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il Rischio “Nascosto” del cibo di stRada

La vendita di cibo di strada rappresenta ormai una componente indispensabile del sistema alimentare di molti 
Paesi in via di sviluppo, grazie anche al processo di urbanizzazione che si sta diffondendo sempre di più in 
queste regioni, e contribuisce significativamente alla sicurezza alimentare delle persone che fanno affidamento 
sulla loro vendita e/o disponibilità. Grazie alla vasta presenza sul territorio, al basso costo e all’offerta molto 
variata di alimenti, il cibo di strada rappresenta, inoltre, un importante mezzo di sussistenza per le comunità 
a basso reddito.
Nonostante i benefici nutrizionali, sociali ed economici, la vendita di cibo di strada suscita grandi preoccupa-
zioni per la salute della popolazione urbana. La principale preoccupazione è legata alla sicurezza alimentare, 
ovvero all’igiene e alla qualità degli alimenti, soprattutto a causa della possibile presenza di agenti biologici 
e/o sostanze chimiche nei prodotti alimentari venduti al pubblico. Nel corso degli anni il rischio microbiologi-
co è stato ampliamente studiato, mentre resta ancora molto da chiarire sui pericoli chimici/tossicologici e, in 
particolare, sulle misure da adottare per prevenire e/o ridurre la probabilità della loro presenza.
L’obiettivo di questo documento è quello di descrivere i rischi chimici/tossicologici a cui esposto il cibo esclusi-
vamente preparato sulla strada, al fine di: identificare e caratterizzare i principali pericoli chimici/tossicologi-
ci e valutare il rischio di esposizione della popolazione generale. A partire dalla vulnerabilità intrinseca delle 
matrici alimentari a diverse sostanze chimiche, vengono quindi esaminati punti critici di controllo: come la 
locazione del punto vendita, lo stoccaggio e la preparazione dei piatti pronti, allo scopo di fornire ai venditori 
di cibo di strada le informazioni necessarie per prevenire e/o ridurre la presenza di sostanze tossiche nei loro 
prodotti e tutelare, così, la salute del consumatore.
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the “hidden” burden of 
Street foodS

SuMMARy: Street-vended foods (or street foods) are an indispensable component of the food system in many 
cities of developing countries, increasingly emphasized by the rapid urbanization process, and significantly 
contribute to the food security of people who rely on their daily and widespread availability. Due to their easy 
accessibility and diversified supply of meals, street foods also represent an inexpensive and accessible means 
for low income communities of meeting their basic nutritional needs.
Despite the nutritional, social and economic benefits that may originate from it, the selling of street foods raises 
serious concerns for the health of urban population. The major concern is related to food safety, in particular due 
to biological agents and chemical substances in food products presented to the public. Over the years, the micro-
biological hazards have been deeply examined, though proper management and communication would require 
further efforts; on the other hand, a lot still needs to be clarified about chemical/toxicological hazards and, in 
particular, on the measures that can be taken in order to prevent them or reduce the probability of their occur-
rence.
The purpose of this opinion paper is to present an overview of chemical/toxicological risks of street cookery (to 
be considered as the activity of preparing and cooking foods exclusively on the street) in order to: identify the 
main chemical hazards for foods and characterize the toxicological risks for the general population. Starting 
from the intrinsic vulnerability of the food matrices to different chemicals, points of particular attention are 
considered -from the location through the handling, storage, processing and sale of meals- in order to produce 
recommendations addressed to the food vendors, thus protecting the healthy value of their goods.
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stReet foods: aN eMeRGiNG hot issue foR health?

Street foods are defined by FAO/WHO Codex Alimen-
tarius Commission as ready-to-eat foods prepared and/
or sold by vendors and hawkers especially in the streets 
and other public places (FAO, 1989). This definition 
includes a wide range of ingredients and products, 
as well as raw materials and methods of preparation 
which often reveal traditional local cultures and reci-
pes and include a large variety of meals, snacks and 
drinks (WHO/FAO, 2010). 
There is growing awareness that street-vended foods 
(or “street foods”) represent an indispensable compo-
nent of the modern food supply system as well as an 
important global issue worldwide (FAO, 1991; FAO, 
1997; FAO/WHO, 2003; Nago, 2005; Chukuezi, 2010). 
The increasing spread of the phenomenon throughout 
the world, but mainly in developing countries, is the 
evidence of the rapid urbanization process and the 
changed patterns of living and eating (FAO, 2000; 
Johnson et al., 2000). In many cities of developing 
world, indeed, the vending of street food significantly 
contributes to the food security of people who rely on 

