
Pollutants from freshwater sources, through their 

potential risk, can affect human and animal health, 

with numerous risk tests, guidelines, and standards 

currently being validated / validated and implemented 

(2, 26). It is known that the groups of vertebrates that 

respond without delay if the environment is polluted as 

a result of anthropogenic activities are fish. In the eco-

toxicological and bio-medical field, adult fish and their 

early stages are used as a means to test various sub-

stances, from industrial pollutants to medicinal active 

substances (1, 3, 5, 7, 9, 11, 18, 20, 31, 32).

For this reason, the benefit of using acute toxicity 

tests on fish is the applicability for a wide range of sub-

stances, this methodology being increasingly used to 

 Methods for identifying toxicity to fish larvae can 

detect the types of acute and/or lethal toxicity of diffe-

rent chemical matrices. The study aimed the cytohisto-

logical confirmation of our anterior published study and 

to identify, upon exposure to lead acetate solutions, the 

main changes in the architecture of the organs and tis-

sues (vitellus and intestine, liver, kidney, skin, muscles, 

and heart) as a comparison with the main obtained indi-

cators. The study used two-day-old hatched-free em-

bryos and the samples were divided into groups A and B. 

After acclimatization period, free larvae were inserted 

and exposed to decreasing soluble lead solutions as 

follows: 50 individuals/aquarium, total: 100 larvae/con-
-1 -1centration: E1-A/E1-B=400 µgL ;E2-A/E2-B=200 µgL ; 

-1 -1E3-A/E3-B=100 µgL ; E4-A/E4-B=50 µgL . The control 

group consisted of 100 vigorous larvae. Acipenser ruthe-

nus larvae were monitored by direct observation at 

baseline, then at 12, 24, 48, 72, and 96 hours. The first 

dead larvae were detected after 12 hours of lead expo-

sure, with the tip at an interval of 72-96 hours. Statistics 

revealed a significant association between the influence 
*of lead on the parameters of length ( p<0.05) and 

** ***weight ( p=0.01; p<0.01) and the number of dead 

larvae at the same concentration, which statistically de-

monstrates the detrimental activity of lead in water. 

Cytohistological architecture confirmed the morphologi-

cal changes observed on the larvae exposed to lead to-

xicity, with the signaling of significant cytoarchitectural 

changes especially for the high concentrations used, 

(E1A/1B = 400 ppm and E2A/2B = 200 ppm).
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 Metodele de identificare a toxicității pentru larvele 

de pește pot detecta tipurile de toxicitate acută și / sau 

letală a diferitelor matrice chimice. Studiul a vizat confir-

marea citohistologică a studiului publicat anterior și 

identificarea, la expunerea la soluții de acetat de plumb, 

a principalelor modificări ale arhitecturii organelor și țe-

suturilor (vitelus și intestin, ficat, rinichi, piele, mușchi și 

inimă), ca un comparabil cu principalii indicatori obținuți 

anterior. Studiul a folosit embrioni liberi eclozați în vârstă 

de două zile, iar probele au fost împărțite în grupele A și 

B. După perioada de aclimatizare, larvele libere au fost 

inserate și expuse la soluții de plumb solubile după cum 

urmează: 50 larve / acvariu, total: 100 larve/concentra-
-1 -1ție: E1-A/E1-B = 400 pgL ; E2-A/E2-B = 200 pgL ; E3-

-1 -1A/E3-B = 100 pgL ; E4-A/E4-B = 50 pgL . Grupul mar-

tor, a fost compus din 100 de larve sănătoase. Larvele de 

Acipenser ruthenus au fost monitorizate prin observare 

directă la momentul inițial, apoi la 12, 24, 48, 72 și 96 

ore. Primele larve moarte au fost detectate după 12 ore 

de expunere la plumb, cu vârful la un interval de 72-96 

ore. Statistica a relevat o asociere semnificativă între 
*influența plumbului asupra parametrilor de lungime ( p 

** ***<0,05) și greutate ( p = 0,01; p <0,01) și numărul de 

larve moarte la aceeași concentrație, care statistic de-

monstrează activitatea dăunătoare a plumbului în apă. 

Histologia a confirmat modificările morfologice obser-

vate la larvele expuse la toxicitatea plumbului, cu sem-

nalizarea unor modificări citoarhitecturale semnificative 

în special pentru concentrațiile mari utilizate, (E1A / 1B 

= 400 ppm și E2A / 2B = 200 ppm).

