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Environmental Toxicities:  Sources and Exposure
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Environmental Quality Institute:  www.unca.edu/eqi

Local Environmental Quality information:  www.scorecard.org
Toxic Burden

Accumulation of environmental toxicities is ubiquitous in today’s world, often occurring in many unsuspecting people.  For example, in a study of 285 4 year old children in Michigan DDT was present in >70%, PCB were present in >50% and PBB was present in >21 %. Nursing was primary source of exposure.
  Other young age groups have been examined as well.  A study of 5994 persons age 12-74 looked for 16 OCCs (organochlorine compounds).  The results demonstrated 99.5% had  p,p-DDE >_1 ppb up to 378.6 ppb, 17.2% had pBHC, 10.6% had dieldrin and 10.5% had p,p-DDT residues.  Increasing age, residing on a farm, and being male brought increased risk.

Autopsy studies have also demonstrated toxic accumulation.  Evaluation of 35 human adipose samples from autopsy of persons with no known occupational exposure to OCC revealed:
  
· o,p-DDE - 54%, avg. .008 ppm

· o,p-DDT - 54%, avg. .014 ppm

· p,p-DDE - 100%, avg. .679ppm

· p,p-DDT -97%, avg. .294 ppm

· Dieldrin -100%, avg. .036 ppm

· Oxychlordane -100%, avg. .095ppm

· Heptachlor epoxide 100%, avg. .086 ppm

· BHC - 100%, ave .163 ppm
	Age
	DDT(total ppm) 
	Dieldrin
	Chlordane

	61+
	avg. 2.237ppm 
	.039 
	.154 

	41-60
	avg.747
	.033 
	.088 

	21-40
	avg. .308
	.037
	.038


NHATS 1982:  Individual Toxin Body Burden of US Residents

5 of 54 toxins found in 100% of all samples

· OCDD
19-3700 ng/gm fat

· Styrene
8-350 ng/g

· 1,4-Dichlorobenzene
12-500 ng/g

· Xylene
18-1,400
ng/g

· Ethylphenol
0.4-400 ng/g


Total
57.4-6350 ng/g

Another nine chemicals were found in between 91-98% of all samples including benzene, toluene, chlorobenzene, ethylbenzene, DDE, dioxins, a furan).  PCB’s were found in 83% of all samples and beta-BHC in 87%.  20 toxic compounds found in 76% or more of all samples.  Range of up to 25,704 ng of these twenty toxins per gram of fat (not total load).


Environmental Medicine is the medicine of dealing with states of chronic illness/unwellness secondary to a build-up of chronic low dose exposure to common environmental toxins.  In regard to toxic burden, the question shifts from “is the patient toxic?” to “are the toxins that are present in the patient a causative factor in their health care problem and are they an obstacle to cure?”

The common categories of environmental toxins include

· Agricultural products:  pesticides, herbicides

· PAHs

· Solvents:  plastics, dioxins

· Heavy metals

Air Pollution:

Sources of air pollution include

· transportation:  fuels, solvents, lubricants, PAH

· fuel combustion in stationary sources:  refineries, factories, power plants:  fuels, solvents, PAH

· industrial processes:   heavy metals, solvents

· forest fires:  PAH

· Solid waste disposal:  solvents

· Chemical dumps:  solvents

· Agriculture:  pesticides, herbicides, solvents

· active volcanoes:

There is no safe distance from spraying.  Volatile compounds leapfrog around the globe.  Higher altitude/ colder climates accumulate more toxins.  Pesticide levels in polar ice cap, arctic game animals and Inuit breast milk.

Food Pollution:  

Foods that concentrated DDE/DDT from the soil include carrots and squashes.  


In an EPA Total Diet Survey, those foods that contain DDE/DDT include:

· 100% of raisins, spinach (fresh and frozen), chilli con carne (beef and bean) and beef

· 93% of American processed cheese, hamburger, hot-dogs, bologna, chicken, turkey and ice cream sandwiches

· 87% of lamb chops, salami, canned spinach, meatloaf and butter

· 81% of cheddar cheese, pork sausage, quarter pounders, white sauce and creamed spinach

FATS

Cholesterol:


-evidence of sat. fat and heart disease is conflicting



-Anitchkow fed cholesterol to rabbits, but it was left out and oxidized.