their daily and widespread availability. 
In fact, due to their easy accessibility and diversified 
supply of meals, street foods represent an inexpensive 
and accessible means for low income communities of 
meeting their basic nutritional needs: it is estimated that 
the recommended daily energy intake can be met by 
consuming around US$1 of street foods (FAO, 1991). 
In Africa, for instance, street alimentation enables 80% 
of urban populations to feed themselves easily and at 
lower prices and represents around 40% of their food 
budget expenditure (IFPRI, 2000). 
Nevertheless, despite the nutritional, social and eco-
nomic benefits that may originate from it, the selling 
of street foods raises serious concerns for the health of 
urban population. The major concern is related to food 
safety, in particular due to biological agents and chemi-
cal substances in food products presented to the pub-
lic. The way forward the management of food safety 
of street vended food cannot escape the assessment of 
raw materials and processing and the accurate identifi-
cation of those factors more vulnerable to hazards.

1
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Over the years, the microbiological hazards have 
been deeply examined and a number of studies on the 
detection of foodborne bacterial pathogens in street 
vended foods have been performed (e.g., FAO, 1991; 
Muleta et al. 2001; Abdussalam et al. 1993; Mensah et 
al. 2002; Omemu et al. 2008; Von et al. 2006, Opeolu 
et al., 2010). The findings of these studies clearly dem-
onstrate the role of street foods in the transmission of 
pathogens like Bacillus cereus, Staphylococcus aureus 
and Salmonella spp and their short-term effects. 
On the other hand, a lot still needs to be clarified about 
chemical/toxicological hazards and, in particular, on 
the magnitude of risks posed by them in the long term. 
Limited investigations and data on toxicological haz-
ard of street foods exist, suggesting the probability of 
multiple contaminants of different origin presence in 
street food scenarios. 
The scarcity of studies on chemical/toxicological haz-
ards of street foods can be due to the fact that most 
effects of their exposition are “hidden”, i.e. not im-
mediate (as those of microbiological hazards) but vis-
ible only in the long term and therefore often difficult 
to associate with past exposure. Therefore, chemical 
substances/toxicants can be considered “silent risk 
factors” for adverse health effects such as carcino-
genic, teratogenic, mutagenic as well as endocrine 
effects. It is known that the effects on human health 
depend mainly on the exposure pattern and magni-
tude, the toxicity as well as the vulnerability and sus-
ceptibly of subject. 
The long term exposure to chemical/toxicological haz-

stReet food aNd health: Not oNly MicRobioloGical RisKs…2
ards of street foods raises further concerns because of 
the cumulative daily intake of a certain toxicant and 
the fact that vulnerable and most-at-risk populations, 
such as children and women of childbearing age, rep-
resent an important segment of street foods consum-
ers. In Nigeria, for instance, 96% of the elementary 
school children buy breakfast from street food ven-
dors and in Bangkok, children 4-6 years old got 80% 
of the energy, protein, fat and iron intake from street 
foods (FAO, 2000). 
In this scenario, women (including those in childbear-
ing age) account for the majority of street vendors 
in many countries: e.g. they are involved in 81% of 
street-food business in Zimbabwe, 90% in the Philip-
pines, 53% in Senegal and 66.67% in Nigeria (Graff-
ham et al., 2005; Chukuezi, 2010). Mensah et al. 
(2002) observed that in Accra (Ghana), even though 
the majority of street food consumers are men, many 
mothers working at the markets in Accra also bought 
some food items from vendors to feed their babies and 
it is reasonable not to exclude that women-vendors 
consume the same meals they prepare and sell. The 
specific concern for women in childbearing age lays 
in long-term effects implicating health risk also for 
future generations. In fact, intrauterine exposure and 
first infancy requires, indeed, particular attention due 
to the vulnerability of the fœtus and the likelihood 
for the developing organisms to trigger situations 
regulating the chances of developing future health 
outcomes such as endocrine and metabolic diseases 
(Frazzoli et al., 2009).
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cheMical/toxicoloGical hazaRds of stReet cooKeRy3
Despite the fact that the term street-vended foods 
includes both the foods prepared on the street and 
ready to eat, as well as those prepared at home and 
consumed on the street without further preparation 
(FAO, 1989), this opinion examines foods exclusively 
prepared on the street as area deserving special atten-
tion for chemical/toxicological hazards as more prone 
to those risks. 
Thus, NOODLES purpose is to focus on street cook-
ery, intended as the activity of preparing and cooking 
food exclusively on the street.
The large collection of ingredients, methods of prep-
aration and street cookeries are proportional to the 
number of risks to whom they are exposed: food is 
susceptible to contamination by chemical/toxicologi-
cal hazards at various stages: from the preparation 
process to storage and sale of meals, and the follow-
ing depicts the scenario. 

