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Ecotox icolog ica l study procedure on aquatic organ ism s
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　　[Abstract ]　 Individual, popu lat ion, comm unity and eco system are 4 successive levels in aquatic eco tox ico log2
ica l study, and in th is o rder the experim ental comp lex ity increases. Tox icity evaluation m ethods adop ted at each lev2
el w ere review ed in th is paper. It is no doubt that the ex trapo lated resu lts are mo re accurate at h igher experim ental

level. How ever, if a con tam inan t p roves to be safe even at individual level, then it is of no need to do any mo re

w o rk. Summ arized from the studies all these years, recoverab ility and recovery rate of the tox ic effect are mo re im 2
po rtan t in risk evaluation as the sub lethal effect becom es mo re popu lar. A lso , the in teraction among differen t con2
tam inan ts on tox icity as w ell as recovery needs to be observed. A s a last step , a ll the experim ental resu lts shou ld be

carefu lly detected in field situation fo r the difference betw een experim ental condit ions and the actual ou tdoo rs.

[Key words ]　aquatic eco tox ico logy; aquatic o rgan ism s; eco tox icity; risk evaluation

[CLC number ]　Q 948. 8　　　　[D ocumen t code ]　A [Article ID ]100022782 (2001) 062070206

　　Ever since eco tox ico logy w as founded, a lo t of

studies have been conducted on aquat ic eco sys2
tem [1 ] becau se almo st a ll con tam inan ts including

w astew ater from facto ries and pest icides sp rayed in

agricu ltu ra l f ields m ay en ter eco system th rough

variou s w ays. To p redict o r assess the impact of

con tam inan ts on aquat ic eco system , u sually the

studies are conducted at 4 levels, i. e. ind ividual,

popu la t ion, m u lt ip le species and eco system. T h is

paper is a t temp ted to summ arize the eco tox ico log2
ica l study p rocedu re on aquat ic o rgan ism s.

1　 Ind ividua l level

T h is is the first step of aquat ic tox ico logica l

research w o rk and u sually it is conducted in the

labo ra to ry. Ju st as o ther tox icity research w o rk,

th is step is a im ed to set up the rela t ion sh ip be2
tw een con tam inan t concen tra t ion and respon se.

Based on th is step , the concen tra t ion respon se

model can be m ade and NO EC (no ob servan t effect

concen tra t ion ) o r LO EC ( low est ob servan t effect

concen tra t ion ) m ay be ex trapo la ted. If the PEC

(p redicted eff luen t concen tra t ion ) is low er than

NO EC o r LO EC, it is accep tab le. O therw ise w o rk

shou ld be done to decrease PEC. In o ther w o rds,

NO EC o r LO EC is very impo rtan t fo r safety

th resho ld determ inat ion.

Sta t ist ica lly, if the concen tra t ion of con tam i2
nan t is below NO EC o r LO EC, it w ill does no

harm. How ever, a t p resen t, con tam inan ts en ter

aquat ic eco system is som ew hat unavo idab le. So it is

mo re reasonab le to en su re there is no sign if ican t

effect ra ther than no effect. W hatπs mo re,NO EC o r

LO EC depends m uch upon the concen tra t ion s that

have been cho sen. Comparat ively, ECx is mo re re2
p roducib le and m ay be ex trapo la ted from concen2
t ra t ion respon se model. Becau se of th is, E rik son et

a l[2 ] suggested to p reset up an in sign if ican t stan2
dard such as 10 percen t o r 20 percen t f irst, then if

the effect a t PEC is sta t ist ica lly h igher than that, it

is unaccep tab le, o therw ise accep tab le. A lso , EPA [3 ]

has u sed EC 25 as w astew ater eff luen t standard.

In the trad it ional concen tra t ion respon se mod2
el, the facto rs invo lved are on ly p robab ility and

concen tra t ion. It is w ell know n that m any o ther

facto rs such as w ater tempera tu re, w ater pH , and
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healthy situa t ion of tested o rgan ism s m ay affect

test resu lts. Bu t they are ju st regu la ted by a stan2
dard p rocedu re,w h ich has m ade test resu lts of lim 2
ited u se. A no ther th ing is the info rm at ion from ex2
perim en t is no t fu lly u sed. Fo r examp le, in ou tside

aquat ic eco system , fish can escape from con tam i2
nated area, so the respon se of f ish at d ifferen t

t rea ted t im e is w o rth m en t ion ing. A nd th is can be

easily reco rded du ring tox icity test. U nfo rtunately,

a ll these info rm at ion has been igno red.

