Knowledge and practices of pesticid e use among farm workers in the West Bank, Palestine: safety implications

Sa’ed H. Zyoud^{1,2,#}, Ansam F. Sawalha^1, Waleed M. Sweileh^1, Rahmat Awang^2, Suleiman I. Al-Khalil^3, Samah W. Al-Jabi^4 and Nihaia M. Bsharat^3

1 Poison Control and Drug Information Center (PCDIC), College of Pharmacy, An-Najah National University, Nablus, Palestine

2 WHO Collaborating Centre for Drug Information, National Poison Centre, Universiti Sains Malaysia (USM), Penang, Malaysia

3 Medical Technology Department, An-Najah National University, Nablus, Palestine.

4 School of Pharmaceutical Science, Universiti Sains Malaysia (USM), Penang, Malaysia

#Author for correspondence: Sa’ed H. A. Zyoud, Clinical Toxicology Programme, National Poison Centre, Universiti Sains Ma laysia (USM), Penang, Malaysia (fax +6046568417, e-mails saedzyoud@yahoo.com; saedzyoud@najah.edu ).

Abstract

Objectives The objectives of this study were to assess the knowledge and practices associated with pesticide use in an agricultu ral community in Palestine, and to determine the prevalence of self-reported health symptoms related to pesticide exposure. Methods In this cross-sectional questionnaire study, agricultural farm workers in Nablus district, Palestine, were interviewed on their knowledge and practices of pesticide use. Comparisons of knowledge and practices of pesticide use between various groups were performed using the Mann–Whitney U-test or the Kruskal–Wallis rank test of variance. The program of the Statistical Pack age for Social Sciences (SPSS) version 15 was used for data analysis. Results The questionnaire was completed by 381 farm workers. The mean age ± SD of the participants was 38.8 ± 11.8 years. The majority (97.9%) of the participants were male. The mean participant scores for knowle dge and safety procedures were 2.8 ± 3.2 out of 8 and 9.8 ± 2.4 out of 15, respectively. There was a significant positive correlation (r = 0.323; P < 0.001) between the knowledge and safety procedure scores. Unsafe behaviors were identified as the storage of pesticide products at home, the preparation of pesticides in the kitchen, inadequate disposal of empty pesticide containers, eating and drinking during pesticide application, and using inadequate protective clothing. The most frequent self-reported toxicity symptoms asso ciated with pesticide use were skin rash (37.5%), headache (37%), excessive sweating (24.9%), and diarrhea (21.3%). There was a strong significant negative correlation ( r = 0.83; P < 0.001) between self-reported toxicity symptoms and scores for protective measures. Conclusion The results of this study indicate that most farm workers in this district need more educational programs regarding the safety and use of pesticides. Legislation promoting the use of safer pesticides is also needed.

Keywords Pesticide - Knowledge - Practice - Symptom - Palestine

Introduction

Pesticides are widely used throug hout the world, especially in agriculture for crop protection [ 1, 2]. According to the World Health Organization (WHO), 20% of pesticide use in the world is focused in developing countries, and this use is increasing [ 1]. Studies regarding pesticides are considered important in order to decrease pesticide risk and help to improve public health policies [ 2, 3]. Previous studies have indicated that the unsafe use of pesticides is common in developing countries [ 2, 4–6]. There are no previously published studies regarding pesticide knowledge and practice in the West Bank, Palestine. At present, Palestine is divided into two geographic areas: the West Bank an d the Gaza Strip. Despite the small size of the West Bank and Gaza, these areas enjoy a diversity of climatic regions, which makes it po ssible to grow almost anything, all year round. Agriculture is the largest sector of the Palestinian economy, generating more than 22% of the gross domestic pro duct of the West Ba nk and Gaza and providing employment to more than 15% of the population [7]. Furthermore, the agricultural sector is a major earne r of foreign exchange and supplies the basic needs of the majority of the local population [ 7]. The total population in Palestine is 4,151,668 inhabitants. Th e Nablus district in the northern part of the West Bank, Palestine, is a well -defined area with a total population of 362,159 native Palestinian inhabitants [8].

We hypothesized that: (1 ) good knowledge is associated with the safe use of pesticides among farm workers; an d (2) the unsafe use of pesticides is associated with acute health symptoms. To test this hypothesis, we carried out this study with the following objectives: (1) assessment of the knowledge of farm workers regarding th e use of pesticides; (2) investigation of the determinants and predictors of poor or good knowledge; (3) evaluation of field practices with pestic ides in relation to the farm workers knowledge; (4) evaluation of the practic es for the storage, preparation, and disposal of pesticides in relation to the farm workers knowledge; and (5) determination of the prevalence of self -reported health symptoms related to pesticide exposure.

