
 

 

WHO/FWC/WSH/16.44 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Dichlorvos in Drinking-water 
 

Background document for development of 

WHO Guidelines for Drinking-water Quality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 World Health Organization 2016 

 
All rights reserved. Publications of the World Health Organization can be obtained from WHO Press, 

World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791 3264; 

fax: +41 22 791 4857; email: bookorders@who.int).  

Requests for permission to reproduce or translate WHO publications – whether for sale or for non-

commercial distribution – should be addressed to WHO Press at the above address 

(fax: +41 22791 4806; email: permissions@who.int).  

The designations employed and the presentation of the material in this publication do not imply the 

expression of any opinion whatsoever on the part of the World Health Organization concerning the 

legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of 

its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there 

may not yet be full agreement.  

The mention of specific companies or of certain manufacturers’ products does not imply that they are 

endorsed or recommended by the World Health Organization in preference to others of a similar 

nature that are not mentioned. Errors and omissions excepted, the names of proprietary products are 

distinguished by initial capital letters.  

All reasonable precautions have been taken by the World Health Organization to verify the 

information contained in this publication. However, the published material is being distributed 

without warranty of any kind, either expressed or implied. The responsibility for the interpretation and 

use of the material lies with the reader. In no event shall the World Health Organization be liable for 

damages arising from its use.  

The named authors alone are responsible for the views expressed in this publication. 

 



 

iii 

 

Preface 

Access to safe drinking-water is essential to health, a basic human right and a component of effective 

policy for health protection. A major World Health Organization (WHO) function to support access to 

safe drinking-water is the responsibility “to propose ... regulations, and to make recommendations 

with respect to international health matters ...”, including those related to drinking-water safety and 

management.  

The first WHO document dealing specifically with public drinking-water quality was published in 

1958 as International Standards for Drinking-water. It was subsequently revised in 1963 and in 1971 

under the same title. In 1984–1985, the first edition of the WHO Guidelines for Drinking-water 

Quality (GDWQ) was published in three volumes: Volume 1, Recommendations; Volume 2, Health 

criteria and other supporting information; and Volume 3, Surveillance and control of community 

supplies. Second editions of these volumes were published in 1993, 1996 and 1997, respectively. 

Addenda to Volumes 1 and 2 of the second edition were published in 1998, addressing selected 

chemicals. An addendum on microbiological aspects reviewing selected microorganisms was 

published in 2002. The third edition of the GDWQ was published in 2004, the first addendum to the 

third edition was published in 2006 and the second addendum to the third edition was published in 

2008. The fourth edition was published in 2011, and the first addendum to the fourth edition was 

published in 2017.  

The GDWQ are subject to a rolling revision process. Through this process, microbial, chemical and 

radiological aspects of drinking-water are subject to periodic review, and documentation related to 

aspects of protection and control of drinking-water quality is accordingly prepared and updated.  

Since the first edition of the GDWQ, WHO has published information on health criteria and other 

supporting information to the GDWQ, describing the approaches used in deriving guideline values 

and presenting critical reviews and evaluations of the effects on human health of the substances or 

contaminants of potential health concern in drinking-water. In the first and second editions, these 

constituted Volume 2 of the GDWQ. Since publication of the third edition, they comprise a series of 

free-standing monographs, including this one.  

For each chemical contaminant or substance considered, a background document evaluating the risks 

for human health from exposure to the particular chemical in drinking-water was prepared. The draft 

health criteria document was submitted to a number of scientific institutions and selected experts for 

peer review. The draft document was also released to the public domain for comment. Comments 

were carefully considered and addressed as appropriate, taking into consideration the processes 

outlined in the Policies and Procedures Used in Updating the WHO Guidelines for Drinking-water 

Quality (http://apps.who.int/iris/bitstream/10665/70050/1/WHO_HSE_WSH_09.05_eng.pdf) and the 

WHO Handbook for Guideline Development (http://www.who.int/publications/guidelines/

handbook_2nd_ed.pdf), and the revised draft was submitted for final evaluation at expert 

consultations.  

