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Abstract 

 
Six samples of carrot and potatoes were collected from conventional and organic farms. Organochlorine pesticides 

(OCPs) residue was analyzed using liquid-liquid extraction. The concentration of OCPs residue together with the 

consumption pattern were used to calculate the potential risk. Estimated Daily Intake (EDI) of OCPs residue in carrots 

and potatoes both from conventional and organic farms were below the standard given in SNI 7313:2008 and the 

Maximum Residue Limit (MRLs) from USEPA . Hazard quotient (HQ) and Hazard Index (HI) as effect analysis were 

below the unity, thus there may not be a concern for non-carcinogenic effect. Risk analysis on cancer effects indicated 

that potatoes samples were above the recommended risk by EPA (10-6). In addition, risk of potatoes samples from 

organic samples was higher compare to that of the conventional farm. Cancer risk analysis of carrot samples were 

found below the recommended risk by EPA. Cancer risk effect of carrot samples from conventional farm was slightly 

higher compare to that of the organic farm.  

 

Kata Kunci : organochlorine pesticide, carrot, potatoes, Citarum watershed 

 

1.  INTRODUCTION 

OCPs such as DDT, chlordane, dieldrin, and heptachlor are included in the group of persistent 

organic pollutant (POP). These compounds become a big concern in the environment due to their 

resistance, global transport, distribution and toxicity (Wania and Mackay, 1996). Moreover, OCPs 

have been linked to carcinogenicity and endocrine disruption in mammals since its bioaccumulation 

in fatty tissues and biomagnification through food chains (Patlak, 1996).  

OCPs were already banned in developed countries; however some of developing countries still use 

these pesticides due to the low cost, its effectiveness and also the leftover from the previous stock. 

As results, OCPs residue remains as major pollution in environment such as soil (Shegunova, et al., 

2007; Li, et al., 2008; Hildebrandt, et al., 2009; Jiang et al., 2009), surface water and sediment (Zou, 

et al., 2006; Imo et al., 2006; Tang, et al., 2007; Samoh and Ibrahim, 2009). In Indonesia, OCPs 

were detected in several river water such as Siak River in Sumatra Island (Munawir, 1996), 

Membramo River in Irian Jaya (Munawir, 2005), Ciliwung River (Sudaryanto, 2006), and coastral 

area in Sulawesi (Munawir, 2000). Several studies also show the accumulation of OCPs in 

freshwater and coastral fish (Sudaryanto, 2006), vegetables (Yunike, 2009), and groundwater 
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(Sabdono, et al., 2008). There is an assumption in Indonesia that OCP pollution was already 

stopped since the use of OCP was banned by government regulation. However, Rochmanti (2009) 

found that OCP is still used by farmer for agricultural purpose in Citarum Watershed area, Java 

Island. 

Pesticides can be applied using several methods. Most pesticides are sprayed directly on the crop or 

soil, while some other are injected into the soil or applied as granules or in a seed treatment. 

Applications of pesticides depend on the crop type and age, target, formulation, application 

technique and weather condition. In the environment, pesticides transport into a cycle. Spraying 

application will distribute perticides on soil, crop foliage, loss due to the drift, becomes crop residue 

(Van der Werf, 1996 and Huddleston, 1994 or it can be removed by degradation or dipersion. Plants 

may accumulate OCPs with different pathways such as from the root uptake, contamination of 

foliage and fruits by soil particles, and deposition from air particles (Gonzalez, et al., 2003). 

Therefore, contamination in plant will have a great influence on the total daily intake of OCPs. 

Nowadays, food quality and safety become an important issue worldwide. Consumers have become 

more concerned that their food should be containing high nutrition and are free from chemical 

residues. This resulted in increasing demand for the organic product. Organic farming avoids the 

use of synthetic fertilizer and pesticides. However, organics crops are planted in soil that might be 

contaminated by persistent organic chemical at low concentration from the past application. 

Therefore, the objectives of this study are as follows: (1) To investigate OCPs residue and its level 

in vegetables (potatoes and carrot) planted using conventional agricultural and organic farming, (2) 

to estimate the daily intake of vegetables using potatoes and carrots as examples (3) to compare the 

obtained daily intake with Acceptable Daily Intake (ADI) and Maximum Residue Limit (MRLs) (4) 

to analyze human risk of OCPs exposure on local community. 

