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Study on the health risk of 
cyanuric acid in swimming pool 
water and its prevention and 
control measures
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Cyanuric acid is a widely used fine chemical intermediate that acts as a free 
chlorine buffer in swimming pool water, wherein it is often used as a stabilizer 
to maintain the germicidal efficacy of chlorinated disinfectants. However, it 
has also been associated with health risks. Herein, we introduced the sources 
and functions of cyanuric acid in swimming pool water, focusing on potential 
health risks associated with excessive concentration of the component and 
the current control standards worldwide. Also, the prevention and control 
measures were summarized in terms of physical chemistry, biodegradation, 
and ultraviolet radiation to provide a basis for the development of public 
health policies for swimming pool management.

KEYWORDS

swimming pool, water quality testing, cyanuric acid, health risk, public health, 
review

Introduction

Swimming pools are public bathing places where many people share the same water. 
Therefore, disinfecting the pool water is crucial to prevent the spread of diseases and 
inactivate microbial pathogens. Chlorine-containing disinfectant products are the most 
commonly used disinfectants in public swimming pools that inactivate various bacteria 
and viruses. However, since chlorine can be easily degraded by solar ultraviolet radiation, 
cyanuric acid is used in outdoor swimming pools to bind to chlorine for protection 
against ultraviolet degradation (1). Nonetheless, at high concentrations, cyanuric acid can 
lead to some health risks (2–4). Moreover, in the presence of cyanuric acid, chlorine is 
inactivated against intestinal pathogens, exposing swimmers to an increased risk of acute 
gastrointestinal diseases (5). Therefore, additional studies on the role of cyanuric acid in 
swimming pool water and the potential health risks and prevention and control measures 
that may result from its excessive concentration would help in ensuring public health 
safety in swimming pools.

Application of cyanuric acid In swimming pool 
water

Products based on cyanuric acid have a history of use as disinfectants in swimming 
pools. As early as 1958, chlorinated cyanurates were used to disinfect swimming pool 
water in the United States (6). In 1974, Canelli discussed the chemical, bactericidal, toxic 
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properties and the application of cyanuric acid and chlorinated 
cyanurates in swimming pools (7). In addition, chlorine in swimming 
pool water helps in the removal of bacteria, algae, dust, and dirt from 
the water, maintaining a clean environment for swimmers. However, 
cyanuric acid does not decompose easily or remove naturally from the 
water. Hence, at high concentrations, cyanuric acid aggregates in water 
over a period, reducing the disinfection effect of hypochlorous acid 
and posing a serious threat to human health. This early application of 
cyanuric acid is essential to maintain adequate chlorine levels 
consistently, providing a stable and effective disinfection environment 
in swimming pools. Thus, chlorine stabilization prolongs cyanuric 
acid’s lifespan in the water, ensuring a consistent and lasting 
disinfection effect (8). When the concentration of cyanuric acid 
reaches >200 mg/L in swimming pools, chlorination disinfection 
produces a “chlorine lock” effect, following which additional chlorine 
disinfectants in the swimming pool do not generate sufficient free 
chlorine. Therefore, since a high concentration inhibits the effect of 
chlorination disinfection, the concentration of cyanuric acid should 
be  in a reasonable range (9) to maintain the water quality of the 
swimming pool. Unlike many other disinfectants, cyanuric acid 
protects chlorine from sunlight-mediated degradation, thus 
prolonging its effectiveness in sanitizing pool water (10). This 
stabilization effect facilitates a sustained and consistent disinfection 
process, making cyanuric acid a valuable component of long-term 
sanitation in swimming pools.

Melamine is highly soluble in water with a Log Pow value of −0.6 
(11), and the solubilities of urea and cyanuric acid were determined 
in the temperature range of 300.75–369.45 K (12). Cyanuric acid has 
been found to correlate with several other water quality indexes in 
swimming pools. For example, in swimming pools, it is positively 
correlated with free residual chlorine concentration. In pool water, if 
the disinfectant exerts a bactericidal effect (99.999%) on Escherichia 
coli, Streptococcus faecalis, and Staphylococcus, more disinfectants 
should be  added to water to achieve a high concentration of free 
chlorine; this, in turn prolongs the time required to kill the pathogens 
in the water (13). For example, at a pH 7.0 and temperature 25°C, 
0.5 mg/L free active chlorine and 30 mg/L cyanuric acids need 
significantly longer time to inactivate 99.9% of the virus compared to 
free active nitrogen alone by a factor of 4.8–28.8 (14).

