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Abstract 

Typically when the topic of food contamination is brought up, the first thing that comes to mind 

is food poisoning associated with food spoilage. While food spoilage is one of the most common 

causes of food contamination. There are other factors that play a role in food contamination that 

come into effect well before spoilage can occur. These include cross contamination, 

environmental conditions, and pollution. Cross contamination involves the transfer of unwanted 

microorganisms from one subject to another. Experiments have shown that the transfer of 

C.jejuni and C. coli can occur even when origin of contamination has low levels of 

contamination. Environmental conditions also play factor in contamination as the conditions of 

where food is sold and prepped promote the growth of unwanted organisms like fungi. Pollution 

can also play a role due to naturally occurring resources like fresh water are in demand but the 

supply cannot match the demand. As a result, treated polluted water has to be used for 

agricultural purposes, leading to the potential problem of PCB and heavy metal contamination of 

various agricultural products.   

 

 

 

 

 

 



Introduction 

 Food contamination is a recurring problem that still plagues the world. This is a problem 

because of the very nature of many food products. Any type of food product, whether natural or 

unnatural, is prone to break down over time. Meat for example, breaks down naturally over time. 

This is because meat consists of carbohydrates, fats, and proteins. Fats and proteins in particular 

are prone to breaking down over time which leads to meat becoming inedible and unsafe for 

human consumption. (1) Fats naturally undergo oxidation. This creates free radicals which lead 

to the oxidative deterioration of meat. (1) This leads to rancid taste and over time spoilage. (1) 

There are many other factors however that go into how food products are contaminated that 

involve processes that do not include the natural decay of food products like meat. Because of 

this, the problems involving the contamination of food extend beyond the complications of 

something as simple as food poisoning that occurs as a result of consuming contaminated 

products.  

 One way for contamination of food to occur is by the transfer of unwanted of 

microorganism from one object to another. In the realm of the topic of food handling, this is 

known as cross contamination. The introduction of unwanted microorganisms can happen in 

many ways. A common way to introduce unwanted microorganisms involves the improper 

handling of cooked products and raw products, specifically raw meat and cooked meat. Raw 

poultry for example is the site of two species of Campylobacter; C. jejuni and C. coli. These two 

species of Camplyobacter are the leading cause of gastroenteritis which is more commonly 

known as the stomach flu. (2)  



 Cross contamination can also occur as a result of complications involving the topography 

of where food is prepped in. In this case of food handling, topography refers to the surface area 

at which food is prepared in. (3) Some surfaces are better to prep food on more than others 

because some surfaces are easier to clean. The ones that are hard to clean are prone to bacterial 

buildup. Because of this, unwanted transfer of microorganisms can still occur even when the 

prepping area is supposedly clean. 

 Another way for contamination to occur is by the environment where food is prepared 

and processed in. The environment often plays a role in food contamination because the 

environment often favors the growth of unwanted organisms like fungi. The environmental 

conditions of open markets for example, favor fungal growth. These conditions include poor 

personal hygiene, sanitation, and working environment. (4) Open market in this case means non-

commercial markets or not a supermarket like Raleys. Open markets typically have people 

preparing food at home and brought to a place to sell. Problems can arise because open markets 

are not subject to rules and regulations like a typical commercial market would be. As a result, 

food bought at an open market is more at risk to be contaminated than food bought at a 

commercial market. Fungi are known to cause food spoilage which is problematic. What makes 

this more problematic is that some species of fungi cannot be processed out. This is due to some 

fungi having characteristics that make them highly resistant to processes that attempt to mitigate 

contamination. An example of this is heat processing. Some fungi have ascospores which make 

them highly resistant to heat. Fungi are also known to grow naturally on fruits and vegetables, 

especially in open aired markets. This is problematic because open markets are typically exposed 

to conditions that favor fungal growth.  



 The environmental conditions that favor the growth of unwanted organisms is only one of 

the many ways the environment can play a role in food contamination. Another way for the 

environment to contribute to the problem of food contamination is by pollution from urban and 

industrial areas. The result of pollution from urban and industrial areas can result in the 

contamination of agricultural products. An example of this problem occurring is in the area of 

Campania, Italy. Campania is an area that is prone to illegal waste dumping. This is problematic 

because areas prone to illegal waste dumping are prone to health hazards. An example of this is 

that in areas around Caserta and Naples, Italy, dioxin concentrations were found to be high in 

breast milk. In the case of Campania, high levels of polychlorinated biphenyl (PCB) maybe a 

problem in goat milk. The level of PCB presence is directly correlated to the presence of 

Organochlorine compounds (OCs). OCs are known to impair the endocrine system of humans 

and animals. This can lead to disorders that can potentially lead to cancer. (5) 

 The problem of pollution can also be extended to the potential problem of 

overpopulation. Overpopulation can lead to the problem of supply and demand for certain things. 