2. MATERIALS AND METHODS  

2.1 Sampling location  

Samples were collected directly from farmer during harvesting time on March 2010. There are six 

sampling points each for conventional agricultural and organic farming area. Sampling location of 

conventional agricultural was located in Kertasari and Pacet subdistricts at the upper area of 

Citarum watershed, West Java, Indonesia (7°12’5.2”S; 107°39’45.5”E). This area is developed for 

agricultural area up to thousands of hectares. Kertasari subdistricts are dominated with vegetables 
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commodities such as cabbage, carrots, onion and potato. While Pacet subdistrict that is located in 

lower area is dominated by paddy field. Thus, the use of pesticides to control plant pest is 

indispensable. Organic carrots and potatoes were collected from organic farming of Gambung 

Village, Pasir Jambu sub district, Bandung district (7°6’10.59”S; 107°28’50.51”E). This location 

was listed in organic commodity directory by Ministry of Agriculture. This location also produces 

vegetables such as carrots, potatoes, and cabbage. This study focuses on carrots and potatoes 

commodity only.  

2.2 Sample analysis 

One kilogram of carrots and potatoes from each sampling points were collected, put into clean 

polyethylene bag, and frozen prior to analysis. Soil samples were also collected in the sampling 

point, dried and sieved before being analyzed. Samples preparation and analysis were conducted at 

Laboratory of Pesticide Residue in Bogor, Indonesia. Analysis method was adopted from The 

National Pesticide Committee based on liquid-liquid extraction methods. 

In the laboratory carrot and potatoes samples were pilled and cut into small pieces. 25 gr of sample 

was homogenized with 100 ml of acetone. For the soil sample, 25gr of dried and sieved soil 

samples were mixed with 100 ml of acetone and shaken twice using shaker in 80 rpm for 20 

minutes. Both of samples were filtered, added by 50 ml of n-hexane to the flask, shaken twice until 

the layers were allowed to separate. The upper hexane layer was concentrated to a small volume of 

10 ml. The cleanup was carried out by florisil and natrium sulfate anhydrate. Filtrate was then 

evaporated until 1 ml volume, eluted with acetone until final volume of 10 ml. Only analytical 

grade chemicals were used in this research. 

Samples were analyzed using Varian 450 Gas Chromatograph equipped with ECD detector with VF 

1701 (30 m x 0.25 mm x 0.25 µm) and VF-5 (30 m x 0.25 mm x 0.25 µm) columns. Injector and 

detector temperature were 240ºC, column temperature was 230°C. The column was performed in 

initial temperature of 150°C for 0.5 min, then programmed for two levels temperature: at rate 

20°C/min to 200°C and held for 3 minutes; at rate 25°C/min to 250°C and held for 17 minutes. 

Nitrogen gas was used as a carrier gas with velocity of 40 ml/min, speed recording was 5mm/min 

and sensitivity was 102.  

A standard-mixture containing 6 organochlorine compounds (Aldrin, Dieldrin, DDT, Endrin, 

Heptachlor and Lindane) and a single standard of endosulfan were obtained from Supelco with the 
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purities>98%. A stock solution containing standard solution was prepared by dissolving 1.0 mL 

standard solutions (2000 mg/L) in a 50 mL volumetric flask with acetone and stored in brown glass 

bottles with Teflon cap. Working solution was prepared every month by diluting stock solution into 

several concentrations: 1.25, 5, 10, 20, and 40 µg/L respectively and stored at 4°C. The quality 

assurance was executed by the internal standard methods. Contamination control was conducted 

during analysis; washing and cleaning the equipment carefully and elution with solvent prior to 

analysis to avoid contamination. Monitoring of blank levels of solvents, purities of other materials, 

procedural analysis, and recovery of spike samples, linearity and response detector were monitored. 

Calibration curve was obtained from peak area versus concentrations based on the linear regression. 