Study on health risk and control 
standard of cyanuric acid in swimming 
pool water

Health risks of cyanuric acid

Cyanuric acid is a by-product of the process of adding 
disinfectants to swimming pool water. Typically, the toxicity of 
cyanuric acid is low, and the toxicity in humans after oral or dermal 
exposure to cyanuric acid is negligible. Most people tend to excrete 
>98% of the ingested cyanuric acid through urine within 24 h, and 
does not significantly affect human metabolism (15). Therefore, 
cyanuric acid concentration levels in swimming pool water are 
employed to assess the volume of pool water ingested by swimmers 
and to monitor the health risks associated with swimming pools (16). 
Sinclair et  al. (8) reported differences in the ability to metabolize 
cyanuric acid in various populations. The proportion of individuals 

with cyanuric acid excretion rates <80% within 24 h reached >25%, 
suggesting this swimmer’s pool water intake assessment index was not 
precise and may underestimate the intake level. Although the toxicity 
of cyanuric acid is not high, it may negatively affect human health. For 
example, cyanuric acid may irritate the eyes, skin, and respiratory 
system and damage the gastrointestinal tract or liver (17, 18). In 
addition, oral administration of cyanuric acid may seriously affect 
animal health. Considering the adverse effects of cyanuric acid on 
human health, the U.S. Environmental Protection Agency has 
classified cyanuric acid as one of the drinking water pollutants. The 
potential health risks associated with cyanuric acid stem from its 
ability to inhibit the efficiency of chlorine in disinfection. The excessive 
levels of cyanuric acid reduce chlorine activity, facilitating microbial 
proliferation in pool water. This compromised disinfection may 
increase the risk of waterborne illnesses due to inadequate elimination 
of bacteria, viruses, and other pathogens. Irrespective of ingestion or 
skin contact, direct exposure to high concentrations of cyanuric acid 
can lead to irritation, gastrointestinal distress, and in extreme cases, 
severe health effects.

In addition, when cyanuric acid and melamine are simultaneously 
present in the swimming pool water, the toxicity increases compared 
to cyanuric acid alone. This phenomenon may have an adverse effect 
on the urinary system of the human body, causing kidney and bladder 
stones and leading to kidney failure in severe cases (19). Occasionally, 
melamine is detected in the swimming pool water due to various 
factors, primarily related to its use in pool-related products or 
accidental contamination, especially in less regulated regions where it 
might be utilized in pool construction or maintenance (10). Several 
studies have highlighted the presence of melamine in food and its 
association with kidney toxicity, especially in cases of co-exposure to 
cyanuric acid and phthalates, emphasizing the risk of early kidney 
impairment. Dorne et  al. (20) and Liu et  al. (21) examined the 
interactions between these compounds and their effects on kidney 
health. The mechanism of melamine toxicity involves the formation 
of crystals with cyanuric acid in renal tubules, potentially leading to 
acute kidney failure. The co-exposure of cyanuric acid and melamine 
in animals and humans exhibited increased toxicity compared to 
individual exposure. Moreover, Xu et al. (22) underscored the complex 
toxic effects arising from co-exposure to melamine and cyanuric acid, 
showing cytotoxic and genotoxic effects in human kidney cells, which 
in turn suggested the formation of melamine-cyanuric acid complex.

Furthermore, cyanuric acid is implicated in pathological changes 
in other organs, including the spleen (23), liver (24), uterus (25), and 
humoral immune function (26). A recent study demonstrated that 
cyanuric acid inhibits presynaptic neurotransmission in a dose-
dependent manner by suppressing the frequency of excitatory 
postsynaptic currents in the hippocampal slices (27). This 
phenomenon might be  attributed to changes in residual calcium 
concentration at presynaptic terminals, as demonstrated by enhanced 
paired pulses (27). Interestingly, exposure to 10, 20, and 40 mg/kg 
cyanuric acid for four weeks severely damages thyroid hormone 
homeostasis, leading to anxiety-and depression-like behaviors (28). 
Therefore, it can be deduced that high concentrations of cyanuric acid 
induce neurotoxicity in various products (29). Melamine and cyanuric 
acid exhibited low toxicity individually but high toxicological effects 
upon co-exposure. Also, co-exposure leads to significant oxidative 
stress and damage to placental development, resulting in increased 
apoptosis and decreased fetal cell proliferation (30). The co-exposure 
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severely impairs neuronal and synaptic functions, reducing the 
amplitude, decay time, and frequency of miniature excitatory 
postsynaptic currents (mEPSCs) without affecting miniature 
inhibitory postsynaptic currents (mIPSCs) (31). Prenatal exposure to 
cyanuric acid elevates alkaline phosphatase levels in the maternal 
placenta and fetal brains (32).

