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[Abstract] Individual, population, community and ecosystem are 4 successive levels in aguatic ecotoxicolog-

ical study, and in thisorder the expermental complexity increases Toxicity evaluation methods adopted at each lev-

elwere reviev ed in thispaper. It isno doubt that the extrgpolated results aremore accurate at higher experimental

level How ever, if a contaminant proves to be safe even at individual level, then it is of no need to do any more

work Summarized from the studies all these years, recoverability and recovery rate of the toxic effect aremore im-

portant in risk evaluation as the sublethal effect becomesmore popular. A 10, the interaction anong different con-

tam inants on toxicity asw ell as recovery needs to be observed A sa last step, all the experimental results should be

carefully detected in field situation for the difference betw een expermental conditions and the actual outdoors
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Ever since ecotoxicology w as founded, a lot of
studies have been conducted on aquatic ecosys
ten'™ because amost all contaminants including
w astew ater from factories and pesticides gprayed in
agricultural fields may enter ecosystan through
variousways To predict or assess the mpact of
contaninants on aguatic ecosystam, usually the
studies are conducted at 4 levels, i e individual,
population, multiple Pecies and ecosysten. This
paper is attanpted to summarize the ecotoxicolog-
ical study procedure on aquatic organisns

1 Individual level

This is the first step of aquatic toxicological
research work and usually it is conducted in the
laboratory. Just as other toxicity research work,
this step is amed to set up the relationship be-
tween ocontaminant concentration and regonse
Based on this step, the concentration regonse
model can bemade and NOEC (no observant effect
concentration) or LOEC (low est observant effect
concentration) may be extrgpolated If the PEC
(predicted effluent concentration) is lower than
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NOEC or LOEC, it is acceptable Othemw ise work
should be done to decrease PEC. In other words,
NOEC or LOEC is very mportant for safety
threshold detem ination

Statistically, if the concentration of contami-
nant is below NOEC or LOEC, it will does no
ham. However, at present, contaninants enter
aquatic ecosystan is somew hat unavoidable So it is
more reaonable to ensure there is no significant
effect rather than no effect W hat'smore,NOEC or
LOEC dependsmuch upon the concentrations that
have been chosen Comparatively, ECx ismore re-
producible and may be extrapolated from concen-
tration repponse model Because of this, Erikon et
al”” suggested to preset up an insignificant stan-
dard such as 10 percent or 20 percent first, then if
the effect at PEC is statistically higher than that, it
is unacceptable, othew ise acceptable A |, EPA ¥
has used EC2s asw astew ater effluent standard

In the traditional concentration reponse mod-
el, the factors involved are only probability and
concentration It iswell known that many other
factors such asw ater temperature, w ater pH, and
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healthy situation of tested organisns may affect
test results But they are just regulated by a stan-
dard procedure,w hich hasmade test resultsof Iim-
ited use A nother thing is the information from ex-
periment is not fully used For exanple, in outside
aquatic ecosystem, fish can escgpe from contami-
nated area, © the regponse of fish at different
treated time isworth mentioning A nd this can be
easily recorded during toxicity test U nfortunately,
all these infomation has been ignored

N avman et al'” proposed an alternative meth-
od named tme-to-event toxicity test to analyze da-
ta By this method, the effect of external factors
such as water temperature, w ater physiochamical
characters, healthy situation or ages of tested or-
ganisnson test resultsmay be found, and the safe
concentration threshold or time threshold al can
be calculated out But it needs no more extra labor
work or cost A Il these are just done by making full
use of the dataobtained from the traditional toxici-
ty tests The safety threshold isa little like the for-
mer NOEC, but it isof higher statistical value

A ll these above methods do experments di-
rectly on tested individuals, thus to do an experi-
ment is alWways time consuming and may kill many
individuals A sw e know , now adays, to evaluate the
risk of a chamical or to set up a safety threshold
for a chamical, effect on more than one ecies
should be known So if all work is conducted in
these ways, it will take a long time and do too
much ham. To find a more rapid, more accurate
and more sensitive way becomes urgent That is
why microbiotest is used quite often not only in
aquatic toxicology but also in other areas of eco-
toxiocology. M icrobiotest is to detemine chamical
toxicity by means of biomarkers A biomarker is a
biological reponse to an environrmental chemical
w hich gives ameasure of exposure, and osmetimes

alo of toxic effect!™

. The biomarkers represent
changes of some physiological or biochenical pa-
rameters including those of enzyme activities, cellu-
lar or subcellular structure But the biomarkers at
molecular level aremostly used Its theoretical ba-

sis is that cheanical toxicity aways eppears at

molecular level first and the greatest smilarity a-
mong different ecies exists at this level Because
chemicals have effect on both target sites and non-
target sites, biomarkersmay be classified as expo-
sure biomarkers and toxicity biomarkers Exposure
biomarkers represent changes of nontarget sites in-
cluding M FO, GST and esterase Because the rela-
tionship betw een toxicity and these biomarkers is
not clear and they are not stable enough, they are
not 0 useful Toxicity biomarkerswork better for
they represent contam inant toxicity directly. A chE
is an often-used biomarker of organophosghorus
pesticides To fish, if AchE is 20% inhibited, it is
indicative of the existance of organophoghorus
pesticides If A chE is50% inhibited it is life threat-
ening and 70%- 85% inhibited the fish will
die’® . DNA adduct is the biomarker of muta-
genic agents and carcinogenic agents By using P
post-labeling technique, one adduct in 10" nomal
nucleotides can be detected"*".