Accuracy and repeatability of the method were assessed by adding known amounts of 

organochlorine pesticides. Limit of detection were obtained from three times of ratio between 

standard deviation and slope of calibration curvewhile limit of quantification of each compound 

was obtained from ten times of the same ratio. Standard deviation was calculated from the peak of 

area from the lowest concentration repeated seven times. Recovery rate was determined by spiking 

a known concentration of organochlorine standard in water and soil samples and repeated for seven 

times. Recovery analysis was 90-92% for lindane, heptachlor, dieldrin, endrin, aldrin, DDT, and 

endosulfan (OCPs). Limit of detection were obtained from three times of ratio between standard 

deviation and the slope of calibration curve. Limit of detection for OCPs has a range from µg/L for 

water samples and µg/kg for sediment samples. All samples were expressed in µg/kg. 

2.3 Risk Analysis 

Risk analysis of vegetables consumption on human health will be based on some guidelines 

provided by different international organizations as follows: 

A. Accaptable Daily Intake (ADI) 

Acceptable Daily Intake (ADI) is an amount of a specific substance which was originally applied 

for a food additive and later also for drug or pesticide in drinking water or food that can be orally 

ingested on daily basis over a lifetime without an appreciable health risk (WHO, 1987). ADI as an 

approach of toxicological evaluation was initiated by the Joint FAO/WHO Expert Committee on 

Food Additives in 1961 by collecting all relevant data, ascertaining the completeness of the 

available data, determining the no-effect level using the most sensitive indicator of the toxicity, and 

applying an appropriate safety factor to arrive at the ADI for man. The ADI is usually defined as 
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mg per kg body weight per day. The higher value of ADI means that the larger the amount of a 

compound that is safe for a regular ingestion. However, this formulation did not take consideration 

of consumption rates and different eating habits. To be compared with ADI, the individual exposure 

was calculated based on the Estimated Daily Intake (EDI) which is determined based on the 

Equation 1 below: 

𝐸𝐷𝐼 =
𝐷𝐶 ∗ 𝐶𝐶

𝐵𝑊
                   (1) 

Where EDI (ng/kg body weight day) is the estimated daily intake, DC is food (fish) daily 

consumption, CC is average concentration of each OCP, and BW is body weight, for which 60 kg is 

typical (IPCS, 2006). If EDI is lower than ADI, it considers that the consumption is safe. On the 

other hand if EDI is higher than ADI then it considers that the consumption has a potential problem. 

B. Minimal Risk Level (MRL) 

The second method is compared with Minimal Risk Level (MRL) formulated by US FDA to 

evaluate the chronic effects. MRLs were proposed by the Agency for Toxic Substances and Disease 

Registry (ATSDR) to estimate the daily human exposure to a hazardous substance that is likely to 

be without appreciable risk of adverse non-cancer health effects over a specified duration of 

exposure. MRLs are divided into three durations; acute (1-14 days), intermediate (15-364 days) and 

chronic (1 year or longer) for the oral and inhalation routes of exposure (ATSDR, 2010). MRLs are 

generally based on the most sensitive substance-induced end point considered to be of relevance to 

humans. Serious health effects such as irreparable damage to the liver or kidneys, or birth defects 

are not used as a basis for establishing MRLs, thus exposure to a level above the MRL does not 

mean that adverse health effects will occur. However, most of the MRLs have some degrees of 

uncertainty because of the lack of precise toxicological information on the people who might be the 

most sensitive (e.g., infants, elderly, and nutritionally or immunologically compromised) to effects 

of hazardous substances.  

C. Risk Characterization 

If the exposure happens for longer time (7 until lifetime), therefore the intake equation can be used 

to estimate the chronic intake  (Chronic daily intake) by adjusting the exposure time parameter, as 

follows: 

𝐶ℎ𝑟𝑜𝑛𝑖𝑐 𝑑𝑜𝑠𝑒 𝑖𝑛𝑡𝑎𝑘𝑒 (𝐶𝐷𝐼) =
𝐶 ∗  𝐼𝑅 ∗  𝐸𝐹 ∗  𝐹𝐼 𝐸𝐷

𝐵𝑊 ∗ 𝐴𝑇
                (2) 
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CDI is chronic dose intake (ng/kg-day), C is measured OCPs concentration in fish samples (ng/gr 

wet weight), IR is ingestion rate (gr/meal) which should be in conjunction with an exposure 

frequency of 365 days/year, EF is Exposure Frequency (meals/year), FI is Fraction Ingested from 

contaminated soil (=1, unitless), BW is body weight (kg), and AT is averaging time (days/year). 