Limited standard of cyanuric acid in 
swimming pool water

In order to regulate the concentration of cyanuric acid in 
swimming pools, all countries have clear standards, and most have set 
a control range of 10–200 mg/L in the swimming pool water (13). For 
example, the American standard for cyanuric acid in swimming pool 
water is at least 10 mg/L, preferably 30–50 mg/L, but not >150 mg/L. The 
Australian standard requires that the maximum concentration of 
cyanuric acid should not exceed 100 mg/L when used as a chlorine 
stabilizer. Also, cyanuric acid should not be used in indoor swimming 
pools and public spas. The British standards require that the maximum 
cyanuric acid concentration in a swimming pool should be <200 mg/L 
and optimally between 50 and 100 mg/L. The World Health 
Organization (WHO) has recommended the standard of cyanuric acid 
concentration in swimming pool water, according to which cyanuric 
acid should not be detected in indoor swimming pools, while the 
concentration in outdoor swimming pools should be <100 mg/L. The 
International Swimming Pool Foundation (NSPF) recommended 
maintaining the cyanuric acid concentration in swimming pool water 
between 10 and 100 mg/L. In China, certain standards are mainly 
related to swimming pool water quality indicators, such as “hygienic 
standard for swimming places” (GB 9667–1996) (33), “water quality 
standards for swimming pools” (CJ 244–2007; CJ/T 244–2016) (34, 
35), and “sanitary indicators and limit requirements for public places” 
(GB 37488) (36). Among these, GB 9667–1996 does not have clear 
regulations on the concentration of cyanuric acid; CJ 244–2007 
stipulates that the concentration of cyanuric acid in swimming pool 
water should be controlled <150 mg/L; CJ/T 244–2016 subdivides the 
cyanuric acid concentration standard in swimming pool water, 
stipulating that the cyanuric acid concentration in an outdoor 
swimming pool should be  <30 mg/L, while that in an outdoor 
swimming pool should be <100 mg/L; GB 37488–2019 stipulates that 
the cyanuric acid limit of swimming pool water should be 50 mg/L.

Detection of cyanuric acid in the swimming 
pool

The concentration of cyanuric acid in pool water is determined 
using various methods: liquid chromatography-mass spectrometry 
(LC–MS) (37), ultra-performance liquid chromatography-mass 
spectrometry (UPLC-MS) (11), and gas chromatography–mass 
spectrometry (GC–MS) (38). These techniques utilize 
chromatography to separate the compounds and mass spectrometry 
to identify and quantify cyanuric acid based on its unique molecular 
characteristics. LC–MS and UPLC-MS offer high sensitivity and 
accuracy in detecting cyanuric acid, while GC–MS, although less 
commonly used, is an alternative method for its identification 
through vapor-phase separation. These methods measure cyanuric 

acid levels in pool water, ensuring compliance with safety standards 
and appropriate disinfection.

Currently, only a few studies have detected the levels of cyanuric 
acid in swimming pool water, while many have employed the cyanuric 
acid concentration index to determine the quality of swimming pool 
water. Xiuying et al. (39) determined that the cyanuric acid levels in 
swimming pool water in the Dongcheng District of Beijing between 
April and August 2018 were 23.0 mg/L, with a qualified rate of 70.6%. 
Factors such as the type of establishment operation, structural design, 
type of shower equipment, and the way of disinfection were shown to 
have a significant impact on the qualified rate of cyanuric acid. Among 
these, the qualification rate of the school swimming pool was the 
highest, followed by hotels and restaurants, while social profit 
swimming pools had the lowest rates. The qualified rates of cyanuric 
acid in swimming pools with mandatory showers and automatic 
machine dosing were significantly higher compared to pools without 
mandatory showers and manual dosing. The swimming pool 
temperature and urea showed a positive correlation with cyanuric acid 
content. Liang et al. examined the cyanuric acid content in water of 21 
swimming pools in Kunshan City (40) and found that the 
concentration range was 2–79 mg/L, with a median of 
20.0 mg/L. Strikingly, the cyanuric acid qualifying rate was highest in 
open-air pools with cyanuric acid concentrations up to 10 mg/L, and 
the qualified rate was higher in indoor swimming pools with a 
window than in those without a window. The residual chlorine in 
water between 0.2 and 0.6 mg/L eliminated the pathogenic bacteria, 
such as Escherichia coli and Staphylococcus aureus. Based on the water 
quality standard for swimming pools (CJ/T 244–2016), Pei et  al. 
monitored and analyzed swimming pools in Changzhou from 2015 to 
2016. The study showed that the qualified rate of cyanuric acid in 
outdoor swimming pools was 100%, while that in indoor swimming 
pools was 77% (41). Based on the standard CJ 244–2016, Haixia et al. 
monitored the water quality of swimming pools in Chaoyang District, 
Beijing, in 2017 and found that the qualified rate of cyanuric acid in 
swimming pool water was 73.96%; the change in the qualified rate of 
cyanuric acid was similar in different months (42).

Prevention and control measures of 
cyanuric acid health risk in swimming 
pool water

The requirements for adding a cyanuric acid disinfectant to the 
pool water in terms of concentration are based on the water quality 
standards of swimming pools worldwide. Thus, cyanuric acid can 
be used for disinfection without any obvious damage to human health. 
The common methods to remove excess cyanuric acid include 
physicochemical, biodegradation, and ultraviolet irradiation.

