WEEK 12

LIPIDS

The word lipid is from the Greek word for fat.  There are less than 50 different kinds of lipids in a cell.  Both brain and nervous tissue are rich in lipids.  Lipids function as structural components of cell membranes and as a storage form of energy.  Lipids are mainly composed of carbon, hydrogen, and oxygen; some also contain nitrogen and phosphorus.  An important property of lipids is that they are usually insoluble in water; therefore, they dissolve readily in typical organic solvents such as ethers.

CLASSIFICATION OF LIPIDS

Lipids are frequently classified into three groups on the basis of their hydrolysis products.  Enzymes known as lipases catalyze the hydrolysis reactions.  The three classifications are simple lipids, compound lipids, and miscellaneous lipids.

Simple Lipids – Upon hydrolysis, simple lipids produce fatty acids and an alcohol.  Examples of simple lipids are (1) fats and oils and (2) waxes.


Fats and Oils – Hydrolysis of both of these types of lipids yields fatty acids and glycerol.  At room temperature, fats are solids or semisolids and oils are liquids.  Fatty acids are monocarboxylic acids.  In addition, they are straight-chain compounds that may be saturated or unsaturated.  The fatty acids that naturally occur in lipids have an even number of carbons.  The three fatty acids most frequently found in lipids are palmitic, stearic, and oleic.  Palmitic and stearic acids are saturated compounds that are solids at room temperature.  In contrast, oleic acid is unsaturated and is a liquid at room temperature.

Fatty acids that our bodies need for proper functioning but cannot synthesize are called ESSENTIAL FATTY ACIDS.  They must be included in our diets.  

To produce one molecule of lipid, one glycerol molecule and three fatty acid molecules react.  The reaction, which is between each –OH group of glycerol and one fatty acid’s –COOH group, is an esterification.  Another way to define fats and oils is as esters of fatty acids and glycerol.  If we use palmitic acid as the fatty acid, the reaction is: 
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A general name for a fat or oil is a TRIGLYCERIDE.  If the three fatty acids used to form a lipid are all the same, such as in the example above, then the lipid is a simple glyceride.  In most naturally occurring fats, different fatty acids are found within the same molecule.  Then they are mixed glycerides.  

The amount of saturation controls the physical state of the lipid.  A high content of saturated fatty acids characterizes fats and a high content of unsaturated fatty acids is common in oils.


Waxes – The other type of simple lipids are waxes.  They are esters of fatty acids and high –molecular weight alcohols rather than glycerol.  These alcohols usually contain one hydroxy group per molecule.

Compound Lipids 

The products of hydrolysis of these compounds are fatty acids, an alcohol, and other compounds.  Important compound lipids are (1) phospholipids, (2) sphingolipids, and (3) glycolipids.


Phospholipids – A molecule of these compound lipids is made from one molecule of glycerol, two fatty acid molecules, one phosphoric acid molecule, and an amino alcohol.  If the amino alcohol is ethanolamine, the phospholipid is cephalin.  Cephalins are important in the clotting of blood.  If the amino alcohol, is choline the compound is a lecithin.  Lecithin helps in transporting fats from one tissue to another.  Cephalins and lecithins are also found in nerves and brain tissue.


Sphingolipids – These compounds contain sphingosine, which is an unsaturated amino alcohol, a fatty acid unit, a phosphoric acid unit, and one or more cholines.  The simplest sphingolipid is a sphingomyelin.  Brain tissue and the myelin sheath surrounding the axon of nerve cells are rich in sphingomyelins.


Glycolipids – A third class of compound lipids is the glycolipids.  These contain a sugar unit, usually galactose, as well as either glycerol or sphingosine, and fatty acids.  Those with glycerol are found in plants and microorganisms.  The ones with sphingosine are in brain and nervous tissues of animals.  A specific name for the sphingosine-containing glycolipids is cerebrosides.

Miscellaneous Lipids

Miscellaneous lipids do not undergo hydrolysis.  They are classified as lipids because they are extracted from plant and animal tissues by nonpolar solvents.  Examples of miscellaneous lipids are (1) terpenes and (2) steroids.


