the efficiency of degradation could reach 58% after 4 h illumination. Based on the results, it was speculated that the
algae, humic acid and ferric ions system could produce more active oxygen after illumination, which could promote the photodegradation
of the organic contaminants in water.
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1.1 ARSI
1.1.1 5

T (nonylphenol, NP) ( 43#r4li, 3¢ [F Sigma
NHED) O (P e, i AR 2E R A F] )
Pt (635 2, 3 [ Fisher 2 #]) , HCl, NaOH ( 43 #7
4fi), FeCl, - 6H,0 (43 Mr4l) , J& #4 R ( humic acid/
HA, Aldrich 22 5]/USA) , /K4 4 5 (HB-4) B 37 %
I SE K72 BT 75 K57, SL80 AT K A 258 7K.
LLZE R B, B 200 mg - L' -3 (AR
0% CNE) . JEFERR A &N 200 mg- L'
(BRI 0. 45 wm ALIEET IE) .
1.1.2  {UES RN 2

RO A ; B3 LC-10ATVP %E | KR100-
5C18 (A% (4.6 mm x 150 mm, 5 pm) . Waters
481 EHMEIES (Waters, 2 [ ) | N3000 i TfEu
(W R) , TES-1332 4 F IR T (BIS # 4L
T FRAT) , LD5-2A Bl (b 50 BE FH B O
BT, pH320-S M B BUF IR BT (HERF I A /D)
TR AYI120 ( H A B H) , 15 IR O B8 35 4
(HGP300 %Y, rfr [F B} 22 B iR DR 7 AL AR T ) , W6
B, 4 JE kAL T (250 W, I K 365 nm, iR
197 800 Lx; fEF¥2 HIZKESMEIR 150 000 1x) , H
HE R R, A HlkT N EIE R HIKE.
1.1.3 AR HAb

SCOG Rk 2 R IR K R £ R B (Anabaena
cylindrical, AC) F1/NEKE ( Chlorella vulgaris, CV).
Horh /N ER e Y B 3% 3k 41 8 4 A 200 mg- L7
(NH,),S0,, 30 mg-L™" [ Ca (H,PO,), -2H,0 +

CaSO, - H,0], 80 mg-L~' MgSO, - 7H,0, 100
mg-L~" NaHCO,, 25 mg-L~' KC1,0.150 mL-L"'
FeCl, (1% ), 2.86 mg-L~" H,BO,, 1.81 mg-L~'
MnCl, - 4H,0, 0.222 mg-L~" ZnSO, - 7H,0, 0. 039
mg-L~" ( NH, ) Mo,0,, - 6H,0, 0.079 mg-L"'
CuS0,-5H,0, 0.5 mL-L™"' +312 . B33
0.1 mol-L."'Na,CO, J§% pH 7.0 ~7. 2.

iR Y BE 5F FE A R4 R 250 mg-L7!
NaNO,, 75 mg-L~' K,HPO,, 75 mg-L~' MgSO, -
7H,0, 19 mg-L™' CaCl, - 2H,0, 175 mg-L™'
KH,PO,, 25 mg-L~" NaCl, 0.662 mg-L™" FeCl,, 2
mg-L~" Na,EDTA, 2.86 mg-L~' H,BO,, 1.8l
mg-L~" MnCl,-4H,0, 0.222 mg-L~" ZnSO, -7H,0,
0.039 mg-L~" (NH,),Mo,0,,-6H,0, 0.079 mg-L""
CuS0,+5H,0, 4 mg-L ™' HHEZ M. KiFR3EH 0.1
mol-L."'Na,CO, J# % pH 7.0 ~7.2.
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min ", B[] 20 min ) YEESEIAR , 25 8 FOK B0
A R T & N 1182 0 T R R A
(MR | iz HL
1.2 LRIk

O PEECHE | JEE RRNR BS FOK SR T TR Y
JCREAR LG TR DR A T RO B RUB FR IR | e 7
5B O (A A R S ) TC 1) — o e 1 SO W
FH HCI F1 NaOH 75 245 % 19 pH (B E 2 )5 , ¥4 H
TG AE 4 8 o AR KT T R ) T 2 1 't S %
H IF IS A8 s AR KT A TGRSO [RIE T R T Y
RHIKEK R GE, AT 7K J] [ P45 T B A5 Ui
PG —E M (0, 1,2, 3, 4,5 h) ke SR 0 ~5
h FER#RAE 5 h )54 — 250 (3500 remin~",22
min) , BCELO 5 9 _EIEWCR I HPLC J7 0 B s
VRIE. WS SO [ AT Hid Sy 3 WS BT 4,
REMRT 5%.

