Bk @
R EVIEWS

BAMEN SR ERESSEMRIER
Research progress on ecotoxiology of persistent organic

pollutants in algae

1,3,4 1,2,3,4 1,34 1
2 9 2
(1. , 264003; 2. , 570228; 3.
, 266071; 4. , 100049)
1 X55 T A : 1000-3096(2012)04-0132-05
, ; POPs
[1-5]
(persistent organic pollutants, PFO ( )P
POPs)
2 POPs 7E# 3 ¥ )" 3% Ao 8
1 POPs By & I K F A POPs L3k POPs :
POPs
1964 , Jensen - s POPs s
, 9], 1966 POPs ,
(PCBs) , ,
PCBs
[10-13]
[7] ,
, 13.4, 45ug/L
, 66.5 pg/L,
(8] POPs , 2001 5 0.22 pg/L  0.05 pg/L!'¥
s POPs
, 12 POPs , (15200 pOPs
POPs 5 —_—
, POPs ,
12, PBDE (polybrominated biphenyl ether, POPs
) BDE (polybrominated biphenyl ethers, [21-22], POPs
) PFOS (peifluorooctane sulfonate,
) PFOA (perfluorooctanoic acid,
) 2,4-DCP (2,4-dichlorophenol, 2,4- ) . 2011-05-11; - 2011-07-12
POPs POPs : (KZCX1-YW-06)
POPs, : (1978-),

: 13854506078, E-mail:
yqu@yic.ac.cn
132 /2012 / 36 /4



R gk @
EVIEWS

3 POPs EKAXFHMAR

, POPs
’ [23]
POPs
, POPs )
POPs
3.1 POPs 3tk £ 4 K ¢4 &M 88
R POPs R
Delorenzo 24

, (Pseudokirchneriella subcapitatum)

ECs 427.8 ng/L ,
PFOS 50 mg/L ,
(Selenastrum capricornutum) (Chlorella vul-
garis) (23]
POPs

(Chl. fusca var. vacuolata) (Anabaena vari-

alilis) 5~40 nmol/L DNP
DNP 261,
(C. vulgaris)  Coenochloris pyrenoidosa 24 h
, 5d 50 mg/L  p-chlorophenol

p-nitrophenol
(271, (Tetraselmis marina)

2,4-DCP ,
[28]

32 HERRAABGH EZ % POPs &

o i
(reactive oxygen species, ROS)
ROS
(APX)
(SOD) (POD)
(GPX) (CAT) (GR)

[29] POPs
s POPs
(Ceratophyllum demersum)
10 mg/L 1,2-DCP 10 mg/L 1,4-DCP
, GST ; 5 mg/L
,POD GR 301
(oxyfluorfen) (diuron)
(Scenedesmus obliquus) 24 h
: CAT APX GR  s-GST
, 3
S. obliquus
CAT o ’
(Myriophyllum quitense)
CAT GR s-GSTs m-GSTs
, 0.02 ng/L( )
M. quitense ,
0.5 pg/L 5 pug/L
POPs

[32]

3.3 POPs xt ik % 64 F M ALH

, POPs
5 POPS
, POPs

[33-34]

[35]

> >

[36]

B

(371 (Selenastrum
carpricornutum) ,
TE , TE 5

> POPs

, POPs
[38]

; pH (UV)
, UV

Marine Sciences / Vol. 36, No. 4 /2012 133



R R LR
EVIEWS
ROS (39 ,

PSII DNA
uv S , UV
Plectonema boryanum UV-B Cd , [3]
CAT SOD , UV-B S

Cd , Cd
(401 UV-B

(Picea abies)

4

[41]

Uv POPs

POPs s HEXAAXBZHARTREYE

POPs
POPs ,
POPs

POPs

(1) POPs

(2)

PCR,
, POPs

3) POPs POPs
POPs pH

(4) POPs

POPs

134

Storelli M M, Barone G, Storelli A, et al. Total and
subcellular distribution of trace elements (Cd, Cu and
Zn) in the liver and kidney of green turtles ( Chelonia
myda s) from the Mediterranean Sea [J]. Chemosphere,
2008, 70: 908-913.

