Vol.30, No. 10

530 & 10 S s : 22
& B B Oct. 2009

ENVIRONMENTAL SCIENCE

5 FIRESEE HIT MK R E & B SR M AR

SENLIR,

BSR4 Bt , ZK PRS0 ] K s =, AL 100875)

FHEE % T EHE Bt (dinoflagellates ) AE A7) FE M MUK T7 V25 1 Ak T2 A2 i B, 5 2D - Tl g G ) AR 2 16 253 P DA A v ) 26 61 g %2
TR I BT QuwikLite™ W NEHE B B R G B AR Ak, N P T B HO0) 3 4 J TR B OC SR PP /K AR B 4 g Vs g A5 AR, o
—EEENAEYTE IS >t > CE > AT >PY > G 2 M3 FIoRT 4 M G R G 5 R SE AR LUP AR H 8 32, ANl
FEHUIN G 5 pH XS TR H i AN b 25, BT DA el LN T RAR KA I AR ) s M DA, H2 pH X He* A G I3 PR AT 0K
FEME, ST X 2 28 T I FF AR pH 52 s BEHEE R B 527K A v s FR W T A, COD AR A0 BEHEE e 5 He'* CdP™ 1A 3 0%
FRAG I | R 0] 6 R v Y U I, o B B A, AR M R KR I G e AR a1 R R
K M B R B AW QuikLite™: 10, {H

RESES X174 XEIFIRTE: A XEHS:0250-3301(2009)10-2918-06

Use of Dinoflagellates as a Metal Toxicity Assessment Tool in Aquatic System

YUAN Li-juan, HE Meng-chang
(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: Although dinoflagellates have been used to assess biological toxicity of contaminants, this method still lacks of corresponding toxicity
assessment standard. This study appraised the toxicity of selected heavy metals to dinoflagellates based on the dinoflagellates bioluminescence
with QwikLite™ developed by the United States Navy. The results show that single heavy metal biological toxicity is in the order: Hg"* > Cu’*
>Cd* > A8 >P* > G : Twos three and four heavy metal mixture experiments show synergism primarily, antagonism is in minority .
pH has not remarkable effect on dinoflagellates, they can be applied directly in natural water, but pH influence Hg’" and Cu’* toxicity
greatly, eliminating the influence of pH is essential when doing these two kind of ions measurements. The nutrients has little influence on
Metal toxicity
assessment using dinoflagellates shows great sensitivity, narrow response scope and high stability. Dinoflagellates are good species for heavy

dinoflagellates, change in COD has obvious effect on the response relationships between dinoflagellates and Hg"* or Ci’* .

metal biological toxicity test in aquatic system.
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FEEBUCIETIN T BN PN N (g A A TP
YO TR, QI s e ) SR () ol R BV TR 0 ~
0.8 mg/L, I K JGAHBRIXT Co? ™ 1 N R BEYE LA 0 ~
6.4 mg/LM"™, 3K — RUEAR T RO

T B O Cu®* v H ™ < Cd™ ~ G R K R
ek~ B W, B4 S0 45 R W B i B A
PER G, A8 S R BV AR T 32 Ju T A, TRl e e
X 4 Mk AR HERE DI T T B G #E
S EEHEE HOGE Ph? e IR e 8 2 2 M OC R AR
Uf ARSI A5 R W] PR M 1C, S TE—A
B R P S FE P e 3, FEIME R 22 L A AEAR 55 1)
AR Bl PN 0 5 I ] 4 1Cs, M8, 446 /N R FE VS TR I
1 RO, ToVEAF 31 1G5, 18 . R Mn?* 11 1G5,
EHEAT I 5E 45 3 W78 : Mo 7 500 mg/LATI R B H R
SREEME, PR AT DL Ok I AN IS 5 I E AS™
Mn** A
2.2 BREEMENTTTE R

4 @ (IR B E S A [R) FE 4 S i N TR B ) )
B NP R DR /N AT G 2 L AR S AR 4 AN [
IR IR TCs, MEL A S 0 N B2 36 49 [) — BeF 1] [3) B

NI 77 20 5 1wk Sk 4% 4 FhigUvE VR R
PRI 48 Cu® VHG AL Cd M€ 2 Fi3
FPoRT 4 b o 455 B VR I PR IBE 5 2 1k, ISR ) Marking
FA INFiE BOE VR, PP S5 R AR 2 SR 3.

