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Abstract: Antifreeze (Ethylene glycol: EG), a 

chemical substance derivatized from alcohol and 

contaminating aquatic ecosystems as a potential 

toxic pollutant, was investigated in the present study 

for acute toxicity. Ethylene glycol is used to prevent 
freezing in the motor vehicle engine cooling systems 

and hot water production installations sunny, some 

hot water heating installations in the world. So there 

is a risk of contamination of the aquatic environment 

with the environment in which EG is used. 

Therefore, the toxic effects of this compound on 

aquatic insights must be examined. 

 

Rainbow trout (Oncorhynchus mykiss) were 

selected for the bioassay experiments. The 96-h 

LC50 was determined for the Rainbow trout. The 

static acute toxicity tests were replicated as three 
times and a total of 300 Rainbow trout were used in 

bioassay tests. In addition, behavioral changes at 

each ethylene glycol concentration was observed for 

the individuals. Data obtained from the Antifreeze 

acute toxicity test results were evaluated using the 

Probit Analysis Statistical Method based on 

Finney’s Probit Analysis using a computer program. 

The 96-h LC50 value for the rainbow trout was 

estimated as 14.21 g/L. 

 

I. INTRODUCTION 

Fish and wildlife populations have been dramatically affected by environmental pollutants. One of the 

best-known examples is the response of wildlife populations to the use of pollutants such as heavy metals, 

pesticides and the other chemical substances [1]. There are a large number of pollutants currently in use, with a 

wide range of physicochemical properties and belonging to a wide variety of chemical classes [2].  

Antifreeze (ethylene glycol) is a chemical substance derivatized from alcohol and contaminating 

aquatic ecosystems as a potential toxic pollutant. Environmental pollution in water affects fish and other aquatic 

animals [3].  

Ethylene glycol is metabolized by alcohol dehydrogenase to glycoaldehyde, which is then metabolized 

to glycolic, glyoxylic, and oxalic acids. These acids, along with excess lactic acid, are responsible for the anion 
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gap metabolic acidosis. Oxalate readily precipitates with calcium to form insoluble calcium oxalate crystals. 

Tissue injury is caused by widespread deposition of oxalate crystals and the toxic effects of glycolic and 

glyoxylic acids. 

Ethylene glycol is the most widely used glycol in the world and its high production is mainly used in 

the production of antifreeze and antifreeze mixtures with primary use and polyester in a lower proportion. While 

the use of propylene glycol from other glycols is concentrated in the production of resin and polyester, 

diethylene glycol is mainly used as a dehydrator in the natural gas industry [4].  

Automobiles with radiator cooling system use ethylene glycol and propylene glycol antifreeze to 

reduce the freezing point of water. Propylene glycol is preferred in building heating systems although ethylene 

glycol is used in the automotive sector. Both types of antifreeze contain anti-corrosion agents to prevent metal 

corrosion. Most anti-corrosion and antifoam inhibitors are toxic. In addition, the cooling engine and pipes (lead, 

phosphorus and cadmium as toxic) may take the wear of metals [5]. 

Ethylene glycol is a low toxic compounds to aquatic organisms. Acute toxicity tests with aquatic 

invertebrates where a value could be determined show LC50s above 20000 mg/L, and those with fish show 

LC50s above 17800 mg/L. An amphibian test showed an LC50 for tadpoles at 17 000 mg/L. A no observed-

effect concentration (NOEC) for chronic tests on daphnids of 8590 mg/L (for reproductive endpoints) has been 

reported. A NOEC following short-term exposure of fish has been reported at 15 380 mg/L for growth [6]. 

In terms of glycoles, algae in aquatic environment are more sensitive than vertebrates or invertebrates 

and have relatively low toxicity. The most sensitive response to Ethylene glycol exposure was 96-h LOEC 

1923.4 mg/L for the Selenastrum capricornutum from green algae. Anti-icing fluids used in aircraft are more 

toxic than pure glycols. When the most sensitive response was exposed to a propylene glycol-based anti-icing 

liquid, the 96-h LC50 value for Pimephales promelas was 18 mg/L [4]. 

The present study was conducted to determine the acute toxicity of ethylene glycol on the rainbow trout 

in a static aquaria system. This species was selected for bioassays because it can easily adapt to the laboratory 

conditions and it is available throughout the year. 

