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Abstract

Chronic Kidney Disease of Unknown Etiology (CKDu) emerges as a public health concern,
particularly in low-and middle-income countries. Recent studies indicate a considerable
rise in CKDu cases and the emergence of new hotspots in rural India, where minimal
healthcare access and poor working conditions exacerbate vulnerability. Higher prevalence
of Chronic Kidney Disease without attributing a cause, mostly prevalent in Southern
India. Cases are predominantly reported from Telengana, Andra Pradesh, Tamil Nadu,
Goa, Odisha, Punjab and Chattisgarh. In India, the disparity in healthcare infrastructure,
particularly for dialysis and transplantation, along with social stigma, hampers effective
management and early detection. Addressing CKDu demands an integrated approach
from environmental, legal, public health and policy framework for ensuring enhanced
water quality assessments. Early diagnostic measures, engaging multidisciplinary
research and drawing lessons from global experiences to formulate evidence-based
interventions is pivotal.

Keywords: Chronic Kidney Disease of Unknown Etiology, CKDu, Water Quality, Legal-institutional
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1. Introduction

Chronic Kidney Disease (CKD) has become an alarming public health issue globally,
particularly in low- and middle-income countries. CKD prevalence has been reported
to range from 11% to 13% (Hill et al., 2016). Chronic Kidney Disease of Unknown
etiology (CKDu) is a term applied to CKD, frequently reported in agricultural
communities, that occurs in the absence of traditional causes such as diabetes,
long-standing or severe hypertension, glomerulonephritis or other identifiable kidney
disease. Operational case definitions differ across regions and studies, and there
is currently no globally agreed definition (Johnson et al., 2019; John et al., 2021).
Recent surveys and studies have identified a substantial increase in CKDu
cases and identification of new CKDu hotspots across various regions in India,
particularly in rural areas (Parameswaran et al., 2020; Mahapatra and Inamdar 2021;
Galhotra et al,, 2024). CKDu has been reported at higher prevalence in parts
of southern India (O'Callaghan-Gordo et al., 2019). Cases have been reported mainly
in Telangana, Andhra Pradesh, Tamil Nadu, Goa, Odisha, Punjab, and Chhattisgarh
(Johnetal, 2021). Inrural areas, limited access to advanced healthcare can make
treatments such as dialysis and transplantation difficult to obtain, underscoring the
importance of prevention.

Although India’s constitutional and legal framework recognizes the need for clean and
safe water, the meaning of these terms may not always be clearly defined or
consistently applied. Poor water-quality monitoring and control could further
constrain preventive efforts in areas where CKDu has been reported.

CKDu has also been reported in several regions worldwide. While cases share some
clinical features, differences in presentation and context across regions complicate
efforts to establish a precise, universally applicable definition.

CKD is diagnosed through a clinical assessment that commonly includes blood
and urine tests, with imaging and, in selected cases, a kidney biopsy. Key measures
include the estimated glomerular filtration rate (eGFR) and urine albumin-to-creatinine
ratio (ACR). CKD is defined by an eGFR below 60 mL/min/1.73 m?, an ACR above
30 mg/g, or other markers of kidney damage that persist for at least three months
(Singh et al., 2009; Chen et al., 2019).

2. Etiology, environmental factors and water quality
Numerous hypotheses have been proposed to explain the rising incidence of CKDu,

including environmental, behavioural, immunity-related and genetic factors, with the
former being the most discussed etiology. However, many of these hypotheses still
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need to be validated. In India, one of the hypotheses regarding the causative factors
related to Uddanam Endemic Nephropathy and Tondaimandalam Nephropathy
include high levels of silica and heavy metals in water and high use of pesticides
(Paidi et al., 2027). However, these evidences are inconclusive in nature as the
cross-sectional works reported are largely based on preliminary observations with
very limited samples. Therefore, there is a pressing need for research to explore
water quality, especially the role of trace metals and organic contaminants, and their
potential carcinogenic effects. Furthermore, the lack of baseline data on dissolved
organic compounds highlights the need for extensive hydro-chemical research.