N ewm an et a l[4 ] p ropo sed an alternat ive m eth2
od nam ed t im e2to2even t tox icity test to analyze da2
ta. By th is m ethod, the effect of ex ternal facto rs

such as w ater tempera tu re, w ater physiochem ical

characters, healthy situa t ion o r ages of tested o r2
gan ism s on test resu lts m ay be found, and the safe

concen tra t ion th resho ld o r t im e th resho ld also can

be calcu la ted ou t. Bu t it needs no mo re ex tra labo r

w o rk o r co st. A ll these are ju st done by m ak ing fu ll

u se of the data ob ta ined from the trad it ional tox ici2
ty tests. T he safety th resho ld is a lit t le like the fo r2
m er NO EC, bu t it is of h igher sta t ist ica l value.

A ll these above m ethods do experim en ts d i2
rect ly on tested individuals, thu s to do an experi2
m en t is a lw ays t im e con sum ing and m ay k ill m any

individuals. A s w e know , now adays, to evaluate the

risk of a chem ical o r to set up a safety th resho ld

fo r a chem ical, effect on mo re than one species

shou ld be know n. So if a ll w o rk is conducted in

these w ays, it w ill take a long t im e and do too

m uch harm. To find a mo re rap id, mo re accu ra te

and mo re sen sit ive w ay becom es u rgen t. T hat is

w hy m icrob io test is u sed qu ite often no t on ly in

aquat ic tox ico logy bu t a lso in o ther areas of eco2
tox ico logy. M icrob io test is to determ ine chem ical

tox icity by m ean s of b iom arkers. A b iom arker is a

b io logica l respon se to an environm en ta l chem ical

w h ich gives a m easu re of expo su re, and som etim es

also of tox ic effect [5 ]. T he b iom arkers rep resen t

changes of som e physio logica l o r b iochem ical pa2
ram eters including tho se of enzym e act ivit ies, cellu2
la r o r subcellu lar st ructu re. Bu t the b iom arkers a t

mo lecu lar level are mo st ly u sed. Its theo ret ica l ba2
sis is tha t chem ical tox icity a lw ays appears a t

mo lecu lar level f irst and the greatest sim ilarity a2
mong differen t species ex ists a t th is level. Becau se

chem icals have effect on bo th target sites and non2
ta rget sites, b iom arkers m ay be classif ied as expo2
su re b iom arkers and tox icity b iom arkers. Expo su re

b iom arkers rep resen t changes of non target sites in2
cluding M FO , GST and esterase. Becau se the rela2
t ion sh ip betw een tox icity and these b iom arkers is

no t clear and they are no t stab le enough, they are

no t so u sefu l. Tox icity b iom arkers w o rk bet ter fo r

they rep resen t con tam inan t tox icity d irect ly. A chE

is an often2u sed b iom arker of o rganopho spho ru s

pest icides. To fish, if A chE is 20% inh ib ited, it is

ind ica t ive of the ex istance of o rganopho spho ru s

pest icides. If A chE is 50% inh ib ited it is life th rea t2
en ing and 70% - 85% inh ib ited the fish w ill

d ie [6～ 10 ]. DNA adduct is the b iom arker of m u ta2
gen ic agen ts and carcinogen ic agen ts. By u sing　32P

po st2labeling techn ique, one adduct in 1010 no rm al

nucleo t ides can be detected [11 ].

2　Popu la t ion L evel

M any studies confirm that acu te mo rta lity es2
t im at ion is no t very p redict ive of popu la t ion

grow th [12 ]. Bu t from a pu rely eco logica l po in t of

view , a popu la t ion decline is unaccep tab le[13 ]. So

ju st as the N at ional R esearch Council[14 ] has recom 2
m ended that chem icals shou ld be studied at the

popu la t ion, comm un ity and eco system level. A c2
co rd ing to their ow n study resu lts, N icho lson [15 ]

and So lobodk in et a l[16 ] repo rted that lo sses even as

great as 25% m igh t have no long2term impact on a

popu la t ion w h ile lo sses of 50% m ay resu lt in on ly

a sligh t change. O n the con trary, H allam et a l[17 ]

