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FOOD SAFETY 
BACKGROUND READING 

 

Food safety is the science of protecting our food supply from contamination. Disease-causing 
bacteria, viruses, chemicals and other threats to health can enter the food supply at many points 
along the supply chain, including food production, processing, distribution, storage, preparation 
and retail. Contaminated food poses serious risks to those who are exposed, causing fever, nausea, 
diarrhea, chronic illness and, in some cases, death. Approximately 48 million people (one in six) in 
the United States alone become sick each year from foodborne illnesses, and almost 3,000 die.1 
Vulnerable populations—very young or old people or those with weakened immune systems—are 
at an increased risk of poorer health outcomes from food-related illnesses.2  

Foodborne pathogens from field to plate 
Our food supply is susceptible to contamination by pathogens—microorganisms that can infect 
people and cause illness. Salmonella, for example, is a bacterium that lives in the intestines of 
animals, such as chicks and other young birds.3 Certain strains of E. coli, another bacterium, are also 
known to cause foodborne illness.4 People can become infected with Salmonella, E. coli and other 
pathogens by eating foods that have been contaminated by animal waste. The conditions in 
industrial food animal production (IFAP) facilities (refer to Food Animal Production) promote the 
spread of these types of pathogens through the transport and management of animal waste.4-6 
Fertilizing produce crops with manure that has not been properly treated, for example, may 
introduce pathogens into the food supply; this is often how bean sprouts, lettuce and other fresh 
produce become contaminated.7 Waste treatment methods such as composting can be used to 
destroy or inhibit some pathogens present in waste.7 Farmers, workers and any other people 
coming into contact with food animals or manure have a greater chance of being exposed to and 
spreading E. coli and other pathogens.5,8 Feeding large amounts of grain to beef and dairy cattle, 
another standard IFAP practice, may also increase food safety risks by altering the animals’ 
digestive systems in ways that foster greater populations of a disease-causing strain of E. coli.9 

The scale at which industrialized food processing facilities operate can increase food safety risks. 
For example, the meat from many different animals is often processed in a single central facility.10 If 
a single piece of meat entering that facility is contaminated, the entire batch may also become 
contaminated depending on factors such as the hygiene of the facility, the persistence of the 
pathogen and the type of meat being processed.11 Since ground beef, for example, is generally mixed 
and processed at these types of plants, contaminants that were originally found outside the beef, 
like E. coli from animal manure, may taint the entire supply.11 If the beef is undercooked, or if the 
raw beef contaminates other food products or food preparation surfaces, illness may result.11 
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Tracing the contamination can often be difficult because the meat arrives at the central processing 
facility from many sources. As these plants have become larger, the area over which they distribute 
an immense volume of products has become broader,10 increasing the risk of widespread exposure 
to contamination.10,12 For more information, refer to Food Processing. 

Food can also be contaminated by pathogens during distribution and transport. When transported 
or stored, perishable food must be kept under specific conditions, such as a controlled temperature, 
to prevent contamination. Even the containers used to ship food may be the cause of contamination. 
Studies conducted on some of the trucks that carry dairy products in the United States showed 
evidence of both Salmonellae and Listeria monocytogenes, which are bacterial causes of foodborne 
illness. If these tankers had been cleaned and disinfected between deliveries, the risk of 
transmitting these pathogens would be reduced.13 

Any surface that comes into contact with food should be washed or disinfected to remove 
pathogens before and after food preparation.14,15 Some pathogens can spread from one 
contaminated surface to another. For example, if a cutting board was not properly washed after 
preparing raw poultry, a salad that is next chopped could become contaminated as well.14,15 
Campylobacter, a common foodborne pathogen found on uncooked poultry, can be spread in 
households and restaurants.14 Norovirus, a virus that causes illness, is also easily transmitted from 
people to food, usually by whoever has prepared it.15 

Chemical contaminants in food 
In addition to pathogens, toxic chemicals can contaminate our food supply. Both human activities 
and natural processes can be responsible for chemical contamination.  

