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Accumulation and Biodegradation of Dibutyl Phthalate in Chlorella vulgaris

LIU Hua, SHEN Xin-tian, SUN Li-na, CHEN Xi—jian

(Tianjin Academy of Environmental Sciences, Tianjin 300191, China)

Abstract: Bioconcentration and biodegradation of dibutyl phthalate( DBP )in Chlorella vulgais were investigated. DBP is a kind of typical en—

docrine—disrupting(ED )substances. Chlorella vulgaris is a sort of dominant algae in eutrophic waters. Experiments were performed in 250 mL
flasks, DBP was analyzed with GC-FID. Experimental results showed that Chlorella vulgaris was able to accumulate DBP significantly, but

biodegradation of DBP by the alga was lower. The decrease of DBP in algal solution was described satisfactorily by a first—order kinetic equa—

tion.(1)At 25 °C, with the increase of initial DBP concentrations(0.198, 1.82, 4.85 mg- L"), DBP accumulation in alga reached the maxima

of 1.37 mg-g'DW at 12 h, 85.9 mg-¢'DW at 1 h, 238 mg-¢'DW at 1 h, respectively. Bioconcentration factors( BCFs )reached the maxima of
8.01x10° at 12 h, 4.83x10*at 1 h, 5.36x10* at 1 h, respectively. And the biodegradation rate constants (k, )were 0.00, 0.80x107, 0.30x10° h,

respectively. For 0.198 mg+ L' DBP, accumulation amount in algal cells was small, which might cause biodegradation to a small extent. For
4.85 mg+ L DBP, it might be higher toxicity of DBP that inhibited algal growth and activity of enzyme.(2)At similar initial DBP concentration

(about 2.00 mg-1.™"), accumulation amounts of DBP by algae and BCFs at 13 °C and 25 °C both reached the maxima at 1 h. DBP accumula—
tion in alga and BCFs reached the maxima of 24.0 mg*g'DW and 1.23x10* at 13 °C, 85.9 mg-g'DW and 4.83x10* at 25 °C, respectively. And
k4 were 0.60x107 and 0.80x107 h™', respectively. Studies showed that temperature was one of affecting factors, higher temperature was in fa—
vor of biodegradation.
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Figure 1 Growth curves of Chlorella vulgaris
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Table 1 The average growth rates(v )of Chlorella vulgaris
and biodegradation first—order rate constants (%)
of DBP in Chlorella vulgaris

i/°C c/mg-17"! v/h™ ky/x10~h™ R?

25 0.198 0.038 0.00 0.843 1
1.82 0.036 0.80 0.902 5
4.85 0.024 0.30 0.850 3

13 2.02 0.004 0.60 0.785 3
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Figure 2 The declines of DBP in algal solutions
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Figure 3 DBP accumulation by Chlorella vulgaris
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Figure 4 BCF of DBP by Chlorella vulgaris

AN BN BEAH T DBP S AT BCFs R A 3] i
KA (<12 h), HEH F258 . OF I, L HR5 K
PEA B (HOCs ) , HER I b5 oAt 7 Cn A= W 1
FHERA B R S5 ) AR He 4G 22, A S — P
TR i B 7E A T A B P E AR 2 h
1.5 pm, SEARBUIN, B4 X DBP B4 4 RS AT
B BRI BT B 3 40 3K T ) DBP [ i 2]
IR AL PR o 3 I, 78 /NER ) 1R 22 i 31 DBP, i
AN DBP FATE , FECE XS DBP 1M B # 3k T

(2) M\ BCFs ik 5 RAE AT #] 48 h(0.198 mg- L~
DBP /2% 96 h), A DBP ¥ Fl BCFs {HGE T
[ . /NER & ( Chlorella Beijerinck ) J& T I 5E,
200 M 2L T L O 2R i 25 L ) — MBI A -
RERSEZ L, I BOE AR AR IER ], 524
Betg, FEALTANNL B SE R F AR,

C)=C e, (2)
i, e, Al e AL A R B v | 48 5 i rh
PAEs ¥ (mg-g'DW ),

P B R HOCs 5 5/ PR s W B T 35 200 Jif 3%
T, i 5 32 W e A\ BB B BT . Cheng 28 OF5Y 3%
B, X HOCs 1142 T A% 30 30 5 B s T3 o
W B A A AR, BER PR BBRR , HOCs (19 IR fF 3k 1) °F-
P RE A I TG o PRI E AR S g v, A )
BRBEATHAOIE I, A EE R BEZ 380, ¢, BEZ D800 5
Ab, BERTEECIE N T DBP AL, S r R et &
FE e, B9

e, /b2 B DBP #RJEE R BCEFs 1 [ 9 75—
ANEEF o SRR — P

c=cq* Kgy (3)
Ko, AR P PAEs HJE (mg-L™);Kg
AR BC R AL L-g ' DW



2394 X AR M /INBREE XA R TR T BRI B AR SRR AR Y

2008 4 11 A

7KAH T DBP s/ s A &, HHAF G
— SR N B 1%, BRI DBP 75 SEEH 80 i £
Bl e, 98/0, i DBP 7ESEAH KA A T30 124 14
e, 2L e, 9D, MG R EH DBP ¥R BCFs 1Y
i 2R