Subjects, materials, and methods Study area and sample size

The area where the study took place is in northern Palestine, 20 km east-north of Nablus city. For this study, Tammun, Tubas, EL-Far’a, Tayasir, and Nassariyah village were selected. These five regions are characterized by important agricultural activity. The major vegetables grown are potatoes ( Solanum tuberosum ), onions ( Allium cepa), carrots ( Daucus carota ), tomatoes ( Lycopersicon esculentum), cucumbers ( Cucumis sativa), bitter gourds ( Momordica charantia ), cabbage ( Brassica oleracea var. capitata ), and cauliflowers ( Brassica oleracea var. botrytis). The study was carried out in October and November, 2008.

This was a cross-sectional study th at involved farm workers working in open or closed fields (greenhouses), or both, and using pesticides during the time of the study. The farms were selected randomly from within the study regions and one indivi dual per farm (farm worker 18 years of age) was invited to participat e in the study. As a result, a total of 440 farm workers were invited.

Study tool: the questionnaire

A structured questionnaire cont aining both open-ended and closeended questions was deve loped for this study by the Poison Control and Drug Information Center (PCDIC) at An-Najah National University. The questionnaire was based on the United States Environmental Protection Agency’s questions related to safe pesticide use, and on questionnaires used in similar published studies [ 9, 10]. The questionnaire was piloted with 12 farm workers, who did not participate in the final study, and modified as necessary.

The questionnaire contained four sections. The first was the demographic section, which containe d questions regarding age, gender, place of residence, education level, an d type of agricultural field (open vs. closed fields). The second section of the questionnaire consisted of questions related to pesticide practices. Practi ce questions included: number of working hours in the fiel d with pesticide; number of working days with pesticide per month; number of years of pesticide use; names of the most common pesticides used; pesticide concentration applied; pesticide preparation places; disposal of the empty pesticide containers; and selfreported toxicity symptoms associated with pesticide use.

The third section of the questionnaire consisted of questions related to correct procedures adopted by the farm workers. The following procedures were considered correct: wearing of protective clothes; reading and following label instructi ons; not eating, or drinking, or smoking during the application of pesticides; washing ha nds after pesticide application; and washing contaminated clothes separate ly. The final section was designed to assess participants’ pesticide knowledge . Participants were presented with eight questions that could be answered by either ‘yes’, ‘no’, or ‘I do not know’. One point was given for each correct answer, one point was deducted for each wrong answer, and selecting ‘I do not know’ di d not affect the grade. The range of th e knowledge score was 8 to 8 and was categorized as: <4 = poor knowledge; and 4 = good knowledge.

Statistical analysis

All data were coded, entered, and then analyzed using the Statistical Package for Social Sciences (SPSS; Chicago, IL, USA) program, version 15. Descriptive results were expressed as frequencies, and percentages for categorical variables, and as means ± SD for continuous variables. The ^2 or Fisher’s exact test, whichever was appropriate, was used to test the significance of differences between cate gorical variables. Multiple logistic regression analysis was used to identify significant predictors of knowledge. Variables included in the regressi on were those with significant P values (<0.05) in the univariate analysis. Knowledge scores were calculated as the summation frequency of correct respon ses to each question. Scores for protective procedures were calculated as the summation frequency of correct procedures adopted by the farm wo rkers. Correlation between knowledge and practice scores was tested by Pearson’s correlation coefficient. Comparisons of knowledge and prac tice between various groups were performed using the Mann–Whitney U-test or the Kruskal–Wallis rank test of variance. These analyses were used to test differences in the mean rank of practices among the participants. P values of less than 0.05 were accepted as statistically significant.

Results Demographic characteris tics of the participants

The response rate was 86.6% ( n = 381). The mean age ± SD of the participants was 38.8 ± 11.8 years. Th e majority (97.9%) of the participants were male. Results relate d to the educational levels of the participants showed that 18 (4.7%) had a college education, while the remaining (95.3%) did not (Table 1).

Risk of pesticide exposure

The results showed that 109 (2 8.6%) participants were using pesticides in closed fields, 132 (34.6% ) in open fields, and 140 (36.8%) in both. In this study , 325 farm workers (85.3%) st ated that they had worked with pesticides for more than 1 year. Two hundred and twenty-seven (59.6%) of the participan ts reported working for mo re than 2 h/day during the growing season with pesticide ap plication occurring for 2–10 days each month. A total of 192 (50.4%) participants used the recommended concentration of pesticides; 102 (26. 8%) used less than the recommended concentration, and 87 (22.8%) us ed more than the recommended concentration. A total of 213 (55.9%) participants reported that they mixed two or more pesticides before application.

Knowledge about pesticides

The results showed that 373 (97.9% ) of the participants knew the names of the pesticides they were using. Table 2 lists the types, names, and toxicological classes of pesticides th at were frequently used during the study. The most commonly used in secticides were carbamates and organophosphates (e.g., methomyl and methamidophos, respectively ). Other types of agricultural pesticides used included fungicides and herbicides.