During the preparation of background documents and at expert consultations, careful consideration 

was given to information available in previous risk assessments carried out by the International 

Programme on Chemical Safety, in its Environmental Health Criteria monographs and Concise 

International Chemical Assessment Documents, the International Agency for Research on Cancer, the 

Joint Food and Agriculture Organization of the United Nations (FAO)/WHO Meeting on Pesticide 

Residues and the Joint FAO/WHO Expert Committee on Food Additives (which evaluates 

contaminants such as lead, cadmium, nitrate and nitrite, in addition to food additives).  

Further up-to-date information on the GDWQ and the process of their development is available on the 

WHO website and in the current edition of the GDWQ. 
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Dichlorvos is the International Organization for Standardization (ISO)–approved common 

name for 2,2-dichlorovinyl dimethyl phosphate (Chemical Abstracts Service No. 62-73-7).  

1. MAJOR USES 

Dichlorvos is a broad-spectrum organophosphorus insecticide. Like other organophosphorus 

compounds, its mode of action is via the inhibition of cholinesterase activity. Dichlorvos is 

used primarily as an insecticide for controlling household pests and for protecting stored 

products from insects. It is also used as a veterinary insecticide (EXTOXNET, 1996). It is no 

longer approved for use in some jurisdictions, such as the European Union, because of 

concerns over its acute toxicity (EU, 2012).  

2. POTENTIAL FOR OCCURRENCE IN WATER 

Dichlorvos is highly soluble in water (18 000 mg/L), has a low octanol–water partition 

coefficient (log Kow 1.9) and is quite volatile before dissolving in water (vapour pressure 

2100 mPa) (Anyusheva et al., 2012). Once dissolved, dichlorvos has a low tendency to enter 

the gas phase (Gautier, Le Calvé & Mirabel, 2003). The Henry’s Law constant for dichlorvos 

has been experimentally determined to be 1.90 × 10−1 Pa·m3·mol−1 (Steen et al., 2001), 

reinforcing its predominance in the aqueous phase once dissolved. With a soil adsorption 

coefficient (log Koc) of 1.4 (Teunissen-Ordelman & Schrap, 1997), dichlorvos is expected to 

be very mobile in soils (McCall et al., 1980). Dichlorvos is also rapidly degraded by 

microbial activity and hydrolysis in soil and does not adsorb to sediments. Degradation in 

water occurs primarily through hydrolysis, with a half-life in rivers and lakes of 

approximately 4 days (EXTOXNET, 1996). The major degradate of the insecticide 

metrifonate, also known as trichlorfon, an irreversible organophosphate acetylcholinesterase 

inhibitor, in both soil and water has been identified as dichlorvos, and it has been suggested 

that both have little potential to contaminate groundwater because of their rapid degradation 

in soil (USEPA, 1997). 

There are relatively few studies on the occurrence of dichlorvos in source waters. A study 

investigating 16 reservoirs in the Haihe River basin in China detected dichlorvos in all 

samples analysed (method detection limit of 1.4 ng/L); concentrations ranged from 10 to 

50 ng/L, with a mean value of 26.3 ng/L (Gao et al., 2012). In a separate study of seven major 

river basins in China, dichlorvos was the most frequently detected organophosphorus 

pesticide, with 89.1% of over 600 samples testing positive; the Yellow River had the highest 

average dichlorvos concentration, at 40.7 ng/L, whereas the Yangtze River had the highest 

single dichlorvos concentration, at 1552 ng/L (Gao et al., 2009). Among 12 samples of 

surface water from an agricultural region of Turkey, the pesticide with the highest 

concentration was dichlorvos, at 322.2 ng/L (Tuncel, Oztas & Erduran, 2008). A study in 

Lake Biwa, Japan, found no detectable amounts of dichlorvos in the lake and influent river 

water (limit of quantification of 10 ng/L; Sudo et al., 2004).  

As dichlorvos is volatile, atmospheric transport can occur, and the pesticide can subsequently 

be deposited in precipitation. Dichlorvos has been measured in rainfall at concentrations as 

high as 107 ng/L and 330 ng/L in Canada and Japan, respectively (Feigenbrugel et al., 2006). 