(3)M 48 h(0.198 mg-L" DBP J2& )\ 96 h) %5256
STk, dEAH DBP ¥R A BCEFs {HIZ2 2 REAIK
T 30 A998 TE Ak T A A 7 RE R R K3, A Kk
AL, BN Z4R BE R, SR LR IR L B ER T 2 2 4K
Y TR AR A PR S R A BEAH Y DBP
BUA YRR R N, G /NER i DBP R A
BCFs {EZ#i A%

BRI, B EA HLIK (DOC) [ 77 763 K
THOCs H/KEfE, I/0 T HOCs 1A 9] F1I H
PEDTEL ARSI R N BR AL TR K
1, BEAH LAY 43D AR R PR 22 5280 DBP (A9
AR PR, (35 DBP V<1 BCFs FEAIL,

F# 1 A UL, BE DBP WAV BE T,k 53510 R
0.00.0.80x107 J% 0.30x10° h™", L& T, DBP (13
DL AR O AL, Xl BB T DBP
R R BE AR, S 20 i i DBP Ve EEAR D (& 3),
ST DBP R E AR B, SR T by B
I, X AT e T DBP BRI A R 4 i, X3 /N ek
BT EEERLONE , DRI T A A R R A P oA
KRFIAIG | Fe 2 T SR PR A P A A1

SIS X AN AR \DBP 4] U v KT 1 5 it 3
JIZEMCT e, Bl 1=13 °C epp=2.02 mg-L;1=25 C .
comp=1.82 mg- Lo BEWELE TS by 50514 0.60x107
H10.80x10° h', X ] Bt TR T 3 A4 K
N5 A5 A gt AR SO 15 2 , PRG3R T X DBP
F#RE T I RRARR, Bl JELE i T 5, SR T DBP ¥ A
BCFs #4781 h ik Bl K8, HARAESH 24.0 mg-
¢ DW % 1.23x10*.85.9 mg-g'DW & 4.83x10¢, HAS
AL AL A B UL, 2558 Scenedesmus sp X Z AN
=) BRRBBEE SR TRIE TR (N 4.5 °C F1] 27.6
COMTHE, ARSI BRI 25 5 HaE i 45 AN AT

I\
= o

3 #ig

CLTRIB/NRAENS DBP A7 018 1O RARAME A
YIRS E IR B3, AT & — B8l J1% .

(2)t=25 °C,DBP ¥4k 55 43 512k 0.198 .1.82 %
4.85 mg L™ i, AHH DBP W EEAR5I7E 12,1 J2 1 hik

B KA, e RAE S0 8 1.37 .85.9 J 238 mg+¢'DW ;
BCFs 39l 7E 12,1 J 1 h ik 85 RAE , S5 K AE S0
8.01x10° 4.83x10* 1 5.36x10% k, 43314 0.00.0.80%
107 F10.30x10° h™', fIR¥EJE T, DBP (30 JLT- 27K
TR AL, X T BRI LA R AR
DBP TGN DBP iR BEAR /D, AT Xt DBP (1)
Rk e PN B 2085 0 G v B 48 = 1) DB, %o 38738 /N BR
P T ARV, T T 98 A A R A A rpop
KBFADIE I , T B AR P A I

(3)t=13 °C .cpp=2.02 mg- L & 1=25 °C .cp=1.82
mg- L7, WAHH DBP #EEF1 BCFs $7E 1 h ik F 5ok
B, fKAES R 24.0 mg-g'DW &% 1.23x10*.85.9
mg g ' DW & 4.83x10%k, 43514 0.60x107 1 0.80x
107 h', 3, 763 /NER IS BT AR K IR T R P
TR TH A R T35 DBP (2 Wi

S

[1] Fay M, Donohue J M, De Rosa C. ATSD revaluation of health effects of
chemicals. VI. Di(2-ethylhexyl )phthalate[J]. Toxicology and Indus—
trial Health, 1999, 15(8):651-746.

214 X K, BRAL, 45, B0 IR EE B A (Y 1 4 SRR
ERL-2A 4], 2006, 26(7):1101-1106.

LI Ri, LIU Yu, TAN Feng-yi, et al. Bioaccumulation and biodegradation
of bisphenol a by cyclotella caspiall]. Acta Scientiae Circumstantiae,
2006, 26(7):1101-1106.

(318 W, XUAES, 1 Ui, 4. B e w AR AR AW L S
B RR). FRERIETIS, 2004, 17(2):14-17.

ZHAO Li, LIU Zheng—tao, FENG Liu, et al. Kinetics of Alkyl phenols
bioaccumulation and biodegradation by tolypothrix [J]. Research of En—
vironmental Sciences, 2004, 17(2):14-17.