Table 3 shows the extent of the respondents’ knowledge regarding pesticide effects on human health, lives tock, and the environment; and the routes of pesticide entry into the bo dy. The knowledge of the farm workers was assessed and showed that the tota l sum of the knowledge scores was 1,073; the mean knowledge score was 2.8 (SD: 3.2; range: [( 6)–(8)]. Information regarding pesticide knowledge was mostly obtained from product labels (36%) and from experience (29.4%).

Factors influencing pesticide knowledge

Good knowledge was significantly associated with: secondary education level ( P < 0.001), college education level ( P = 0.01), use of pesticides for more than 10 years ( P = 0.03), experience (P < 0.001), and information from a pesticide seller ( P < 0.001). Poor knowledge was significantly associated with primary education level ( P < 0.001) and the use of pesticides for less than 1 year (P = 0.001). The other factors tested such as age and gender did not reach statistical significance (Table 4). Multivariate logistic regr ession analysis showed that predictors of good pesticide knowledge were: secondary education level, college education level, using pesticide for more than 10 years, getting pesticide knowledge by experience, and getting pesticide knowledge from a pesticide seller. Detailed results are listed in Table 5.

Safety practices in relation to pesticide knowledge

The mean score for protective proce dures was 9.8 (SD: 2.4; range: 3– 14). There was a significant correlation ( r = 0.323; P < 0.001) between the knowledge score and the protective measure score. Table 6 shows that 48.6% of the participants reported wearing special gloves, 63% reported wearing special clothes, 63.5% reporte d wearing a special face mask, 71.1% reported not smoking during applicat ion of pesticides, 82.7% reported washing their hands after each applic ation, and 68.5% reported washing contaminated clothes separately. The ma jority (71.4%) of the participants stated that they read the labels on th e pesticide containers, and 49.9% of the participants stated that they followed the label instructions. The majority (60.9%) of the participants indicate d that they used leftover pesticide solutions on the same day, but 29.4% of the participants kept the leftover pesticide in a drinking container for later use. The mean knowledge scores and ranks of knowledge were signifi cantly different between those who applied protective measures and those who did not (Table 6).

Pesticide knowledge was significantly associated with practices in the field. Farm workers with less than 2 h working in the field with pesticide had the highest knowledge score (mean scor e: 3.6 ± 3.1; mean rank: 218.3) compared to farm workers with more than 6 h working in the field with pesticide (mean score: 1.7 ± 2.7; mean rank: 152.7). Farm workers with less than 1 year experience had the lowest mean knowledge score (mean score: 1.5 ± 2.9; mean rank: 147.4) compared to farm workers with more than 10 years experience (mean score: 3. 2 ± 3.2; mean rank: 200.9). Farm workers using the recommended concentrations of pesticides had the highest knowledge score (mean score: 4 ± 3.1; mean rank: 232.6) compared to farm workers who used less than the reco mmended concentration (mean score:

1.4 ± 2.6; mean rank: 142.9), and fa rm workers who used more than the recommended concentration (mean scor e: 1.8 ± 3; mean rank: 155.4). Detailed results are listed in Table 7.

Regarding pesticide storage practices, Table 8 shows that farm workers who stored pesticides in a specific store had the highest mean knowledge score (mean score: 3.7 ± 3. 2; mean rank: 220.6) compared to farm workers who stored pesticides at home (mean score: 1.3 ± 2.6; mean rank: 134), and compared to farm workers who stored pesticides in their animal house (mean score: 0.6 ± 2; m ean rank: 115.4). Re garding the place of pesticide preparation, Table 8 also shows that farm workers who prepared pesticides in the field had the highes t mean knowledge score (mean score: 5.6 ± 2.4; mean rank: 286.9) compared to farm workers who prepared pesticides in their home kitchen (mean score: 1.2 ± 2.1; mean rank: 137.9). Regarding the disposal of empt y pesticide containers, Table 8 shows that farm workers who disposed of the containers by burning them had the highest mean knowledge score (mean sc ore: 3.5 ± 3.4; mean rank: 216.4) compared to those who disposed of the containers by burying them (mean score: 1.7 ± 2.9; mean rank: 153). Self-reported toxicity symptoms among the farm workers

Table 9 shows that the most frequent self-reported toxicity symptoms associated with pesticide use were sk in rash (37.5%), headache (37%), excessive sweating (24.9%), and diarrh ea (21.3%). The mean number of self-reported toxicity symptoms associ ated with pesticide use was 2.68 (SD: 1.4; range: 0–13). There was a strong significant negative correlation (r = 0.83; P < 0.001) between self-reported toxicity symptoms and scores for protective measures.