F2 2MHEEEBREFMEXR

Table 2 Mixture toxicity for mixture of two heavy metals to dinoflagellates
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~Ur

F4e)E BA 1Cs S Al I BN
C* +Hg*  0.28 1Cy 0.56 0.81 b I 1
HZ* + G 0.351Cy 0.70 0.43 Bl 4
Gt + GOt 0.49 ICsy 0.98 0.02 AR
Gl + Cd2+ 0.70 1Csy 1.40 -0.40 FPiEH
HZ* + 2" 0.36 ICs 0.72 0.50 [+ 44 7
Gt + G+ 0.39 1Csy 0.78 0.26 Dy IRIEH
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Table 3 Mixture toxicity for mixture of three or
four heavy metals to dinoflagellates

s
T REIG, s oa o
C* + HP* + G+ 0.251Cs, 0.75 0.33  thEEH
HZ* + G + C* 0.231Cs, 0.69 0.45 WhFEH
C* + C%* + C+ 0.411C 1.23 -0.23  $iHifEH
C* + HZ* + 2+ 0.221Cs 0.66 0.52 WEAEH
C?* + HE* +Cf* + C2* 0.321Cs 1.28 -0.28 e
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Fig.2 Effects of pH on dinoflagellates bioluminescence

° Cu2+
500 - o Hg2+
v cr6+
2 400
5
300
R
P
= 200 -

100 |

E3 pHMEEEEYEENFM
Fig.3 Effects of pH on biological toxicity of heavy metals

A B A pH R 1S R, W R AS AR IR B B AIG, R
LR RE T A o i % s B BB ROK,
AR B HOF AN IE SN He MR EEPE . ¢
e R A58 Ot 8 A, W A th &8s 1A
B 5 AE W PR 1R 55 e T S AR 0T ed?t 32 pH
BN K, 2% 18 31 4 6 U@ 1Y) pH Y [
Cd** AW REVERT, F5 ZEATBR pH {H (¥ 50

H P14 w5, D S VR pH {8 A AR IR
A, CERARI pH A R, RS pH 8 KA
5, 1F pH {H 8.0(3% g #h 7K pH AE) /A7, Wl pH A
6 ~ 10 I, W5 pH {5 3G hn sk /N 21 8.0 245 1
Fa X8 Craig 55 (B4 R — 50
3.2 EIFRVTEN

PR O 4 v v T I R T v K EE M I T
A0V Sy TG B A R A SRR KR T IR
SR T 2 4% et e s rh R I, AN T
B TR AR I X AR 400 R D' 1 5% Wi A 5], A7 1K) 6 R
H IR RO, A AR B L it A, T A2 A AR



2922 5% B 2% 30 4%
L ]
10— R, AT 120 .
1 ke M
100 g
8 |-
. £
] = 80
6 1 £
= R 60}
a ®
4l Z ol -
o ngJr °
20 v O
2k < Cd2+
0 . . . .
0 100 200 300 400 500
0 L L L J . COD/mg L™
0 2 4 6 8 10

#

4 WAEIRAR pHEEN

Fig.4  Change in pH before and after measurements

e > 100% 1 B0 KR A2 A SE IR R A R
(CeHy, 0T COD AH KW FL7E T4 JionS HE§E &
HURIGIISEm, 2 2% 3175 K coD R ul, F 5%
Wiy R 7 C DR VEAN B I 4 ok 253 4 W0 &5 1 179 5 i)
T2, 5 IR 75 T

;= IINEFEIIUE AR RO
= MNE TR FIAR R RO

A, T> 1T, 1< 1 B A5
COD X JlEE i =Bt f 25 4 Jm i N R R K 3
W 5 FE 6 s .

120

80 L . 'Y

FAR R IR/ %
2
.
® o o0
. .

60

0 100 200 300 400 500
COD/mg-L™!

El5 CoDXHEHEE RN
Fig.5 Effects of COD on dinoflagellates” bioluminescence

HH ] 5 1] %1, COD S EEHE 6 HUR D' 57 4K 52 i
AN 2 PR AR U 7K A o 4 D 7 1 I, G L 57
W) IO BE AN v 5 T ] LAAS 0 2% FEE FR ) IO IR 5 )

H B 6 A%, COD X Cu?* « G 5 JEHE 6 H 1) i
VIR ZFE AN K, B (1) COD WK EEX HE* W Cd 5
R e S G R R ) S 55, K] okt R A

6 CODMEEREENFMEMHM
Fig.6  Effects of COD on biological toxicity of heavy metals

I Hg* 8 & B Pk I, 75 241 coD XX 2
KBS T AP RENE (5%, 15 D) 2% e Al 7K A oh 42 )
(R LE) T .

