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RESUMO: Uso de deformidade em mento de larvas de Chironomus {Chironomidae: Diptera) sm
diagnéstico ambiental. A andlise de incidéncia de deformidades em mento de Chironomus
fol empregada com a finalidade de se verificar a ocorréncia de efejto crénico sobre
a blota devido a presenga de contaminantes nos sedimentos e discutir sua aplica-
40 em programas de monitoramento. Amostras de sedimento foram obtidas na
margem deposicional do rio Tietég, municiplo de Itd, no inverno/87 € no verao/os,
para a realizagcdc de andlises quimicas, ecotoxicolégica e bioldgica, tendo sido
consideradas deformidades: falta de dente, dente extra e “gap”™. A comunidade
bentdnica apresentou densidades altas de Tubificidae e Chironomus e o resultado
do teste de toxicidade foi sempre positivo. Quimicamente, apenas O Zn ocCerreu
com teor preocupante, no inverno. A freqiéncia de deformidades encontrada foi de
3,7% no inverno e 8,2% no verao, em ambos 0s casos superior aquela esperada em
um amblente livre de contaminantes. O resultado do teste de toxicidade indicou a
presenca de contaminantes biodisponiveis, que devem estar provocando efeito agudo
sobre populagées bentdnicas mals sensiveis, enquanto que a incidéncia de defor-
midade evidenciou um efeito crénico, potencialmente deletério, para as popula-
¢bes mals resistentes de Chironomus. A avaliacac da incidéncia de deformidade
em mento de Chironomus mostrou-se adequada como medida in situ de efeitos
crénicos de coniaminantes € seu uso em programas de monitoramento aplica-se a
bacias em recuperaciao ou em iniclo de degradagao.

Palavras-chave: deformidade, toxicidade, bentos, monitoramento, diagndstico
ambiental.

ABSTRACT: Using Chironomus (Chironomidae: Diptera) mentum deformities in environmental
assessment. The deformity incidence in Chironomus mentum was investigated to evaluate
chronic effecis in the biota and its usefulness in monitoring programs. Winter/o7 and
summer/98 samples were taken at the Tleté river depositional bank for chemical,
ecotoxicological and biological analysis. It was considered as deformity: gap, excess
and loss of teeth. The benthic community showed high densities of Tubificidae and
Chironomus and the toxicily test results always exhibited acute effect. Zinc, during
the winter, was the only chemical that exceeded the severe effect threshold. The
deformity incidence in Chironomus mentum was 3.7% during the winter/dry and 8.2% during
the summer/wel, surpassing the number for clean sites. Ecotoxicological results showed
the presence of contaminants, which promoted acute effect on sensible populations while
the deformity incidence showed a chronic and potentially deleterious effect on tolerant
Chironomus population. The measure of Chironomus mentum abnormalllies was considered
useful to assess in situ chronic effects and It must be applied in monitoring network
at basins subjected to restoration programs or newly received industrial and agdricultural
activities.
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Iintroduction

Although Brinkhurst and co-workers (1968 apud warwick et al., 1987 and Janssens
de Bisthoven ef al., 1998) had already reported the occurtence of deformed larvae in
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their study concerning the benthos of St. Lawrence Lake, the first paper to deal with
these anomalies ln Chironomus populations was that of Hamilton & Saether (1871
apud warwick et al, 1987; Lenat, 1993). But just in the end of 1980°s a great number of
papers about larvae deformities was published. In North America, mosi papers are
centralized at the Great Lakes and focused on spatial scale, while in Europe these
studies have been developed in small lakes, canals and rivers, focusing on temporal
scales (warwick et al., 1987; Janssens de Bisthoven et al., 1998). In Brazil, researches
in chironomids larvae deformities have just begun.