The geographical clustering of CKDu hotspots suggests its possible linkage
to water quality. The lack of a comprehensive legal mechanism to ensure water
quality monitoring, especially for organic contaminants, further complicates the
situation. Regular water quality monitoring by the Central Pollution Control Board
(CPCB), India, and Central Ground Water Board (CGWB), India typically focuses on
common parameters such as hardness, pH, Electrical conductivity, total dissolved

Routine CGWB/CPCB

Parameter group monitoring BIS IS 10500:2012

pH, TDS, total hardness Monitored Specified None

Monitored, but no
health-based standard

Cl, SO, NOg, F, Ca, Mg Monitored Specified None
Reported by CGWB,

EC, Na, K, HCO,, CO,, PO,, SiO, Monitored No limit specified

Fe, Mn, Cu, Zn, As, Pb, Cd, Ni, Cr but not for all stations Specified Incomplete monitoring
: Not reported ) o
Hg, Se, Ba, Mo, Al, B, Ag, cyanide in CGWB 2024 data Specified Monitoring gap
' No limit .
Uranium Reported by CGWB (gross alpha/beta only) Standard-setting gap
Specified
Pesticide residues Not reported as routine  (Table 5; 18 pesticides, Monitoring gap

no glyphosate)

Pol aromatic hydrocarbons (PAHS),

Polychlorinated biphenyls (PCBs),

phenolic compounds, mineral oil,
trihalomethanes

Not reported as routine Specified Monitoring gap

Phthalates, benzene
and other VOCs

Standard-setting

Not routinely reported Not specified and monitoring gap

Table 1. Comparison of parameters under routine groundwater and water-quality monitoring by CGWB and CPCB
with those specified for drinking water in IS 10500:2012 (BIS), highlighting gaps in monitoring and standard-setting
for organic contaminants relevant to CKDu research.
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solids, selected ions (COZ-, HCOg, ClI-, SO/, NO5, PO/, Ca?t, Mg?*, Nat, K+, F")
and selected trace elements (U and As). Although IS 10500:2012 specifies limits for
selected organic parameters (pesticide residues, PAHs, PCBs, phenolic compounds,
mineral oil and trihalomethanes), routine groundwater monitoring by CGWB/CPCB
primarily reports inorganic parameters (Table 1). Phthalates and other hydrocarbons
are neither routinely monitored nor covered by a prescribed limit. The absence
of baseline data on the organic chemistry of water makes it challenging to compare
data from affected areas, hindering efforts to identify potential contaminants
associated with CKDu.

3. Health impact, inequities in accessing health care,
and social stigma related to CKDu

The primary issue in India is the lack of systematic screening for kidney disease
at the community level, leading to delays in early detection and timely diagnosis.
Consequently, patients often seek medical support at healthcare facilities at
an advanced stage of the disease. At this late point, compromised renal function
frequently leads to secondary hypertension and altered glucose metabolism,
making it difficult to determine whether hypertension/diabetes was the primary
driver of kidney disease or a secondary consequence of advanced renal impairment
(Jolly and Thomas, 2022). This diagnostic ambiguity underscores the critical
necessity of early community-level screening to accurately differentiate primary
CKDu from traditional diabetic or hypertensive nephropathy before secondary
complications supervene. This progression underscores the importance of early
diagnosis to distinguish between CKDu and CKD. In addition, research indicates
a potential link between dissolved organic compounds and the development
of hypertension and diabetes, further emphasizing the need for comprehensive
monitoring and research (Stallings-Smith et al,, 2018; Lu and Ni, 2023). In India, the
availability of dialysis and kidney transplantation facilities is grossly inadequate.
According to recent statistics, India has approximately 5,000 dialysis centres, with
90% in urban areas (Billa et al., 2026). However, rural areas where CKDu hotspots are
emerging often have limited access to kidney care. In 2018, an estimated 175,000
people in India were receiving chronic dialysis, while the country had only about 2,600
practicing nephrologists (Bharati and Jha, 2020). The lack of facilities exacerbates
the problem, leaving many patients without access to essential treatment.

Social stigma surrounds CKD and CKDu, which might lead to underreporting and
reluctance among affected individuals to seek medical help. In some areas such
as Uddanam, Andhra Pradesh, India, there is reluctance observed to disclose
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health issues to officials or researchers (John et al.,, 2021). This reluctance results
in patients consulting doctors only at advanced stages of the disease, complicating
diagnosis and treatment.

Addressing CKDu requires an integrated, multidisciplinary approach. Collaboration
among experts in health, epidemiology, geology, chemistry, and biochemistry
is essential to tackle this public health concern. For instance, research in Sri
Lanka has demonstrated a decline in CKDu cases by providing Reverse Osmosis
(RO) water for drinking purposes (Ranasinghe et al.,, 2024) suggesting that water
quality plays a crucial role in the disease’s prevalence. In Central America, enhanced
workplace interventions for sugarcane workers (adequate purified water, rest
and shade) have been associated with lower kidney injury and eGFR decline
(Wesseling et al., 2020), suggesting that prevention can be effective even where the
precise cause remains unresolved. Together with the Sri Lankan experience, these
examples support context-specific, multi-pronged prevention strategies for India.
The emerging CKDu hotspots in India highlight a pressing public health challenge
exacerbated by inadequate healthcare facilities, environmental factors, and social
stigma. Addressing CKDu requires a comprehensive approach that includes improved
water quality monitoring, early diagnosis, and multidisciplinary research. As a first step
in the preventive direction, improving the quality of water and ensuring acceptable
standards for drinking water through appropriate legal mechanisms is very important.