Another study has reported dichlorvos in rainwater in Japan, with a maximum concentration 

of 740 ng/L (Sakai, 2006). Lower concentrations were reported in rainwater in Belgium, with 

a maximum concentration of 29.2 ng/L in 1998 (Quaghebeur et al., 2004). 
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3. TOXICITY 

As with other organophosphorus insecticides, the inhibition of cholinesterase activity, 

causing neurotoxicity, is the most sensitive toxicological end-point following acute or 

repeated exposures to dichlorvos. The Joint Food and Agriculture Organization of the United 

Nations (FAO)/WHO Meeting on Pesticide Residues (JMPR) in 2011 (FAO/WHO, 2012; 

WHO, 2012) concluded that dichlorvos is unlikely to be genotoxic in vivo. In the absence of 

an in vivo genotoxic response and any carcinogenic response relevant to humans, JMPR 

concluded that dichlorvos is unlikely to pose a carcinogenic risk to humans. JMPR noted 

some reproductive toxicity in rats but concluded that dichlorvos did not cause developmental 

toxicity and that it was not teratogenic. 

JMPR confirmed the current acceptable daily intake (ADI) of 0–0.004 mg/kg body weight 

(bw) based on the no-observed-adverse-effect level (NOAEL) of 0.04 mg/kg bw per day for 

the inhibition of erythrocyte acetylcholinesterase activity in a 21-day study in male volunteers 

(WHO, 1994). The ADI was previously based on the NOAEL of 0.033 mg/kg bw per day in a 

28-day study in male volunteers for the same end-point (FAO/WHO, 1968) and before that 

on the NOAEL of 0.37 mg/kg bw per day in a 90-day study in dogs for the inhibition of brain 

cholinesterase activity (FAO/WHO, 1967). 

JMPR considered two new studies conducted in male volunteers (Gledhill, 1997a–f) at doses 

higher than those tested in the two pivotal human studies underpinning the current ADI. 

Neither study was considered a suitable basis for an ADI, because clear NOAELs had not 

been demonstrated. JMPR considered the ADI to be protective for other, non-neurotoxic 

effects of dichlorvos observed in short- and long-term studies with repeated doses and in 

studies of reproductive and developmental toxicity, where the use of an interspecies safety 

factor of 10 would be appropriate. The absence of any age- or sex-specific differences in 

cholinesterase inhibition in rats confirmed that the current ADI was protective of the entire 

population. 

JMPR established an acute reference dose (ARfD)1 of 0.1 mg/kg bw, based on the NOAEL of 

1 mg/kg bw for erythrocyte acetylcholinesterase inhibition in the acute oral study in male 

volunteers and using a tenfold intraspecies safety factor (Gledhill, 1997c,d). The NOAEL is 

supported by observations in two other volunteer studies in which no erythrocyte 

acetylcholinesterase inhibition occurred 1 day after dosing at 0.5 and 0.1 mg/kg bw, 

respectively (Gledhill, 1997a,b,e,f). 

4. DERIVATION OF A HEALTH-BASED VALUE2 

Pesticides provide a special case for establishing health-based values (HBVs) for drinking-

water in terms of the potential exposure from other sources, because they are deliberately 

                                                 
1 The estimate of the amount of a substance in food or drinking-water, expressed on a body weight basis, 

that can be ingested in a period of 24 hours or less without appreciable health risk to the consumer. 
2 Formal guideline values are established when one of the following criteria has been met: 1) there is credible 

evidence of occurrence of the chemical in drinking-water combined with evidence of actual or potential toxicity, 

2) the chemical is of significant international concern or 3) the chemical is being considered for inclusion or is 

included in the World Health Organization Pesticide Evaluation Scheme (WHOPES). For some chemicals, no 

formal guideline values are established when occurrence is likely to be well below a level that would be of 

concern for health. Establishing a formal guideline value for such substances may encourage Member States to 

incorporate a value into their national standards when this may be unnecessary. When a formal guideline value 

is not established, a “health-based value” may be determined in order to provide guidance to Member States 

when there is reason for local concern. This reference value provides both a means of judging the margin of 

safety in the absence of a specific guideline value and a level of interest for establishing analytical methods. 
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applied to food crops. JMPR concluded that the daily intake of dichlorvos in food was 5–30% 

of the upper bound of the ADI (FAO/WHO, 2012), which suggests that exposure from food 

varies widely and will depend on local circumstances and usage. A further uncertainty 

regarding exposure comes from potential for inhalation from use of dichlorvos as a domestic 

insecticide. 