Physicochemical method

The physicochemical method includes the removal of high 
concentrations of cyanuric acid (> 50 ppm), which is achieved by 
partially or completely emptying the pool and replacing the old with 
fresh water. The method can be subdivided into water supplementation 
and coagulation sedimentation filtration. The water replenishment 
method is effectuated by continuously replenishing fresh water in the 
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swimming pool. The major disadvantages of this method are cost and 
long duration. If water replenishment is carried out for large 
swimming pools, the replenishment volume should reach 25–50% of 
the total volume, which increases the operating cost of the swimming 
pool and causes a significant waste of water. Moreover, this method is 
not suitable for drought periods or areas (21) with scarce water 
resources. The coagulation sedimentation filtration method is based 
on a chemical reaction between melamine and cyanuric acid to 
produce a new compound (melamine cyanurate), which is precipitated 
and filtered to remove cyanuric acid from the pool water. Also, 
flocculants can be added to accelerate the precipitation effect of the 
compound (4). However, this method has some limitations, i.e., after 
the chemical reaction between melamine and cyanuric acid, the color 
of swimming water becomes green within 1–2 weeks and is usually 
negatively viewed by many swimmers (43). Somella et al. proposed a 
novel approach to remove cyanuric acid from swimming pools 
without the water turning green. The basic principle of this method is 
to add a residual chlorine neutralizer (such as sodium sulfite) to the 
pool water to decrease the chlorine content and then produce a 
precipitation compound through the chemical reaction between 
melamine and cyanuric acid. Subsequently, the precipitates are 
discharged through the filtration system of the swimming pool to 
remove cyanuric acid from the pool water without turning its green.

Biodegradation

The principle of biodegradation involves the degradation of 
cyanuric acid by adding hydrolytic enzyme active components to the 
pool water. In some studies, whole immobilized cells (44) expressing 
endogenous cyanuric acid hydrolase (33) or isolated hydrolase were 
utilized (45). Some studies (46) reported that N-methylisocyanuric 
acid is an excellent substrate for cyanuric acid hydrolase at a kcat of 
3.1 ± 0.3 s−1 and a Km of 71 ± 10 μM by testing the reaction of dozens 
of compounds with cyanuric acid. In addition, at a kcat/Km of 
4.4 × 104 s−1  M−1, N-methylisocyanuric acid and cyanuric acid 
measurements were of the same magnitude. However, N, N-dimethyl 
and N, N, N-trimethyl isocyanuric acid had no obvious reactivity with 
cyanuric acid hydrolase, indicating high substrate differentiation. 
Thus, introducing whole cells into the pool water is less efficient, and 
the whole treatment may take up to 2 weeks while applying cell-free 
cyanuric acid to the pool is more straightforward and effective. 
Showell et al. proposed a comprehensive approach for the removal of 
cyanuric acid using a combination of reagents, such as Bacillus, 
Lactobacillus, Pseudomonas, carbon sources (for example, 
carbohydrates, proteins, and polysaccharides), and inorganic minerals 
(such as disodium hydrogen phosphate, dipotassium hydrogen 
phosphate, and sodium chloride) (47); the combination of these 
reagents can remove cyanuric acid from water without harboring 
pathogenic microorganisms. In addition, Moorella thermoacetica 
(ATCC 39073) produce hydrolase capable of degrading cyanuric acid 
in water. This hydrolase has heat-resistant characteristics and great 
potential to be used in the degradation of cyanuric acid in swimming 
pool water. Moreover, it is difficult for the hydrolytic enzymes 
produced by this bacterium to remain active during the oxidation of 
the disinfectant, thereby affecting their effectiveness in removing 
cyanuric acid (48). However, aminopropyltriethoxysilane (APTES) 
can be used to reduce the extent to which disinfectants affect the 

activity of hydrolases, thus improving the removal of cyanuric acid 
from pool water (49). Presently, only a few enzyme products can 
be used for industrial applications because of the high capacity of 
common swimming pools. This phenomenon requires a high amount 
of cyanuric acid, and the potential denaturation of cyanuric acid is 
effectuated by residual free chlorine. Engineered hydrolases with 
C46A mutations improve hypochlorite resistance but are insufficient 
for use in swimming pools due to hypochlorite sensitivity, enzyme 
productivity, and thermal stability (50). In a recent study (2), Guo 
et al. identified a previously unknown cyanuric acid hydrolase from 
Pseudolabs sp. Root1462 (CAH-PR) by mining; the potential 
bioinformatics of cyanuric acid hydrolase genes were analyzed from 
public databases. The enzyme is suitable for industrial application in 
cell-free form based on its favorable enzymatic and physical properties 
combined with high-yield expression in aerobic cell culture. The 
kinetic parameters and model structure are similar to those of known 
cyanuric acid hydrolases; however, this new enzyme exhibited 
excellent thermal and storage stability.