Discussion

In this study we sought to charac terize factors related to work and home pesticide safety practices in a large sample of farm workers. We examined the participants’ levels of knowledge in relation to demographics and interpersonal factors, such as practices of pesticide use among farm workers in Palestine.

The response rate of invited participants to the questionnaire interview in the present study was relatively hi gher than that in similar studies, indicating good intentions to participate. In the present st udy, 30.4% of the participants were aged between 30 and 39 years. Similar results were found by other researchers in other countries [ 10, 12]. The educational background of the farm workers in the study area was low. Similar results were also reported in other de veloping countries [ 5, 10, 13, 14]. Farm workers with little formal education might be at higher risk when using pesticides, possibly due to difficultie s in understanding the use instructions and safety procedures included on the product labels.

A high level of knowledge was reco rded among the participants who had a higher education level. The partic ipants’ knowledge of the effects of pesticides on human health was rela tively accurate; this finding was consistent with other studies [ 12, 13]. The result that about half of the participants were not aware of inhalati onal and dermal absorption and entry of pesticides into the body agrees with other studies which have found that, although most occupation al exposure to pesticid es occurs from skin absorption and through inhalation, farm workers were not aware of this [ 15, 16]. These misconceptions still put the farm workers at risk.

Farm workers with good pesticide kno wledge were more inclined to use pesticides according to the re commended guidelines for protective measures, a finding that was inconsiste nt with other studies. In Lebanon, assessments of pesticide use in farm workers were done by Salameh et al. [11], who reported high levels of knowledg e of pesticide use, but the use of protective measures was poor.

The percentage of participants in the present study who grew their crops in closed fields beside open fiel ds was higher than the percentage of those growing their crops in either op en or closed fields. The nature of closed fields favors the appearance of hazards, and theref ore the extensive use of pesticides in such fields expos es the farm workers to a higher risk [17]. The prevalence of mixing two or mo re pesticides, and using more than the recommended concentration of pesticides was high among our interviewed farm workers; this practi ce could put the farm workers at risk, due to the synergistic or poten tiating effect of chemicals [ 18]. Also, the use of higher than recommended concentra tions of pesticides was positively associated with the prevalence of self -reported toxicity among farm workers [18].

The present study showed that some of the interviewed farm workers tended to prepare and stor e the pesticides at home , a practice which might expose children and adu lts to hazardous risks. In addition, the high percentage of interviewed farm worker s who disposed of empty containers in local waste containers or by washi ng and reusing the containers at home could expose the general population to hazardous risks. Such practices were considered to be one of the main prob lems associated with pesticide use in developing countries [4].

Disposal of the empty containers in the field or by throwing them near or into local waste cont ainers is a totally unsafe practice and has been reported as a major proble m in a number of studies [ 5, 10, 19, 20]. In addition, burning empty pesticide contai ners in open fires or burying empty containers should not be used as a me thod of management and disposal of empty pesticide containers. Distribut ors and suppliers and even local authorities often recommend these pr actices, but they are potentially hazardous to human health and the environment an d should be discouraged and appropriate management encouraged . Safe burning procedures require a good understanding of pesticide chemis try, while safe burial requires adequate knowledge of local hydrolo gy as well as of the environmental behavior of pesticides. Many users do not have such knowledge or cannot apply it properly to their particular circumstances. In many developing countries, empty pesticide containers are highly valued and used or exchanged as storage containers for other materials such as fuel, other chemicals, and sometimes even drinks or food, as we found in our study. Such practices are dangerous and shou ld be prevented; for example, by puncturing any empty pes ticide containers that cannot be returned to the supplier, in accordance with WHO recommendations [3].

Regarding self-reported toxicity sy mptoms associated with pesticide use, our results showed that common symptoms among the farm workers were skin rash, headache, excessive sweating, and diarrhea. Most of the reported symptoms of pesticide use are considered to be common manifestations of acetylcholinesterase -inhibiting insecticides [21–23]. These findings require urgent prevention, in tervention, and protection to prevent the risk of these symptoms. The presen t study showed that organophosphate and carbamate insecticides such as methamidophos and methomyl were commonly used. These insecticides are classified as highly hazardous [ 24]. Restriction in the use of highly toxic pesticides has been considered by some scientists in order to decr ease intoxication events [ 6, 25]. Researchers have concluded that farm work ers in developing countr ies will continue to use pesticides in increasing quantities because of the lack of alternatives to pesticides, ignorance of the sustainabili ty of pesticide use, and the weak enforcement of regulations and laws on pesticide use [ 4, 26, 27]. Workers’ knowledge of hazards, which must be correct, is important for the prevention of acute and chronic poisoning: erro neous beliefs can seriously impair workers’ capacity to protect themselves against the risks of pesticides [28].