With an allocation of 20% of the upper bound of the JMPR ADI of 0.004 mg/kg bw to 

drinking-water and the assumption that a 60 kg person consumes 2 L of drinking-water per 

day, an HBV of 0.02 mg/L (20 µg/L) can be derived for dichlorvos. The default allocation 

factor of 20% has been used to account for the fact that available food exposure data, which 

suggest that exposure via this route is low, do not generally include information from 

developing countries, where exposure via this route may be higher, and as potential exposure 

via inhalation from indoor air resulting from the use of dichlorvos as a domestic insecticide is 

unknown (for further information, see Section 8.2.2, “Relative source allocation”, of the 

Guidelines for Drinking-water Quality; WHO, 2017). 

5. CONSIDERATIONS IN APPLYING THE HEALTH-BASED VALUE 

The HBV for dichlorvos is protective against health effects resulting from lifetime exposure 

from drinking-water. Small exceedances above the HBV for short periods are unlikely to 

have an impact on health. If these exceedances are due to massive contamination, however, 

such as that found in emergency or spill situations, the acute HBV of 3 mg/L (derived from 

the JMPR ARfD) would provide a useful point of reference for the provision of advice to 

consumers. This acute HBV indicates the concentration of dichlorvos in drinking-water that a 

person could consume for 24 hours without appreciable health risk (for further information, 

see Section 8.7.5 of the Guidelines for Drinking-water Quality; WHO, 2017).  

Routine monitoring of dichlorvos is not considered necessary. However, Member States 

should consider local usage and potential situations such as spills in deciding whether and 

where to monitor. In the event that monitoring results show levels above the HBV on a 

regular basis, it is advisable that a plan be developed and implemented to address the 

situation. 

As a general principle, efforts should be made to keep the concentration of pesticides in water 

as low as possible and to not allow concentrations to increase up to the HBV. 

6. ANALYSIS IN WATER 

Dichlorvos can be measured in water at levels well below the HBV. EN 12918 uses solvent 

extraction and gas chromatographic analysis and has a limit of quantification of 0.01 µg/L 

(European Committee for Standardization, 1999). The United States Environmental 

Protection Agency method 622 (USEPA, undated) also uses gas chromatographic separation 

with mass spectrometric detection and can achieve a reporting limit of 0.1 µg/L or lower. 

7. TREATMENT TECHNOLOGIES 

Conventional treatment, including coagulation, filtration and chlorination, is not effective for 

reducing the concentration of dichlorvos in water. Catalytic ozonation has been shown to 

effectively oxidize dichlorvos through non-selective hydroxyl radical pathways (Kim et al., 

2002); however, conventional ozonation is likely inefficient based on the structure of 

dichlorvos. Activated carbon is not likely to be highly effective for the removal of dichlorvos 

due to the pesticide’s high water solubility and low octanol–water partition coefficient. 

Dichlorvos does not have a significant absorbance for ultraviolet light and thus is not 
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expected to undergo efficient direct photolysis; however, the addition of hydrogen peroxide 

or use of catalysts can oxidize dichlorvos through generation of non-selective radical species 

(Rahman & Muneer, 2005). Only sparse data exist demonstrating removal of dichlorvos by 

reverse osmosis (RO) and nanofiltration (NF) membranes (Kiso et al., 2005 and Kosutic et al, 

2005). Both publications indicated that RO membranes would achieve good removal of 

dichlorvos (>85%), whereas NF membranes would provide significantly lower removal (4–

60%). The variability of NF performance for dichlorvos removal appeared to be roughly 

proportional to sodium chloride rejection. Thus, membrane type and operational conditions 

play a large role in the effectiveness of the process for dichlorvos removal though RO would 

be expected to be an effective barrier, based on removal studies and predictions (Hofman et 

al., 1997). 

8. CONCLUSION 

It is not considered necessary to establish a guideline value for dichlorvos, as it occurs in 

drinking-water sources or drinking-water at concentrations well below those of health 

concern. Where monitoring results show the presence of dichlorvos in drinking-water on a 

regular basis, an HBV of 0.02 mg/L can be applied. In an emergency or spill situation, an 

acute HBV of 3 mg/L may provide useful guidance.  
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