Ultraviolet irradiation method

Previous studies have shown that UV radiation decomposes 
cyanuric acid, thus reducing the content of cyanuric acid in swimming 
pools (51). According to the literature, cyanuric acid content is lower 
in the water of outdoor swimming pools or where UV disinfection is 
applied to disinfect the pool. In swimming pools without ultraviolet 
radiation, stabilizing the residual chlorine content in the pool water is 
challenging, and it might pollute the water quality compared to 
swimming places with UV irradiation. Nonetheless, it should 
be pointed out that ultraviolet radiation cannot fundamentally resolve 
the issue of cyanuric acid overload. In order to control the cyanuric 
acid content of swimming pools, it is necessary to control disinfectant 
input. Moreover, the amount of cyanuric acid disinfectant should 
be determined according to whether the swimming pool is outdoors 
and whether it has ultraviolet disinfection equipment. For outdoor 
pools or those with UV disinfection equipment, the disinfectant input 
can be increased, and a combination of disinfectants or disinfection 
methods can be applied. This approach reduces the dependence on 
cyanuric acid-based disinfectants and the potential health risks posed 
by cyanuric acid accumulation.

Conclusion

Cyanuric acid can promote the role of chlorinated disinfectants in 
the swimming pool’s disinfection process; however, the accumulation 
of cyanuric acid in swimming pools may lead to new health risks. The 
common approaches to control cyanuric acid concentration in 
swimming pools include physicochemical, biodegradation, and 
ultraviolet radiation methods. However, these methods vary in cost, 
efficacy, and application. Therefore, cyanuric acid health risk 
prevention and control measures should be  selected cautiously 
according to the specific type of swimming pool, water quality 
requirements, and cost efficiency to ensure maximum disinfection 
effect of cyanuric acid while avoiding potential health risks caused by 
excessive disinfectants. In order to control the concentration of 
cyanuric acid in swimming pool water, additional studies are required 
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to establish the standards suitable for Chinese and international 
swimming pool water. This would aid in comparing the effects of 
different methods to control the concentration of cyanuric acid in 
swimming pools and determine the appropriate conditions of various 
methods, thus improving their effectiveness.

Author contributions

ZC: Writing – original draft. YS: Writing – original draft. JC: 
Funding acquisition, Supervision, Writing – review & editing. ZL: 
Funding acquisition, Supervision, Writing – review & editing. TW: 
Writing – original draft.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This work 
was supported by Shanghai Three-year Action Plan to Strengthen 
the Construction of Public Health System (2023–2025) Key 
Discipline Construction, Research on Environmental Health Risk 

Assessment and Intervention Strategies for Key Places in 
Megacities (GWVI-11.1-38), and the Shanghai Center for Disease 
Control and Prevention, “Green Cultivation Program” for Young 
Scientific and Technological Talents, Study on Cyanuric Acid 
Level and its Influencing Factors in Swimming Pool Water of 
Shanghai, 2022-51.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Anping C, Yuxia L, Junfeng C, Zhen R, Yonghong Z, Feng Y, et al. Electrocatalytic 

degradation of cyanuric acid in swimming Pool water. Appl Chem Eng. (2020) 49:1970–3. 
doi: 10.3969/j.issn.1671-3206.2020.0

 2. Chang L, Yue Z, She R, Sun Y, Zhu J. The toxic effect of a mixture of melamine and 
cyanuric acid on the gastrointestinal tract and liver in mice. Res Vet Sci. (2015) 
102:234–7. doi: 10.1016/j.rvsc.2015.08.018

 3. Sun H, Wang K, Wei H, Li Z, Zhao H. Cytotoxicity, organ distribution and 
morphological effects of melamine and cyanuric acid in rats. Toxicol Mech Methods. 
(2016) 26:501–10. doi: 10.1080/15376516.2016.1201559

 4. Yin RH, Wang X, Wang XZ, Bai WL, Yin RL, Wu CD, et al. Effect of melamine in 
the absence and presence of cyanuric acid on ultrastructure of visceral organs in male 
mice. Isr J Vet Med. (2013) 68:56–64. doi: 10.1002/zoo.21039

 5. Guo F, McAuliffe JC, Bongiorni C, Latone JA, Pepsin MJ, Chow MS, et al. A 
procedure for removal of cyanuric acid in swimming pools using a cell-free thermostable 
cyanuric acid hydrolase. J Ind Microbiol Biotechnol. (2022) 49:kuab084. doi: 10.1093/
jimb/kuab084

 6. Peiquan L, Ning W. Production and application of Chloroisocyanurate. Guangxi: 
Guangxi Chemical Technology (1979).

 7. Canelli E. Chemical, bacteriological, and toxicological properties of cyanuric acid 
and chlorinated Isocyanurates as applied to swimming Pool disinfection: a review. Am 
J Public Health. (1974) 64:155–62. doi: 10.2105/ajph.64.2.155

 8. Pickens SR. Cyanuric acid requirement versus free chlorine in Pool water. J Swim 
Pool Spa Ind. (2023) 6:6–13.

 9. Yuan W, Xiaojun L, Jian L, Yujia P, Zhirong Z, Yuting L, et al. Turbidimetric 
determination of cyanuric acid in swimming Pool water. Chin J Disinf. (2021) 38:2. doi: 
10.11726/j.issn.1001-7658.2021.02.001