4 it

(1) T4 g o B 2B ae i it >
Cu’* >Cd* > AS" > Pb’* > O 5t T L & fux)
AS™T M’ IR I 2 2 1k O RN I, B SIS
gE = IO, RN & & e X 2 K E 8 0 E Y
BEPE 2 B3 FORT 4 Fh L Ja 16 A B 1 SR A DU )
YER £, M SR

(2)pH X JEHE T ts ma AN 25, ] DL 436 D0 s
RIRIKAE AW B, (H2& pH X He'* F Cu®* (1) 851
SRR, ME X 2 B 1 I FF 1 FR pH 510 .

(3D JEHEE doxf 7K o s R A EURK, coD I
i He Cd™* MR N OC R

B AT B F KL A R 2w R
BT I SR, B QwikLite™ 200 F P WK A FN
dinoflagellates 56 424, JF % 51 SCUAH B 5% 46 5%
EIENTE I ES

S k-

1] BEZEIHERYRR AKRE KR o 47 72 Im]. GEIURO.
Jents p BT R AR AL, 2002, 52-55.

[2] GB/T 15441-1995, 7K J @ Pk 25 PE I 52 A G4l BRIV ST

[ 3] Lapota D;Galt C; Losee J R» er al» Observations and measurements of
planktonic bioluminescence in and around a milky seal J1. Exp Mar
Biol Ecol, 1988, 119:55-81.

[ 4] Okamoto O K> Shao L Hastings J W et al . Acute and chronic effects
of toxic metals on viability, encystment and bioluminescence in the
dinoflagellates Gonyaulax polyedra [ J1. Comparative Pharmacology
and Toxicology, 1999, 123: 75-83 .



10

SN A - N IR IR VAN K A R TS S K VAT

2923

[5]

[6]

[7]

[8]

[o]

L10]

[11]

Heimann K, Matuszewski J M, Klerks P L. Effects of metals and
organic contaminants on the recovery of bioluminescence in the marine
dinoflagellate Pyrocystis lunua ( Dinophyceae) [J]. Phycol, 2002,
38:482-492.

Lapota Ds Liu C H> Rosenberger D E. Use of a rapid bioluminescent
bioassay( QuikLite™ ) using dinoflagellates to assess potential toxicity
on pore waters from sediment at Navy sites[ AJ. In: Society of
Environmental Toxicity and Chemistry> 18" Annual Meeting, 16-20
November, 1997, San Francisco, CA.

Lapota D> Robayo O A, Liao C B» et al. The use of bioluminescent
dinoflagellates as an environmental risk assessment tool [ J1. Mar
Pollut Bull,2007,54(12): 1857-1867.

XD, ERTE ARIEIR, 45 . 05 IR B0 2 X s 2R 3
FEE RIS 2 MR S B 5T g 1. PR A2 2% 4], 2005, 25C1):
86-89.

Marking I L. An Approach for Additive Toxicity of Chemical
MixturesL A 1. In: Mayor I L, Hamelink J L Ceds). Aquatic
Toxicology and Hazard Evaluationl C]. Philadelphia: ASTM STP 634
American Society for Testing and Material, 1977.99.

Ty B LR PR N Uy 10 B AR K A 35 2 BRI 58 b 1)
FIEDT. AB5T: o E R e AL A FR AT 5T 0, 2002 .

VR0, W2, 50, 55 7N AR A 35 7K i 2 2R K
BONLT]. FREREE 2003, 24(2):13-18.

[12]

[13]

[14]

[15]

L16]

[17]

[18]

L19]

[20]

T RSRE . BTG A BRTVE A Al T Ak I 5E V5 7K 85 1 1% T A7 P
FiLD]. B [FER, 2005

Cairns J J. Single Species Toxicity Tests Alone Adequate for
Estimating Environmental Hazard [ J]. Hydrobiogia, 1983, 100: 47-
57.

TKAKE MEBL INETT, 55 A FRWAES KR IM]. b
5 P EIREERLE AL, 2002, 144,

Vel AV, AR, 45 I R A o A A D B R K
IREEALT]. FRBERE 2001, 22C1): 23-26

Craig J] M Klerks P L, Heimann K et al Effects of salinity> pH and
temperature on the re-establishment of bioluminescence and copper or
SDS toxicity in the marine Dinoflagellate Pyrocystis lunula using
bioluminescence as an endpoint[ J1. Environmental Pollution, 2003,
125:267-275.

Wil KRBT A IM ], b nt: w3 20 AR, 1987, 62-
64.

X KA PR R RS SRR ARHTIID]. dbxt:
PRy Bt 2 A PR BT R0, 1996

Meador J P. The Internation of pH dissolved organic carbon and total
copper in the determination or ionic copper and toxicityl J1. Aquatic
Toxicity» 1991,19(1): 13-32

Mg, R EAE . S KA Al B AR A BT NS B
W e B AR AL LR ). DK AR 2E, 1999, 19(6):9-12.