-in 1978 studies w/ non-oxidized cholesterol failed to induce atherosclerosis


-oxidzed cholesterol has been shown to cause athersclerosis



eggs:  more likely when scrambled

Fats:


-oxidation susceptibility increases with increasing # of double bonds.


-clarified butter < olive, peanut < canola, soy < sesame, safflower < corn < flax


-trans fatty acids: found in partially hydrogenated vegetable oils (margarine:  up to 40% trans fatty acids)



-increases coronary heart disease



-may increase risk of cancer



-exacerbates essential fatty acid deficiency


-EFA’s:  PG’s and membrane transport functions



-dietary fats and cholesterol inhibit EFA’s

Fiber


-treatment and prevention of constipation


-treatment of diverticulosis, diverticulitis

Chlorine


-powerful oxidizing agent


-may contribute to cardiovascular disease and cancer (esp. bladder cancer and )


-adding vit. C to water causes the chlorine to bubble out


-can form chloroform with organic material in the water.

Salt


-excesses may promote HTN, edema, CHF, stroke (regardless of BP)



-salt sensitive hypercalciuria: kidney stones, osteoporosis


-deficiencies associated w/ CFS

Food Additives:  


-pesticides:  estrogenic activity, anti-androgenic activity, allergens


-hydrazines/hydrazides:  (rocket and jet fuel, agriculture) interfere w/ vit. B6 metabolism



-carpal tunnel syndrome (1959- very rare) responds well to B6



-kidney stones, hyperactivity, asthma


-coal tar dyes:  tartrazine (yellow #5):  promotes asthma


-sulfites:  FDA allows to be put in many foods w/o a label.  Potent allergen. 


-gallic acid:  preservative
Agricultural Chemicals:  Pesticides, Herbicides


Everyone has DDE (breakdown product of DDT- after 6 months of being in the body, also naturally occurs as a breakdown product and is sprayed with DDT).  DDE is concentrated in root vegetables, particularly carrots, and squashes.  Thus if DDE is in blood, then someone has eaten DDT contaminated food within the last 6 months.

DDT is increased with being male, living on a farm and increased age.


PCBs and DDE ubiquitously found.  For DDE, being older leads to increase of 0.17 ppb/year of age and living in the western US

For PCBs, age and living in the Midwest and Northeast led to higher levels for women living in those parts of the country, eating fish was the greatest risk of higher PCG levels.

Other agricultural chemicals: 
· Orthopara DDT (opDDT) is more estrogenic than parapara DDT (ppDDT)

· Oxychlorodane

· Heptachlor epoxide:  alkene oxidation of phase 1 makes it more reactive.  It goes through phase 1 and is then sequestered in fat.

· BHC

· Dieldrin

National Human Adipose Tissue Study (NHATS)

1 pt of DDT in the serum…

= 5-10ppb in brain

=47 ppb in the liver

= 100-300 ppb in adipose tissue

Polyaromatic Hydrocarbons (PAH)
Any combustion creates PAH’s
Solvents

Solvents have the greatest burden!

· Sources of solvents

· Cigarette smoke (environmental tobacco smoke) is likely the greatest source of styrene, xylene and benzene

· food containers:  styrene

· paint:  xylene, toluene

· auto exhaust:  xylene

· creosote:  O-ethylphenol

· showers:  chloroform

· Types of Solvents

· Chlorine:  

· Chlorine forms trihalomethanes in water. 
· Chlorine and its derivatives have a tropism for breast tissue in women.   
· Dioxins
· Dioxins are the worst immunotoxins and are used as common herbicides.  
· Pthalates:  the more flexible a plastic, the higher phthalate content.  (See Nalgene website)

· Pthalates are antiandrogenic and estrogenic.  Phthalate esters, which come from clear plastic bottles, are potent xeno estrogens that cause precocious puberty.
Heavy Metals

In general, heavy metals, particularly mercury, lead, cadmium and arsenic, reduce the PAH inducibility of CYP450 enzymes.
· Mercury: 


Methylmercury is removed from the earth’s crust and is released through industrial pollution such as mining (particularly gold).  Mercury finds its way in to the water supply, into the food chain and into humans.  According to the FDA, methylmercury levels in fish have been compared between 1979 and 1994:


Swordfish


0.83

0.88 ppm


Shark




0.36


Tuna (fresh/frozen)
0.32

0.38


Halibut


0.27

0.24


Tuna (canned)

0.19

0.20


Salmon


0.0018
not detectable

In Lake Erie, walleye contain 58 ppm, small mouth bass .51, white bass .49, perch .24. 