In carcinogen effects, risk is estimated as the incremental of probability of an individual developing 

cancer over a lifetime as a result of exposure to the potential carcinogen. According to the 

guidelines for carcinogenic risk assessment (USEPA, 1989), slope factor (SF) converts the 

estimated daily intake averaged over a lifetime of exposure directly to incremental risk of an 

individual developing cancer (Table 1).  With the assumption that the exposure from the 

environment is lower than the treated animal, the slope factor is a constant and the risk will be 

directly related with the intake (Equation 3). However, this linear equation is valid only at low risk 

levels (below estimated risk 0.01). For higher risk level, one-hit equation (USEPA, 1989) should be 

applied (Equation 4). 

𝑅𝑖𝑠𝑘 = 𝐶𝐷𝐼 × 𝑆𝐹                        (3) 

𝑅𝑖𝑠𝑘 = 1 − exp(𝐶𝐷𝐼 × 𝑆𝐹)      (4) 

Table 1. Toxicity value of potential carcinogenic effects (Slope factor)  

Chemical  Slope factor (SF) (mg/kg-day)-1 Weight-of-evidence classification Type of cancer SFBasis / SF Source 

Lindane  1.30E+00 B2/C - Diet/IRIS 

Aldrin  1.70E+01 B2 - Diet/IRIS 

Heptachlor  4.50E+00 B2 - Water/IRIS 

Dieldrin  1.60E+01 B2 - Water/IRIS 

DDT  3.40E-01 B2 - Water/IRIS 

Endrin  n.a D - n.a 

Endosulfan  n.a n.a n.a n.a 

Source :USEPA, IRIS (2011) 

For noncarcinogenic effects, risk is evaluated by comparing an exposure level over a specified 

period time (e.g. lifetime) with a reference dose derived for a similar exposure period (Table 2). 

This ratio of exposure over toxicity is called a hazard quotient (HQ) which is expressed by equation 

below: 

𝐻𝑎𝑧𝑎𝑟𝑑 𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 (𝐻𝑄) = 𝐸
𝑅𝑓𝐷⁄                            (5)  

Where E is exposure level or intake, RfD is a reference dose. It should be noted that E and RfD are 

expressed in the same unit and represent the same exposure period. If the exposure level exceeds 

the RfD or the hazard quotient exceeds unity, there may be a concern for potential noncancer effect. 

For chronic exposure E can be replaced with CDI. 
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At most of polluted sites, the potential health effects there might be more than one chemical that 

might pose a potential hazard. Estimating risk or hazard potential by considering only one chemical 

might underestimate the risks. Therefore, the overall potential for cancer and noncancer effects 

possed by multiple chemicals should be assessed based on EPA Guidelines for the Health Risk 

Assessment of Chemical Mixtures (EPA, 1986). Equation 6 and 7 are used to calculate the multiple 

risks of carcinogenic effect and noncarcinogenic effect. 

𝑅𝑖𝑠𝑘𝑇 =  ∑ 𝑅𝑖𝑠𝑘𝑖                (6)   

Where RiskT  is the total cancer risk, expressed as a unitless probability and Riski  is the risk 

estimate for the ith substance 

𝐻𝑎𝑧𝑎𝑟𝑑 𝐼𝑛𝑑𝑒𝑥 (𝐻𝐼) =
𝐸1

𝑅𝑓𝐷1
+

𝐸2

𝑅𝑓𝐷2
+ ⋯ +

𝐸𝑖

𝑅𝑓𝐷𝑖
         (7)  

Where Ei is exposure level (or intake) for the ith  toxicant and RfDi is reference dose for the ith 

toxicant. For chronic exposure, Ei can be replaced as CDIi 

Table  2. Toxicity value of potential non-carcinogenic effects (RfD)  

Chemical 
Chronic RfD 

(mg/kg-day) 