concluded that sub lethal effects w ou ld resu lt in ex2
t inct ion of a species. D esp ite their conclu sion w as

differen t, their w o rk has bo th p roved that effect on

individual level can no t accu ra tely rep resen t tha t on

popu la t ion level. A popu la t ion persistence ab ility is

rela t ive to su rvival chances of individuals ( s) , and

popu la t ion recru itm en t w h ich is in tu rn dependen t

upon the t im e needed fo r an individual to grow to

rep roduct ive stage ( t ) and individual capacity to

rep roduce (num ber of offsp ring one individual re2
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p roduces, n). S, t, and n m ake up of the componen ts

of a popu la t ion size. To know the effect of a chem i2
cal on popu la t ion, effect on these facto rs shou ld be

studied [18～ 20 ].

3　Comm un ity L evel

Since 1980s, researchers have realized that it is

in suff icien t to evaluate the tox icity of a chem ical to

aquat ic eco system ju st by experim en ta t ion on fish.

A nd th is is the beginn ing of m u lt ispecies tox icity

study. T he invo lved species rep resen t a food chain

in an aquat ic eco system , u sually p rim ary p roducers

(a lgae) , p rim ary con sum ers (daphn ids) and p reda2
to rs (f ishes) [20 ].

A fter m u lt ip le species tox icity test, nex t w o rk

is to est im ate a safety th resho ld fo r an eco system.

Tw o w ays m ay be adop ted. O ne is to u se safety

facto r and ano ther is to ex trapo la te from sim u la ted

models.

T he safety facto r is betw een 1021000, m uch

greater than 223 fo ld differences in calcu la t ing end2
po in ts. T he facto r is decided by the based info rm a2
t ion. Som e facto rs are listed in T ab le 1[3, 21 ].

Table 1　A ssessmen t Factors Appl ied To D er ive Env ironmen ta l Concern L evel

A vailab le info rm ation A ssessm en t facto r

L ow est acu te L (E)C50 o r Q SA R estim ate fo r acu te tox icity 1 000

L ow est acu te L (E)C50 o r Q SA R estim ate fo r m in im alöalgaeöcrustaceansöfish 100

L ow est NO EC value o r Q SA R estim ate fo r ch ron ic tox icity 10

L ow est NO EC value o r Q SA R estim ate fo r ch ron ic tox icity fo r m in im alöalgaeöcrustaceansöfish 10

LOA EL to NOA EL 10

D aphn ia test resu lt fo r regional w ater quality criteria 21. 9

　　N o te: LOA EL , L ow est O bservan t A dverse Effect L evel; NOA EL , N o O bservan t A dverse Effect L evel.

　　Besides, safety th resho lds also can be ex trapo2
la ted from certa in models, and th is has becom e a

mo re often u sed m ethod. Isnard [22 ] based on h is re2
searches p ropo sed an equat ion to ex trapo la te the

safety th resho ld fo r aquat ic eco system. T he equa2
t ion is

log (NO EC m icroco sm ) = [ 1. 07 ×

log (NO EC mono sp ) ] - 0. 25,

　　 in w h ich the NO EC mono sp. is the low est

NO EC fo r single species. R esu lts ex trapo la ted from

th is are near to tho se from equat ion Y = X .

Facto r m ethod o r Isnard equat ion is a im ed to

p ro tect a ll the o rgan ism species in the aquat ic envi2
ronm en t. How ever, since effect of chem icals on

aquat ic system is som ew hat unavo idab le, it is no t

so po ssib le o r so necessary to p ro tect a ll the o rgan2
ism species in the aquat ic system. M any researchers

agree that 95 percen t is enough [23～ 25 ]. T he equat ion

Koo ijm an [23 ] p ropo sed is

log H C 5 = X m - K kS m

　　in th is equat ion, H C 5 is safety th resho ld fo r 95

percen t species; X m is the average log NO EC of dif2
feren t species, K k is a con stan t varying w ith samp le

size and S m is the standard erro r of X m.

T he equat ion of A ldenbu rg et a l[25 ] has a sam e

fo rm w ith that of Koo ijm an excep t rep lacing K k

w ith K A l,w h ich also varies w ith samp le size.