Cuvinte cheie: juvenili, Acipenser ruthenus, 

plumb, citohistologie
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compare the sensitivity of other aquatic species (3, 4, 

12, 35).

The advantages of using acute toxicity tests on fish 

were: applicability for a wide range of substances and 

chemical combinations. The fact that fish repro-duce 

easily, are small in size so do not take up too much 

space, is cheap biological material compared to other 

animal species used in experiments, are accep-ted by 

the scientific community having applicability in many 

branches of human and veterinary medicine, uses to 

compare sensitivity to other species and orga-nisms. 

Initial studies have shown that fish are sensi-tive 

enough to detect pollutants in water, both in acute and 

long-term studies. More and more researchers are 

using toxicity tests on embryos and larvae as viable 

alternatives to acute or chronic toxicity tests for adult 

fish, as they have proven to be perfectly valid tools for 

assessing the potential for toxicity (1, 6, 9, 11, 17, 19, 

22, 31). Methods for identifying toxicity to larvae / fish 

detect the types of acute and / or lethal toxicity of di-

fferent chemical matrices on fish. The method requires 

the knowledge of the physicochemical properties of 

the investigated substances such as hydrophilicity, 

hydrostatic pressure, physicochemical stability, bio-

degradability, etc. for choosing the right method (9, 

14, 16, 27, 31, 36-38).

The development of toxicity tests can bring new 

data on the toxicological effects of different matrices 

present in water on different fish species and their 

evolutionary stages. Of these, acute embryo tests are 

very useful because they provide speed, accessibility 

at low cost, but also accurate results (3, 7, 10, 14, 17, 

21, 31, 34). Also, the early stages of fish development 

can allow a large number of repetitions to be per-

formed in a short period, which will increase the avai-

lability and reproducibility of the results (1, 2, 5, 7, 17, 

19). To this end, zebrafish (Danio rerio) was initially 

the first to be tested due to the many benefits offered 

compared to other species of laboratory animals cu-

rrently used in experiments (1, 7, 11, 12, 18, 32). 

Our previous initial observations revealed similari-

ties between zebrafish and another native species, the 

pikeperch (Sander lucioperca) arguing that also other 

fish species could be successfully used in such experi-

ments (10, 14-16, 21, 27, 29, 36). In this regard, we 

began further studies on sterlet (Acipenser ruthenus; 

class: Actinopterygii; order: Acipenseriformes; fami-

ly: Acipenseridae), a valuable species from the stur-

geon family from the Danube area (6, 13, 30, 35, 36). 

In this sense, the aim was to evaluate the toxic 

effects of lead find as an essential water polluter, 

through acute tests on larvae of A. ruthenus and moni-

toring the behavioral disorders depending on the con-

centration of the substance used as other valuable stu-

dies in the field (4, 6, 14-16). 

This original test was conceived as a useful proce-

dure that comes to the aid of known OECD methodo-

logies in the field of eco-toxicity testing (23-25). Our 

reason was to provide new and reliable information on 

the activity of lead in juvenile forms of sturgeons ex-

posed to various decreasing concentrations of soluble 

lead acetate in a static 96-hour acute toxicity test, 

intenting to identifying the main clinical symptoms, 

the anatomical and morphological changes, the mini-

mum / maximum lethal concentrations, and mortality 

(all these being considered critical control points), as 

well as to accomplish correlations with the specific pa-

rameters, like temperature, pH, dissolved oxygen (all 

these data being presented in an anterior paper) (6). 

The present study aimed the cytohistological con-

firmation of our anterior published study and to iden-

tify, upon exposure to lead acetate solutions, the main 

changes in the cytoarchitecture of the main organs 

and tissues: vitellus and intestine, liver, kidney, skin, 

muscles, and heart as a parallel with main obtained 

indicators.

MATERIALS AND METHODS

The larvae and them examination

Experimental aquariums and juvenile A. ruthenus 

forms were provided by the Department of Fisheries at 

the Faculty of Bioengineering of Animal Resources Ti-

misoara, adult fish being raised in aquaculture sys-

tems with recycling (RAS). Their reproduction was ar-

tificial, the incubation of eggs and the hatching of free 

embryos were carried out in accordance with the 

accepted methodologies for the sturgeons (13, 30).