 10. Zhu H, Kannan K. Occurrence and distribution of melamine and its derivatives in 
surface water, drinking water, precipitation, wastewater, and swimming pool water. 
Environ Pollut. (2020) 258:113743. doi: 10.1016/j.envpol.2019.113743

 11. Takazawa M, Suzuki S, Kannan K. Leaching of melamine and cyanuric acid from 
melamine-based tableware at different temperatures and water-based simulants. Environ 
Chem Ecotoxicol. (2020) 2:91–6. doi: 10.1016/j.enceco.2020.07.002

 12. Yao Y, Wen Y, Yang C, Zhang J, Ren Q, Shi X. Determination and correlation for 
solubilities of urea and cyanuric acid in organic solvents from 300.75 K to 369.45 K. 
Thermochim Acta. (2020) 689:178613. doi: 10.1016/j.tca.2020.178613

 13. Robinton ED, Mood EW. An evaluation of the inhibitory influence of cyanuric acid 
upon swimming Pool disinfection. Am J Public Health Nations Health. (1967) 57:301–10. 
doi: 10.2105/ajph.57.2.301

 14. Yamashita T, Sakae K, Ishihara Y, Isomura S, Takeuchi K. Microbiological and 
chemical analyses of indoor swimming pools and virucidal effect of chlorine in these 
waters. Jpn J Pub Health. (1990) 37:962–6.

 15. Sinclair M, Roddick F, Grist S, Nguyen T, O'Toole J, Leder K. Variability in 24 hour 
excretion of cyanuric acid: implications for water exposure assessment. J Water Health. 
(2016) 14:192–8. doi: 10.2166/wh.2015.230

 16. Suppes LM, Abrell L, Dufour AP, Reynolds KA. Assessment of swimmer Behaviors 
on Pool water ingestion. J Water Health. (2014) 12:269–79. doi: 10.2166/wh.2013.123

 17. Brown CA, Jeong KS, Poppenga RH, Puschner B, Miller DM, Ellis AE, et al. 
Outbreaks of renal failure associated with melamine and cyanuric acid in dogs and cats 
in 2004 and 2007. J Vet Diagn Invest. (2007) 19:525–31. doi: 10.1177/104063870701900510

 18. Han X, Lijun P, Bo S, Xiaoyuan Y. Discussion on sanitary index system of 
swimming places. J Occup Environ Hyg. (2016) 6:6. doi: 10.13421/j.cnki.
hjwsxzz.2016.06.011

 19. Huitao L, Xiumei X, Qingkui J. Research progress on toxicity and pathogenic 
mechanism of melamine and cyanuric acid. Special Res. (2010) 32:4. doi: 10.3969/j.
issn.1001-4721.2010.04.016

 20. Dorne JL, Doerge DR, Vandenbroeck M, Fink-Gremmels J, Mennes W, Knutsen 
HK, et al. Recent advances in the risk assessment of melamine and cyanuric acid in 
animal feed. Toxicol Appl Pharmacol. (2013) 270:218–29. doi: 10.1016/j.taap.2012.01.012

 21. Liu S, Wang Y, Huang F, Wang H, Yang R, Yang Q, et al. Associations of exposure 
to melamine, cyanuric acid, phthalates with markers of early kidney impairment, and 
their interactions in US adults: analyses of NHANES 2003–2004 data. Environ Sci Pollut 
Res. (2022) 29:79516–28. doi: 10.1007/s11356-022-21455-9

 22. Xu X, Lu J, Sheng H, Zhang L, Gan T, Zhang J, et al. Evaluation of the cytotoxic 
and genotoxic effects by melamine and cyanuric acid co-exposure in human embryonic 
kidney 293 cells. Braz J Med Biol Res. (2020) 53:e9331. doi: 10.1590/1414-431x20209331

 23. Yin RH, Dong Q, Li HS, Yuan J, Li XT, Yin RL, et al. The effects of melamine with 
or without cyanuric acid on immune function in ovalbumin-sensitized mice. Res Vet Sci. 
(2017) 114:254–61. doi: 10.1016/j.rvsc.2017.05.015

 24. Al-Sieni AI, El Rabey H, Majami AA. Biochemical and histopathological effects of 
melamine on liver, spleen, heart and testes in male rats. Life Sci J. (2013) 10:2048–59.

 25. Stine CB, Reimschuessel R, Keltner Z, Nochetto CB, Black T, Olejnik N, et al. 
Reproductive toxicity in rats with crystal nephropathy following high doses of oral melamine 
or cyanuric acid. Food Chem Toxicol. (2014) 68:142–53. doi: 10.1016/j.fct.2014.02.029

 26. Yin RH, Li XT, Wang X, Li HS, Yin RL, Liu J, et al. The effects of melamine on 
humoral immunity with or without cyanuric acid in mice. Res Vet Sci. (2016) 105:65–73. 
doi: 10.1016/j.rvsc.2016.01.016