In Lake St. Claire perch contain .88, all types combined .48

In Lake Ontario, all types combined contained .30

FDA Total Diet Survey of Mercury Levels (the FDA limit is 1 ppm)

	Food
	Frequency
	Amount

	Tuna, canned
	16/16
	.277 ppm

	Cod, Haddock frozen filets
	16/16
	.132

	Mushrooms, canned
	16/16
	.0298

	Shrimp
	16/16
	.0281

	Fish Sticks
	16/16
	.0254



Methylmercury is absorbed in fish as water passes over gills or through consumption of aquatic organisms.  Methylmercury then binds tightly to fish tissue including muscle where the half-life is 2 years.  Cooking does not reduce the content of methylmercury.  According to the World Health Organization, daily mercury absorption is
· amalgams:  3.0-17.0(g/day

· fish:  2.34 (g/day

· other food:  0.25 (g/day

· water:  0.0035 (g/day

· air:  0.001(g/day


In humans, >95% of methylmercury is absorbed from food.  The half life is 70 days in humans.  Methylmercury crosses the blood-brain and placental barriers.  Due to the high uptake in these tissues, methylmercury is a potent neurotoxin and teratogen.  In the brain, mercury accumulates in the choroids plexus, medial basal nucleus, amygdale and hippocampus.  Mercury also accumulates in the kidneys, liver, gastrointestinal tract, mandible, retina and bone.  

Silver amalgams average 1.5-2.0 g mercury, approximately 50% of the amalgam.  Amalgam fillings increase oral cavity mercury levels by six times in the resting state.  After oral stimulation, such as eating, oral cavity mercury increases to nine times with the elevation lasting continuously for 30 minutes and slowly declining over the subsequent 90 minutes.  In a trial of 35 subjects the average mercury in the oral cavity was 20(g/day.  Mercury levels for patients with 1-4 occlusal amalgams averaged 8(g/ day where patients with 5-12 occlusal amalgams averaged 29(g mercury/day.
  Factors that release mercury from amalgams include chewing, brushing, bruxism, hot drinks and dental techniques such as drilling or polishing.  


Mercury vapor is highly lipid soluble, entering the blood through the lungs and oral mucosa.  In these tissues it is oxidized to elemental mercury which is highly reactive.  Mercury then binds covalently with sulfhydryl groups including hemoglobin, glutathione and cysteines.  Mercury also forms an insoluble complex with selenium.  This compound can sequester mercury, however, large quantities of the mercury-selenium mixture can be toxic.  Mercury promotes formation of hydrogen peroxide, lipid peroxides and OH radicals.  Mercury reduces vitamin, selenium and subsequently glutathione, GSH reductase and GSH synthetase.  In animal models mercury decreases liver CYP450 levels and reduces the inducibility of PAH’s on CYP 1A1 and 1A2.  


In the cell, mercury causes the dissolution of microtubules leading to disruption of the cell cycle.  Mercury decreases the mitochondrial transmembrane potential.  Mercury induces neurons. Because of the neurotoxicity, mercury causes myelinopathies, granule cell formation in the cerebral cortex, neuronal swelling and astrocyte destruction.  The release uptake and uptake of dopamine, serotonin and norepinephrine are also inhibited by mercury.  In the acute stage, acetylcholine release is increased followed by complete blockade.  Up-regulation of muscarinic cholinergic receptors in the hippocampus, cerebellum and circulating lymphocytes occurs subsequently.  


In the kidney,  mercury causes the development of antiglomerular basement membrane antibodies, causing glomerulo nephritis through deposition of immune complexes in the mesangium and glomerular basement membrane.  Apoptosis of proximal tubular cells also occurs resulting in albuminuria and potassium wasting nephropathy.  


Mercury toxicity leads to autoimmunity, decreased cellular immune function leading to decreased production of TNF alpha and IL-1, apoptosis of monocytes and lymphocytes, decreased phagocytosis, 


Endocrine disruption also occurs with mercury toxicity.  A significant increase in rT3 occurs with free T4/ free T3 levels becoming elevated.  Those patients with the lowest urinary iodine have the highest ratios of fT4/fT3, possibly due to the effect of mercury on deiodinase.
  Cortisol release is increased as well.