The embryos obtained were healthy and without 

visible somatic defects. The study used two-day-old 

hatched-free embryos (natural mortality on the first 

day of life can reach 50%). Feeding was not necessary 

for the entire study period, knowing that free embryos 

of Acipenser ruthenus begin to feed from day 6-7 of 

life, after vitellus absorption (13, 30).

The samples were divided into groups A and B and 

the mirror-aquariums were filled with water (10 litres 

each). After acclimatization period, free larvae were 

inserted and exposed to decreasing soluble lead solu-

tions (28) as follows: 50 individuals / aquarium, total: 
-1100 larvae/concentration: E1-A, E1-B = 400 µgL ; E2-

-1 -1A, E2-B = 200 µgL ; E3-A, E3-B = 100 µgL ; E4-A, E4-
-1B = 50 µgL . The control group = C, consisted of 100 

vigorous larvae The main critical points of toxicity 

were observed according to the OECD instructions 

(24-26), presented in Table 1.

Sterlet larvae were monitored by direct observa-

tion at baseline, then at 12, 24, 48, 72, and 96 hours 

(one hour / reading). From the beginning of each exa-

mination, every change in behavior or in the somatic 

body was observed, the measurements performed in-

cluding: individual weighing and total length, pre-anal 
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length and total height of the larva. At the beginning of 

the study, the second day after hatching, the initial 

measured average length of a sturgeon embryo was 

9.7 mm (all larvae being normal, with small eyes, nose 

openings, well-developed folds of the wings, and yolk 

sac) and with an individual body weight ranging from 

0.191 to 0.195 g.

Used instrumentation and fish euthanasia

To examine with the minimum aggression,vital and 

somatic alterations, short-term immobilization and af-

ter that euthanasia of larvae was achieved with trica-

ine mesylate (Metacaine, Tricaine or MS-222; Finquel-

Merck, Germany) an accepted substance, used in fish 

in the EU and the US (33). The powder was diluted to 
-1100 mg × L  (as an anesthetic) and respectively 500 

-1mg × L  (as euthanasiant) for 2 to 10 minutes (33). 

Somatic changes were observed under a Kruss optro-

nic GmbH (Germany) microscope using the ×10 lens 

(i.e., WF10 × /20), and the weight was assessed using 

an electronic Kern ABJ 220-4M Sohn GmbH (Germa-

ny) scale with the error of max. 0.01 mg.

Statistical analyzis

The statistical values were expressed graphically 

by GraphPad Prism 6.0. Windows (GraphPad, San 

Diego USA). To evaluate the differences between the 

groups, it was performed by two-way ANOVA, with t-

test and, respectively, Bonferroni's multiple correc-

tions, the statistical difference being set at the value of 
*p <0.05 or less.

Citohistologic architechture

The aim was to identify and confirm the main criti-

cal changes observed in individuals subjected to diffe-

rent concentrations of lead. The staining methodology 

was the one known in the literature. The larval sam-

ples were processed by the Hematoxylin Eosin (H.E.) 

staining method, a simple method which reveals the 

cytoarchitecture of changes in tissues and organs 

(e.g., respiratory system, digestive tract, liver, kidney, 

muscle, etc) (6, 29).

H.E. staining went through the steps: staining of 

nuclei with Harris hematoxylin for 3 minutes; washing 

and differentiation in tap water; staining the cyto-

plasm with Eosin 2% for 3-5 minutes; dehydration in 

increasing solutions of ethyl alcohol: 70°, 80°, 96°, 

absolute alcohol, 10 minutes for each bath; clarifica-

tion in two benzene baths lasting 15 minutes each; 

mounting in Canadian conditioner. The examination 

and reporting will be finalized by microscopy where 

the stained samples will be compared with the control 

samples. The cytoarchitectural changes will be identi-

fied/analyzed/described, and photographed, the ima-

ges being captured using the Olympus CX41 micro-

scope software (Olympus, Germany).
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RESULTS AND DISCUSSIONS

Behaviour and clinical observation

Two strong critical points were acknowledged du-

ring testing: a. attempt of larvae to escape on intro-
-1duction into tanks at a concentration of 400 µg × L ; 

b. the negative response of the larvae to swimming 

and movement after descending to the aquarium's bo-

ttom, followed by the installation of a variety of beha-

vioral disorders.