II. Material and Method 

Experimental fish and design 

Juvenile rainbow trout Oncorhynchus mykiss [3.2±0.6 g body weight (BW) and 7.0±0.6 cm total length 

(TL)] was obtained from a local trout breeding farm and then transferred to the Aquatic Toxicology Laboratory 

in the Faculty of Fisheries and Aquatic Science, Recep Tayyip Erdoğan University (Fig. 1). Fish were allowed 

to acclimate to laboratory conditions in two glass aquaria (600 L) containing total of 500 fish for 2 weeks prior 

to experiments [7,8]. During acclimation, aquaria water had following characteristics: dissolved oxygen, 

8.40±0.30 mgL−1; temperature, 12.0±0.3 ◦C; pH 7.40±0.23 (Table 1).  



 

 

Figure 1. Length and weight relation of experimental fish 

Table 1. Physicochemical properties of the test water and test chemical used. 

Water Quality Parameters Bioassay experiments medium 

Temperature (C) 12.00.3C 

pH 7.40±0.23 

Dissolved oxygen (mg L-1) 8.40±0.30 

Conductivity (µS cm-1) 60.1-65.9 

Total hardness (as mg CaCO3L-1) 

TDS  (mg L-1)                                              

64-65 

29-32 

Parameters of E.glycol as a test chemical Property 

Empirical formula C2H6O2 

Molecular weight 62.07 

CAS registry number 107-21-1 

Physical state   (25 °C) Colourless liquid 

Melting point (°C) 13 

Boiling point (°C) 197.6 

Density (gr/mL) 1.1135 (20 °C) 

Vapor pressure (mmHg) 0.05 (20 °C) 

Log Koc 2.14 

Log Kow 1.93 

Solubility in water Miscible 

Source: [4,9] 

 

Determination of LC50, behavioral changes and statistical analyzes 

Before toxicological tests, the fish were determined to be free of bacteria and external parasites [10]. 

Triplicate random groups of 10 fish each were exposed for 96 h in static fresh water containing 2.5, 5.0, 10.0, 

15.0, and 25.0 g/L Ethylene Glycol (Table 2). Test solutions of Ethylene Glycol were prepared from commercial 

formulations (OMV Petrol Office, Turkey). During the toxicity experiment, water in each aquarium was aerated 

and measured the characteristics. At the end of the 96-h of acute toxicity tests, died fish were discarded and the 



 

nominal concentration of ethylene glycol estimated to kill 50% of rainbow trout within 96-h (96-h LC50) was 

calculated by probity analysis according to the maximum-likelihood procedure [11,12]. 

 

Table 2. The concentrations of ethylene glycol used for bioassay experiments  

 

Antifreeze 

(Ethylene glycol; EG) 

 

Concentrations (g L-1) 

 

 

0 

 

2.5 

 

5.0 

 

10.0 

 

15.0 

 

25.0 

 

 

 

III. Results 

Evaluations of lethal concentrations and acute toxicological parameters 

No fish died during the acclimation period before ethylene glycol exposure, and no control fish died 

during toxicity tests. When fish were exposed to 5 g/L ethylene glycol or higher concentrations, fish exhibited 

signs of restlessness, erratic swimming, dark pigmentation, flashing, convulsions, increasing respiratory rates, 

and then lose of balance. Fish also had excessive mucus. At the time of death, mouth and opercula were open. 

The concentrations of ethylene glycol that killed 50% of the rainbow trout (3.2±0.6 g) within 96 h (96 h; LC50) 

were 14.2± 1.5 g/L (95% confidence limits) (Fig. 2, 3) (Table 3). The highest concentration at which no fish die 

was less than 10 g/L (Fig. 3). On the other hand, the lowest concentration of all fish died above 23 g/L (Fig. 3).  

None of the unexposed control fish died. 

 

 

Figure 2. Number of died fish in the bioassay results 

 

 



 

Table 3. Calculated lethal concentrations and 95% confidence limits 

LC Level Concentration  

(mg/L) 

%95 Confidence Limits 

Lower Upper 

LC/EC20 10828 9019 12152 

LC/EC30 12102 10618 13450 

LC/EC40 13191 11850 14693 

LC/EC50 14208 12889 15967 

LC/EC85 18372 16488 21831 

LC/EC90 19356 17270 23288 

LC/EC95 20815 18410 25465 

LC/EC99 23553 20511 29587 

 

 

Figure 3. Lethal concentrations in the bioassay results 

 

IV. Discussion 

Water can be contaminated by the inappropriate storage, use or disposal of ethylene glycol which is 

also low toxic to fish. The concentrations at which a compound is lethal can depend upon many contributing 

factors including species and water quality. Ethylene glycol has generally low toxicity to aquatic organisms. 

