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 Background: Dithiocarbamates (DTCs) are groups of organosulfur fungicides that 
have been extensively used in agriculture. DTCs such as mancozeb, propineb and zineb 

can be hardly determined directly because they are strong complexes with metal ions 

and insoluble in general polar solvents or water.  Meanwhile, they can decompose 
easily to carbon disulfide (CS2).  Objective: The present study aimed to determine 

DTCs in cucumber, ginger, and pepper using gas chromatograph-flame photometric 

detector (GC-FPD). Results: Limit of detection (LOD) of the developed method is 0.03 
mg/kg and limit of quantification (LOQ) is 0.10 mg/kg. The samples collected from 

five fresh markets in Chiang Mai city. About 18.5% of 54 samples were determined the 

DTC range of 0.12-30.64 mg/kg. The consumption data was collected from 244 
consumers living in Suthep sub-district of Chiang Mai city. It was found that calculated 

daily intake (CDI) of mancozeb from cucumber, ginger, and pepper consumption were 

293, 0.0, and 93.3% of acceptable daily intake (ADI) set by FAO/WHO at 0.03 mg/kg 
bw/day, respectively. Conclusion: The health risk assessment of dithiocarbamates 

exposure should be frequently surveyed because of mancozeb is the most DTC 

fungicide currently used in agriculture. Therefore, the results of this research indicate 
that the mancozeb residue in cucumber are harmful to consumers. Thus, it is necessary 

to monitor the residue of mancozeb because of risk to human health. 
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INTRODUCTION 

 

Dithiocabamates (DTCs) are important organosulfur compounds and their wide use fungicides for 

protecting crops, fruits, vegetables, seed, and ornamental plants. Introduced 40–70 years ago, DTCs still 

represent an important class widely used in agriculture. For example, the most commonly used DTCs on 

peaches and tobacco in Greece [1] and only maneb, maneb, and thiram are approved for use on the Danish 

market [2]. DTCs can decompose or metabolize to carbon disulfide (CS2) and ethylenethiourea (ETU) [3, 4]. In 

Thailand, the most imported dithiocabamates (DTCs) including mancozeb, propineb and zineb (Table 1) 

between 2007 and 2012 [5]. The determination of DTC residues (i.e. mancozeb, propineb, and zineb) in fruits 

and vegetables where the CS2, evolved following heating under acidic condition, is extracted into a layer of 

isooctane which is then analysed for CS2 by GC-FPD [6, 7, 8].  The most widely used methods for determining 

DTCs or metabolites (CS2) residues in vegetables and fruits are spectrophotometric [9], gas chromatography [7], 

and high performance liquid chromatography [10]. 

In recently year, the most imported DTC fungicide in Thailand was mancozeb [11] and it is a contact 

fungicide and used on a wide variety of crops in agriculture and horticulture. Generally, mancozeb has low acute 

toxicity but can been effect in neuropathology, thyroid toxicity, and developmental toxicity in long-term [6].   

 

 

 



46                                                                    Buran Phansawan et al, 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 45-50 

 
Table 1: Structure and quantity of imported dithiocarbamates in Thailand 

Structure of dithiocarbamates Quantity of imported dithiocarbamates in Thailand (Tons) 

2007 2008 2009 2010 2011 2012 

Mancozeb (MW = 541.0) 

 
 

2,249 2,143 1,192 1,829 1,719 1,405 

Propineb (MW = 289.8) 

 

647 890 665 674 644 733 

Zineb (MW = 275.75)  

 

184 152 64 104 111 3   

 

The health risk assessment of mancozeb exposure will be compared with the acceptable daily intake (ADI) 

which is a measure of the amount of a certain substance in food that can be ingested on a daily basis over a 

lifetime by human without appreciable health risk. ADI is usually expressed on a body mass basis i.e. mg 

substance/kg body weight/day. The consumption data was collected from consumers living in Suthep subdistrict 

of Chiang Mai city. Thus, the present study aims to develop an analytical method for detecting mancozeb in 

ginger, cucumber, and pepper obtained from Chiang Mai city using GC-FPD and to assess the health risk of 

DTCs by comparing with the ADI. 

