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Introduction

• Mutagens are biological, chemical 

or physical agent that alters or 

causes a permanent change 

(mutation) in the genetic material 

(usually DNA) of an organism. 

What are mutagens?

• Such mutations are usually the first 

step in a sequence of events that 

ultimately leads to the development 

of cancer.



• Endocrine disrupting chemicals (EDCs) are chemical substances that alter 

the functions of the endocrine system and thereby cause adverse health 

effects in an intact organism or its progeny (WHO/International Programme on Chemical Safety IPCS, 2002).
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Sources/examples of mutagens and xenoestrogens in food

Sources of mutagens in food

1. Substances deliberately added to food 

Food additives (e.g. amaranth, allura red, azo dyes)

(Tsuda et al., 2001; Sasaki et al., 2002; Shimada et al., 2010)

2. Substances inadvertently contaminating food

Pesticides (e.g. malathion, chlorpyrifos, lindane)

Country Pesticides Reference

United States of America Chlorpyrifos, melathion etc in meal 

of pre-school children
Fenske et al., 2002

Spain Pirimiphos-methyl Gonzalez-Curbelo et al., 2012

Italy
Average of 3.4 different pesticides per 

meal (2005-2007).

13 different pesticides in some case

Lorenzin, 2007

Nigeria DDT, Endrin, Lindane, Diazinon etc Gwary et al., 2012 



Pesticides residue monitoring in 

Finland, 2008 (EVIRA, 2009)





The 2013 

European Union 

report on pesticide 

residues in food 

(EFSA, 2015)



…continuation

Heavy metals and other environmental pollutants (e.g. arsenic, lead,

dioxins, polychlorinated dibenzodioxins PCDDs/polychlorinated

dibenzofurans PCDFs, PCBs and dioxin-like PCBs)

Food contact materials (FCMs)

3. Process-generated contaminants

Polyaromatic hydrocarbons (PAHs) (e.g. BaA, BaP, BaF, Ch etc)

• Mainly formed in food as a result of processing (grilling, smoking, barbecuing and frying)

• Carcinogens in humans (Samanta et al., 2002)

• Cause mammary tumours in laboratory animals (Hecht, 2002)

– Heterocyclic aromatic amines (HAAs)

– N-nitrosamines (NAs)

– Acrylamide (AA)



Source: (EFSA, 2008)





Source: Akpambang et al., 2009



Finnish food items Nigerian food items

60 % were non-mutagenic with

Salmonella Typhimurium TA 100 strain

73 % were non-mutagenic with

Salmonella Typhimurium TA 98 strain

25 % were non-mutagenic with

Salmonella Typhimurium TA 100 strain

75 % were non-mutagenic with

Salmonella Typhimurium TA 98 strain

Processing methodsProcessing methods

Smoking oven

Cold smoked

Liquid-smoked

Grilling

Wood contact smooking

Poor cooking oil

Deep frying



Mutagens in water samples

• In 1986 and 1988, drinking water in Finland were reported to be mutagenic 

(Vartiainen and Liimatainen, 1986; Vartiainen et al., 1988).

• This was largely attributed to high levels of the by-products of disinfection 

(mainly chlorination) stemming from chemical reactions with humic 

substances

• Seventy-one percent (71%) of water samples with mutagenic outcomes 

were reported to be contaminated with 3-chloro-4-(dichloromethyl)-5-

hydroxy-2(5H)-furanone and several other chlorinated hydroxyl furanones 

(Kronberg and Vartianien, 1988; Smeds et. al., 1997).



• Consequently in Finland, a linear relationship was reported 

between exposure to drinking-water mutagenicity and the risk 

of bladder, kidney, stomach and pancreatic cancers, as well as 

lymphomas in people consuming the water (Koivusalo et al., 1994, 

1995).

http://en.cncnews.cn/news/v_show/32268_Secret_of_Finland’s_drinkable_tap_water__

.shtml



• In Nigeria, drinking-water sources have 
recently been reported to be mutagenic 
(Adelanwa et al., 2011; Olorunfemi et al., 2014).