HPLC #3205 2645 (S50 4:280 nm K
AL K NP R AR B K 93/7 (1R R
Fo) eI 1.0 mLemin ™", fEMCMHTSME T, B
FH 2B 7K i A S 2675 S R

2 HR5ITR

2.1 BT R TR O R i
2.1 1 JGHRRIEE B A7 X T 3k 1 et ik 1) R



3468 EZ

# 33 %

e

Sk 2 58 RE R S [ st A7 0 0o T ek M e i 2 Ak
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T RIRAK R E UL /INER BEAE N A T, 72 T By
AIRILAHE ] 6 mg- L~ /NBRIE AU BE YL LR 0. 3
x10° ~6 x10° cells- L~ BHIFFE T T B A B A R
SEEEE AN 1 s, A7 6 BR80T 3R ) Y R
f AR A FH B S0 Bt /R B B A B, T35 1
JERE i R TE . ORI, SR E N 3 x 10°
cells L™ T3 W /K B b, T 38 W3 JL T JE R A I
A et SIS I T 0 i e v 3 i8] R e s o
ER. 734h, M TR, fEC AT, T3 )L
P AR, LA UL IR K A IR S 2
A AR T SR T AR 1 R T

1.00
0.95 xﬂ\g
20 \

0.85 \
A
s T
S080 L a0 (EEBHAD \
o T 9 & !
075 L —— 03 ><1(; cells L1 \
—A— 1.8X107 cells- L™
070 L —y— 3.0 X10° cellsL™! T
- —e— 6.0 X10° cells:L 7!
65— 3.0 X 10° celis LU R
0.60 1 1 ] 1 1
0 1 2 3 4 5

t/h

[NP], =6 mg-L~", pH=6.5=0.1
Bl1 &MREKERF/NKE(CV)REZL
Xof T HE B B S P R RS I
Fig. 1 Effect of the change in CV concentration

on the photodegradation of NP

2.1.2  fAfEEEHR AR B

Ry 75 SR HABTR 7K e ST ' RS Yo - B 193 3 e e
A A SEIG e T 55— FhoK iR UL B IR 7K
. TR APIREE R 6 mg- L', MR EE
HIHEE R 1 x10° ~6 x 10° cells- L ™" I, £ & 3 % T
SRR AR 2 s, A OGIRET, flE B
XT3 A B A A E A P AR B S B 2 0 A e vk
FERHE N, T 5L OGRS . s Rk — 20
Vi K FREE Ay WL AR IR K 5 28 e IR s & 7= A
o A T S5 T o2 e vy 81 -
2.1.3 5| KPR R R s AR o B

HABI 5T 26 I, 30T T JE M 1) R o s A, LA f
£ 50 min ZEA7 IR B, L, SRR SCIRET 0 ~ 5
h (B REAE SERTE 5 b 5 RIBS B0 SR FH S o Bt
B0 A B LW P TR R B, AT BRI B i, A

—
N

S oss)
9

0.80 - \.\

0.75 1
—u—[AC]=1 X 10°cells-L™! A
070 —e—I[AC]=3 X 10°cells-L™!
—a— [AC]=6 X 10°cellsL!
0.65 1 1 1 | I

<

1 2 3 4 B
t/h
[NP], =6 mg-L~", pH=6.5+0.1
B2 SEERKARTEER(AC)RETL
Xt B SERE ARSI
Fig. 2 Effect of the change in AC concentration

on the photodegradation of NP
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(1) BEOE RS 0 2 A o sl o e R I R 1)
W23 7 A A P A A T P S R AT
Pt TAE M OERERE , R oA s