 

MATERIALS AND METHODS 

 

Mancozeb (purity 99%) was from Dr.Ehrenstorfer (Germany). Carbon disulfide (purity 99.5%) was from 

Panrea, Barcelona, Spain, ethyldiaminetetraacetic acid disodium salt (EDTA, purity 99%) was from Sigma-

Aldrich, Poole, UK. Hydrochloric acid (HCl, analytical grade) and stannous chloride (SnCl2.2H2O, purity 98%) 

were from Merck, Darmstadt, Germany. Isooctane (pesticide grade) was from J.T. Baker, New Jersey, U.S.A. 

The GC-FPD (HewlettePackard 6890) system was operated in the sulfur detection mode and splitless 

injection mode. Separation was performed on HP-5 column (30 m x 0.25 mm i.d., 0.25 µm film thickness. The 

injector and detector temperatures were set at 80C and 220C, respectively. The column oven was programmed 

from 35C (hold for 4 min at 35C) to 120C at 20C/min (hold for 4 min at 120C) and  at 25C/min to 220C 

(hold for 2.5 min at 220C). The carrier gas was helium (purity 99.999%) and set at a flow rate 1.1 mL/min and 

the sample volume injected onto the column was 1 µL. 

Fresh vegetable samples (i.e. ginger, cucumber, and pepper) were chosen to study on the basis that they 

were reportedly contaminated by pesticides. They (total n=54) were randomly selected and purchased from four 

fresh markets in Chiang Mai city from August-October 2011. Ten g aliquots of well blended samples were kept 

frozen (-20C) until analysis. Mixed matrices collecting from several kinds of vegetables were spiked to obtain 

6 levels including 0.25, 0.50, 1.00, 1.50, 2.00, and 2.50 mg/kg, respectively. Then spiked pooled samples were 

used to determine the critical parameters such as the linearity, LOD, LOQ, accuracy and precision for method 

validation. 

The parameters taken into consideration for optimization of extraction process were sample weight, 

concentration and volume of stannous chloride, volume of isooctane, and time of hydrolysis (sonication time). 

Mancozeb was employed as the representative of DTCs. In the following experiments, 1.0 mg/kg
 
of mancozeb 

was spiked onto the mixed vegetable matrix which prepared by mixing ginger, cucumber and pepper at the ratio 

of 1:1:1 and then blended in a blender.     

The extraction method was modified from Vryzas et al. (2002) [8] and Kazos et al. (2007) [10]. Blended 

samples of 5.0 g were transferred onto the extraction tube, following by addition of 4.0 mL of freshly prepared 

0.5% SnCl2 made in 5 M hydrochloric acid. Then each tube was added 1.0 mL of isooctane. Samples were 

heated in an ultrasonic water bath at 80C for 40 min with continuous stirring and then allowed to cool down to 
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room temperature (25C). During cooling, the tubes were periodically hand-shaken to assist CS2 sipping into the 

isooctane layer and 1 µL of the isooctane layer was injected onto a gas chromatograph-flame photometric 

detector (GC-FPD).  

Suthep sub-district, the western part of Chiang Mai city, was an area mixed with urban, periurban, and rural 

environment of residents and commercial shops including conventional wet markets selling fresh vegetables and 

fruits was chosen to be the studied area (Figure 1). The consumption data were obtained from 244 voluntary 

consumers who were agricultural workers, general employee, traders, office workers, government officers and 

business owners, aged 35-65 years old by interviewing and using quantitative and frequency of vegetables 

consumption questionnaires.  

Eight levels of consumption frequency of 3 kinds of vegetables were interviewed including never intake, 

rarely intake (1-3 times a month), frequently intake comprised 1-2 times a week, 3-4 times a week, and 5-6 

times a week, and usually intake included once a day, twice a day, and 3 times a day. Pictures of 3 proposed 

vegetables including ginger, cucumber, and pepper showed their potential consumption sizes were used with the 

questionnaires by the interviewer to identity the quantity of consumed vegetables.  