 27. Sun W, Yang Y, Wu Z, Chen X, Li W, An L. Chronic cyanuric acid exposure 
depresses hippocampal LTP but does not disrupt spatial learning or memory in the 
Morris water maze. Neurotox Res. (2021) 39:1148–59. doi: 10.1007/s12640-021-00355-9

 28. Wang S, Zhang J, Zhang S, Shi F, Feng D, Feng X. Exposure to melamine cyanuric 
acid in adolescent mice caused emotional disorder and behavioral disorder. Ecotoxicol 
Environ Saf. (2021) 211:111938. doi: 10.1016/j.ecoenv.2021.111938

https://doi.org/10.3389/fpubh.2023.1294842
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3969/j.issn.1671-3206.2020.0
https://doi.org/10.1016/j.rvsc.2015.08.018
https://doi.org/10.1080/15376516.2016.1201559
https://doi.org/10.1002/zoo.21039
https://doi.org/10.1093/jimb/kuab084
https://doi.org/10.1093/jimb/kuab084
https://doi.org/10.2105/ajph.64.2.155
https://doi.org/10.11726/j.issn.1001-7658.2021.02.001
https://doi.org/10.1016/j.envpol.2019.113743
https://doi.org/10.1016/j.enceco.2020.07.002
https://doi.org/10.1016/j.tca.2020.178613
https://doi.org/10.2105/ajph.57.2.301
https://doi.org/10.2166/wh.2015.230
https://doi.org/10.2166/wh.2013.123
https://doi.org/10.1177/104063870701900510
https://doi.org/10.13421/j.cnki.hjwsxzz.2016.06.011
https://doi.org/10.13421/j.cnki.hjwsxzz.2016.06.011
https://doi.org/10.3969/j.issn.1001-4721.2010.04.016
https://doi.org/10.3969/j.issn.1001-4721.2010.04.016
https://doi.org/10.1016/j.taap.2012.01.012
https://doi.org/10.1007/s11356-022-21455-9
https://doi.org/10.1590/1414-431x20209331
https://doi.org/10.1016/j.rvsc.2017.05.015
https://doi.org/10.1016/j.fct.2014.02.029
https://doi.org/10.1016/j.rvsc.2016.01.016
https://doi.org/10.1007/s12640-021-00355-9
https://doi.org/10.1016/j.ecoenv.2021.111938


Chen et al. 10.3389/fpubh.2023.1294842

Frontiers in Public Health 06 frontiersin.org

 29. Karbiwnyk CM, Williams RR, Andersen WC, Turnipseed SB, Madson MR, Miller KE, 
et al. Bioaccumulation of cyanuric acid in edible tissues of shrimp following experimental 
feeding. Food Addit Contam Part A. (2010) 27:1658–64. doi: 10.1080/19440049.2010.517221

 30. Kim WI, Pak SW, Lee SJ, Moon C, Shin IS, Lee IC, et al. Effects of melamine and 
cyanuric acid on placental and fetal development in rats. Food Chem Toxicol. (2023) 
177:113862. doi: 10.1016/j.fct.2023.113862

 31. Sun W, Chen X, Mei Y, Li X, Yang Y, An L. Co-exposure of melamine and cyanuric 
acid as a risk factor for oxidative stress and energy metabolism: adverse effects on 
hippocampal neuronal and synaptic function induced by excessive ROS production. 
Ecotoxicol Environ Saf. (2022) 247:114230. doi: 10.1016/j.ecoenv.2022.114230

 32. Sun W, Yang Y, Chen X, Mei Y, Li X, An L. Prenatal cyanuric acid exposure 
disrupts cognitive flexibility and mGluR1-mediated hippocampal long-term depression 
in male rats. Toxicol Lett. (2022) 370:74–84. doi: 10.1016/j.toxlet.2022.09.012

 33. Ministry of Health. Ministry of Health of the People's republic of Chinagb 9667–1996 
hygienic standard for swimming places. Beijing: China Standard Press (1996).

 34. Ministry of Construction. Ministry of Construction of the People's republic of 
Chinacj/T 244–2007 water quality standard for swimming Pool. Beijing: China Standard 
Press (2007).

 35. Ministry of Construction. Ministry of Construction of the People's republic of 
Chinacj/T 244–2016 water quality standard for swimming Pool. Beijing: China Standard 
Press (2016).

 36. Bo S, Xiaoyuan Y, Pan Lijun E. Nterpretation of the standard “hygienic index and 
limit requirements for public places” (Gb37488-2019). J Environ Hyg. (2021) 11:268–74. 
doi: 10.13421/j.cnki.hjwsxzz.2021.03.009

 37. Guo J, Wu C, Zhang J, Chang X, Zhang Y, Cao Y, et al. Associations of melamine 
and cyanuric acid exposure with markers of kidney function in adults: results from 
NHANES 2003–2004. Environ Int. (2020) 141:105815. doi: 10.1016/j.envint.2020.105815

 38. Wei Y, Yang Y, Chen B, Yang B. Green detection of trace cyanuric acid and free 
chlorine together via ion chromatography. Chemosphere. (2022) 292:133378. doi: 
10.1016/j.chemosphere.2021.133378