2 Population L evel

M any studies confim that acute mortality es
tmation is not very predictive of population
grow th"*?. But from a purely ewlogical point of
viav, a population decline is unacceptable™. So
just as theN ational Research Council™* has recom-
mended that cheamicals should be studied at the
population, community and ecosystan
cording to their own study results, Nicholson
and Solobodkin et al'*® reported that losses even as

great as 25% might have no long-tetmm impact on a

level A c-
[15]

population w hile losses of 50% may result in only
a slight change On the contrary, Hallan et al'*’!
concluded that sublethal effectswould result in ex-
tinction of a gecies Dexite their conclusion w as
different, their work has both proved that effect on
individual level can not accurately represent that on
population level A population persistence ability is
relative to survival chances of individuals (s), and
population recruitment w hich is in turn dependent
upon the time needed for an individual to grow to
reproductive stage (t) and individual capacity to
reproduce (number of offgpring one individual re-



72

( ) 29

produces, n). S, t, and nmake up of the components
of apopulation size To know the effect of a chemi-
cal on population, effect on these factors should be
studied*® .

3 Community L evel

Since 1980s, researchers have realized that it is
insufficient to evaluate the toxicity of a chemical to
agquatic ecosystem just by experimentation on fish
A nd this is the beginning of multigecies toxicity
study. The involved gecies represent a food chain
in an aquatic ecosystem, usually primary producers

(algae) ,primary consumers (daphnids) and preda-
tors (fishes) *!

A fter multiple gecies toxicity test, next work
is to estimate a safety threshold for an ecosystem.
Two waysmay be adopted One is to use safety
factor and another is to extragpolate from simulated
models

The safety factor is between 10-1000, much
greater than 2-3 fold differences in calculating end-
points The factor is decided by the based infoma-
tion Some factors are listed in Table 1%

Table1 Assssnent FactorsApplied ToDer ive Environmental Concern L evel

A vailable information

A ssessment factor

Lowest acuteL (E)Csoor QSAR estimate for acute toxicity 1 000
Lowest acuteL (E)Csoor QAR estimate for minimal/algae/crustaceans/fish 100
Lowest NOEC valueor QAR estimate for chronic toxicity 10
Lowest NOEC valueor QAR estimate for chronic toxicity for minimal/algae/crustaceans/fish 10
LOAEL to NOAEL 10

D aphnia test result for regional w ater quality criteria 21 9

Note LOA EL ,Lowest Observant A dverse Effect L evel; NOA EL ,No Observant A dverse Effect L evel

Besides, safety thresholds also can be extrapo-
lated from certain models, and this has become a
more often used method Isnard”? based on his re-
searches proposed an equation to extrapolate the
safety threshold for aquatic ecosysten. The equa-
tion is

log NOEC microcosn) = [1 07 x
log(NOEC mono) ] - Q 25,
in which the NOEC mono9. is the low est
NO EC for single gecies Results extrapolated from
this are near to those from equation Y= X.

Factor method or Isnard equation is amed to
protect all theorganisn gecies in the aquatic envi-
ronment However, since effect of chemicals on

agquatic system is somew hat unavoidable, it is not
D possibleor o necessary to protect all the organ-
isn ecies in the aquatic systan. M any researchers
agree that 95 percent is enough'® **! The equation
Kooiman' proposed is
logHCs= Xm- KiSm

in this equation, H Cs is safety threshold for 95
percent gecies X is the average log NO EC of dif-
ferent gecies, K« is a constant varyingw ith sample
size and Sw is the standard error of X m.

The equation of A Idenburg et al'® hasa same
form with that of Kooiman except replacing K«
w ith Kai,which al® variesw ith sample size

Some K« and Kar are listed in table 2

Table 2 A list of Kkand Kai

Sanple size Kk Kai Sample size Kk Kai
2 333 27. 70 11 229 2 96
3 304 8 14 12 226 2 87
4 2 88 5 49 13 225 2 80
5 274 4 47 14 224 274
6 2 62 393 15 223 2 68
7 2 52 3 59 20 218 2 49
8 243 337 30 2 06 228
9 237 319 00 162 162
10 2 32 3 06




) 73

In table 2, at a sane sanple size, Kai isalways
greater than K« egecially at snaller sizes, which
indicates that at same sanple size, safety threshold
extrapolated from A Idenburg equation w ill be low -
er than that from Kooiman equation