Location 
For profitable reasons, street food stalls are mainly 
placed in the most congested streets, close to crowded 
centers and manufacturing activities, at bus/train sta-
tions, etc. Food processing and displaying area is so 
exposed to several airborne toxicants, such as lead 
and other heavy metals, polycyclic aromatic hydro-
carbons (PAHs) and persistent organic pollutants 
(POPs) such as dioxins and polychlorinated biphenyls 
(PCBs). Furthermore, the majority of the vending 
sites are poorly constructed, determining the lack of 
proper protection of foods from air pollution (Muinde 

, 2005). A study conducted in Indonesia, for in-
stance, reported the presence of heavy metals (e.g. 
iron and lead) in several food samples, linked, at least 
partly, to atmospheric pollution, especially from au-
tomobile exhaust fumes (Simopoulos et al., 2000).
Poor sanitary conditions in the area where food is 
prepared and vended also contribute to high risks ex-
posure of foods to toxicants: lack of services, such 
as potable water supplies, inadequate refuse disposal 
facilities and open burning of wastes expose foods 
to dangerous toxicants such as PAHs and dioxins. In 
Nairobi (Kenya) 92.5% of the street food processors 
did not have a waste disposal area and threw waste 
water close to the stalls, increasing the pollution of 
the soil and groundwater (Muinde et al., 2005). 

Raw materials
Source and quality of raw materials play a fundamen-
tal role in the safety of street foods. Contamination 
introduced by raw materials could be carried over 
through processing and cooking.
A critical raw material in street-vended operations 
is water. Water is present in many stages of food 
sale: it is used for drinking, as well as to wash foods, 
equipment, utensils and hands; it can also represent 

an ingredient and be used in the processing of food, 
e.g., by boiling. Depending on the scenarios, water 
sources can be contaminated by industrial or do-
mestic wastewater, pesticides or sewage; moreover, 
the frequent unavailability of potable water near the 
stalls and the consequent re-use of the water used for 
cleaning utensils and dishes is a major concern (FAO, 
2009; Rane, 2011). 
Moreover, in order to apply low prices, vendors may 
purchase cheap raw materials from unreliable sources 
and/or clandestine dealers. These raw materials are 
often substandard and present health hazards: for 
instance, spoiled materials, especially nuts, grains 
and related products, may be contaminated by my-
cotoxins, while foods of plant or animal origin may 
bear unauthorized residues, or illicit biocides (WHO, 
1996, WHO/FAO, 2010). A safety study from Ac-
cra found that 70% of street food samples contained 
residues of the organophosphorous pesticide chlorpy-
riphos; while benzoic acid, tetradifon and aflatoxin 
have been reported in a survey of 74 samples of street 
food sold in Bangkok (Vatanasuchart et al., 1994). 
Finally, since organic and inorganic pollutants have 
different lipophilicity, different accumulation pat-
terns are implicated in the level of toxicants of the 
meal, depending on the relevant composition of raw 
materials. Certain persistent lipophilic chemicals, 
such as polychlorinated biphenyls (PCBs) and DDTs 
can accumulate in the adipose tissue of animals, 
causing an increased likelihood of toxicants in edible 
tissues. For all this reasons, the selection of raw ma-
terials represents a major step in the safety of street 
foods.

