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Öz 

Amaç: Benzalkonyum klorürler (BAC'ler), evsel, klinik ve çevresel ortamlarda mikrobiyal enfeksiyonları önlemek amacıyla kullanılan bir 

maddedir. Suda çözünebilme yeteneği nedeniyle sucul ekosistemlere karışması durumunda sucul canlılar üzerinde istenmeyen etkilere neden 

olabilirler. Bu çalışmanın amacı BAC'ın sucul omurgasız bir tür olan tatlı su ıstakozları üzerindeki etkisini araştırmaktır. 

Gereç ve Yöntem: Bu çalışmada kullanılan dar pençeli tatlı su ıstakozları Eğirdir Gölü (Isparta, Türkiye)'den temin edilerek laboratuvara 

getirilmiş ve laboratuvar koşullara iki hafta süre ile aklime edilmiştir. Aklimasyon sonunda ıstakozlar, 7 gün boyunca 10, 25 ve 50 mg/L 

BAC50'ye maruz bırakılmışlardır. Maruziyet süresinin sonunda ıstakozlardan toplam hemosit sayısı için hemolemf sıvısı ile biyokimyasal 

parametreler için solungaç ve hepatopankreas dokusu alınmıştır. 

Bulgular: Solungaç ve hepatopankreas dokuları MDA ve AOPP değerleri arasında önemli bir fark vardır (p<0.05). Hepatopankreas değerleri 

her iki parametre için de yüksek elde edilmiştir. Glutatyon değerlerinde ise herhangi önemli bir değişim gözlenmemiştir (p>0.05). Toplam 

hemosit sayısında ise konsantrasyon arttıkça hemosit sayısında bir artış olduğu gözlenmiştir (p<0.05). 

Sonuç: Bu çalışmanın sonuçlarına göre, dezenfektan amaçlı kullanılan BAC'ın sucul omurgasızlar üzerinde toksik etkileri vardır. 

Anahtar Kelimeler: Astacus leptodactylus, Benzalkonyum klorür, Biyokimya, Hemosit 

 

Abstract 

Aim: Benzalkonium chlorides (BACs) are substances used to prevent microbial infections in domestic, clinical, and environmental settings. 

Due to its ability to dissolve in water, it may cause undesirable effects on aquatic organisms if mixed into aquatic ecosystems. This study aimed 

to investigate the effect of BAC on the freshwater crayfish, an aquatic invertebrate species. 

Material and Method: The narrow-clawed freshwater crayfish used in this study were obtained from Lake Eğirdir (Isparta, Türkiye), brought 

to the laboratory, and acclimated to laboratory conditions for two weeks. At the end of acclimation, crayfish were exposed to 10, 25, and 50 

mg/L BAC50 for seven days. At the end of the exposure period, the hemolymph fluid was taken from the crayfish for the total number of 

hemocytes, and the gill and hepatopancreas tissues were taken for biochemical parameters. 

Results: There was a significant difference between MDA and AOPP values of gill and hepatopancreas tissues (p<0.05). Hepatopancreas 

values were obtained high for both parameters. No significant change was observed in glutathione values (p>0.05). As for the total number of 

hemocytes, it was observed that there was an increase in the number of hemocytes as the concentration increased (p<0.05). 

Conclusion: According to the results of this study, BAC used for disinfectant purposes has toxic effects on aquatic invertebrates. 

Keywords: Astacus leptodactylus, benzalkonium chloride, biochemistry, hemocyte 
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INTRODUCTION 

Quaternary ammonium compounds easily bind 

to negatively charged surfaces such as mud, 

sediment, and soil, thanks to the positive 

charges they contain. When they come into 

contact with cells, they can destroy cell 

membranes by binding to the fatty acids in the 

cell membranes1,2. Benzalkonium chloride 

(BAC, also known as Actinicide), a quaternary 

ammonium compound, is used in human and 

veterinary health as a biocidal agent against 

organisms such as viruses, fungi, and bacteria3,4. 

It is also used as an algicide in areas such as 

swimming pools. Therefore, it can potentially 

impact other living organisms in the aquatic 

environment due to mixing with aquatic 

ecosystems5,6.  

Invertebrates are one of the model organism 

groups used in ecotoxicological studies. Since 

they show high sensitivity to cationic 

surfactants, aquatic invertebrates are preferred 

in investigating the effects of these substances 

on aquatic ecosystem health2,4.  

The narrow-clawed freshwater crayfish (Astacus 

leptodactylus Eschscholtz, 1823) is an 

invertebrate found in the natural environment in 

many countries, including Turkey, and has been 

introduced to many other countries7. These 

organisms have important value for the aquatic 

ecosystem and are used in nutrition by people in 

many countries. Therefore, these organisms are 

good model organisms used in ecotoxicological 

studies7-9. This study aimed to examine the 

effects of BAC, which can cause toxic effects 

on aquatic crustaceans, on the crayfish from a 

biochemical and immunological perspective. 

 

MATERIAL AND METHODS 

 

Freshwater crayfish (average weight 53.37 ± 1.5 g 

and average length 9.05 ± 0.5 cm) were obtained 

from local fishermen in Lake Eğirdir (Isparta, 

Türkiye) during the intermolt and hunting period. 