One of these things is fresh water. As the population goes up, demand for freshwater goes up. 

This is a problem because there is not enough supply of freshwater to meet the demand in 

various areas. So, as a result treated wastewater has to be substituted for freshwater for 

agricultural purposes. This is problematic because waste water is known to be contaminated with 

heavy metals at various concentrations. Even though waste water generally goes through 

treatment for reuse, heavy metals are non-biodegradable. This means that heavy metals can be 

resistant to decomposition. This can be problematic for agricultural purposes because the transfer 

of heavy metals to soil and plants can occur.  Plants can readily absorb heavy metals. Heavy 

metals can potentially accumulate in plants over time. As a result, heavy metals can be 



introduced to people from the food that is produced by agriculture. This can pose as a long term 

health risk if high levels of heavy metals are present in food. (6) 

Experimental Details 

 Many of the experiments involved identifying the presence of something that causes food 

decay. For these experiments, they involved the use of a polymerase chain reaction (PCR). PCR 

is a technique used to make many copies of a specific region of DNA. This technique involves 

three main steps; denaturing, annealing and extension. Denaturing involves heating a sample to 

break a DNA strand into two single strands. The sample is then cooled in the annealing process 

and the two DNA strands can attach to their complementary sequences of DNA. Then the 

temperature is raised again in the extension step to fully synthesize the new strands of DNA. 

This process is repeated many times to make many copies of the target DNA region. This target 

region of DNA is then compared to known genetic sequences to determine if something is 

present or not. For the experiments mentioned in this paper, PCR was used to determine whether 

or not the two previously mention species of Camploybacter transferred from raw meat to 

cooked meat.  PCR was also used in determining which species of fungi were most common on 

the products from open markets.  

 To test for transfer of Campylobacter species, inoculation of agar plates involving 

contaminated and non contaminated samples of poultry was done. Contaminated samples in this 

experiment involved introducing cooked poultry to a cutting board that was exposed to raw 

poultry. The level of contamination of the various cutting boards used varied from sample to 

sample. This technique involves providing a medium to where bacteria can grow so that the 

number of colonies of bacteria can be counted. These colonies are then isolated and prepared for 



PCR. (2) These contaminated samples were tested for the presence of the previously mention 

Campylobacter species. These PCR results were then compared to non contaminated cooked 

meat to see if the Camploybacter species transferred.  

 For the topography experiment, the experiment involved purposely contaminating of 

common surfaces used to process food and cleaning it using common protocol. This common 

protocol involves the use of chlorine.  Presence of bacteria was observed by electron microscopy. 

The presence of bacteria on the different surfaces was then compared to see which surface is the 

best to prep food in. (3) 

 For the open market experiment involving growth of fungi, various products sold at an 

open market in Windhoek, Nambia were collected. These products (samples) include maize, 

dried leaves, mopane worms, roasted ground nuts, minnos and cooked beef steaks. To isolate the 

fungi associated with the samples, a spread plate method was used. This method involved taking 

some material from the acquired samples and spreading it over Sabouraud Dextrose agar media. 

This was supplemented with chloramphenicol to prevent bacterial growth. This isolation method 

was used to ID the fungi based on their morphology. A polymerase chain reaction (PCR) was 

also used to ID the fungi associated with each sample. (4)  

 To determine the levels of PCB present in goat milk, samples were collected from 

various areas around Campania. These milk samples had to be separated from their lipid fraction. 

To separate the lipids from the milk, a separation and extraction method was used. This involved 

sonication in a ultrasound bath to separate the lipids from the target analytes. The target analytes 

being the PCBs. Further separation was done to the sample using a glass tube that was packed 

with anhydrous sodium sulphate . And lastly, actual separation was done using a SPE column. 



This resulted in 3 fractions of the sample separated from the lipid fraction. These fractions 

contain the analytes that were analyzed. These fractions were analyzed using Gas 

Chromatography-Mass Spectrometry (GC-MS) to detect the presence of PCB. The tandem of 

GC-MS detecting the presence of PCB starts with GC. The fractions containing the non-lipid 

portion is turned into vapor and separated into more fractions of the target analyte that is present. 