Som e K k and K A l are listed in tab le 2.
Table 2　A l ist of Kk and KA l

Samp le size K k K A l Samp le size K k K A l

2 3. 33 27. 70 11 2. 29 2. 96

3 3. 04 8. 14 12 2. 26 2. 87

4 2. 88 5. 49 13 2. 25 2. 80

5 2. 74 4. 47 14 2. 24 2. 74

6 2. 62 3. 93 15 2. 23 2. 68

7 2. 52 3. 59 20 2. 18 2. 49

8 2. 43 3. 37 30 2. 06 2. 28

9 2. 37 3. 19 ∞ 1. 62 1. 62

10 2. 32 3. 06
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　　 In tab le 2, a t a sam e samp le size, K A l is a lw ays

greater than K k especia lly a t sm aller sizes, w h ich

indica tes that a t sam e samp le size, safety th resho ld

ex trapo la ted from A ldenbu rg equat ion w ill be low 2
er than that from Koo ijm an equat ion.

4　Eco system L evel

To find the effect of chem icals on aquat ic e2
co system is the final pu rpo se of aquat ic eco tox ico l2
ogy. T h is is conducted by sim u la ted eco system s

nam ed m icroco sm o r m esoco sm system. M icroco sm

system and m esoco sm system are bo th art if icia l

system s, the greatest d ifference betw een them is

m icroco sm system is studied in indoo r condit ion s

bu t m esoco sm in ou tdoo rs. M icroco sm is u sed

mo re. Compared w ith the w o rk at low er levels,

stud ies on m icroco sm system can p rovide som e

mo re and un ique info rm at ion [26 ] , including (1) indi2
rect t roph ic2level effects e. g. increased abundance

of species via increased food supp ly th rough few er

compet ito rs o r less p redato riness; (2) compen sato2
ry sh if ts w ith in a troph ic level; (3) respon ses to

chem icals w ith in the con tex t of seasonal pat tern s

that modify w ater chem istry and b irth and death

ra tes of popu la t ion s; (4) effects of chem ical t ran s2
fo rm at ion s by som e o rgan ism s on o ther o rgan ism s

and (5) persistence of paren t and tran sfo rm at ion

p roducts.

T he advan tages of th is art if icia l eco system

m ethod lie in its st rong sta t ist ica l pow er, h igh

speed of analysis, h igh rep roducib ility among labo2
ra to ries and modest expen ses (compared w ith field

studies).

U sually, a standard aquat ic m icroco sm (SAM )

system con ta in s 10 algae and 5 inverteb ra te species

such as D aphn ia, o st racods, and amph ipods. F ish is

no t added to avo id algae overgrazing.

5　D iscu ssion

F rom individual to sim u la ted eco system , tox ic2
ity test resu lts becom e increasingly accu ra te. Bu t

the effect on field system shou ld be alw ays kep t on

clo se w atch especia lly fo r tho se chem icals uneasily

degradab le o r repet it ively en tering certa in areas,

becau se the p rocedu re is conducted in comp letely

indoo r condit ion s w h ich great ly d iffers from the

variab le ou tdoo r condit ion s. M o reover, since the

experim en ts are a ll designed by hum an beings,

w hether they are ab le to accu ra tely p redict the ef2
fect ou tdoo rs is no t a lw ays so su re. Fo r examp le,

a lthough in comm un ity o r m icroco sm research, it is

dem anded that the invo lved species shou ld rep re2
sen t d ifferen t t roph ic levels, their rep resen ta t ives

are no t a lw ays stab le. Fo r sen sit ivity d ifferences

ex ist among differen t species to sam e o r differen t

chem icals even among tho se belonging to sam e

troph ic level and no genera l law s can be summ a2
rized. A no ther examp le is, based on the sam e data,

the th resho lds ex trapo la ted w ith differen t m ethods

w ill be differen t, then it is necessary to decide

w h ich one is mo st p ract ica l. Genera lly the facto r

m ethod is st rictest, bu t it is a lw ays unnecessary to

choo se the low est one. T he on ly w ay to determ ine

is to detect in field situa t ion.