At the end of the two-week adaptation and 

acclimatization period to laboratory conditions, 

the crayfish were taken to the experimental 

aquariums (10 organisms/aquarium). There was a 

control group in the experiment. The 

concentrations of BAC50 (Thor, Tellerini, Italy) 

were applied as 10, 25 and 50 mg/L. Exposure 

experiments were carried out for 7 days. After the 

exposure period, the hemolymph fluid was 

taken to determine the total hemocyte counts10; 

the gill and hepatopancreas tissues were taken 

to determine the lipid peroxidation (MDA)11, 

glutathione12 and advanced oxidative protein 

products (AOPP)13 parameters.  

All data were distributed normally, and 

therefore, statistical significance was 

determined using a one-way ANOVA 

comparison test using the GraphPad Prism 

program. Statistical significance was defined as 

p values <0.05. 
 

RESULTS AND DISCUSSION 

 

This study examined the effect of benzalkonium 

chloride, which enters aquatic ecosystems after 

its use in domestic, hospital, and animal 

husbandry14, on the narrow-clawed freshwater 

crayfish, one of the aquatic model organisms.  

The narrow-clawed freshwater crayfish used in 

aquatic toxicology studies resist environmental 

changes. They give physiological responses to 

the pressures of different species15. When 

exposed to various xenobiotics, their 

antioxidant mechanisms come into play against 

the reactive oxygen species produced, and they 

try to protect macromolecules such as lipids, 

proteins, and DNA from damage7,16.  

The MDA values of the hepatopancreas and gill 

tissue of the crayfish are given in Figure 1. 

According to the results, MDA values of 

hepatopancreas tissue were approximately 10 

times higher than MDA values of gill tissue 

(p<0.05). On the other hand, hepatopancreatic 

MDA values increased slightly compared to the 

control groups; only a significant difference was 

observed between BAC 25 mg/L-exposed and 

control groups (p<0.05). Besides, there was a 

significant difference between the BAC 50 

mg/L-exposed and the control groups of gill 

tissues of crayfish (p<0.05). 

MDA is one of the indicators of cellular damage 

as the end product of lipid peroxidation 

occurring in the cell16. In studies conducted with 

crayfish, results such as increases or decreases 

in tissue MDA values were observed. Shehata 

et al.17 reported that hepatopancreatic MDA 

values increase in crayfish with different 

feeding activities. Ou-Yang et al.18 showed that 

an increase in MDA values was observed in 

crayfish exposed to cyhalofopbutyle. Like these 

studies, the current study's observation that 

MDA values increased in hepatopancreas 

tissues was compatible with the literature.  
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Figure 1. The MDA values (mean ± SEM) of 

hepatopancreas (HP) and gill (G) of control and 

BAC50-exposed groups (different letters showed 

significance; p<0.05) 

 

The glutathione activities of the gill and 

hepatopancreas tissue of crayfish are given in 

Figure 2. Glutathione, one of the cell 

antioxidant defense mechanisms, is a non-

enzymatic biomarker. In this study, no 

significant decrease or increase in GSH activity 

occurred. Lin et al.19 showed that GSH activity 

in crayfish had a decrease in ammonia exposure. 

Changes in GSH levels indicate ROS 

production associated with increased or 

decreased detoxification capacity16.  

The AOPP values of the gill and hepatopancreas 

tissue of crayfish are given in Figure 3. AOPP 

results showed a significant increase in the 

BAC-exposed groups compared to the control 

groups (p <0.05). In addition, the 

hepatopancreas AOPP values were 10-16.7 

times higher than gill AOPP values (p<0.05). 

The increase or decrease in AOPP values 

obtained as a result of the study was compatible 

with the change in AOPP values of freshwater 

mussels as a result. of exposure to xenobiotics20. 

The THCs of the crayfish are given in Figure 4. 

As the BAC50 concentration increased, it was 
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Figure 2. The GSH values (mean ± SEM) of 

hepatopancreas (HP) and gill (G) of control and 

BAC50- exposed groups (different letters showed 

significant; p<0.05) 
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Figure 3. The AOPP values (mean ± SEM) of 

hepatopancreas (HP) and gill (G) of control and 

BAC50-exposed groups (different letters showed 

significance; p<0.05). 

  

observed that there was an increase in THC 

values compared to the control groups. The 

THC values of crayfish exposed to the highest 

concentration increased significantly compared 

to the control groups (p<0.05). It is observed 

that the substance applied in this study 

stimulates the immune system of the organism  

by causing an increase in the number of 

hemocytes.  

Hemolymph tissue is the body fluid of 

invertebrates and is similar to the blood tissue 

of mammals. When there is a change in the  
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environment in which invertebrates live or 

when there is a change in the organism's health, 

an increase or decrease occurs in the hemocyte 

cells in the hemolymph tissue, creating an 

immunological defense mechanism7,10,21. The 

study results are similar to studies that observed 

changes in the number of hemocytes due to 

exposure to xenobiotics in freshwater mussels21, 

freshwater crayfish7, oysters22, crabs22, and 

clamb23.  
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Figure 4. The THCs values (mean ± SEM) of 

control and BAC50-exposed groups (different 

letters showed significant; p<0.05) 

CONCLUSION 

A higher rate of lipid peroxidation occurred in the 

hepatopancreas tissues of freshwater lobsters 

exposed to different BAC concentrations than the 

gill tissues. Glutathione activities were increased 

in the hepatopancreas tissues of freshwater 

lobsters and in AOPP values in the 

hepatopancreas and gill tissues. Higher AOPP 

values were detected in the hepatopancreas tissues 

of freshwater lobsters than in the gill tissues. As 

the concentration of the BAC50 increased, the 

number of hemocytes increased. Thus, it has been 

revealed that BAC may have adverse effects on 

the health of aquatic organisms. 
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