Basic objectives of education ar e to ensure that farm workers understand the health hazards of relevant pesticides, use protective equipment properly, practice personal hygiene measures, become familiar with and adopt proper work practic es, recognize early symptoms of overexposure to pesticides, and obtain fi rst aid at the earliest time possible. The WHO has recommended the use of pesticides only by trained people [3]. For most pesticides, using protective measures results in a decrease of exposure to pesticides. Similar reduct ions are seen for farm workers using gloves compared to th ose not using gloves [ 29]. The use of protective measures could contribute to decreasin g the health effects of pesticides. Also, this would lead, as expected, to a decrease in poisoning prevalence parallel to the reduction in exposure. Among Chinese farm workers, a safety educational program decreased the prev alence of pesticide poisoning from 1.05% to 0.25% [30].

A limitation of the present study was the inability to differentiate between the seriousness of the intoxications experienced within certain periods or with certain types of pes ticides. The symptoms mentioned by the farm workers, such as headache, tiredness, vomiting, and muscular weakness, were not specific and might, in some of the cases, have been due to causes other than pesticide exposur e. Also, this study did not assess treatment for these normally less seri ous intoxications with symptoms lasting for hours to days. Nevertheless , the results of this study support the hypothesis that farm workers with good knowledge of pesticides might show good practice in pesticide use. Also, farm workers who used pesticides without protective measures could be exposed to pesticides at levels sufficient to be associated with acute health symptoms.

Conclusion and recommendation

Most Palestinian agricultural workers in the study area had a low level of knowledge regarding pesticide use. In particular, the farm workers seemed to be unaware of real pest icide risks and they lacked safety education. In addition, the farm workers did not take enough protection measures, which may have exposed th em to higher intoxication risks. Therefore, it is strongly recomme nded to initiate special educational programs, legislation promoting the use of safer pesticides, and the implementation of personal protec tive measures; such approaches are necessary to decrease the pesticide exposure of farm workers in Palestine.

Acknowledgments No funding was available for this project. Conflict interest statement No conflict of interest.

References

1. WHO, UNEP. Public health impact of pesticides used in agriculture. Geneva:

WHO; 1990. 2. Ecobichon DJ. Pesticide use in developing countries. Toxicology. 2001;160(1– 3):27–33.

3. WHO. World Health Organization, safe use of pesticides. Fourteenth report of the WHO expert committee on vector biology and control. World Health Organ Tech Rep Ser 1991;813:1–27.

4. Wesseling C, McConnell R, Partanen T, Hogs tedt C. Agricultural pesticide use in developing countries: health effects and research needs. Int J Health Serv. 1997;27(2):273–308.

5. Hurtig AK, San Sebastián M, Soto A, Shingre A, Zambrano D, Guerrero W.

Pesticide use among farmers in the Amazon basin of Ecuador. Arch Environ Health. 2003;58(4):223–8.

6. Konradsen F, van der Hoek W, Cole DC, Hutchinson G, Daisley H, Singh S, et al.

Reducing acute poisoning in developing countries—options for restricting the availability of pesticides. Toxicology. 2003;192(2–3):249–61.

7. Butterfield D, Isaac J, Kubursi A, Spencer S. Impacts of water and export market restrictions on Palestinian agriculture. Toronto: McMaster University and Econometric Research Limited, Applied Research Institute of Jerusalem (ARIJ). 2000. http://www.socserv.mcmaster.ca/kubursi/ebooks/water.htm.

8. PCBS. Palestinian Central Bureau of Ce ntral Statistics. Palestinian National Census. 2007. http://www.pcbs.gov.ps.

9. USEPA. United States Environmental Protection Agency, Protect yourself from pesticides: guide for pesticides handlers. Washington: EPA; 1993.

10. Recena MC, Caldas ED, Pires DX, Pontes ER. Pesticides exposure in Culturama, Brazil—knowledge, attitudes, and practices. Environ Res. 2006;102(2):230–6.

11. Salameh PR, Baldi I, Brochard P, Abi Saleh B. Pesticides in Lebanon: a knowledge, attitude, and practice study. Environ Res. 2004;94(1):1–6.

12. Atreya K. Pesticide use knowledge and practices: gender differences in Nepal.

Environ Res. 2007;104(2):305–11. 13. Oliveira-Silva JJ, Alves SR, Meyer A, Pe rez F, Sarcinelli PN, da Costa Mattos RC, et al. Influence of socioeconomic factors on the pesticides poisoning, Brazil. Rev Saude Publica. 2001;35(2):130–5.

14. Mekonnen Y, Agonafir T. Pesticide sprayers’ knowledge, attitude and practice of pesticide use on agricultural farms of Ethiopia. Occup Med. 2002;52(6):311–5.

15. WHO. World Health Organization, chemical safety. 46th year. Geneva, Switzerland: 1993; p. 28–9.

16. Iorizzo L, Bianchi A, Gamberini G, Rubino A, Missere M, Minak GJ, et al.

Assessment of human exposure to pesticides in greenhouses and effectiveness of personal protective devices. Arh Hig Rada Toksikol. 1996;47(1):25–33.