 39. Xiuying F, Huang L, Yanjie Z. Analysis of cyanuric acid level and its related factors 
in swimming pool water of a district of Beijing. J Environ Hyg. (2019) 9:4. doi: 10.13421/j.
cnki.hjwsxzz.2019.04.006

 40. Xiaojun L, Haizhen W, Wang Yueming EA. Study on the content of cyanuric acid 
in swimming Pool water and its effect on chlorination disinfection. Chinese J Disinf. 
(2018) 35:6. doi: 10.11726/j.issn.1001-7658.2018.06.018

 41. Pei W, Guoqiang W, Fan Shuxing EA. Analysis of water quality monitoring 
results of swimming Pool in Changzhou City from 2015 to 2016. Modern Prev Med. 
(2018) 45:3874–7.

 42. Haixia Z, Meiyun Z, Sun Xiaobing EA. Sanitary monitoring results of water quality 
in swimming pools in Chaoyang District of Beijing in 2017. Occupation Health. (2018) 
34:5.

 43. Xiaojun L, Jianxin Z, Haibing Y. Research Progress of cyanuric acid in swimming 
Pool water. J Environ Hyg. (2017) 7:4. doi: 10.13421/j.cnki.hjwsxzz.2017.04.012

 44. Radian A, Aukema KG, EA AA. Silica gel for enhanced activity and hypochlorite 
protection of cyanuric acid hydrolase in recombinant Escherichiacoli. MBio. (2015) 
6:e01477–15. doi: 10.1128/mBio.01477-15

 45. I. TV. Methods, compositions and devices for maintaining chemical balance of 
chlorinated water: U.S. patent 9, 422, 609 (2016).

 46. Fruchey I, Shapir N, Sadowsky MJ, Wackett LP. On the origins of cyanuric 
acid hydrolase: purification, substrates, and prevalence of Atzd from pseudomonas 
Sp. Strain ADP. Appl Environ Microbiol. (2003) 69:3653–7. doi: 10.1128/
aem.69.6.3653-3657.2003

 47. Showell M S, Carpenter R S, Gorsuch J E A. (2016). Method for reducing cyanuric 
acid in recreational water systems: U.S. patent 9, 302, 924

 48. Sefferniek JL, Wackett LP. Ancient evolution and recent evolution converge for the 
biodegradation of Eyanuric acid and related triazines. Appl Environ Microbiol. (2016) 
82:1638–45. doi: 10.1128/AEM.03594-15

 49. Murphy JL, Arrowood MJ, Lu X, Hlavsa MC, Beach MJ, Hill VR. Effect of 
cyanuric acid on the inactivation of Cryptosporidium Parvum under hyperchlorination 
conditions. Environ Sci Technol. (2015) 49:7348–55. doi: 10.1021/acs.est.5b00962

 50. Wackett L P, Seffernick J L K A. (2019). Hypochlorite resistant cyanuric acid 
hydrolases and methods of use thereof: U.S. patent 9, 302, 924

 51. Fengchao H, Yanyan J, Zhou Huixia X, Cixian ZL, Fang Z, et al. The level of 
cyanuric acid in swimming Pool water in Fengtai District of Beijing from 2017 to 2018 
and its correlation with other detection indexes. Capital Pub Health. (2020) 14:4.

https://doi.org/10.3389/fpubh.2023.1294842
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1080/19440049.2010.517221
https://doi.org/10.1016/j.fct.2023.113862
https://doi.org/10.1016/j.ecoenv.2022.114230
https://doi.org/10.1016/j.toxlet.2022.09.012
https://doi.org/10.13421/j.cnki.hjwsxzz.2021.03.009
https://doi.org/10.1016/j.envint.2020.105815
https://doi.org/10.1016/j.chemosphere.2021.133378
https://doi.org/10.13421/j.cnki.hjwsxzz.2019.04.006
https://doi.org/10.13421/j.cnki.hjwsxzz.2019.04.006
https://doi.org/10.11726/j.issn.1001-7658.2018.06.018
https://doi.org/10.13421/j.cnki.hjwsxzz.2017.04.012
https://doi.org/10.1128/mBio.01477-15
https://doi.org/10.1128/aem.69.6.3653-3657.2003
https://doi.org/10.1128/aem.69.6.3653-3657.2003
https://doi.org/10.1128/AEM.03594-15
https://doi.org/10.1021/acs.est.5b00962

	Study on the health risk of cyanuric acid in swimming pool water and its prevention and control measures
	Introduction
	Application of cyanuric acid In swimming pool water
	Study on health risk and control standard of cyanuric acid in swimming pool water
	Health risks of cyanuric acid
	Limited standard of cyanuric acid in swimming pool water
	Detection of cyanuric acid in the swimming pool

	Prevention and control measures of cyanuric acid health risk in swimming pool water
	Physicochemical method
	Biodegradation
	Ultraviolet irradiation method

	Conclusion
	Author contributions

	References