The main changes considered as critical points 

identified by us, and then studied cytohistologically 

and which are considered evidence of the harmful acti-

vity of lead, included: delayed resorption of the yolk 

sac;deformed/modified tail;undeveloped eyes; hemo-

rrhages (cardiac / pericardial / peritoneal / genera-

lized); altered pigmentation and finally exitus. 

Sturgeon's larvae mortality was observed at lead's 
-1concentrations of 400 and 200 µgL . 
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The first dead larvae were detected after 12 hours of 

lead exposure, with the tip at an interval of 72-96 hours. 

In Table 2 the variation of mortality, pH, temperature, 

and O  load at the moments of the experiment is shown.2

Figures 1 and 2 presents the statistics of the evolu-

tion of growth parameers (average length).

In addition to the changes in movement and flota-

tion that amplified during the experiment, were also 

observed: cardiac hemorrhage, relaxed abdomen, 

and V-shaped, L or S-shaped tails. Compared to the 

control group, the results revealed statistically signifi-

cant values, recorded for the average length para-

meters, measured at 24 and 96 hours, and for the 

main weight parameters at the time 0 and 96 hours for 

all experimental concentrations. 

Statistical evaluation revealed a significant asso-

ciation between the influence of lead on the parame-
* ** ***ters of length ( p <0.05) and weight ( p = 0.01; p 

<0.01) and the number of dead larvae at the same 

concentration, which statistically demonstrates the 

detrimental activity of lead diluted in water.

Cytohistological architecture

Histological samples confirmed the cytomorpholo-

gical changes observed on the larvae exposed to lead 

toxicity, with the signaling of significant cytoarchitec-

tural changes especially for the high concentrations 

used, (E1A/1B = 400 ppm and E2A/2B = 200 ppm).

Vitellus and intestine samples

In the Control group, microscopic examination of 

the intestine revealed its normal structural appea-

rance, with the columnar monolayered epithelium of 

the intact intestinal mucosa and the total resorption of 

the yolk sac. For groups E1, E2, E3, and E4, the 96-

hour microscopic examination gradually showed the 

appearance of edema, installed between the mucosa 

and submucosa of the intestine, delayed resorption of 

the yolk sac, phenomena more obvious in E1 and E2 

and less pronounced in group E4. Also, in group E1, 

the presence of cellular aggregates, containing necro-

tic enterocytes, detached from the epithelium, was 

highlighted in the intestinal lumen. 

In areas with normal appearance, non-resorption / 

delayed resorption of the calf was found, considered 

an essential critical point that demonstrated the detri-

mental activity of lead. These irritative-alterative phe-

nomena slow down the absorption function at the in-

testinal level, therefore, consequently, they decrease 

the viability of A. ruthenus larvae.

Figure 3 is presenting the main changes in the in-

testinal mucosa and stages of intestinal resorption 96 

hours after the start of the study. The images were ta-

ken at the smallest microscope objective (ob.×4/1000 

µm), respectively the largest, except for the immer-

sion objective (ob. × 40/100 µm).

Fig. 3. The main changes in the intestinal mucosa 

and stages of intestinal resorption 96 hours after the 

start of the study: 1a and 1b = Control group: Nor-

mal histological appearance of the intestine with com-

plete resorption of the yolk sac (1a = ob. ×4 / 1b = ob. 

×40); 2a and 2b =Group E1/400 ppm: Necrotic 

cells in the intestinal lumen with the massive presence 

of unabsorbed calf edema between the mucous and 

submucosal tunica (2a = ob. ×4 / 2b= ob. × 40); 3a 

and 3b = Group E2/200 ppm: The presence of un-

absorbed vitellus and edema between the mucous and 

submucosal tunica (3a = ob. × 4 /3b = ob. × 40 (3b). 

4a and 4b = Lot E3/100 ppm. Absence of the calf 

and areas of much reduced edema between the 

mucous and submucosal tunica (4a = ob. × 4 left / 4b 

= ob. × 40 right). 5a and 5b = Lot E4/50 ppm. Ab-

sence of edema, active intestinal mucosa with dividing 

enterocytes, vitellus resorbed almost completely (5a 

= ob. × 4 left / 5b = ob. × 40 right).