[4] thacds, B, 5 6L 45 AR YIREIR I A8 IRIR AR A DLt
IESE(I]. kAR, 2006, 25(1):52-54.

XU Dong-ying, LU Xi—wu, WU Min, et al. The experiment research of
degradation of nitrobenzene and phthalic acid esters paes by microor—
ganism|J]. Water Purification Technology, 2006, 25(1):52-54.

[5] 2=, %, ELHE. Pseudomonas fluorescens 71999 [ 4R7K —
PR IRAY 2030 )~ AR, BREE L2, 2005, 24(2): 189-192.

LI Hui-ru, ZENG Feng, CUI Kun—yan. The biodegradation characteris—
tics of second—order kinetics of phthalate esters by pseudomonas fluo—
rescens Z1999[J]. Environmental Chemistry, 2005, 24(2):189-192.

[6] American Public Health Association, American Water Works Associa—
tion, Water Pollutin Control Federation. Standard methods for the exam—
ination of water and wastewater, 15" ed[M]. American Public Health
Association, Boston, MA, 1980. 241-243.

A e N 5 1 S e S P Y 7 i DA S R S
2R, 1989, 9(1) :37-41.

YE Chang—ming, TIAN Kang. Kinetics of biodegradation reaction of ph—
thalate esters[J]. A cta Scientiae Circumstantiae, 1989, 9(1):37-41.



55 27 25 6 1] Kk ¥

i

A 2395

[8]ZE3C22, My A, M, 5. WAL TE M5 e X 488 — F R T 5 R g
IREARIT]. FRBERIY, 2005, 26(4) 1 156-159.
LI Wen-lan, YANG Yu-nan, JI Yu-bin, et al. Biodegradation of
buthlbenzyl phthalate by acclimated activated sludge[J]. Environmental
Science, 2005, 26(4) : 156-159.

O £ 3k, BHE 7. BEE L W B [ 5 A X &R R R —
FERRASPERTSE]. TAERTSE, 2006, 35(1):23-25.
WANG Lin, LUO Qi—fang. Biodegradation of dibutyl phthalate by di-

THRIY

atomite adsorptive immobilized microorganism[J]. Journal of Hygiene
Research, 2006, 35(1):23-25.

[10] FRASTEE, Tk, A8 FSE, A5, — B8 K T R ISR R Aff 10 B A e 1
BEFEL). Al FR b ﬂ%%& 2007, 26(#%1) 79-83.

ZHANG Fu -hai, YUE Yong —de, HUA Ri-mao, et al. Degradation
characteristics of phthalate esters by a bacterial strain[J]. Journal of
A gro—Environment Science, 2007, 26(supplement ) : 79-83.

[11] Koelmans A A, Jimenez C S, Lijklema L. Sorption of chlorobenzenes to
mineralizing phytoplankton[J]. Environ Toxicol Chem, 1993(12):
1425-1439.

[12] Koelmans A A, Anzion S F, Lijklema L. Dynamics of organic micropol—
lutant biosorption to cyanobacteria and detritus|J]. Environ Sci Tech—
nol, 1995(29) :933-940.

[13] Skoglund R S, Stange K, Swackhamer D L. A kinetics model for pre—
dicting the accumulation of PCBs in phytoplankton|]J]. Environ Sci
Technol, 1996(30):2113-2120.

[14] Dachs J, Eisenreich S J, Baker J E, et al. Coupling of phytoplankton
uptake and air—-water exchange of persistent organic pollutants[J]. Env—
iron Sci Technol, 1999(33 ) :3653-3660.

[15] Cheng W F, Reinfelder J R. Phenanthrene accumulation kinetics in
marine diatoms[J]. Environ Sci Technol, 2003(37 ) :3405-3412.

[16] Chen F, Jiang Y. The biologic technology of microalgae[M]. Light In—
dustry of China: Beijing, 1999. 22.

[17] Twiss M R, Granier L, Lafrance P, et al. Bioaccumulation of 2,2’, 5, 5’
—tetrachlorobiphenyl and pyrene by picoplankton ( Synechococcus
leopoliensis, cyanophyceae ) : Influence of variable humic acid concen—
trations and Ph[J]. Environ Toxicol Chem, 1999(18):2063-2069.

[18] Richer G, Peters R H. Determinants of the short—term dynamics of PCB
uptake by plankton[J]. Environ Toxicol Chem, 1993(12):207-218.
[19] Sijm D T H M, Middelkoop J, Vrisekoop K. Algal density —dependent
bioconcentration—factors of hydrophobic chemicals[J]. Chemosphere,

1995(31):4001-4012.

[20] Peijnenburg WJGM, van Ewijk MWA, de Haan JA, et al. Update of the
exploratory report phthalates [R]. National Institute of Public Health
and Environmental Protection, Bilthoven, Netherlands, 1991. RIVM
Report #710401008.

[21] Koelmans A A, Jimenez C S. Temperature dependency of chloroben—
zene hioaccumulation in phytoplankton[J]. Chemosphere, 1994 (28) .
2041-2048.