Confidence 

Level  
Critical Effect 

Uncertainty and modifying 

factor 

Lindane 3.00E-04 medium Liver and kidney toxicity UF= 1000 (H, A,S),MF:1 

Aldrin 3.00E-05 medium Liver Toxicity UF= 1000 (H, A, L),MF:1 

Heptachlor 5.00E-04 low Liver weight increase in male UF=300, MF:1 

Dieldrin 5.00E-05 medium Liver leison UF=100 (A and), MF:1 

DDT 5.00E-04 medium Liver leison UF=100 (A and), MF:1 

Endrin 3.00E-04 medium Mild histological lesions in liver, occasional 

convulsions 

UF=100(A,H), MF:1 

Endosulfan 6.00E-03 medium Reduced body weight gain in males and females UF=100 

Source :USEPA, IRIS (2011) 

3. RESULTS AND DISCUSSION 

3.1 OCPs Residue 

Summary of OCP average concentration in both carrot and potatoes was presented in Table 3. 

Average concentration of OCP from conventional farm was slightly higher compared to that of the 

organic farm except for lindane. Carrot samples contain more OCPs compare to potatoes. It was 

suggested that carrot plantation received more OCPs application than potatoes. However, OCPs 

uptake mechanism by carrot and potatoes should be taken into account. 

Table 3.  Average concentration of OCPs in carrot and potatoes samples (n=6).  

OCP 
Carrot ( µg/kg ww) Potatoes ( µg/kg ww) 

Organic Conventional Organic Conventional 
Lindane 0.97 1.63 2.07 6.58 
Aldrin ND 2.30 4.80 ND 
Heptachlor 0.50 2.05 1.35 0.73 
Dieldrin 2.50 1.40 ND ND 
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DDT 0.50 ND ND ND 
Endrin 0.80 0.95 0.70 ND 
Endosulfann ND ND 0.55 ND 
ND is below detection limit. 

This research results also show that maximum concentration of OCPs residue in carrot and potatoes 

was below the maximum residue limit according to SNI 7313:2008 (Table 4). 

Table  4. Comparison of OCPs residue in this research with Indonesian OCP residue standard for food 

OCP 
Max. concentration in Potatoes  

(µg/kg ww) 
Max. concentration in carrot  

(µg/kg ww) 
Organic Conventional MRL Organic Conventional MRL 

 Lindane 3.3 19.8 50 1.5 3.5 200 
Aldrin 4.8 1.2 100 - 2.3 100 
Heptachlor 2.1 - 50* 0.5 2.4 200 
Dieldrin - - 100 4.1 2.5 500 
DDT - - 1000* 0.5 - 1000* 
Endrin 0.7 - - 0.9 1.2 - 
Endosulfan 0.7 - 200 - - 200 
* No specific standard only in vegetables 

MRL = Maximum Residue Limit 

Figure 1 and 2 show OCP residue in soil taken from carrot and potatoes plantation from 

conventional and organic farms. Heptachlor was found dominating (63% of the total samples) for 

both carrot and potatoes area in both types of farms followed by lindane (25%) while other was 

detected in one or two samples. DDT was not detected in conventional farm but was detected in 

organic farm with low concentration (0.5 µg/kg ww). Aldrin was detected only in one sampling 

point (CC-3) in conventional farm.  In contrast, dieldrin was not detected in all sampling points.   

OCP residue in soil has significantly different tendency with OCP residue in carrots and potatoes. In 

carrot plantation at conventional farm, only heptachlor was detected in the soil. Moreover, the OCP 

residue in carrot area was significantly lower compared to potatoes area at conventional farm. One 

of the reasons for this phenomenon is because carrot farms are mostly located in sloping area while 

potatoes farms are in relatively flat area. The correlation between slopes and concentration of OCP 

in the soil was also explained by Yunike (2009). She found that OCP residues in slope area in 

Kertasari sub district of Bandung regency were lower than in flat area. In case of organic farm, 

OCPs residue in carrot and potatoes plantation was relatively similar, probably due to the relatively 

flat area.  

Organic farm approach was actually introduced to avoid the use of synthetic fertilizer and pesticides 

hereinafter will reduce chemical residues potential contamination in food. However, this research 

shows that OCPs residues were still being found in organic farming, both in soil and crops. There is 

possibility that the residues detected in this research came from the previous usage, since OCPs 
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residues can be persistent in soil. Volatile characteristic of OCPs might increase the possibility. 