• The sources of mutagen are diverse, ranging 
from

By-product of disinfection

Environmental contaminant from pollution

Pesticides from agricultural run-off

Heavy metals etc



Xenoestrogens in food

• Plant-based/natural (Phytoestrogen e.g. isoflavones)

• Process-generated contaminant, PAH (Santodonato, 1997)

• Pesticides (e.g. ethylenebisdithiocarbamates) (IARC, 2001; Kontou et al., 2004; 

Geetanjali and Santosh, 2009). 

• Environmental contaminants (e.g. dioxin have been reported to be 

estrogenic in human cell lines, Boverhof et al., 2006)

• Food additives

Sources of xenoestrogens in food and drinking water



Amadasi et al., 2009



Food contact materials (FCMs)

• FCMs are unintentionally added substances in food

• Their presence usually occurs from leaching of food packaging materials 

under normal use conditions (ter-Veld et al., 2006; Vandenberg et al., 2007; Le et al., 2008) 

• It is also influenced by factors such as storage conditions, sunlight exposure 

and ambient temperature 



• Plasticizers such as a tris(2-ethylhexyl)trimellitate and benzoate mixture 

have been reported in food (ter Veld et al., 2006)

• Bisphenol A (BPA)

Source: (Porras et al., 2014)



1. Phthalates and BPA were 

found in all foods and 

beverages

2. BPA was found in 54% of 

samples

Sakhi et al., 2014

Norway



Contamination of drinking water by xenoestrogens. 

• Plastic or glass bottles 

• Bottle caps 

• Transport pipelines 

• Disinfection agents

• The bottling process itself 

• Environmental pollution of water sources 



Country Samples Outcome(ng/l EEQ) Source

Italy Mineral water 0.03 – 23.1 Pinto & Reali, 2009

Mean: 9.5

Tap water Average: 15.0

Germany Bottled water 2.64 – 75.2 (60%) Wagner & Oehlmann, 2009

Mean: 18.0

Spain Bottled water 79.3 % Real et al., 2015

(Mean: 0.113)

Finland Bottled water Nil (n= 10) Omoruyi and Pohjanvirta, 2015 

Mineral water Nil (n=10)

Tap water Nil (n= 24)

Nigeria Sachet water 0.79 – 44.0 (31%) Omoruyi et al., 2014



• Waste-water treatment plants (WWTPs) are also, potential

sources of human exposure to EDCs

Finland Nigeria
WWTPs are present and in use No working WWTPs (Daily Trust, 2014)

Waste collection are centralized waste collection are decentralized



Jarošová et al., 2014



Jarošová et al., 2014



Two-year study (2011 and 2014) of influent and effluent samples

from Viikinmäki WWTP

• The oestrogenic activity of influent samples were  generally low 

(approximately 0.5 ng/l EEQ) throughout  this period

• March (14.o ng/l EEQ) and August 2011 (7.8 ng/l EEQ) 

• All treated effluent waters from the WWTP were none oestrogenic

• Influent and effluent samples from an equivalent household water 

purification plant were also none oestrogenic in an in vitro test system

Omoruyi and Pohjanvirta, 2015



Conclusion

• Commercially processed foods are potential sources of human exposure 

to genotoxic chemicals. 

• These chemicals are often difficult to regulate/control, because they are 

formed in food as a result of food processing. However, appreciable 

progress has been made in Finland towards reducing the levels of these 

contaminants in commercial foodstuffs.

• In Nigeria, much still needs to be done, since the majority of food items 

(chin-chin, hamburger, suya and bean cake) investigated were proven to 

be mutagenic. The dissimilar mutagenic outcome in the two countries 

may largely be due to differences in processing techniques.



• Drinking-water sources (tap water, bottled still and mineral waters) and water from 

drinking- water treatment plants in Finland are not sources of concern, with respect 

to their oestrogenic potentials.

• Meanwhile, sachet-pure water samples from Nigeria, as well as packaging 

materials, could pose grave problems for consumers, because 31% of the samples 

were oestrogenic,  of which 40% were attributed to FCMs.

• A 2-year study of both influent and effluent wastewater samples from Viikinmäki 

WWTP in Finland showed that the treatment process (activated sludge coupled with 

mechanical, chemical and biological purification) used in the treatment of 

wastewater is effective in removing oestrogenic chemicals. In Nigeria, there are no 

centralized WWTPs. This may impair proper waste treatment and also increases 

exposure to EDCs. 



Thank you for your attention