Toxic thresholds for microorganisms are above 1000 mg/L. EC50s for growth in microalgae are 6500 mg/L or 

higher. Acute toxicity tests with aquatic invertebrates where a value could be determined show LC50s above 

20,000 mg/L, and those with fish show LC50s above 17,800 mg/L. An amphibian test showed an LC50 for 

tadpoles at 17,000 mg/L. A no-observed-effect concentration (NOEC) for chronic tests on daphnids of 8,590 



 

mg/L (for reproductive end-points) has been reported. A NOEC following short-term exposure of fish has been 

reported at 15,380 mg/L for growth [6].  

It has been reported that even rainwater contaminated by glicol derivatives used to prevent icing on 

Canadian airports and airplanes has a lethal effect of 40% in Oncorhynchus mykiss and 30% in Daphia magna 

[13]. These kinds of chemicals are related to behavioral changes and to the drop in swimming performance in 

larvae and juveniles of several species of fish exposed to acute intoxications.  It can be used as an additive in 

petroleum production, although it has been reported that it affects on some fish swimming performances despite 

the low level of toxicity on fish [14].  

Ethylene glycol LC50 values have been reported for goldfish (Carassius auratus) 24-h LC50 >5,000 

mg/L [15], for rainbow trout (Onchorhynchus mykiss) 96-h 41,000 mg/L; (monomethyl ether) 96-h 16,000 mg/L 

(14,000-18,000) [16]; 96-h > 18,500 mg/L [17]; 17800-45600 mg/L [18], for guppy (Poecilia reticulate) 168-h 

49,300 mg/L [19], fathead minnow (Pimephales promelas) 96-h fry 53,000 mg/L, juvenile 49,000 mg/L and 

subadult 57,000 mg/L [20]; >10,000 mg/L [21]; 72,860 mg/L [22] and Bluegill Sunfish (Lepomis macrochirus) 

>111,300 mg/L [18,23]. 

 

In some studies, the formulated mixtures are reported to be substantially more toxic than pure glycol 

liquids. For example, the 48-hour LC50 for the water flea (Ceriodaphnia dubia) was 13,140 mg/L and 1,020 

mg/L, using the formulated EG (Ethylene glycol) and PG (Propylene glycol) and 34,400 mg/L and 18,340 

mg/L. EG and PG respectively. The 96-hour LC50 for Fathead minnow (Pimephales promelas) was 8,750 mg/L 

and 710 mg/L using EG and PG respectively, 72,860 mg/L and 55,770 mg/L using pure EG and PG. However, 

if different compounds are added to the mixtures, the toxicity of the glycol fluids either increases significantly 

or may decrease in some cases [22]. 

On the other hand, some studies suggest that glycols have low toxicity in water and that algae are more 

sensitive than vertebrates or invertebrates. In the results of this study the most sensitive response recorded for 

ethylene glycol exposure was observed in green algae Selenastrum capricornutum for 96-h LOEC 1923.4 mg/L. 

Thus, although ethylene glycol has low toxicity for aquatic organisms, the recommended water quality criterion 

for ethylene glycol in Canada is around 192 mg/L [4]. In the present study, ethylene glycol was also found low 

toxic to rainbow trout. These results are similar findings as the other reports.  

In order to reduce the environmental risks of the chemicals such as ethylene glycol and propylene, 

which prevent icing, it is planted with alfalfa (Medicago sativa) and Kentucky bluegrass (Poa pratensis) species 

and only ethylene glycol decomposition occurs in the soil. With this method, it was reported that ethylene glycol 

in the conditions of 0 °C provided conversion of carbon dioxide to 60.4%, 49.6%, and 24.4% [24]. Therefore, 

vegetation and mineralization of these types of chemicals in terrestrial environments without reaching the 

aquatic environment can be recommended as a valid measure for the protection of all environmental mediums. 
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