OCPs residue from previous usage can remain in the atmosphere and be transported by wind to the 

surrounding area. That residue can be disposed into the soil during rainy season; furthermore, it can 

be adsorbed by the crops.  

 

 

Figure 1. OCPs residue in soil taken from carrot plantation of organic farm (O) and conventional farm (C) 

 

 

Figure 2. OCPs residue in soil taken from potatoes area of organic farm (O) and conventional farm (C) 

The varieties of OCP residue of soil samples in this study were different compared to the previous 

study. Lindane and heptachlor were dominating in this study while dieldrin, heptachlor and 
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endosulfan were dominating in the agricultural area for vegetables and paddy field at Kertasari 

subdistrict (Yunike, 2009 and Deviyani, 2010). Endosulfan was still used according to the 

questionnaires which were collected from the farmers from Kartasari subdistrict in 2009. 

Furthermore, DDT, dieldrin, heptachlor, aldrin, and BHC were detected from pesticide solution 

which was used to spray carrots (Rochmanti, 2009). Endosulfan was started to be banned and not 

used at the end of 2009. However, according to the investigation from several pesticide shops, they 

still have the stock of endosulfan and sell it to the farmers. 

Variety and residue of OCP in potatoes and carrots were different. These suggest the differences of 

chemical used, characteristics and crop species were most important in determining uptake. Plant 

lipid plays the major factor causing differences observed in plant uptake of lipophilic contaminant 

such as aldrin, dieldrin, heptachlor and heptachlor epoxide (Chiou, et al., 2001). In addition, the 

soil-plant transfer of persistent organic chemical residues will depend on the physical and chemical 

characteristics of the soils. Beck et al. (1996) reported that organic matter and moisture content of 

the soil are factors frequently reported to exert greatest impact on the availability of soil-sorbed 

nonionic organic chemical residues to be uptaken by the crops. Generally, the uptake by crop would 

be favored under moist conditions with low organic matter content in soils. In dry soils with high 

organics matters, the chemical residues will be strongly bound by the soil rather than being uptaken 

by the plant. In this study, soil organic matter was not investigated. Soil pH ranged from 6.8 – 7 

which was not considered to influence the OCP residue. All of factors that might influence will 

combine in complex ways to control the uptake of chemicals from the soil in to the carrots and 

potatoes. It cannot be explained in more detail due to the limited number of samples. Further studies 

should be conducted to ascertain the main factors which influence the OCP uptake by different 

kinds of crops and the risks from OCP contamination in food stuffs. 

3.2 Risk Analysis 

Potatoes consumption rate was calculated with linear rate assumption based on BPS statistic bureau 

data from 2004 to 2009, therefore the consumption on year 2010 was 2.21 kg/capita-year. Carrot 

consumption rate (0.83 kg/capita-year) was selected from 2005 data (Pasaribu, 2007). Comparison 

of EDI in vegetable with Acceptable Daily Intake (ADI) is shown in Table 5. Overall, EDI was 

below ADI value. Potatoes have higher EDI than carrot, since consumption rate and OCP average 

concentration of potatoes was higher compare to carrot. While Chronic effects were determined by 

comparing EDI with Minimal Risk Level (MRL) formulated by US FDA. Comparison result is 
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summarized in Table 6. EDI of carrot and potatoes from current research were far below the MRLs 

for acute, intermediate and chronic effects. 

Table  5.  Comparison between EDI of vegetables samples with ADI value 

Chemical 
Carrot (ng/kg bw-day) Potatoes (ng/kg bw-day) 

ADI [ng/kg b.w] 
Organic Conventional Organic Conventional 

Lindane 0.04 0.06 0.21 0.66 1000 
Aldrin n.ca 0.09 0.48 n.c 100 
Heptachlor 0.02 0.08 0.14 0.07 100 
Dieldrin 0.09 0.05 n.c n.c 100 
DDT 0.02 n.c n.c n.c 2000 
Endrin 0.03 0.04 0.07 n.c 2000 
Endosulfan n.c n.c 0.06 n.c 6000 
an.c not calculated  

 

Table  6.   Comparison EDI value of OCPs in vegetables samples with MRL formulated by US FDA 

Chemical Route 
Carrot  

(ng/kg bw-day) 
Potatoes 

(ng/kg bw-day) Duration MRL [ng/kg/day] Factors Endpoint 
Org. Conv. Org. Conv. 