17. Parrón T, Hernández AF, Pla A, Villanueva E. Clinical and biochemical changes in greenhouse sprayers chronically exposed to pesticides. Hum Exp Toxicol. 1996;15(12):957–63.

18. Allaby M. The concise oxford dictionary of ecology. Oxford: Oxford University Press; 1994. p. 378.

19. Avory G, Coggon D. Determinants of safe behaviour in farmers when working with pesticides. Occup Med. 1994;44(2):236–8.

20. London L. Agrichemical safety practices on farms in the Western Cape. S Afr Med J. 1994;84(5):273–8.

21. Ohayo-Mitoko GJ, Kromhout H, Simwa JM, Boleij JS, Heederik D. Self reported symptoms and inhibition of acetylcholinesterase activity among Kenyan agricultural workers. Occup Environ Med. 2000;57(3):195–200.

22. Smit LA, van-Wendel-de-Joode BN, Heeder ik D, Peiris-John RJ, van der Hoek W. Neurological symptoms among Sri Lankan farmers occupationally exposed to acetylcholinesterase-inhibiting insecticides. Am J Ind Med. 2003;44(3):254–64.

23. Kamel F, Engel LS, Gladen BC, Hopp in JA, Alavanja MC, Sandler DP.

Neurologic symptoms in licensed private pesticide applicators in the agricultural health study. Environ Health Perspect. 2005;113(7):877–82.

24. WHO. World Health Organization, recommended classification of pesticides by hazard and guidelines to classification. Geneva, Switzerland: 2004.

25. Van der Hoek W, Konradsen F, Athukorala K, Wanigadewa T. Pesticide poisoning: a major health problem in Sri Lanka. Soc Sci Med. 1998;46(4–5):495– 504.

26. Wilson C. Environmental and human costs of commercial agricultural production in south Asia. Int J Social Econ. 2000;2(8):816–46.

27. Wilson C, Tisdell C. Why farmers co ntinue to use pesticides despite environmental, health sustainability costs? Ecol Econ. 2001;39(3):449–62.

28. Koh D, Jeyaratnam J. Pesticides haza rds in developing countries. Sci Total Environ. 1996;188(1):S78–85.

29. Woodruff TJ, Kyle AD, Bois FY. Evaluating health risks from occupational exposure to pesticides and the regulatory response. Environ Health Perspect. 1994;102(12):1088–96.

30. Chen S, He F, Zhang Z, Gao Y, Zhou A, Xie C, et al. Evaluation of a safety educational programme for the prevention of pesticide poisoning. Med Lav. 1998;89(Suppl 2):S91–8

Table 1 Demographics of the farm workers who participated in the study ( n = 381) Variable No. of participants (n = 381)

Percentage of participants per total sample Age <20 3 0.8 20–29 87 22.8 30–39 116 30.4 40–49 98 25.7 50–59 49 12.9 60 28 7.3 Education levels Primary (Grades 1– 6 years) 250 65.6 Secondary (Grades 7– 12 years) 113 29.7 College (Grades >12 years) 18 4.7 Gender Male 373 97.9 Female 8 2.1

Table 2 Pesticides most commonly used by farm workers; and thetoxicological classes of the pesticides Type and name of pesticides No. of individuals Toxicological class Insecticides Organophosphates Methamidophos 31 Ib Dimethoate 19 II Carbamates Carbofuran 44 II Methomyl 10 Ib Methiocarb 1 II Other groups Abamectin 140 O

Type and name of pesticides No. of individuals Toxicological class Propargite 73 III Imidaclopride 45 II Bromopropylate 29 U Fenazaquin 24 II Acetamiprid 24 II Amitraz 20 III Indoxacarb 14 O Pyriproxyfen 14 U Thiocyclam 13 II Dicofol 12 III Fungicides Difenconazole 84 U Penconazole 76 U Lufenuron 65 U Triadimenol 37 III Mefenoxam 12 III Propamocarb 2 U Pencycuron 2 U Herbicides Glyphosate 38 U Triazine 29 II Oxyfluorfen 14 U Paraquat 4 II Ib highly hazardous; II moderately hazardous; III slightly hazardous; U unlikely to present acute hazard in normal use; O not classified [24]

Table 3 Knowledge of participants abou t the health impact of pesticides Correct n (%)

Incorrect n (%)

Did not know n (%) Pesticides affect human health 327 (85.8) 48 (12.6) 6 (1.6) Pesticides affect livestock 220 (57.7) 127 (33.3) 34 (8.9) Pesticides affect the environment 162 (42.4) 93 (24.4) 126 (33.1) Thinks that duration of effect is <24 h 134 (35.2) 64 (16.8) 183 (48) Chose the time for application (during raining time) 223 (58.5) 33 (8.7) 125 (32.8) Route of pesticide entry into body by inhalation 204 (53.5) 91 (23.9) 86 (22.6) Route of pesticide entry into body by skin 201 (52.8) 94 (24.7) 86 (22.6) Route of pesticide entry into body by mouth 224 (58.8) 71 (18.6) 86 (22.6)