A s it has been po in ted ou t that ou r task is no t

to p ro tect a ll the o rgan ism species. In one area,

m any o rgan ism species a lw ays coex ist, among

w h ich the in teract ion m echan ism is no t know n fo r

su re. So it is dangerou s to draw a conclu sion simp ly

from the popu la t ion sizes of studied species. To

p ro tect an eco system , ou r a im s include, (1) m ain2
ta in ing b iodiversity en su ring that there are no

species ex t inct ion s (a lthough it shou ld be recog2
n ized that local ex t inct ion s are a natu ra l a lbeit u su2
ally slow p rocess, associa ted w ith species ranges

and environm en ta l change) ; (2) m ain ta in ing a cer2
ta in degree of funct ionality: e. g. p roduct ion of a

certa in b iom ass of inverteb ra te food species fo r

f isheries; (3) p ro tect ing a certa in type of hab ita t

from degradat ion (w et land, areas of ou tstanding

natu ra l beau ty, sites of specia l scien t if ic in terest) ;

( 4 ) p ro tect ing rare, th rea tened o r endangered

species[27 ].

It has been m en t ioned that test resu lts are

mo re accu ra te in larger experim en t scale. Bu t that

does no t m ean that w e shou ld conduct experim en ts

a t a ll these levels each t im e. Fo r tho se chem icals

tha t can be easily degraded o r on ly en ter aquat ic
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system occasionally and the tested o rgan ism s have

a long life h isto ry, the acu te tox icity on individual

level resu lt m ay rep resen t the tox icity on popu la2
t ion levelw ell. If the chem icals have been p roved to

be very safe a t ind ividual level, it is no need to do

any mo re w o rk.

A s t im e goes on, lethal effect on aquat ic o r2
gan ism s w ill becom e rarer and rarer. M o st effect is

sub lethal, and then the recovery study is mo re im 2
po rtan t. Fo r examp le, carbam ate and o rganopho s2
pho ru s pest icides are a ll A chE inh ib ito rs. A t sub2
letha l concen tra t ion, carbam ate pest icides inh ib ited

A chE m ay recover very soon bu t o rganopho s2
pho ru s pest icides inh ib ited recover very slow ly and

som etim es even impo ssib le. DNA adduct is a lso an

impo rtan t b iom arker, bu t it can also recover de2
sp ite the recovery ra tes m ay be slow [13 ]. Becau se

m any chem icals o ther than m u tagen ic agen ts and

carcinogen ic agen ts can cau se DNA adduct, too.

Con sidering th is, risk evaluat ion w ill becom e mo re

accu ra te. M any facto rs affect recovery ra te. A t in2
dividual level, con tam inan t sou rce, con tam inan t

concen tra t ion, expo su re t im e and w ater tempera2
tu re a ll can affect recovery ra te. A t h igher levels,

the recovery ab ility is d ifferen t in differen t sites

and differen t season s. It is h igher in open areas

than in enclo sed ones becau se ex ternal popu la t ion s

m ay imm igra te in. It a lso recovers faster w hen pop2
u la t ion size is larger and the rep roducib ility is h igh2
er.

A no ther th ing is that d ifferen t con tam inan ts

m ay en ter aquat ic eco system sim u ltaneou sly o r a l2
ternat ively. In teract ion among them is impo rtan t,

too. N o one doub ts that eco tox icity of con tam i2
nan ts m igh t be changed becau se of in teract ion.

How ever, stud ies on th is area are st ill lim ited. Be2
sides, ou r w o rk has show n that recovery ra te m ay

also be changed by in teract ion [28～ 29 ]. In one w o rd,

studies on in teract ion shou ld be conducted mo re.
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水生生物的生态毒理学研究程序

顾晓军, 田素芬
(福建农林大学 植保系, 福建 福州 350002)

　　[摘　要 ]　个体、种群、群落、生态系统是水生态毒理学研究的 4 个层次, 实验系统的复杂性也按此顺序增加。

本研究总结了这 4 个层次的毒性评价方法。无疑, 高层次的研究结果准确性更高, 但若在较低层次即便是在个体水

平上能证实污染物的安全性, 就没有必要再做更多工作。根据这些年的研究, 由于污染物的亚致死影响越来越普

遍, 故有毒影响的可恢复性及恢复速度在危险性评价中就显得更为重要。另外一点是必须关注污染物间因相互作

用对毒性效应及其恢复的影响。最后由于实验室条件与田间实际情况存在差异, 故所有实验结果都必须经实际检

验。
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