 
 

Fig. 1: Map of the studied area, Suthep subdistrict, Chiang Mai city, northern Thailand 

 

Ratio of exposure to mancozeb from food intake (mg/kg bw/day) or so called calculated daily intake (CDI)  

of each vegetable to the acceptable daily intake (ADI) was calculated as the risk assessment of mancozeb 

exposure using the following equation.  

 

Risk Assessment (%ADI)       =   (CDI/ADI) x 100 

     

Where Risk Assessment is the risk of mancozeb exposure from the consumption of a vegetable, CDI is the 

exposure of mancozeb residue from consumed vegetable (g/day), and ADI is the acceptable daily intake of 

mancozeb (mg/kg bw/day). ADI which is a measure of the amount of a certain substance in food that can be 

ingested on a daily basis over a lifetime without an appreciable health risk [12].  

 

Results: 

Optimal condition for measuring mancozeb in vegetable was developed. Peak area obtained from 5 g of 

vegetable matrix was greater than peak area from 10 g by 1.5 times. Consequently, the weight of 5 g was 

selected since the extraction was more effective. The amount of SnCl2 of 4.0 mL produced the best response 

better than the vegetable matrix that contained 5 g and 5.0 mL of SnCl2. As a result, SnCl2 of 0.5% w/v at 4.0 

mL was the optimal extraction that shown in the GC peak area.  

The volume of isooctane added were 0.75, 1.0, and 1.5 mL. The result was found that peak area decreased 

by the increasing of the volume of isooctane from 0.75, 1.0, and 1.5 mL, respectively. Thus, 1.0 mL was 

selected as the optimal volume of isooctane because 1 µL aliquot taken from 1.0 mL of the isooctane layer  

provided more comfortable pipetting than taking from 0.75 mL of the isooctane layer. The effect of sonication 

time was increased from 10 to 40 min, the peak area of all components in the extract were also increased and 

there were no apparent change occurred when the sonication time increased from 40 to 60 min. This result, as it 

has also been reported in previous papers [10]. Thus, the 40 min sonication time was selected as the optimal 
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sonication time. In addition, the present developed method employs only 5 mL of SnCl2 and 1.0 mL of the 

isooctane that was less than the previous report method [7, 10]. 

In the present study, the construction of calibration curve was carried out by the vegetable matrixed spiked 

six concentrations of mancozeb. Calibration curve was linear in the range 0.25-2.50 mg/kg
 
and the equation was 

y = 100.8x, with a correlation coefficient (r
2
) of 0.9984. The intra-day precision (repeatability) of the method 

was assessed by analyzing on the same day with five replicated standard at 1.0 mg/kg of mancozeb. The relative 

standard deviation (RSD) value was 5.84%. The bath precision (reproducibility) of the method was verified by 

analyzing five replicated standard at 1.0 mg/kg
 
of mancozeb for five consecutive days. The RSD value was 

5.76%. The LOD was plotted with the standard deviation (SD) versus concentration of spiked mancozeb and 

thus shows the curve with equation y = 0.013x + 0.0103. Since the y-intercept (S0) was 0.01 mg/kg, the LOD 

was equal to 0.03 mg/kg
 
(3S0). The LOQ was assigned as 10 S0 or 0.1 mg/kg. The method was then applied for 

measurement of mancozeb content in 54 samples (ginger, cucumber, and pepper) from five fresh markets in 

Chiang Mai city. The CS2, which eluted at 0.9 min, is well resolved from interferences. Positive values were 

obtained in determining mancozeb residue in pepper and others were all negative. Sample data from this work 

are shown in Table 2. The residue level found in these samples ranging from 0.12-30.64 mg/kg of mancozeb. 

Although, many methods  reportedly employed the headspace gas chromatography (HS-GC-MS) [13] or GC-

MS [7,10,14] that was an expensive equipment, it was advantage especially to most chromatographic 

laboratories to use a simple method and more common equipment like GC-FPD like in the present developed 

method.  
 