Most of chironomid deformity studies relate the frequency and place (matnly
mentum and antenna) of these morphological anomalies with in situ chronic effects
promoted by inorganic (metals) and organic (PCBs, PAHs and pesticides) contaminanis
(Cushman, 1984; Diggins & Slewart, 1893; Hudson & Clborowski, 1906a). The deformity
frequency could make inclusively evident the presence of other unobserved effects
rendering nonviable population (Cushman, 1984). Historical assessments concerning
to the degradation of some places can also be performed using morphological
deformity studies {(Warwick et al., 1987).

oOnce high deformity frequency occurs exclusively due to the presence of
contaminants, this measure, together with the community structure metrics could
distinguish the biological response to eutrophication, domestic waste, thermal effluent
and habitat physical degradation which do not cause those anomalies (Diggins &
Stewart, 1693; Lenat, 19003; Janssens de Bisthoven et al., 1998).

Although the deformity development mechanisms could theoretically be
associated to mutations, interfererice with transcription and translation, disruption
of cell division and metabolic disturbance (Bird et al., 1995; Janssens de Bisthoven
et al., 1998), it is becoming clear that at least asymmetric anomalies have somatic or
phenotypic origin (Cushman, 1984; Dickman et al., i992; Bird &t al., 1995). So, the
deformity does not have hereditary characteristic and its frequency makes evident
the presence of teratogenic agents. On the other hand, symmetric deformities, such
as median tooth cleft, can be associated to muiations due to, for example, inbreeding
of laboratory chironomid cultures (Bird ef al., 1995).

cChironomus genus is partlcularly interesting for deformity studies because it
inhabits all kinds of aquatic habitats, has broad distribution, can tolerate poor
environmenial conditions (like low oxygen concentrations) than other genera and at
the same time it is sensitive to morphological deformities (warwick, 1990; Hudson &
Ciborowski, 1996a). This sensitivity is associated with the Chironomus alimentary
habit, since it ingests sediments, exposes itself (0 contaminants tied to fine organic
(detritus} and inorganic (clay) particles. In fact, every time other genera were lested
together with Chironomus, the last always presented higher deformity frequencles
(warwick, 1990; Hudson & Clborowski, 1996b).

This work aims to verify the sensitivity of the Chironomus mentum deformity
frequency as a measure of in situ chronic effect, and to discuss ii1s use in
biomonitoring networks. '

Materials and Methods

Samplings were done twice a year (winter/dry-97 and summer/rainy-88 seasons)
at a depositional riverbank of the Tiete River, at Itu district. At each period, three
replicates for chemical, ecotoxicological and biological analyses were taken using
a modified Petersen grab (600 cm?).

Chemical analyses determined Cd, Pb, Cu, Cr, Hg, Ni, Zn, PCBs, DDT. DDE, HCB
and TDE concentrations. Metals were analyzed with a flame atomic absorption
spectrophotometer after extraction in aqueous medium, as described for soild waste
analysis by USEPA (1986). Samples were dried at 105°C, pulverized and passed through
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an BO-mesh sieve. Metal extraction was performed from a digested 0,58 sub-sample
of the sieved sample.

Regarding organochlorine and PCBs, the sample was dried and extracted with a
mixture of hexane: acetone (1:1 v/v). The extract was purified in an alumina and silica
gel column. The final extract was analyzed by gas chromatography using electron
capture detector. This procedure was based on the 8080 EPA method for
organochlorine and PCB pesticides in solid wastes (USEPA, 1986). The PCB
quantlfication was made by congeners, according do DIN (1881).

The acute toxicity test with the amphipod Hyalella meinerti was runned as an
Indicator of toxic chemicals presence in the sediments. This test followed ASTM
method (1888). Young individuals were exposed to the sediment sample during 10
days in static system. After this period the death rate was assessed in relation 10 a
reference condition (a free contaminant environment).