4. Regulating water quality: ethical and legal perspectives

The pertinent issues related to the identification of CKDu hotspots in India and its
possible association with water quality parameters essentially demands an attention
over ethical-legal perspectives. A significant aspect of this issue lies in the violation
of fundamental rights guaranteed under the Constitution of India (Article 21)" along
with ineffective implementation of associated legal provisions. The history of water
rights discourse demanded a fundamental shift from analysing water as a ‘commodity’
to water as a ‘social good’ for addressing socio-economic disparities associated with
water allocation, control, rights and use (Larrick, 2017). Despite the existence of water
laws and regulation in the country, the real issue in the context is availability and
accessibility of clean water for use. This is crucial on account of studies reflecting
on socio-economic status of individuals and its correlation with CKDu incidence.

' https://cdnbbsr.s3waas.gov.in/s380537a945¢7aaa788ccfcdf1099b5d8f/uploads/2024/07/20240716890312078.pdf
(accessed 26 October 2026).
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India recognize the rights-based discourse on water and judicial decisions
in India effectively acknowledge right to water as part of right to life which falls
under Article 21 of the Constitution of India (Muralidhar 2006; Narain, 2010). This
extended interpretation reiterates right to safe drinking water coupled along with right
to health and right to clean and healthy environment as fundamental to human life
(Wahi, 2022).

These constitutional and legal rights stand as a substantial reason for the need for
ensuring water quality especially on account of rising CKDu incidence in certain hotspot
areas like Tamil Nadu. The right to safe and clean water is upheld as a fundamental
right and basic entitlement of people, however, the substantive content of the right is
not defined or clarified. For example, although the right to water is associated with
access to ‘clean’ and ‘safe’ water, these terms remain insufficiently defined across
policy, regulatory, and legal frameworks. This leads to ineffective enforcement
of quality controls in the country (Sharma, 2017).

The Water (Prevention and Control of Pollution) Act (1974)? has provided for the
establishment of Pollution Control Boards at central and state level as regulatory
bodies for ensuring measures for prevention, control and abatement of water
pollution. The Act has not contemplated much on quality standards for water
quality. World Health Organization has also prescribed guidelines for country-based
adoptionin its regulation and standard setting for drinking water quality (WHO, 2022).
Apart from this, Bureau of Indian Standards has also prescribed the drinking
water specification ISO 10500:2012° for ensuring water quality standards for
drinking water. It is important to note that the regulatory assessment framework
focuses largely on faecal coliforms, faecal streptococci, pH, dissolved oxygen, and
biochemical oxygen demand. The presence of organic chemical components is
relatively out of regulatory scope on account of non-inclusion of chemicals in the
standards. Literature has also accounted that weak institutional framework, ineffective
periodic quality assessments, ill-defined regulatory standards and updating of newly
discovered chemical formulations has contributed to the weakened quality standard
assessment for drinking water in India (Sharma, 2024).

5. Conclusion

From an epidemiological point of view, there is a lack of a comprehensive approach
to understanding the burden of CKDu and unravelling its causes in India. The quality

2 https://faolex.fao.org/docs/pdf/ind2085.pdf (accessed 26 October 2026).
3 https://law.resource.org/pub/in/bis/S06/is.10500.2012.pdf (accessed 26 October 2026).
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standard prescription for drinking water must be implemented with periodic updating
of regulatory standards through effective assessment and continuous monitoring. The
existing legal provisions should be effectively implemented and the regulatory scope
needs to be widened to check for the presence of organic chemical components.
Moreover, such testing requirement has to be incorporated as mandatory clauses
so that Central Pollution Control Board (CPCB) and State Pollution Control Boards
(SPCB) can conduct these analyses along with their routine sample analysis. In
addition to this, there has to be decentralization of the water governance framework
as well as adoption of measures to strengthen capacity augmentation of local
self-government on standard quality assessment of drinking water. Mandating
routine organic chemical profiling within CPCB and SPCB frameworks represents
an urgent public health priority. Immediate state and central legislative actions are
essential to establish clear regulatory timelines and enforce clean water standards
to mitigate the expanding CKDu burden and shape the direction of preventive
measures across rural India.
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