Table 2: Mancozeb residue in 3 kinds of vegetable samples from five fresh markets in Chiang Mai city 

Vegetable common name 

(Scientific name) 

No. of samples 

analyzed 

No. of samples 

detected (%) 

Residue level  

range (mg/kg) 

Mean±SD 

 

Ginger (Zingiber officinale Roscoe) 20 - ND ND 

Cucumber (Cucumis sativa L.)  20 3(15) 0.12-0.27 0.08±0.11 

Guinea-pepper (Capsicum frutescens L.) 14 7(50) 0.14-30.6 5.89±11.13 

Total 54 10(19) 0.12-30.6 2.99±4.11 

ND = not detectable 
 

The consumption was surveyed from people living in Suthep subdistrict, Chiang Mai city by specific 

randomizing sample areas and populations that covered all villages. Total of 244 participants, 100 males and 

144 females, was enrolled including agricultural worker, general employee, traders, office workers, government 

officers and business owners. The consumption of cucumber, ginger, and pepper in area of Suthep subdistrict, of 

Chiang Mai city and in area of Thailand studied by the Ministry of Agriculture and Cooperatives (2006) [15] 

has shown in Table 3.  

 
Table 3: Food consumption from 3 kinds of vegetables in Thailand and Suthep sub-district, Chiang Mai city 

Vegetable common name 

(Scientific name) 

Food consumption (g/day)         

Thailand (2007, n = 18,998) Suthep Sub-district (2013, n = 244) 

Ginger (Zingiber officinale Roscoe) 90.8 2.0 

Cucumber (Cucumis sativa L.) 55.1 63.3 

Pepper (Piper nigrum L.) 8.0 0.4 

 

The exposure assessment of mancozeb from pepper consumption was lower than 100% ADI (0.03 mg/kg) 

but cucumber was much higher than 100% ADI as shown in Table 4 and Table 5. The result of consumption of 

ginger was no effect to the consumer health. The CDI of mancozeb from cucumber, ginger, and pepper 

consumption were 293, 0.0, and 93.3% of ADI, respectively. The CDI of mancozeb from cucumber 

consumption was the highest (293 % of ADI) and greater than those were reported in the previous papers [9]. 

 
Table 4: Calculated daily intake (CDI 2006) of mancozeb from 3 kinds of vegetables compared to ADI that set at 0.03 mg/kg bw/day 

(FAO/WHO, 2005) [16] 

Vegetable common name 

(Scientific name) 

CDI 

(mg/kg bw/day) 

%ADI 

 

Cucumber (Cucumis sativa L.) 0.088±0.101 293 

Ginger (Zingiber officinale Roscoe) 0.000±0.000 0.0 

Pepper (Piper nigrum L.) 0.028±0.079 93.3 
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Table 5: Calculated daily intake (CDI) of mancozeb from 3 kinds of vegetables compared to ADI that set at 0.03 mg/kg bw/day 

(FAO/WHO, 2005) 

Vegetable common name 
(Scientific name) 

CDI ± SD 
(mg/kg bw/day) 

%ADI 
 

CDI range  
(mg/kg bw /day) 

Cucumber (Cucumis sativa L.) 0.088±0.101  293  0.000-0.105  

Ginger (Zingiber officinale Roscoe) 0.000±0.000 0.0 0.000-0.000 

Pepper (Piper nigrum L.) 0.028±0.079 93.3 0.000-0.090 

 

Discussion: 

The present developed method for detection of DTCs provides the LOD that was lower than previous 

reviews [17]. This method also provides a quick and easy procedure to determine the mancozeb residue in 

ginger, cucumber, and pepper. The present study results showed that consumption of each particular vegetables 

varies among subpopulation which may be due to different style of food cooking.  Furthermore, ginger and 

pepper are medicinal plants containing some chemical components that may not be favored in some 

subpopulation.  Meanwhile, cucumber is more popular among the studied population as a fresh vegetable served 

with spicy dish. Therefore, the assessment of health risk from exposure to chemical contaminants in foods 

should be focused on the frequent consumption type in order to provide the effective consumer protection.  

 

Conclusions: 

The health risk assessment of dithiocarbamates exposure should be frequently surveyed because of 

mancozeb is the most DTC fungicide currently used in agriculture in Thailand. Therefore, the results of this 

research indicate that the mancozeb residue in cucumber are harmful to consumers. Thus, it is necessary to 

monitor the residue of mancozeb because of risk to human health. 
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