Capelli R, Das K, De Pellegrini R, et al. Distribution of

/2012

/

[10]

[11]

[12]

36

Cir

trace elements in organs of six species of cetaceans
from the Ligurian Sea ( Mediterranean ), and the rela-
tionship with stable carbon and nitrogen ratios [J].
Science of the Total Environment, 2008, 390: 569-578
Jong I H D, Van Zelm R, Huijbregts M A J, et al.
Ranking of agricultural pesticides in the Rhine-Meuse-
Scheldt basin based on toxic pressure in marine eco-
systems [J]. Environmental Toxicology and Chemistry,
2008, 27(3): 737-745.
Gomez-Gutierrez A, Garnacho E, Bayona J M, et al.
Screening ecological risk assessment of persistent or-
ganic pollutants in Mediterranean sea sediments [J].
Environment International, 2007, 33: 867-876.
Mearns A J, Reish D J, Oshida P S, et al. Effects of
pollution on marine organisms [J]. Water Environment
Research, 2007, 79: 2102-2160.
[M].

Katsoyiannis A, Samara C. Persistent organic pollutants

, 1979.

(POPs) in the conventional activated sludge treatment
process: fate and mass balance [J]. Environmental Re-
search, 2005, 97(3): 245-257.

Gouin T, Harner T, Daly G L, et al. Variability of con-
centrations of polybrominated diphenyl ethers and
polychlorinated biphenyls in air: implications for
monitoring, modeling and control [J]. Atmospheric En-
vironment, 2005, 39(1): 151-166.

M A. Fundamentals

Newman M C, Unger of

Ecotoxicology [M]. second edition.

, 2006.
Antonious G F, Byers M E. Fate and movement of
endosulfan under field conditions [J]. Environmental
Toxicology and Chemistry, 1997, 16(4): 644-649.
Kennedy I R, Sanchez-Bayo F, Kimber S W, et al.
Off-site movement of endosulfan from irrigated cotton
in New South Wales [J].
Quality, 2001, 30(3): 683-696.
Leonard A W, Hyne R V, Lim R P, et al. Fate and tox-

Journal of Environmental

icity of endosulfan in Namoi River water and bottom

sediment [J]. Journal of Environmental Quality, 2001,
30(3): 750-759.
Selvakumar S, Geraldine P, Shanju S, et al.

Stressor-specitic induction of heat shock protein 70 in

the freshwater prawn Macrobrachium malcolmsonii (H.



[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

R HREER
EVIEWS

Milne Edwards) exposed to the pesticides endosulfan
and carbaryl [J]. Pesticide Biochemistry and Physiology,
2005, 82(2): 125-132.

Mersie W, Seybold C A, McNamee C, et al. Abating
endosulfan from runoff using vegetative filter strips:
the importance of plant species and flow rate [J]. Agri-
culture Ecosystems & Environment, 2003, 97(13):
215-223.

Ankley G T, Kuehl D W, Kahl M D, et al. Partial
life-cycle toxicity and bioconcentration modeling of
perfluorooctanesulfonate in the northern leopard frog
(Rana pipiens) [J].
Chemistry, 2004, 23(11): 2745-2755.

Barata C, Calbet A, Saiz E, et al. Predicting single and

Environmental Toxicology and

mixture toxicity of petrogenic polycyclic aromatic hy-
drocarbons to the copepod Oithona davisae [J]. Envi-
ronmental Toxicology and Chemistry, 2005, 24(11):
2992-2999.

Ashauer R, Boxall A, Brown C. Predicting effects on
aquatic organisms from fluctuating or pulsed exposure
to pesticides [J]. Environmental Toxicology and Chem-
istry, 2006, 25(7): 1899-1912.

Svendsen T C, Vorkamp K, Ronsholdt B, et al. Or-
ganochlorines and polybrominated diphenyl ethers in
four geographically separated populations of Atlantic
salmon (Salmo salar) [J]. Journal of Environmental
Monitoring, 2007, 9: 1213-1219.

Magnusson K, Magnusson M, Ostberg P, et al. Bioac-
cumulation of C-14-PCB 101 and C-14-PBDE 99 in the
marine planktonic copepod Calanus finmarchicus under
different food regimes [J]. Marine Environmental Re-
search, 2007. 63(1): 67-81.

Cheng C Y, Liu L L, Ding W H. Occurrence and sea-
sonal variation of alkylphenols in marine organisms
from the coast of Taiwan [J]. Chemosphere, 2006,
65(11): 2152-2159.

Kannan K, Franson J C, Bowerman W W, et al. Per-
fluorooctane sulfonate in fish-eating water birds in-
cluding bald eagles and albatrosses [J]. Environmental
Science & Technology, 2001,35(15): 3065-3070.
Gulkowska A, Jiang Q T, So M K, et al. Persistent per-
fluorinated acids in seafood collected from two cities of
China [J]. Environmental Science & Technology, 2006,
40(12): 3736-3741.