Zoobenthic cormmunity was studied as ecological quality indicator of the habitat.
Samples were preserved in situ with 4% neutral formalin, At laboratory samples were
washed throughout a 0.5 mm mesh sieve and the retained material was maintained at 70°
GL ethanol and stained with Bengal Rose. The coarse vegetal particles were previously
took off by naked eye selection and the remainder passed through a stereo microscope.
For the determination of the Oligochaeta-Tubificidae densities, sub-samples were done
and only the individuals retained in a quarter of Petri dish were counted. The organisms
were identlified to the least possible taxonomic level. The Chironomus head capsules
were mounted in semi-permanent slides using CMC-9 medium {Master’s Company, Inc.). 646
larvae of the dry season and 474 larvae of the wet season were analyzed, surpassing the
minimum number of 125 larvae proposed by Hudson & Ciborowski {1996b) to demonstrate
that a 100% increase in deformity frequency is statistically significant. we considered
as morphological deformiiies: gap, missing and additional teeth (Fig. 1}. Anyway, the
results were compared using the non-parametric Mann-whitney's “U" test (Siegel, 1975).

a) normal teeth

c} missing teeth d) additional teeth

Figure 1: Normal (a) and deformed (b. ¢ e d) mentum.
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Results and Discussion

The benthic community (Tab. I) (CETESB, 1998) shbwed'high densities of
Oligochaeta-Tubificidae and Chironomus. This structure Is an indieative of a non-
equilibrium state aithough it could be impossible to define what kind of stress could
be promoting the community richness impoverishment and the high dominance of a
tolerant population. In general, communities with these features reflect environments )
receiving high loads of domestic waste, but they are being associated with indusirlally
polluted environments too (Hudson & Ciborowskl, 1996a; Diggins & Stewart, 1903),

The tolerance of Oligochaeta-Tubificidae and Chironomus populations to habiiat
alterations promoted by domestlc waste. like oxygen depletlon and silting increase
is well known ({Hart & Fuller, 1974}, but more Information about the capacity of some
species (e.g., Limnodrilus hoffmeisteri and Chironomus tentans) to generate metal
resistance are being reported (Klerks & Weis, 1987).

Table I: zoobenthic denslties (ind.m?) (mean : standard deviation) at the dry and wet
seasons (CETESB,1098).

_DRY WET
Turbellarla 6+ 10 o
Gastropoda 1,21t £ 571 39 + 39
Tubificidae 332,995 £ 249,273 100,949 + 27,200
Hirudinea 1,195 1 913 464 + 336
Chironomini 11,143 + 4,799 27,363 1 14,168
Orthocladiinae 1119 0

The toxic contaminant presence was made evident by the positive toxicily test
results (Tab. 1) (CETESB, 1998) which are reflecting an acute effect on more sensitive
populations of the benthic community.

Table II: sediment chemical and ecotoxicological results duting the dry and wet seasons (CETESB,
1968),

DRY WET
Cadmium (pg.g™" Li3* 0.00*
Lead (ug.g!) 33.4* 25.0
Copper (gg.g") 56.7+ 1.3
Chromium (ug.g") 56.2* 30.3*
Mercury (ugd.g") 0.04 0.05
Nickel (pg.g™ 26.5* 17.6*
Zinc (ng.g" 2744 78.3
PCBs (ng.Kg" 6.873 1.123
DDT (ug.Kg) 3.567* N.D.
DDE {ug.Kg™") 2.023* 0.607
HCB (pgKg") 1.387 0.150
TDE (ug.Kg'") o] 3.310
H. meinerti woxicity (% mort.) 67.5 40.0
N.D. 3 not detected
L] threshold effect (Smith ef /., 1996)
L) severe effect (Smith et al, 1096)

In the absence of a proper Brazilian criteria establishing contaminant
concentrations in sediment compatible with aquatic life, we have used the more
restrict set of North American values, defined by many authors, and compiled by
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Smith et al. {1996). Using the more restrict North American standards It was intended
io be more conservative. However it would be preferable to apply limit concentrations
in accotdance to our systems, since factors linked to biodisponibility of contarninants
(such as pH, alkalinity, redox potential, organic maiter and acld volatile sulfides)
could be distinct.