The use of chemical pesticides allows farmers to exert some control over crop pests like weeds 
and certain insects (at least in the short term; refer to Agriculture and Ecosystems), but this practice 
can leave pesticide residues on and inside fruits and vegetables. Even at low levels, some pesticides 
can have harmful effects on our reproductive and nervous systems, and may put people at a higher 
risk for cancer.16  

Mercury is a heavy metal that can contaminate seafood.17 When people eat foods contaminated 
with mercury, such as tuna and other large predatory fish, the metal accumulates in their bodies 
and can cause brain and kidney problems later in life.18 Burning coal, mining and incinerating waste 
release mercury into the atmosphere, waterways and soil.17 Roughly half of all mercury emissions 
are thought to come from human activities; the rest are caused by naturally occurring events like 
volcanic eruptions.17 

Practices common to industrial food animal production can also contaminate our food with harmful 
chemicals (refer to Food Animal Production). Arsenic, for example, is a chemical sometimes present 
in the feed of food animals, such as poultry and swine, partly to make them grow faster. This can 
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leave residual amounts of arsenic in the meat, putting consumers at a greater risk of heart disease, 
diabetes and cancer. When animal waste is used as fertilizer, arsenic can also pollute groundwater 
and contaminate crops.19 

Prevention and education 
Commercial  
It is possible to reduce the risks posed by food safety hazards. Commercially, one of the most 
common food safety measures is the Hazard Analysis and Critical Control Point  (HACCP) process, a 
prevention-based approach that identifies and monitors food safety hazards at critical control 
points along the supply chain. At each of these points, HACCP officers usually play a monitoring 
role, checking temperature and sanitary conditions and testing for the presence of pathogens.20,21 
Critical control points can be established during the production, processing, transport or 
preparation of food. Before milk is pasteurized, for example, bacteria like Salmonella may be 
present. During pasteurization, a HACCP officer may check to ensure that the milk is heated at the 
proper time and temperature intervals to destroy the remaining bacteria.22 The U.S. Department of 
Agriculture (USDA) or Food and Drug Administration (FDA) may also be involved in this process.23  

While HACCP is an important tool in reducing the risk of foodborne illness, it is not a guarantee 
against contamination along the entire supply chain. It must be used in conjunction with other food 
safety measures, such as training employees, maintaining sanitary facilities and handling products 
properly during preparation.24,25 It can also be a difficult program to implement, particularly for 
smaller businesses, which may need to invest considerable time, money and training in order to 
adopt HACCP procedures.26,27 Businesses that believe they are already producing safe food may be 
deterred by these barriers.26 Since HACCP is mandatory only for meat, poultry, seafood and juice 
products,28 many businesses may choose not to adopt it.26 

Household 
The USDA suggests four steps to help prevent foodborne illness at home: clean, separate, cook and 
chill. The first step, “clean,” encourages people to wash their hands, countertops and any utensils 
that may be used before touching any food. The second, “separate,” means keeping raw meat 
separate from ready-to-eat food (such as salad) when preparing meals or even in the refrigerator. 
“Cook” refers to cooking food thoroughly by using a food thermometer when necessary and making 
sure to stir or rotate dishes when cooking. The last step, “chill,” includes chilling leftover food 
within two hours of consumption and always thawing meat in the refrigerator.29  

Conclusion 
People are vulnerable to pathogens and chemicals that can contaminate food at every stage along 
the supply chain. In many cases, however, opportunities exist to minimize the risks to our health. 
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By following safe, hygienic practices, both industries and consumers can help prevent 
contamination, reduce the spread of foodborne illness and protect our health. 

  



FOOD SAFETY | BACKGROUND READING 

TEACHING THE FOOD SYSTEM | A PROJECT OF THE JOHNS HOPKINS CENTER FOR A LIVABLE FUTURE 5 

References 
1. Centers for Disease Control and Prevention. CDC reports 1 in 6 get sick from foodborne illnesses each year. 
2010. Available at: http://www.cdc.gov/media/pressrel/2010/r101215.html. 

2. McCabe-Sellers BJ, Beattie SE. Food safety: emerging trends in foodborne illness surveillance and 
prevention. Journal of the American Dietetic Association. 2004;104(11):1708-1717. 

3. Centers for Disease Control and Prevention. Salmonellosis: general information. 2009. Available at: 
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/salmonellosis/. 

4. USDA Agricultural Research Service. National Program 206: Manure and Byproduct Utilization. 2005. 

5. Centers for Disease Control and Prevention. Escherichia coli 0157:H7. 2010. Available at: 
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/ecoli_o157h7/index.html#where. 

6. Pew Commission on Industrial Farm Animal Production. Putting Meat on the Table: Industrial Farm Animal 
Production in America. 2008. 