Liver samples

Figure 4 is presenting the main changes in liver ti-

ssue 96 h, after the start of the study. The images were 

taken with the objective of the microscope of × 20/200 

µm, respectively × 40/100 µm.
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Fig. 4. The main changes in liver tissue 96 hours 

after the start of the study. 1a and 1b = Control 

group. Normal image of the liver with numerous 

adipocytes and normal intestinal section (1a = ob. × 

20 left / 1b = ob. × 40 right). 2a and 2b = Group E1/ 

400 ppm. Liver vasodilatation and massive marginal 

subcapsular hemorrhages, with the presence of ery-

throcytes in the lumen of the centro-lobular veins (2a 

= ob. × 20 left / 2b = ob. × 40 right). 3a and 3b = 

Group E2/200 ppm. Vasodilation in the liver with 

marginal hemorrhages and the presence of erythro-

cytes in the lumen of the lobular centro-lobular veins 

(3a = ob. × 20 left / 3b = ob. × 40 right). 4a and 4b = 

Group E3/100 ppm. Vasodilation in the liver with the 

highlighting of the centro-lobular veins (3a = ob. × 20 

left / 3b = ob. × 40 right). 5a and 5b = Lot E4/50 

ppm. Apparently normal appearance with slight cen-

tro-lobular vasodilation (5a = ob. × 20 left / 5b = ob. × 

40 right).

Kidney samples

Figure 5, reveal the main changes in renal tissue 

96 hours after the start of the study. The images were 

taken only with the microscope objective of × 40/100 

µm, at other lower resolutions, the cytohistological 

aspects being little observable.

Fig. 5. The main changes in renal tissue 96 hours 

after the start of the study. 1 = Control group. The 

normal image of the kidney per section (ob. × 40 H.E.) 

2 = Group E1/400 ppm. Hemorrhagic dilatation, the 

presence of erythrocytes in the capillaries of the renal 

tubules (ob. × 40 H.E.) 3 = Group E2 / 200 ppm. 

Dilation of the Bowman's capsule with enlargement of 

the urinary space, non-hemorrhagic (ob. × 40 HE). 4 

= Group E3 / 100 ppm. Bowman's capsule dilation 

with moderately enlarged, nonhemorrhagic urinary 

space (ob. × 40 HE) 5 = Lot E4 / 50 ppm. Bowman 

capsule, normal apparent appearance (ob. × 40 HE).

Skin samples

Figure 6 presents the main changes in the skin 96 

hours after the start of the study. The images were 

taken only with the microscope objective of × 40/100 

µm, at other lower resolutions, the cytohistological 

aspects being little observable.

Muscle and heart samples

Figure 7 are presenting the main changes in 

striated muscle and heart tissue 96 hours after the 

start of the study. The images were taken only with the 

microscope objective of × 40/100 µm, at other lower 

resolutions, the cytohistological aspects being little 

observable.

The methods for determining the effects of acute 

toxicity are intended to highlight changes in the anato-

mical and ethological development of the develop-

mental stages, and in particular fish larvae (2, 6, 14, 

17, 27, 29, 34, 38). Tests performed on fish larvae are 

chosen due to the easy availability of biological ma-

terial, the advan-tages of the relatively low cost of ma-

terials needed to carry out the tests and especially the 

short period of performance, thus being able to per-

form a large number of repetitions of tests, increasing 
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the reliability of statistical results, and interpretations 

(1, 9, 12, 15, 20, 27, 38). The extrapolation of metho-

dologies to sturgeons is extremely important in the 

context of the dramatic decrease of these special re-

sources in the idea of detecting sources of natural po-

llution (including the presence of lead in water) along 

the lower Danube, the habitat of this species (6, 13-

16, 29, 30, 34, 35).As a research alternative, we agree 

with the authors that they evaluated that fish could be 

complementary to rodents or other laboratory mam-

mals (especially in toxicological and drug research) 

and we appreciate that with the development of this in 

vitro model, researchers will be able to replace and 

provide significant results on water toxicity, which will 

be va-luable and applicable to vertebrate research (2, 

3, 9, 10, 17, 19, 26, 31, 36). Based on this observa-

tion, we also noticed that sturgeons had characteris-

tics suitable for temperate climatic conditions, making 

it an ideal candidate, as an alternative to zebrafish 

embryos and larvae, in some specific experiments 

(ecotox, embryo, pollution) from this climate zone (6). 

As a limitation, we point out that many of the pu-

Fig. 6. The main changes in the skin 96 hours after the 

start of the study. 1a and 1b = Control group. The 

normal cytohistological appearance of the sterlet's skin 

(ob. × 40 H.E.). 2a and 2b = Group E1/400 ppm. 