Table 4 Comparison between participants with poor and good pesticide knowledge Variable No. o f participants (%)

Poor knowledge ^a (n = 165)

Good Knowledge ^a (n = 216) P value Gender Male 373 (97.9) 211 (97.7) 162 (98.2) 0.738 Female 8 (2.1) 5 (2.3) 3 (1.8) Age <40 years 206 (54.1) 116 (53.7) 90 (54.5) 0.870 40 years 175 (45.9) 100 (46.3) 75 (45.5) Education levels Primary 250 (65.6) 178 (82.4) 72 (43.6) <0.001 Secondary 113 (29.7) 33 (15.3) 80 (48.5) <0.001 College 18 (4.7) 5 (2.3) 13 (7.9) 0.010 Years of pesticide use <1 year 56 (14.7) 43 (19.9) 13 (7.9) 0.001 1–5 years 189 (49.6) 107 (49.5) 82 (49.7) 0.975 6–10 years 73 (19.2) 38 (17.6) 35 (21.2) 0.374 >10 years 63 (16.5) 28 (13) 35 (21.2) 0.032 Source of pesticide knowledge By experience 112 (29.4) 43 (19.9) 69 (41.8) <0.001

Variable No. o f participants (%)

Poor knowledge ^a (n = 165)

Good Knowledge ^a (n = 216) P value Product label 137 (38.4) 83 (38.4) 54 (32.7) 0.251 From a specialist 80 (21) 45 (20.8) 35 (21.2) 0.928 From a pesticide seller 91 (23.9) 14 (6.5) 77 (46.7) <0.001 Ministry of agriculture 57 (15) 31 (14.4) 26 (15.8) 0.703 aThe knowledge score was categorized as: <4 poor knowledge; and 4 good knowledge

Table 5 Predictors of good pesticide knowledge as found by multiple logistic regression analysis (enter method)^a

Variable SE Wald test P value

Exp( ) [95% CI for Exp( )] Secondary education level 1.12 0.29 15.33 <0.001 3.1 [1.47–15.32] College level 1.56 0.6 6.8 0.009 4.75 [1.47–15.32] More than 10 years of pesticide use 0.78 0.32 5.76 0.016 2.18 [1.15–4.1] Source of pesticide knowledge by experience 0.86 0.27 9.9 0.002 2.36 [1.38–4.03] Source of pesticide knowledge from a pesticide seller 2.24 0.34 42.62 <0.001 9.37 [1.75–5.36] aEnter method means that all variables entered the analysis at the same step CI confidence interval; the coefficient of the predictor variables; SE standard error

Table 6 Safety procedures adopted by the farm workers and the correlations with the mean rank of their knowledge

Variable No. of participants n

(%)

Mean knowledge score

Mean rank o f knowledge P value Wears an eye mask Yes 143 (37.5) 2.9 ± 3.2 195.9 NS No 238 (62.5) 2.7 ± 3.2 188.0 Wears special gloves Yes 185 (48.6) 3.3 ± 3.3 207.4 0.005 No 196 (51.4) 2.3 ± 3 175.5 Wears special shoes Yes 225 (59.1) 2.9 ± 3.2 194.8 NS No 156 (40.9) 2.7 ± 3.2 185.5

Variable No. of participants n

(%)

Mean knowledge score

Mean rank o f knowledge P value Wears special clothes Yes 240 (63%) 3 ± 3.2 200.2 0.03 No 141 (37) 2.3 ± 3.1 175.3 Wears a special face mask Yes 242 (63.5) 3.1 ± 3.2 202.1 0.009 No 139 (36.5) 2.2 ± 3.2 171.6 Clothing facilities on work site Yes 174 (54.7) 2.7 ± 3.1 188.8 NS No 207 (45.3) 2.8 ± 3.2 192.9 Does not eat during application Yes 361 (94.8) 2.8 ± 3.2 157.5 NS No 20 (5.2) 1.9 ± 3.2 192.8 Does not drink during application Yes 357 (93.7) 2.9 ± 3 192.6 NS No 24 (6.3) 2 ± 3.4 166 Does not smoke during application Yes 271 (71.1) 3.2 ± 3.2 205.5 <0.001 No 110 (28.9) 1.7 ± 3 155.2 Washes hands after application Yes 315 (82.7) 3.1 ± 3.2 201.12 <0.001 No 66 (17.3) 1.3 ± 2.6 142.7 Separates clothes when washing Yes 261 (68.5) 3.3 ± 3.2 206.6 <0.001 No 120 (31.5) 1.8 ± 2.9 157.1 Reads labels on pesticide containers Yes 272 (71.4) 3.4 ± 3.3 206.7 <0.001 No 109 (28.6) 2.2 ± 2.9 151.9 Follows the product label Yes 190 (49.9) 3.4 ± 3.3 211.1 <0.001 No 191 (50.1) 2.2 ± 2.9 171 Does not use leftover pesticide solution Yes 232 (60.9) 3.4 ± 3.2 211.8 <0.001 No 149 (39.1) 1.8 ± 2.9 158.6