Mercury levels can be evaluated through hair(methyl form only), urine, blood and fecal samples.  Mercury levels from each of these samples is correlated with the number and surface area of amalgams.  Elemental mercury is readily secreted through the urine and feces (up to 40% of vapor) and is easily detected in the blood.  Breast milk levels may reveal levels up to 0.3(g/kg.
  Elemental mercury is usually not in the hair.  


The Minamata Disease signs of methylmercury toxicity include ataxia, speech impairment, visual field constriction, hypoesthesia, dysarthria, hearing impairment and sensory disturbances.  Chronic signs and symptoms include stiffness, dysesthesia, hand tremor, dizziness, loss of pain sensation, cramping, upper arm atrophy, insomnia and arthralgia in men.  In women, leg tremor, tinnitus, decreased touch sensation, atrophy of the leg and muscle weakness occur.  In an observational study of Amazonian children living downstream from a gold mine, decreased performance was noted in motor function, attention and visual spatial function.  These performances were inversely related to hair mercury levels.  Another study of dentists after 5.5 years exposure to amalgam demonstrated significantly worse performance in motor speed, visual scanning, concentration, verbal memory, visual memory and visual motor coordination compared to controls.  Psychological symptoms of mercury toxicity were observed in Mad Hatter’s disease with irritability, excitability, drastic mood changes, anxiety, restlessness and insomnia.

Arsenic  
Arsenic is the most potent inhibitor of PAH inducibility of CYP enzymes.  Arsenic is present in the drinking water in many areas in New England, the Midwest and some Western States.  Arsenic is also found in fish where it is highest in cold and haddock followed by shrimp, canned tuna in oil, and fish sticks.  Arsenic has even been found in crisped rice cereal.
 Arsenic is a component of cigarette smoke.  
Lead
Lead toxicity is the primary heavy metal toxicity that primarily affects children.  Blood levels greater than 10 mcg/ dl is a reportable disease. In 1975, lead was removed from gasoline products after forty years of inaccurate information regarding lead safety was put forth by the lead industry.  In 1970 the level was considered to be 40 mcg/ dl. Studies in 1988 reported that over 45% of the US population have levels over 10 mcg/ dl. Of these, 3-4 million people have greater than 15 mcg/ dl (14%). A 30% decrease in heart disease and CVA’s may be attributable to leaded fuel being banned.  

Lead toxicity is associated w/ cognitive impairment, anemia, hypertension, cardiovascular disease, renal disease, osteoporosis.  Lead is found in miniblinds and in metal wicked candles.  In foods, lead is found in fish, particularly tuna, sardines then mackerel, cod and pollock with the smallest amounts found in salmon.  However, commercial packaging needs to be taken into consideration with these foods.  Lead arsenate is an ingredient in many pesticides.

Symptoms of lead toxicity:
· Constitutional: fatigue

· Endocrinological: thyroid dysfunction, impotence, sterility
· Gastrointestinal:  metallic taste, constipation, diarrhea, nausea, vomiting, anorexia

· Metabolic: gout
· Musculoskeletal:  muscles aches, arthritis
· Neurological: difficulty in concentration, learning disability, mental retardation, confusion, insomnia, ataxia, tremors, seizures, cataracts, headaches, vertigo
· Psychological: emotional instability, schizophrenic-like behavior, hyperactivity
Sources of Possible Exposure:


Environmental:  

· Auto exhaust from leaded gasoline, automotive and radiator repair

· Industrial  smelters, paint factories, stained glass, nails, solder, some forms of plating, plaster or putty, pesticides, pain in older homes (before 1960), burning newspapers (lead is in the ink), lead foil, old pewter
· Recreational:  bullets, lead sinkers used in fishing
· Cosmetics:  make-up, hair colorings
Ingestible:  

· drinking water from lead pipes, lead crystal

· pesticides, pottery glazes, cigarettes, leaded toothpaste tubes
· foods:  commercial baby foods, shellfish, organ meats
· dolomite, bone meal (calcium supplements)

Any land near main roads may have contaminated air, soil and water. 

Cadmium:  assoc.  w/ HTN, CVD, osteoporosis

Aluminum:  used as an anti-floculant (clears particulates) in municipal water;  3-6 x as much in canned vs. glass beverages.  Known risk factor in Alzheimer’s disease and osteoporosis.

Tin:  associated with osteoporosis and hypochlorhydria 

Acid rain:  may increase leaching of heavy metals from bedrock.  In the Adirondack Mountains in upstate New York, 50x as much Al is leached into the ground water compared to uncontaminated ground water.  
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