Storage
The place where foods are stored is often not properly 
sheltered from contamination sources. 
In most cases, foods are not covered and presences of 
liquid and solid wastes in the storage areas have been 
frequently reported (Rane, 2011) and the ill-aimed 
attempts at defending stored foods from pests may 
lead to an overenthousiastic use of biocides (organo-
phosphorus insecticides, disinfectants such as form-
aldehide, anticoagulant rodenticides, etc.), leading to 
contamination by residues. 
Most important, inadequate storage conditions (such 
as temperature, moisture and prolonged time) and/or 
facilities promote the growth of mycotoxin produc-
ing fungi and the production of mycotoxins in numer-
ous raw materials, mainly cereals, dry fruits, spices, 
coffee and cocoa. Contamination with aflatoxins has 
been reported in two surveys of street foods in Bang-
kok (Vatanasuchart, 1994; Dawson et al., 1996), in 
35% of the samples collected in Khatmandu (Nepal) 
and 17% of foods containing peanuts in Indonesia 
(Winarno, 1993).

the “hidden” burden of Street foodS
pwb 2013; 1:18-27
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As for chemical/toxicological risks food faces during 
the storage, big importance is given to the quality of 
utensils and equipment where foods are stored, as re-
viewed in the following sub-section.

Utensils and Equipment
The use of adequate utensils and equipment for the 
preparation and storage of food is critical to the safety 
of street vended foods. Inappropriate cookware, food 
containers and packaging and kitchen utensils used 
for and during the preparation, cooking and serving, 
as well as the storage of raw materials and prepared 
food, may determine food contamination with toxi-
cants. Moreover, the combination of poor quality ma-
terials and improper practices may lead to the forma-
tion or leaching of toxic compounds, such as heavy 
metals, perfluorinated compounds (PFOS, PFOA) 
and bisphenol A.
An important risk factor for the equipment is the fre-
quent purchase of pots and other utensils from infor-
mal manufacturers/retailers. This is obviously attrib-
uted to their inferior cost and the consequent lower 
economic loss that would occur when equipment 
would to be confiscated by the police during a raid 
(in fact street food vending is still an informal sec-
tor). Interviews with vendors in Harare (Zimbabwe) 
and Accra showed the high frequency of using infor-
mally fabricated pots, often manufactured with poor 
quality materials, such as scrap metals from various 
sources: derelict cars, car batteries or industrial ma-
chinery, that may leach a number of toxic metal com-
pounds (Tomlins et al., 2004; FAO/WHO, 2005). The 
study carried out in Accra reported a number of food 
samples with high levels of lead, cadmium, arsenic, 
mercury and copper, suggesting a probable leaching 
from the utensils (Tomlins et al., 2004). 
Besides metals, utensils and equipment may release 
also other contaminants, especially at high tem-
perature and/or in contact with acidic or fat foods. 
Melamine and formaldehyde, for instance, may be re-
leased by utensils or plates made of melamine resin if 
exposed to high temperature, e.g. when frying (BfR, 
2011). Perfluorinated compounds might be released 
by the Teflon or non-stick coatings when deteriorate 
or at temperature above 230°C. Leaching of DEHP 
(Bis(2-ethylhexyl)phthalate) from polyvinylchloride 
(PVC) may occur upon prolonged contact with fat 
foods, such as dairy products. Finally, bisphenol A, 
an additive of polycarbonate plastic containers (e.g. 
baby bottles and plastic containers) may be released 
upon prolonged use and/or when in contact with hot 
liquids.

Food processing and cooking practices
Preparation and processing of street foods should 
be done adequately in order to reduce chemical/
toxicological hazards in the final food product. Food 
processing and cooking practices can involve boil-
ing, frying, baking and grilling. Particular attention 
should be given to overcooking, grilling and/or ex-
cessive reuse of cooking oils for frying because of the 
possible production of carcinogenic chemicals. 