Lindane Oral 0.04 0.06 0.21 0.66 Acute 3000 300 Developmental. 

  
    

Intermediate 10 1000 Immunological. 
Aldrin Oral n.ca 0.09 0.48 n.c Acute 2000 1000 Developmental. 

  
    

Chronic 30 1000 Hepatic 
Heptachlor Oral 0.02 0.08 0.14 0.07 Acute 600 3000 Reproductive 

  
    

Intermediate 100 300 Immunological. 
Dieldrin Oral 0.09 0.05 n.c n.c Intermediate 100 100 Neurological. 

  
    

Chronic 50 100 Hepatic 
p,p' DDT Oral 0.02 n.c n.c n.c Acute 500 1000 Developmental. 

  
    

Intermediate 500 100 Hepatic 
Endrin Oral 0.03 0.04 0.07 n.c Intermediate 2000 100 Neurological. 

  
    

Chronic 300 100 Neurological. 
Endosulfan Oral n.c n.c 0.06 n.c Intermediate 5000 100 Immunological. 
    

    
Chronic 2000 100 Hepatic 

an.c not calculated  

Risk characterization, non-carcinogenic was calculated by dividing EDI with the reference dose 

(RfD), as shown in Table 2. While for carcinogenic effects, the risk calculation was determined by 

multiplying the CDI with Slope Factor (SF) (Table 1).  

Hazard quotient (HQ) of each OCPs and hazard index (HI) as total hazard quotient of carrot and 

potatoes samples from this study is described in Figure 3. HQ and HI of carrot and potatoes from 

both farms were below unity. These results suggested that there might not be a concern for potential 

noncancer effects. As consequences, there was possibility of chronic effect. In case of carcinogenic 

effect, risk value of each OCP was determined by multiplying the intake (EDI) with the SF (Slope 

factor). The risk calculation of each OCPs and total risk of OCPs are shown in Figure 4. 

According to Figure 4, risk of each OCP was below the recommended risk by EPA (10-6).  However, 

potatoes have higher risk compare to carrot samples. Aldrin was found as the highest cancer risk for 

carrot from conventional farm and potatoes from organic farm. Dieldrin was found having higher 

risk in carrot from organic farm. Although lindane was dominating in samples, higher risk was 
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found in potatoes samples from conventional farm. Total risk of potatoes from organic farm was 

above the recommended risk by EPA. Therefore, there was probability of individual developing 

cancer over a lifetime as a result of OCPs exposure from potatoes consumption.  

 

Figure 3. Hazard Quotient (HQ) of OCP residue in potatoes and carrots 

 

Figure 4.  Cancer Risk of OCP residue in potatoes and carrots 

4. CONCLUSION 

Current study showed that OCP residues were detected in carrots and potatoes from organic farming. 

OCP residue in potatoes from conventional farm was significantly different compared with organic 

farm. On the other hand, OCP concentration in carrots from conventional farm was almost similar 

with carrots from organic farm. DDT was detected in soil and crops from organic farm; this was 

probably from pre-organic farming or surrounding area. OCP uptake depended on the crop varieties 
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but further research is needed to observe whether it is related with the characteristic of crops or as a 

reflection of the variability of OCP residue in the soils which the different crops are grown.  

From risk analysis results, EDI of potatoes and carrots were far below ADI and MRLs. HQ and HI 

as effect analysis were below the unity, thus there may not be a concern for non-carcinogenic effect. 

Risk analysis on cancer effects indicated that potatoes samples were above the recommended risk 

given by EPA (10-6). In addition, risk of potatoes samples from organic samples was higher 

compare to that of the conventional farm. Cancer risk analysis of carrot samples were found below 

the recommended risk given by EPA. Cancer risk effect of carrot samples from conventional farm 

was slightly higher compared to carrot samples from organic samples.  
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