




Natural Chlorinated Phenol in Wild Boar

W. Vetter et al., J. Agric. Food Chem. 2011.
G. W. Gribble, Prog. Chem. Org. Nat. Prod. 91, 1 (2010)



Myriad�natural�chemicals�are�
in�ALL of�our�
food�and�drink
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Chemicals in Some Foods

• Mango - 76 chemicals identified (toluene 41 ppb; dimethylstyrene 2.5 ppb)

• Papaya - 106 chemicals identified  (toluene 4.6 ppb; styrene 0.1 ppb; pyridine 0.1 ppb; 
PhCHO 0.3 ppb; PhCH2CHO 0.8 ppb; Ph-N=C=S)

• Cooked Egg - 141 chemicals identified  (indole, furans, thiazoles, thiophenes, 
pyrroles, pyrazines, aldehydes, ketones, alcohols, phenols, 2-cresol) 

• Roasted Coffee - 826 volatile chemicals identified, 16 of which are carcinogenic in 
rodents (1 cup = 10 mg (40 ppm) of rodent carcinogens)

• Heated Licorice Oil - 63 volatile chemicals identified (most abundant are pyrroles, 
furans, carboxylic acids) (indole present in unheated juice)

• Bread - more than 540 volatile chemicals identified

• Pear – more than 300 volatile chemicals identified

• Cabbage - 49 chemicals identified

• Coffee – 202 chemicals identified (34 pyridines and pyrazines; also hydrocarbons, 
aldehydes, phenols, acids, alcohols, furans, thiophenes
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Chemicals in Coffee Aroma

•
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Coffee and Cancer?
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• no strong evidence that coffee drinking is related 
to any particular cancer

• some, but not all, early studies showed a link to 
pancreatic cancer, but now shown to be incorrect

• pure caffeine is not carcinogenic

• green coffee beans are not mutagenic

• roasted coffee beans are mutagenic

• some of the mutagens in coffee are:
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Coffee May Prevent Cancer?!

• A Study of 90,000 Japanese shows that 
daily coffee drinking reduced liver cancer 
by 50%

• 3-4 cups are better than  1-2 cups

• Liver cancer risk factors are hepatitis, 
cirrhosis, chronic inflammation, excess 
alcohol

J. Nat. Cancer Inst. February 2005





Popcorn�and�Diacetyl

• Diacetyl is the familiar aroma compound in butter, 

microwaved popcorn, and 䇾buttery䇿 barrel-fermented 

white wines (typically Chardonnay, Sauvignon Blanc, 

and white Burgundy)  (< ppb?)

• Microwave popcorn plant workers have high rates of 

chronic cough, shortness of breath, and other lung-

function abnormalities (䇾bronchiolitis䇿)

• Levels of 1.3 - 98 ppm diacetyl in the 䇾mixing room䇿
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New Eng. J. Med. 347, 330 (2002)
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Some�Benzene�Sources

•  Benzene is found in:

tobacco smoke tomatoes
auto exhaust Canadian beer
cooked chicken bourbon
cod fish volcanoes
pineapples moon rocks

•  Toronto air contains 13 ppb benzene and 30 ppb 
toluene (mainly from automobiles; gasoline 
evaporation?)

•  Titan atmosphere (2007)
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Benzene�in�Beverages

• USDA limit in beverages is 5 ng/g  (5 ppb)

• Benzoate is an antioxidant/antimicrobial agent, 
like ascorbic acid (Vitamin C), which also occurs 
naturally in some juices (e.g. cranberry juice)

• Benzene formation is accelerated by heat and 
light, and inhibited by chelating agents

• Calcium removes chelating agents, thus 
increasing benzene

J. Agric. Food Chem. 56, 571 (2008)
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Acrylamide and Cancer

• Mice, rats – multiple organ site tumors when given acrylamide in drinking 
water or by other means

• Rodents and humans + acrylamide give glycidamide, which is also 
carcinogenic and reactive with DNA, as is acrylamide

• The “Michael” acceptor acrylamide also reacts with proteins and hemoglobin, 
and is detoxified with glutathione

• Highly exposed workers may be at a 50% increased risk for pancreatic cancer

• 1/3 rd of our calories contain acrylamide (0.5 Pg/kg/day is the average dietary 
intake; higher in children)

• Swedish study (2003) showed no correlation between dietary exposure to 
acrylamide and bladder, breast, rectum, or kidney cancer.  Colon cancer 
showed an inverse relationship.