Formation of PAH, a group of different carcinogenic 
and genotoxic chemicals, for instance, may occur 
during the grilling or smoking of meat as well as from 
overbaking at high temperature of dough-based foods 
(Ruchirawat et al., 2005). Acrylamides, another car-
cinogenic and genotoxic substance is generated in 
fried or overheated carbohydrate foods, especially 
if cooked at temperature higher than 120°C. In his 
study carried out in Owerri (Nigeria), Chukuezi 
(2010) found that 72.42% of street food vendors re-
used oil for frying several times, determining a prob-
able production of cancer-causing chemicals, such as 
PAHs and acrylamide. 
Use of banned or hazardous (for toxicity and excess 
amount) food additives, such as coloring agents, is 
another diffused chemical hazard to be considered in 
street food. Johnson et al., (2000) in their study in 
Accra, reported that many vendors add some coloring 
agents during the preparation of waakye (a popular 
Ghanaian food) to give it a characteristic color. Pres-
ence of banned or hazardous coloring agents, like 
Metanil yellow, Orange II and Rhodamine B has been 
detected in India (Simopoulos, 2000), while in West 
Java (Indonesia) non-food-grade additives, such as 
textile coloring agent, were detected in several street 
food preparations as well as soft drinks (IPB, 1990). 
On the other hand, adequate food processing may im-
prove the quality of food by reducing the presence of 
such hazards, as anti-nutritional factors: substances 
endogenously present in several foods (mainly cere-
als) able to reduce the bioavailability of minerals and 
digestibility of proteins. Anti-nutritional factors in 
foods can be, indeed, reduced by adequate processing 
and, consequently, bioavailability of nutrients will in-
crease: e.g., the augmented bioavailability of iron and 
zinc and the digestibility of proteins in sorghum after 
adequate fermentation (Wisal et al., 2005; Ibrahim et 
al., 2005; Mohammed et al., 2010). 

Cleaning practices
Finally, the excessive use or misuse of insecticides and 
cleaning agents in the stalls may determine the laying 
down of chemicals on the surface of displayed meals 
or contaminate the soil or the ground water. Cleaning 
products may present, indeed, several health and en-
vironmental concerns. They may contain chemicals 
classified as hazardous for human health as well as 
toxic for aquatic species in polluted waters. 
Weather and environmental conditions of street food 
stalls in developing countries may entrain a high pres-
ence of insects, which are potential vectors of micro-
biological contamination. Thus, there is no doubt that 
measures should be taken to reduce the insect pres-
ence; however, an inaccurate and exceedingly eager 
use may be hazardous itself. Neurotoxic insecticides 
such as organophosphorates, carbamates and pyre-
throids are typical examples of biocides with direct 
toxicity. Organochlorine insecticides are stable com-
pounds persisting in the environment for prolonged 
periods and can be accumulated in the body’s adipose 
tissue with long term effects on liver and on the cen-
tral nervous, endocrine and reproductive systems. 

the “hidden” burden of Street foodS
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a Needed steP foRWaRd

Even the fact that is an important source of affordable 
food, street foods sector has still not being officially 
recognized in many countries and, consequently, it 
does not meet adequate standards neither there is pub-
lic awareness of risks posed. The reasons are several 
and may differ according to the countries; these in-
clude inadequate regulatory laws and systems, lack 
of infrastructures and financial resources to invest in 
safer equipment and lack of education for street food 
vendors. 
All such reasons may reflect an understatement of 
street food role for food security as well as for eco-
nomic and social welfare of urban communities. 
Nevertheless, since street food vending has become 
increasingly important as urban phenomenon, it would 
be necessary to take different measures in order to pre-
vent all sort of hazards, including the chemical/toxico-
logical ones and/or reduce the probability of their oc-
currence in foods. Different preventive measures have 
been proposed and, occasionally, put in place. Among 
them, HACCP (Hazard Analysis and Critical Control 

Point) is the main reference model: a preventive pro-
active approach which allows identifying potential 
risk factors before they occur. Nonetheless, HACCP 
strategy is exclusively focus on hygienic/microbiologi-
cal risks and do not take into account the chemical/
toxicological risks. Consequently, there is the neces-
sity of a systematic and comprehensive extension of 
HACCP approach to factors associated with chemi-
cal/toxicological hazards. Since the introduction of 
chemical/toxicological hazards to HACCP model has 
not yet been explored, it is a field study that requires be 
carrying out and deeply investigating. The adaptation 
of HACCP model to natural and man-made chemical 
hazards is a study field at its starting stage that requires 
being carried out and thoroughly investigated. 
The reduction of both microbiological and chemical/
toxicological in street cookery, indeed, would allow 
improving the quality of foods, reducing the occur-
rence of short and long term foodborne illness, thus 
enhancing the health and social benefits from the 
street food sector.

4

Most organochlorine insecticides have been banned 
in industrialized Countries and many developing 
Countries since decades (DDT since 1970’s under the 
Stockholm Convention). However, household uses 

may still be common in scenarios such as street food 
vending, due to the lack of proper regulations and/
or controls and the low cost of “dumped” pesticide 
stores (Johnson et al., 2000; Abaidoo, 2009).

the “hidden” burden of Street foodS
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