Rt —. on
W H,0,
"0 —0; ¢
HO), -
102

(2) GRS W WAC 1) D' RE ek 4 v 3 T ) T Bk

Wy, A - BE T LG REA «

CV/AC " avsac S evsace
sovyac TEL o IR
(3) JCHA 2R (81 351 43 i 2 41 It B 10 2 | A0 R 4
M 2 BRZEY) R 2K | X SE IR 2 W) i b A
AT & T REmy ) it .
lipid

NP —— =)

hv
2.2 H/JETERR/ B T 51 K T R
2.2.1 —Jjo, —JG, —IoiR &R I 1) b R A
POyl
T RSB IR RN Ak B - #0 h SRR I 85 i
WAELERY R A, o 5 58 5 L e AR AR Wi o
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JG) HIR Z T R O R O, 20 i BE R T A
Rl 2153 1) SOREHEA T RS, 2 pH {HDh 6. 5 I,
TEF/NEREER —J0, o0, —Juik &, LAY
JCRESE R IR RANIE] 3 P, SRS R B, 168
B THIR MRS 1) =IO F T S ) Y R A AL
SRA W] B PR RR FIER B AR T B I (0 R
e T L A S (A E

1.00
0.95 \.\_

0.90 |- \
Soss| \.

[S I \
0.80 -

‘\.

075 L \.
A

1
0 1 2 3 4

—u—CV
—eo—CV+HA
—A—CV +HA + Fe(lll)

\I

wn

[NP], =6 mg-L™", [CV],=2x10%cells-L~",
[HA]O =4 mg-].fl s [Fe]o =20 |.Lmol-L’l ,pH=6.5+0.1
B3 —i. k.= REH NP FEREIR
Fig. 3 Comparison of NP degradation in water with algae or

algae/humic acid or algae/humic acid/ferric ions

2.2.2  JESFE TR M AR AT T FE B R ik 1 5 )

Sk 5% B B T R T I o ik 1 S M R, AR S
USAIEST T B R R AR A X T 5 1 ) AR S 114) 5% i)
FEST VR Wﬁﬁﬁa%ﬂ%ﬁﬁ%?ﬂ’]?ﬁ/ﬁ@*,éd\ﬂ
B N 2 x10° cells-L™", XMW E N 6
mg L™, JEFIFRWEAE 2 ~ 6 mg-L ™" YL Bl 2R LI,
T JE M A E R A AN P 4 BT, WO 68 B R 1) vk
o, T3y 0 R R R LT SR E 6
mg- L~ I NP [ B A 58 AT 35 33% . A 52 5 v Al [
BHBFSE T =R & rp, i i e H R 2
x 10 cells L' i NP 605 fi, o 45 R £, =
TCIRZ T, R EEXT NP (W RE AR R 5 /N ER S AL,
2.2.3  BRES T T LB G R AR 1) 52 )

k5 BAN B R T R I A i e R AR S
USAIFSE TR R AR Al X T B 1 1) AR S 114 5% i)
Fr/INBREE BB R AR B T B K IR évl\ﬂ%{aa
/a%r“p%; 2 x 10°cells-L™", NP ¥l Hc EE 6
mg- L', JEGEFRHEE N 4 mg- LB Bk B8 ik B AR
%Xj‘%%@ﬁﬂﬁ:‘ﬁﬁkﬁ%ﬁﬂfﬂnﬁn@ 5 FiR. —IuiR R

1.05

1.00
0.95 \.
0.90

—m—[HAJp=2 mgL"!
—e—[HA]p=4mgL™'
—a— [HAJy=6mgL"

cleo
[ <
~ o0
W (=1
T T

[NP], =6 mg-L~", [CV]; =2 x10%cells-L"",
[Fe]y =20 pmol- ‘L7, pH=6.5+0.1
B4 BEBRNRETUNEEBHNEEZIE

Fig. 4 Effect of the change in humic acid concentration

on the photodegradation of NP
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