J. Agr. Food Chem., 56, 5984 (2008); Brit. J. Cancer, 88, 84 (2003); J. Agr. Food 
Chem. 56, 6013 (2008)

NH2O





In�addition�to�5,000�other�
organohalogen�compounds,�

Nature�also�makes�
polychlorinated�

dibenzoͲpͲdioxins�and�
dibenzofurans!
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Industrial Chloracne
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Dioxin Poisoning of Ukrainian President V iktor 
Yushchenko

Before After exposure
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Some�Recent�Developments

• TCDD ("dioxin") and other dioxins are produced in forest fires (an 
estim ated 130 pounds annually in Canada), and by enzym atic action on 
chlorophenols, w hich nature also synthesizes.  Hence, dioxins can be 
considered to be natural products!

• An 1877 soil sam ple w as found to contain dioxins, as several other 
studies have also found.

• The U.S. chem ist (a graduate student at O hio State) w ho first 
synthesized num erous halogenated dioxins in gram  quanities (!!) in 1957 
w as alive and w ell in 1991, although he suffered from  severe chloracne.

• The Ukrainian President V iktor Yushchenko w as apparently poisoned 
last year w ith dioxins and suffered from  severe chloracne, in one of the 
highest dioxin exposures recorded in hum ans.

• 1,3,6,8-TCDD show s activity against hum an breast cancer.

• Hazardous w aste incineration w orkers are not occupationally exposed 
to dioxins or dibenzofurans  (Chem osphere 67, 574 (2007))





Natural�Chlorinated�Dibenzofurans

56

O

OH

Cl

MeO

Cl Cl

OH

OMe

O

AB0022A

O

Me

X

HO OR

Cl

Me

• isolated from the slime mold 
  Dictyostelium purpureum

• antibacterial activity

• structure confirmed by synthesis

T. Sawada et al., J. Antibiotics 2000, 53, 959.
T. Tanahashi et al., Phytochemistry 2001, 58, 1129.

X = Cl, R = H
X = R = H
X = H, R = Me

• isolated from the lichen 
  Lecanora cinereocarnea







Natural�and�synthetic
food�toxins
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Aflatoxins – Natural Carcinogens

B1

O O

O

O O

OCH3

O O

O O

O O

OCH3

B2

O O

O O

O O

OCH3

O O

O

O O

OCH3

Turkey X disease in England in 1960
100,000 dead in few months
Traced to Brazilian peanut food and a mold Aspergillus flavus  
1961:  toxic fungus isolated
1963:  four toxins identified (Büchi, MIT) 

G1 G2

15 ppb 100% liver/lung tumors in rats after 1 year

1 yr at 2 ppb 40% liver tumors in trout
toxicity:  B1 > G1 > B2 > G2
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Aflatoxin and Liver Cancer

• Implicated in causing liver cancer

• 65% of the people in Qidong City, China 
showed signs of aflatoxin exposure

• This city has the highest incidence of liver 
cancer in China, and many times higher than 
the rates in Western countries

• Peanuts grown by African peanut farmers 
are very susceptible to aflatoxin 
contamination, which is favored by hot, 
moist conditions that promote fungal growth 
on the peanuts

Science 257, 1349 (1992)
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Aflatoxin Poisoning 
• Aflatoxin contaminated pet food discovered in 2005 

in the U.S.

• 23 dogs and cats died and more were sickened

• Deaths from liver disease and failure

• The fungus was present on corn used in pet food

• In 1998 more than 80% of the corn crop in Texas 
was contaminated
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Fumonisin Poisoning 

May be the cause of fatal birth defects in babies whose mothers consumed 
corn tortillas contaminated with fumonisin during pregnancy in 1991 in Texas



Bacteria

The real killer in our 
food



Food-borne bacterial illness
• FoodͲBorne�Infections�in�US�annually:��325,000�
hospitalizations�and�5,000�deaths

• Spinach�(10Ͳ2006):��E.�coli (0157:H7),�204�
sickened,�102�hospitalized,�31�kidney�failures,�5�
deaths

• Lettuce�(2007):��E.�coli (0157:H7),�150�sickened,�
many�kidney�failures

• Celery�(2010):��Listeria?,�10�sickened,�10�deaths�
(Texas)

• Cantaloupe�(9Ͳ2011):�Listeria,�72�sickened,�16�
deaths�across�18�states



Nature is not benign!

Natural is not necessarily 
better than Synthetic

Remember, 
The Dose Makes the 

Poison!



Thanks for coming!

Lynn Smallwood

(Let me know if you would like a copy of 
this presentation)