(7) The separation by GC is accomplished by distributing the non-lipid portion between a mobile 

phase and stationary phase. The mobile phase of GC is a gas that carries the sample through the 

stationary phase. The stationary phase determines which components of a sample elute first. The 

components of a sample may have a different affinity for the stationary phase. If it has a high 

affinity for the stationary phase, it stays longer in the stationary phase and elutes slower than a 

component that has less affinity for the stationary phase. The multiple fractions of the analytes 

separated by GC are separated by their mass to charge ratio (m/z) to determine which PCB is 

present in the sample analyzed. This separation is done by the mass spectrometry portion of the 

tandem GC-MS. The internal standard used for the mass spectrometry was PCB 209. Control 

data involved the same separation and extraction techniques. However, milk powder was used 

instead as a pseudo blank. The powder used BCR-450 Natural Milk Powder. This powder is 

specifically used for PCBS. This blank was slightly contaminated with Organochlorine 

compounds (OC). (5) 

 The test for the potential problem posed by using treated waste water for agricultural 

purposes, various samples of treated waste water, soil and olives were collected from arid areas 

and examined for the presence of heavy metals. These samples were analyzed using an 

absorption spectrophotometer. Heavy metal concentration can be observed using an absorption 

spectrophotometer when samples containing heavy metals are treated with chemicals that 



produce a complex ion. For this experiment, each sample of metal was digested with HNO3 and 

H2O2. The metals being examined were Mn, Zn, Cr, CU, and Pb. This digested sample was then 

diluted with Milli-Q water. These complex ions in solution will produce a colorful solution that 

both reflects and absorbs various wavelengths of light. The absorbance of the wavelength of light 

is the target data in this experiment because the absorbance of a heavy metal complex ion 

solution directly correlates to the concentration of the heavy metal present in the samples 

analyzed. (6) Specifically, the wavelength that displays the largest peak indicates the heavy 

metal concentration present in the digested sample.  

  

Results 

 The result of the Campylobacter transfer experiment showed that multiple species of 

bacteria can be transferred from raw to cooked poultry. This is indicated by the PCR test where 

both C.jejuni and C.coli were present in the samples. This experiment also showed that the 

transfer of bacteria from raw to cooked poultry can occur even when a cutting board has low 

levels of contamination. (2) 

 The topography experiment results showed that flat surface is better than one with an 

irregular surface. A surface like stainless steel is generally the preferred surface for any food 

processing business as shown by the experimental results due to it having the lowest bacterial 

presence. However, a new potential problem arose as a result of this experiment. Some places 

use stainless steel modified with silicon. General protocol cleaning has been shown to degrade 

this modified stainless which changes the surface properties. As a result, cleaning protocol 

involving the use of milder cleaning conditions is desired in some cases. (3) 



 The result of the open market fungi experiment was that a lot of different types of fungi 

were found to be growing on the samples. This led to the conclusion that open markets that are 

like ones found in Nambia are at serious risk for fungal contamination. The most common fungi 

to be found were A. niger and A. parasiticus. A. niger is a type of mold that is not considered to 

be harmful. (8) They are only considered to be harmful if a person’s immune system is 

compromised due to a complication like HIV. (8) A. parasiticus on the hand is considered to be 

problematic because they produce aflatoxin. Aflatoxins are considered to be liver carcinogens. 

Liver carcinogens are known to damage the liver, potentially causing liver cancer. (9) Because of 

this, populations that are reliant on open markets for their food source are at serious risk of long 

term health hazards. (4) 

 The experiments involving the pollution effects varied. On one hand, the experiment 

involving Campania confirmed that goat milk produced from the areas around Campania had 

high levels of PCB. This confirms that areas prone to illegal waste dumping are more prone to 

having contaminated agricultural products like milk. When compared to areas that are not prone 

illegal waste dumping, the levels of PCB were higher, even higher than the EU’s acceptable limit 

of PCB levels. Areas not prone to illegal waste dumping had levels of PCB below EU’s 

acceptable limit. (5) However, when it came to testing for heavy metal contamination from 

treated waste water, the results showed that for the time being, waste water is not problematic for 

agriculture. The treated waste water, olive and soil samples all showed the presence of heavy 

metals being tested for, but not high enough to pose a real treat. (6) 

Conclusion 



 There are many ways for food contamination to occur that extend beyond just letting food 

just decay over time. They can involve the improper handling of food, whether it is by the unsafe 

methods used to prepare food in or the unsafe environment for food to be sold in. They can also 

involve the pollution of the environment where toxins can build up in areas used for agricultural 

and as a result those toxins can be transferred to the agricultural products. Even though treated 

waste water for the time being is a suitable alternative for freshwater in agricultural purposes, 

this may not be the case as the pollution problem may continue to worsen and more heavy metals 

are introduced to waste water to the point where new treatment methods are needed.  
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