Results were discussed taking into account the threshoid effect level, defined by
the concentration below which adverse effects 10 benthic aquatic organisms rarely
occur, and severe effect level, the concentration above which adverse effects to
benthic aquatic organisms frequently occur (Smith et al., 19986).

In this context, just Zn (Tab. 1) (CETESB, 10908), in the dry season, occurred
above the severe effect limit, while €d, Pb, Cu, Cr, Ni, DDT and DDE occurred above
the threshold effect limit, in the dry season, and Cd, Cr and Nl in the wetl season.

The deformity frequency in Chironomus mentum (Tab. III) was 3.7% in the dry
season and B.2% in the wet season. Published data have shown deformity frequency
below 3% in pristine environment (Hudson & Ciborowski, 1996a). In the Piraclcaba
river, Calllsto et al. (in press) associated a 5-10% frequency range to mining and pulp
Industry effluents. The present also showed that Industry and/or agricuitural
contaminants would be causing deleterious effect, although in a chronic level, in
Chironomus populations. According 1¢ Hudson & Ciborowski (1996b) criterla a negative
effect over benthic population was actually observed at wel season, when the
deformity frequency surpassed more than twice a natural frequency. In the other
hand the deformity incidence in the dry season could be due to natural causes.

Table lii: Deformity incidence {%) in Chironomus larvae mentum during dry and wet seasons.

oAy WET
[n =648} {n=474)
GAP 05 1.7
MISSING 1.8 5.3
ADDITIONAL. 1.4 1.3
TOTAL 3.7 8.3

According 1o “U" test the deformity frequency in the dry season was statistically
lower than that observed in the wet season (U = O; r = 0.05). Few works have discussed
seasonal variation in the deformity frequency. Janssens de Bisthoven et al. (1898)
found higher rate of deformed Chirenomus larvae in the winter than in the summer and
he assoclated this resuit to population dynamics. Although our results have been
contradictory In relation 1o the work above mentioned, differences in the population
dynamics couid explain it too, but specific studies concerning the seasonal influence
on the life history of the studied Chironomus population would be necessary. Since one
could expect that the increased discharge in the ralny season dilute contaminants
concentrations derived from continuous point sources . attenuating their effects over
aquatic biota, another assumption to explain the present resuits would be the influence
of a diffuse contaminan! input that could happen in the beginning of the wet season but
agaln speclfic studies need to be done.

The most frequently seen deformity was missing teeth (Tab. 1), llke Hudson &
ciborowskl (1996b) have found and although we did not consider median cleft and
broken teeth as deformities, they were common. In both cases, frequencies were
higher In the wet season, agreeing with the final deformity percentage result. It IS
possible that those anomalies could be related to the presence of contaminants, but
as they can have mechanical origin, they would not be suitable as indicator of
teratogenic pollutants presence.

Deformity incidence can be an useful tool to biomonitoring, because It can be
employed not only In the detection of contaminant concentrations causing deleterious
eifects on the biota, but also as monitor of recovery processes (warwick, 1990). In
monitoring prodgrams, this measure could increase the value of community structure
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indices and would indicate the sites where more Intensive ecotoxicological
investigations must be performed (Diggins & Stewart, 1993). In a monitoring network,
deformity frequency might be used where the pollutant effect is not acute and,
obviously, just in sites where inhabitant Chironomus populations achieve enough high
density so that the capture of 125 specimens do not increase sampling cost (Hudson &
Ciborowski, 1896b).

The deformity incldence assessment using Chironomus mentum was an
interesting measure of /n situ sub-lethal effects on benthic populations, enriching the
community structure and ecotoxicological information, as observed by many authors.
The use of deformity frequency in monitoring programs could be useful In basins
where recovering processes or initial degradation by agricultural and industrial
activities are occurring.
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