Variable No. of participants n

(%)

Mean knowledge score

Mean rank o f knowledge P value Does not store leftover pesticide in drinking containers Yes 269 (70.6) 3.3 ± 3.3 209.3 <0.001 No 112 (29.4) 1.5 ± 2.6 147

Table 7 Farm workers practices with regard to the use of pesticides, and correlations with the mean rank of their knowledge Variable No. o f participants (%)

Mean knowledge score

Mean rank o f knowledge P value Type of agricultural field Closed field 109 (28.6) 3.1 ± 3.3 199.3 NS Open field 132 (34.6) 3 ± 3.3 196.5 NS Closed and open fields 140 (36.8) 2.5 ± 3 179.3 NS Hours working in the field with pesticide <2 h 154 (40.4) 3.6 ± 3.1 218.3 <0.001 2–6 h 171 (44.9) 2.5 ± 3.2 179 NS >6 h 56 (14.7) 1.7 ± 2.7 152.7 0.005 Days, per month, working with pesticide 1 day 111 (29.1) 3.4 ± 3.3 210.4 0.027 2–10 days 195 (51.2) 2.8 ± 3.3 190.9 NS 11–20 48 (12.6) 2 ± 2.6 163.1 NS >20 27 (7.1) 1.7 ± 2.6 152.4 NS Years of pesticide use <1 year 56 (14.7) 1.5 ± 2.9 147.4 0.001 1–5 years 189 (49.6) 3 ± 3.2 196.7 NS 6–10 years 73 (19.2) 3 ± 3.2 201.1 NS >10 years 63 (16.5) 3.2 ± 3.2 200.9 NS Pesticide concentration applied Recommended 192 (50.4) 4 ± 3.1 232.6 <0.001 Less than recommended 102 (26.8) 1.4 ± 2.6 142.9 <0.001 More than recommended 87 (22.8) 1.8 ± 3 155.4 0.001

Variable No. o f participants (%)

Mean knowledge score

Mean rank o f knowledge P value Mixing pesticides Mixing 2 or more 213 (55.9) 3.5 ± 3.2 216.2 <0.001 Not mixing 168 (44.1) 1.9 ± 2.9 159.1 <0.001

Table 8 Storage, preparation, and dispos al of pesticide products by the farm workers and correlations with the mean rank of their knowledge

Variable

No. o f participants n (%)

Mean knowledge score

Mean rank o f knowledge P value

Storage of pesticide products Home 73 (19.2) 1.3 ± 2.6 134 <0.001 Specific store 202 (53) 3.7 ± 3.2 220.6 <0.001 Animal house 33 (8.7) 0.6 ± 2 115.4 <0.001 Farm site 45 (11.8) 3.1 ± 3.5 202.6 NS Buy and use it immediately 28 (7.3) 2.5 ± 3 180.9 NS Pesticide preparation places Home kitchen 31 (8.1) 1.2 ± 2.1 137.9 <0.001 Home garden 98 (25.7) 1.3 ± 2.6 139.3 <0.001 Animal house 82 (21.5) 1.4 ± 2.7 141 <0.001 The field 124 (32.5) 5.6 ± 2.4 286.9 <0.001 Already prepared 46 (12.2) 2.25 ± 3 173 NS Disposal of empty pesticide containers Local waste containers 67 (17.6) 2.5 ± 3 178.8 NS Burning 192 (50.4) 3.5 ± 3.4 216.4 <0.001 Burying 29 (7.6) 1.7 ± 2.9 153 NS Washing and reusing at home 38 (10) 1.8 ± 2.8 158.5 NS Reuse for storage o f other pesticide 55 (14.4) 1.9 ± 2.6 159.7 0.02

Table 9 Symptoms related to pesticide use reported by 381 farm workers Symptoms No. Percentage Skin rash 143 37.5 Headache 141 37 Excessive sweating 95 24.9 Diarrhea 81 21.3 Redness of skin 72 18.9 Fatigue 66 17.3 Rhinorrhea 64 16.8 Abdominal pain 60 15.7 Eyes itching 58 15.2 Dry cough 56 14.7 Vomiting 42 11 Shortness of breath 41 10.8 Convulsion 37 9.7 Salivation 34 8.9 Vision disturbance 31 8.1