7. Solomon E, Yaron S, Matthews K. Transmission of Escherichia coli 0157:H7 from contaminated manure and 
irrigation water to lettuce plant tissue and its subsequent internalization. Applied and Environmental 
Microbiology. 2002;68(1):397-400. 

8. Keiger D. Farmacology. Johns Hopkins Magazine. 2009. 

9. Callaway TR, Elder RO, Keen JE, Anderson RC, Nisbet DJ. Forage feeding to reduce preharvest Escherichia 
coli populations in cattle, a review. Journal of Dairy Science. 2003;86(3):852–860. 

10. Woteki CE, Kineman BD. Challenges and approaches to reducing foodborne illness. Annual Review of 
Nutrition. 2003;23:315-44. 

11. USDA. Fact sheets: ground beef and food safety. 2011. Available at: 
http://www.fsis.usda.gov/factsheets/ground_beef_and_food_safety/index.asp. 

12. Gouveia L, Juska A. Taming nature, taming workers: constructing the separation between meat 
consumption and meat production in the US. Sociologia Ruralis. 2002;42(4). 

13. Kessel J Van, Karns J, Gorski L, McCluskey B, Perdue M. Prevalence of salmonellae, listeria monocytogenes, 
and fecal coliforms in bulk tank milk on US dairies. Journal of Dairy Science. 2004;87(9):2822-2830. 

14. Centers for Disease Control and Prevention. Campylobacter: general information. 2010. Available at: 
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/campylobacter/. 

15. Centers for Disease Control and Prevention. Norovirus: Q&A. 2010. Available at: 
http://www.cdc.gov/ncidod/dvrd/revb/gastro/norovirus-qa.htm. 

16. Alavanja M, Hoppin H, Kamel F. Health effects of chronic pesticide exposure:  cancer and neurotoxicity. 
Annual Review of Public Health. 2004;25:155-197. 

17. UNEP Chemicals Branch. The Global Atmospheric Mercury Assessment: Sources, Emissions, and Transport. 
Geneva, Switzerland; 2008. 

18. U.S. Department of Health and Human Services. Agency for Toxic Substances and Disease Registry ToxFAQs: 
Mercury. 1999. 

19. Silbergeld EK, Nachman K. The environmental and public health risks associated with arsenical use in 
animal feeds. Annals of the New York Academy of Sciences. 2008;1140:346-57. 

20. HACCP Alliance. HACCP questions and answers. 2011. Available at: 
http://haccpalliance.org/alliance/haccpqa.html. 

21. Food Safety and Inspection Service. Key facts: microbial testing programs--FSIS testing for salmonella and 
plant testing for E. coli. FSIS. 2011. Available at: http://www.fsis.usda.gov/oa/background/keymicro.htm. 

22. Brennan J ed. Food Processing Handbook. Weinheim, Germany: Wiley-VCH; 2006:367. 

23. Food and Drug Administration. Hazard analysis and critical control point principles and application 
guidelines. 2009. Available at: 
http://www.fda.gov/Food/FoodSafety/HazardAnalysisCriticalControlPointsHACCP/HACCPPrinciplesApplica
tionGuidelines/default.htm#execsum. 



FOOD SAFETY | BACKGROUND READING 

TEACHING THE FOOD SYSTEM | A PROJECT OF THE JOHNS HOPKINS CENTER FOR A LIVABLE FUTURE 6 

24. Sperber W. HACCP does not work farm to table. Food Control. 2005;16(6):511-514. 

25. Brown M. HACCP in the Meat Industry. Boca Raton, FL: Woodhead Publishing Limited; 2000. 

26. Taylor E. HACCP in small companies: benefit or burden? Food Control. 2001;12(4):217-222. 

27. WHO. FAO/WHO guidance to governments on the application of HACCP in small and/or less-developed 
food businesses. 2006. 

28. USDA. Common questions: HACCP. 2011. Available at: 
http://fsrio.nal.usda.gov/nal_display/index.php?tax_subject=604&topic_id=2377level3=0&level4=0&level5=
&info_center=1&tax_level=2&placement_default=4&ref_id=31&faqs_id=225. 

29. USDA Food Safety and Inspection Service. Be food safe: four easy lessons in safe food handling. 2007. 
Available at: http://www.fsis.usda.gov/PDF/BFS_Brochure.pdf.  

 


	Foodborne pathogens from field to plate
	Chemical contaminants in food
	Prevention and education
	Commercial
	Household

	Conclusion
	References