Thickening of the epidermis with moderate to high epi-

dermal stratification phenomena (ob.×40 H.E.). 3a 

and 3b = Lot E2/200 ppm. Skin with localized phe-

nomena of moderate epidermal thickening (ob. × 40 

H.E.). 4a and 4b = Lot E3/100 ppm. Normal appea-

rance with slight epithelial desquamation of the super-

ficial layer (ob. × 40 H.E.). 5a and 5b = Lot E4/50 

ppm. Normal appearance with very slight epithelial 

desquamation of the superficial layer (ob. × 40 H.E.)

Fig. 7. The main changes in striated muscle and 

heart tissue 96 hours after the start of the study. 1a and 

1b=Control Group. The normal cytohistological appea-

rance of the striated muscle in sterlet larvae (ob. × 40 

H.E.). 2a and 2b = Lot E1/400 ppm. Striated muscle 

with thickened conjunctival tunic and capillary ectasia 

due to micro-hemorrhages (left) and cardiac muscle with 

massive pericardial hemorrhage (right) (ob. × 40 H.E.), 

3a and 3b =Lot E2/200 ppm. Muscle with conjunctival 

tunic illustrating capillary micro-ectasia due to micro-he-

morrhages (left) (ob. × 40 H.E.) 4a and 4b = Lot E3/ 

100 ppm. Muscle with normal conjunctival tunic presen-

ting erythrocytes and rare micro-ectasias (ob.×40 H.E.). 

5a and 5b = Lot E4 / 50 ppm. Ribbed muscle with an 

apparently normal connective tunic (ob. × 40 H.E.)
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blished aquatic toxicity experiments have the same 

shortcomings as the present study, chemical expo-

sures are reported as limit concentrations. They do not 

have much more accurate and individual measure-

ment responses, but even if the exposures studied in 

lead are not fully known (as individual fineness), this 

paper demonstrates that blind sturgeon can be credi-

bly included in the list of suitable organisms for toxicity 

tests on juvenile forms (1, 3, 11, 12, 17, 19, 31, 32).

This study could also be considered as having 

strengths. For example, the presence of the mentioned 

behavioral and cytohistological changes (considered cri-

tical control points, practically identical to those found in 

zebrafish), identified for the early stages of sturgeons, 

support the results obtained by us and consider the stur-

geons as a possible new species, fish that could be ad-

ded to fish species already recognized and accepted 

internationally for acute environmental toxicology tests 

(2, 3, 29, 31). The use of juvenile forms of Acipenser 

ruthenus is beneficial because fish embryos and larvae 

are exempt from animal protection laws (8). According 

to European welfare regulations, this test is classified as 

an in vitro test and is therefore not subject to animal 

protection legislation which, in our view, can be easily 

extrapolated to any fish larva and can further develop 

studies on different species (8). The aspect of originality 

of this research is the use for the first time in Romania of 

Acipenser ruthenus larvae in an ecotoxicity test as an al-

ternative extrapolation of the test method with zebrafish 

(Danio rerio) and the validation of primary results, in the 

light of OECD methodology.

CONCLUSIONS

Lead pollution through its potential ecological risk al-

ters human and animal health. The detrimental effects of 

lead toxicity diluted in water were highlighted in the ana-

tomical, ethological and cytoarchitecture changes identi-

fied in larvae. Although Acipenser ruthenus is not yet 

considered as standard in toxicology or pollution tests, 

we believe that this method could be developed as an 

alternative analysis. This species of fish is suitable as an 

assessment tool for ecological water pollution surveys. 

Larvae have the advantage of being used in an increased 

number of individuals, being preferred because studies 

on organisms in the embryonic / larval stage are not 

subject to current animal protection legislation. Signifi-

cantly high statistical values were also found for the 

length and weight parameters of juvenile forms. Graphi-

cal assessment of larval lethality revealed a clear link 

between the number of dead embryos at the same con-

centration. The data obtained could be useful to deter-

mine the critical concentration of one or more contami-

nants that can cause considerable consequences and to 

update the information. Cytohistological changes as a 

result of exposure to lead acetate fully confirmed the 

morphopathological changes observed in living indivi-

duals exposed especially to high concentrations in the li-

ver, intestines, and kidneys.
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