Marine Sciences / Vol. 36, No. 4 /2012

[23]

[24]

[25]

[26]

[29]

[30]

Cir

Boutonnet J C, Bingham P, Calamari D, et al. Envi-
ronmental risk assessment of trifluoroacetic acid [J].
Human and Ecological Risk Assessment, 1999, 5(1):
59-124.

DeLorenzo M E, Taylor L A,. Lund S A, et al. Toxicity
and bioconcentration potential of the agricultural pesti-
cide endosulfan in phytoplankton and zooplankton [J].
Archives of Environmental Contamination and Toxi-
cology, 2002, 42(2): 173-181.

Boudreau T M, Sibley P K. Laboratory evaluation of
the toxicity of perfluorooctane sulfonate (PFOS) on
Selenastrum capricornutum, Chlorella vulgaris, Lemna
gibba, Daphnia magna, and Daphnia pulicaria [J]. Ar-
chives of Environmental Contamination and Toxicology,
2003, 44(3): 307-313.

Hirooka T, Akiyama Y, Tsuji N, et al. Removal of haz-
ardous phenols by microalgae under photoautotrophic
conditions [J]. Journal of Bioscience and Bioengineer-
ing, 2003, 95(2): 200-203.

Lima S A C, Raposo M F J. Biodegradation of
p-chlorophenol by a microalgae consortium [J]. Water
Research, 2004, 38(1): 97-102.

Dimitris P, Katapodis P. Detoxification of 2,4- di-
chlorophenol by the marine microalga Tetraselmis ma-
rina [J]. Phytochemistry, 2008, 69(3): 707-714.
Valavanidis A, Vlahogianni T, Dassenakis M, et al.
Molecular biomarkers of oxidative stress in aquatic or-
ganisms in relation to toxic environmental pollutants [J].
Ecotoxicology and Environmental Safety, 2006, 64(2):
178-189.

Monferran M V, Wunderlin D A, Nimptsch J, et al.
Biotransformation and antioxidant response in Cerato-
phyllum demersum experimentally exposed to 1,2- and
1,4-dichlorobenzene [J]. 2007, 68:
2073-2079.

Geoffroy L,Teisseire H, Couderchet M, et al. Effect of

Chemosphere,

oxyfluorfen and diuron alone and in mixture on anti-
oxidative enzymes of Scenedesmus obliquus [J]. Pesti-
cide Biochemistry and Physiology, 2002, 72(3):
178-185.

Morelli E, Scarano G. Copper-induced changes of
non-protein thiols and antioxidant enzymes in the ma-
rine microalga Phaeodactylum tricomutum [J]. Plant

Science, 2004, 167(2): 289-296.

135



[33]

[35]

[36]

[37]

136

R HRER
EVIEWS

Escher B I, Snozzi M, Schwarzenbach R P. Uptake, speci-
ation, and uncoupling activity of substituted phenols in
energy transducing membranes [J]. Environmental Sci-
ence & Technology, 1996, 30(10): 3071-3079.
Tissut M, Taillandier G, Ravanel P, et al. Effects of
chlorophenols on isolated class a chloroplasts and thy-
lakoids- a QSAR study [J]. Ecotoxicology and Envi-
ronmental Safety, 1987, 13(1): 32-42.

[J1. , 2006, 5: 15-17.
Yan X F, Xiao H M, Gong X D, et al. Quantitative
structure-activity relationships of nitroaromatics toxic-
ity to the algae (Scenedesmus obliguus) [J]. Chemos-
phere, 2005, 59(4): 467-471.

1. (

), 2007, 3(3): 71-74.

/2012

/

[38]

[40]

[41]

36

Cir

Warshawsky D, Radike M, Jayasimhulu K, et al. Me-
tabolism of benzo(a)pyrene by a dioxygenase enzyme
system of the freshwater green alga Selenastrum ca-
pricornutum [J]. Biochem Biophys Res Commun, 1988,
152(2): 540-544.

Takeuchi Y, Kubo H, Kasahara H, et al. Adaptive al-
terations in the activities of scavengers of active oxy-
gen in cucumber cotyledons irradiated with UV-B.
Journal of Plant Physiology, 1996, 147(5): 589-592.
Prasad S M, Zeeshan M. UV-B radiation and cadmium
induced changes in growth, photosynthesis, and anti-
oxidant enzymes of cyanobacterium Plectonema bory-
anum [J]. Biologia Plantarum, 2005, 49(2): 229-236.
Dube S L, Bornman J F. Response of spruce seedlings
to simultaneous exposure to ultraviolet-b radiation and
cadmium [J]. Plant Physiology and Biochemistry, 1992,
30(6): 761-767.

(R LG 42 TKR3FF)