4 Ecosystem L evel

To find the effect of chemicals on aquatic e-
cosystan is the final purpose of aquatic ecotoxicol-
ogy. This is conducted by smulated ecosystens
named microcosn or mepoosn systan. M icrocosn
systean and mescosn systan are both artificial
systans, the greatest difference between them is
microoosn systan is studied in indoor conditions
but mesoosn is used
more Compared with the work at lower levels,
studies on microcosn systean can provide some
more and unique information™, including (1) indi-
rect trophic-level effects e g increased abundance
of goecies via increased food supply through fewer
competitors or less predatoriness (2) compensato-
ry shiftsw ithin a trophic level; (3) regponses to
chemicalswithin the context of seasonal patterns
that modify water chanistry and birth and death
rates of populations, (4) effectsof chemical trans
formations by some organisn s on other organisns
and (5) persistence of parent and transformation
products

The advantages of this artificial ecosystem
method lie in its strong statistical power, high
geed of analysis, high reproducibility anong labo-
ratories and modest expenses (compared w ith field
studies).

U sually, a standard aquaticmicrocosn (SAM )
system contains 10 algae and 5 invertebrate ecies
such asD aphnia, ostracods, and anphipods Fish is
not added to avoid algae overgrazing

in outdoors M icrocosn

5 Discussion

From individual to simulated ecosystam, toxic-
ity test results become increasingly accurate But
the effect on field system should be alw ays kept on
close w atch egecially for those chemicals uneasily
degradable or repetitively entering certain areas,

because the procedure is conducted in completely
indoor conditions w hich greatly differs from the
variable outdoor oconditions M oreover, since the
experiments are all designed by human beings,
w hether they are able to accurately predict the ef-
fect outdoors is not aways 0 sure For example,
although in community or microcosn research, it is
demanded that the involved fecies should repre-
sent different trophic levels, their representatives
are not aways stable For sensitivity differences
exist anong different gecies to same or different
chemicals even anong those belonging to sane
trophic level and no general lavs can be summa-
rized A nother example is, based on the same data,
the thresholds extrapolated w ith different methods
w ill be different, then it is necessary to decide
w hich one is most practical Generally the factor
method is strictest, but it is alw ays unnecessary to
choose the lowest one The only way to detem ine
is to detect in field situation

A s it has been pointed out that our task is not
to protect all the organisn gecies In one area,
many organisn gecies aways coexist, anong
w hich the interaction mechanisn is not known for
sure So it isdangerous to draw a conclusion smply
from the population sizes of studied gecies To
protect an ecosystam, our aims include, (1) main-
taining biodiversity ensuring that there are no
ecies extinctions (although it should be recog-
nized that local extinctions are a natural albeit usu-
ally slow process, asciated with $ecies ranges
and environmental change); (2) maintaining a cer-
tain degree of functionality: e g production of a
certain biomass of invertebrate food ecies for
fisheries (3) protecting a certain type of habitat
from degradation (w etland, areas of outstanding
natural beauty, sites of ecial scientific interest);
(4) protecting rare, threatened or endangered
pecies™”

It has been mentioned that test results are
more accurate in larger experment scale But that
does not mean that w e should conduct experiments
at all these levels each time For those chemicals
that can be easily degraded or only enter aquatic
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systan occasionally and the tested organisn s have
a long life history, the acute toxicity on individual
level result may represent the toxicity on popula-
tion levelwell If the chanicals have been proved to
be very safe at individual level, it is no need to do
any morework.

A s time goes on, lethal effect on aquatic or-
ganisn sw ill become rarer and rarer. M ost effect is
sublethal, and then the recovery study ismore im-
portant For example, carbanate and organophos
phorus pesticides are all A chE inhibitors At sub-
lethal concentration, carbam ate pesticides inhibited
AchE may recover very soon but organophos
phorus pesticides inhibited recover very slow ly and
vmetimes even mpossible DNA adduct isal an
mportant biomarker, but it can al® recover de-

¥l Because

Pite the recovery rates may be slow
many chemicals other than mutagenic agents and
carcinogenic agents can cause DNA adduct, too

Considering this, risk evaluation w ill become more

[

accurate M any factors affect recovery rate At in-
level, contaminant surce, contam inant
concentration, exposure time and w ater tempera-
ture all can affect recovery rate At higher levels,
the recovery ability is different in different sites
and different seasons It is higher in open areas
than in enclosed ones because external populations
may mm igrate in It al recovers faster w hen pop-
ulation size is larger and the reproducibility is high-

dividual

er.
A nother thing is that different contaminants
may enter aquatic ecosysten simultaneously or al-
ternatively. Interaction anong them is mportant,
too. No one doubts that ecotoxicity of contami-
nants might be changed because of interaction
How ever, studies on this area are still Iimited Be-
sides, our work has shown that recovery rate may
al® be changed by interaction'® *!
studieson interaction should be conducted more

In oneword,
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