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ABsTRACT — The present study refers to the effect of metal pollution on diatoms by describing a new form of teratology. The samples were collected
in the Abrud River, located in a mining area from Romania, where an unreported type of deformity is observed in the diatoms Achnanthidium sp. pl.
This kind of teratology has been found in the 20.5% of individuals of the population and affects the cingulum, in particular to the valvocopula, by

becoming markedly undulate.

KEyworbps: Acib MINE WATERS, AQuatic EcosysTeEM HEALTH, DEFORMITIES, DiaToMs, HEAVY METALS

INTRODUCTION

Anthropogenic activities have caused many environmental
changes such as the mobilization of great quantities of metals
into the environment since the beginning of industrialization
(Lavoie et al., 2012). Worldwide, this impact is still active
by mining activities that continue to be exploited. In fact,
acid mine-drainage (AMD) has been considered as a major
environmental pollution source (Letterman & Mitsch,
1978), and so there exist many studies focussed on using
bioindicators to evaluate their effects on nature (see among
others Skinner & Bennett, 2007; Olenici et al., 2017). Diatom
morphological alterations could be considered as a tool for
monitoring environmental impairment (Cattaneo et al.,
2004). Many studies highlight the relation between metal
concentration and diatom teratology describing a serial of type
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of deformities occurring in different taxa (Morin et al., 2008;
Falasco et al., 2009a,b; Lavoie et al., 2012). Mechanisms
inducing teratologies are not fully understood, although they
may express short-term phenotypic responses, problems
with gene expression (i.e., assembly line malfunction) or true
alterations in the genes (Lavoie et al., 2017). In any case,
the impact of pollution on diatom morphology should be
considered as a combined response to different environmental
stressors in the environment (Falasco et al., 2009a), and
seems to depend on the involved genus (Martin-Jézéquel &
Lopez, 2003).

This study is framed in a broader project focused on the
evaluation of the appearance of diatom abnormal individuals
and to assess the relationship between the degree of valve
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outline deformation and AMD-derived pollution (Olenici et
al., 2017). In this context, this work accounts for the effect
of metal pollution on the diatoms Achnanthidium sp. p.1. by
describing a new form of teratology affecting girdle bands
that have not been described to date.

MATERIALS AND METHODS

The samples were collected in a station on the Abrud River
(46°15°39 90” N/ 23°5°11 80” E) in a mining area named
Rosia Montand (Romania) in July 2013 (see Olenici et
al., 2017 for a complete review of the sampling strategy
and methodology). The biologic material was collected by
using a toothbrush from the surface of submerged stones in
the flow, in the euphotic zone of the river. The samples were
preserved in 4% v/v formaldehyde. By oxidizing organic
matter with hot hydrogen peroxide 30% v/v clean frustules
have been obtained, and permanent microscopic slides were
mounted using a refractive resin (colophony - Sunchemy
International Co. Ltd, RI~1.7). At least 400 valves were
identified and counted using an Olympus BX 60 microscope,
according to usual taxonomic references (Hofmann et al.,
2011 and references therein). Prior to the heavy metal
determinations, a sample of filtered water (0.45 pum) was
acidified, with 65% HNO,, for getting a pH between 2 and
3. Next, heavy metal concentrations were measured using
an atomic absorption spectrometer ZeEnit700.

RESULTS AND DISCUSSION

Results has shown that the representatives of the genus
Achnanthidium were the dominant diatom species in the
sampling site, and up to 20.53% of the individuals were
characterized by exhibiting an unreported type of deformity.
In this study were identified two species of this complex
with the mentioned teratology, A. macrocephalum s. str. and
A. minutissimum var. minutissimum s. str., with a distribution
of 70% and 30% respectively of the total of individuals with
this type of deformation.

This deformity was firstly observed at optical microscope
(Fig. 1) and later at scanning electron microscope (Fig.
2). The new teratology affects the cingulum, and more
specifically, the valvocopula (the first of the girdle bands,
attached to the valve), which appears markedly undulate.
To exclude the possibility that sample preparation has
generated the observed teratology, unprocessed samples
were also analysed in scanning electron microscope

(Fig. 3). The new deformity was observed by using both
optical and scanning electron microscopy, in processed
and unprocessed samples.

Within the types of deformations acknowledged in the
literature: (i) irregular valve outline, (ii) atypical sternum/
raphe, and (iii) aberrant stria/areolae patterns (see Lavoie et
al.,2017); abnormalities affecting girdle bands have not been
described to date, although Falasco et al. (2009a) mentioned
alterations occurring on the girdle bands in Staurosira venter
(Ehrenberg) Clerc & J.D. Mdller and Aulacoseira italica
(Ehrenberg) Simonsen. Two alternative hypotheses can be
proposed to explain this kind of teratology. First, the girdle
is poorer in silica and softer than the valve (Francius et al.,
2008). The extent of silicification of a girdle band gradually
diminishes from the region near the raphe to the overlap
region (Kroger & Poulsen, 2007). Since metal contamination
increases the rate of valve size diminution (characteristic
of diatom asexual reproduction), valve surface does not
decrease as rapidly as the cell volume (Falasco et al.,
2009a). Frustule growth is only possible by parental valve
separation synchronized with formation of new girdle bands
(Santos, 2010), so that the new girdle bands formed may not
fit in the resulting frustules, adopting an aberrant outline.

Figure 1. Deformed valvocopula seen at the optical microscope.
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Figure 2. Deformed valvocopula seen at scanning electron microscope (SEM) by comparing with normal one (A and B = normal frustules; C, D, E
and F = abnormal frustules identified in processed sample).

Moreover, diatoms exposed to metals might be increasing
the number of girdle bands, due to the increase of vacuole
size, forcing chloroplast to the frustule edges (Gongalves,
2017). Second, teratology in diatoms has been explained in
terms of malfunctions of proteins involved in silica transport
and deposition (Falasco, 2009a). A family of these proteins,
called cingulins, are specifically located in the girdle-
band region of the frustule, where they are confined to the
proximal surface of the terminal girdle bands of one of the
valves (De Sanctis et al., 2016). It has been suggested that
silicic acid uptake by diatoms via cingulins is mediated by
a zinc-dependent system (Jaccard et al., 2009). An excess of
zinc affects the biochemical pathway of silicon metabolism

(Martin-Jézéquel & Lopez, 2003) and, particularly, metal-
induced alteration of cingulins may impair girdle functioning
(Karp-Boss et al., 2014).

The river Abrud (drainage area 274 km?) is a highly
polluted fluvial ecosystem by the action of Bucium mine
exploitation (Bird et al., 2005). Table 1 shows the mean
concentration of different heavy metals in the sampling
point, located downstream of the mining, from spring 2013
to autumn 2014. Zinc exhibits the highest concentrations
of all analysed metals suggesting, as previously Olenici et
al. (2017) pointed out, that mine water, with high level of
heavy metals, is responsible for this teratology. This idea
is also supported by: (i) the existence of stations without
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Figure 3. Deformed valvocopula seen at scanning electron microscope
(abnormal frustule identified in unprocessed sample).

pollution upstream of the Bucium mining exploitation,
with heavy metals values below the Dutch target values
(Bird et al., 2005) and (ii) in our own data, in stations
located in the headwaters of several tributaries of the Abrud
River, that showed zinc concentration 10 fold lower, and
as expected, diatoms do not showed any teratology.

Zinc is known to produce asymmetrical, abnormal, and bent
frustules (Lavoie et al., 2017), specifically in 4. minutissimum
(Cantonati et al., 2014). Several authors have been found
a positive correlation between A. minutissimum abundance
and metal concentrations in contaminated sites (Cantonati et
al., 2014), and Morin et al. (2008) led to the conclusion that
A. minutissimum can be considered highly tolerant to metal
contamination, producing teratologies only as a response to
specific chemical contaminants (Falasco et al., 2009b).

CONCLUSIONS

The new-observed teratology implies a significant discover
attending the effect of heavy metals on the diatoms
morphology. In the future, more studies to understand the
causes that generate this teratology must be done. For example,
using a lab experimental approach in order to elucidate the
nature of this teratology and interpret its occurrence in diatom
populations in environmental terms.
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