Terpenes – These compounds contain carbon skeletons that are multiples of isoprene, a five-carbon unit.  Some terpenes such as menthol are also alcohols.  Menthol is found in peppermint oil and is used in many pharmaceuticals.  These terpenes all have fragrant odors.  Some others are brightly colored.  The color of tomatoes and carrots is due to carotenoids.  Natural rubber is a terpene, which is a linear polymer of isoprene units.


Steroids – These miscellaneous lipids all have a common parent structure called a cyclopentanophenanthrene nucleus.  It is also called a steroid nucleus.
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Different steroid molecules are formed by substituting functional groups and hydrocarbon chains for the hydrogens and by adding double bonds to the cyclohexane rings.



Sterols are steroids that contain an alcohol functional group.  The most abundant sterol in the body is cholesterol.  Cholesterol is found in brain and nervous tissue and in the bloodstream.  Cholesterol is the precursor for many beneficial compounds synthesized by our bodies.  These include bile salts, several hormones, and vitamin D.

1. Bile salts – Bile is a digestive fluid formed by the liver.  It is stored in the gall bladder, from which it is released to help in the digestion of fats and oils.  Bile contains pigments such as bilirubin, cholesterol, and bile salts.

Because of its hydrocarbon portion, a bile salt is expected to dissolve in organic compounds.  Because it is a salt, it also has an affinity for polar molecules.  These two qualities of a bile salt explain why bile helps in the digestion of fats and oils.  Within the digestive tract, lipids do not dissolve in the essentially water-soluble contents.  Other ingested food products and enzymes are water-soluble.  Consequently, lipids form large globules and have little contact with the water-soluble lipases.  Bile salts have a polar end and a nonpolar hydrocarbon portion, so they are able to form a link between the aqueous medium containing the lipases and the lipids.  By this action, the large globules of lipids are broken down into smaller droplets, which have greater contact with hydrolytic enzymes.  Because the bile salts can join together polar and nonpolar compounds and promote their solubility in one another, they are emulsifying agents.

2. Hormones – They are best described as chemical messengers that are carried throughout the body in the bloodstream.  Most hormones are produced in the endocrine glands and are released directly into the circulatory system.  Hormones regulate physiological functions.

3. Vitamin D – Another compound for which cholesterol is a precursor is vitamin D.  Actually, there are two forms, vitamin D2 and vitamin D3.  Vitamin D2 is produced by the action of sunlight on ergosterol, an ingested plant sterol, found in the skin of animals.  Sunlight also converts cholesterol in the skin to vitamin D3.  Vitamin D functions in the proper formation of bones and teeth.  It influences the uptake of calcium and phosphorus by these body parts.  

REACTIONS OF LIPIDS

Oxidation

The products of digestion of ingested fats and oils are fatty acids, glycerol, and some monoglycerides.  As the name suggests, monoglycerides are composed of glycerol and one fatty acid.  All these compounds are absorbed from the small intestine into the body’s lymph system.  

Complete oxidation of fats produces carbon dioxide and water and liberates 9 kilocalories of energy per gram.  Fats have a higher caloric value than carbohydrates or proteins.  They are more efficient storage forms of energy.  However, carbohydrates provide most of the energy the body needs because they are usually consumed in greater quantities.

Saponification

The process of boiling fats or oils with aqueous alkali is SAPONIFICATION.  The products are glycerol and metallic salts of fatty acids.  These salts are called SOAPS.  Sodium salts are hard and are found in cake soaps.  Potassium soaps are soft.  They are used in shaving creams and liquid soaps.  

The structure of a soap molecule contains a nonpolar part in the hydrocarbon portion and an ionic part on the other end.  Dirt is essentially composed of oils and greases, which are mainly organic nonpolar compounds.  Water is polar, so water alone has very little cleansing action.  Nonpolar dirt does not mix with polar water.  Soaps clean by acting as emulsifying agents.  An EMULSION is a mixture of two mutually insoluble substances, such as dirt and water, with the dirt being held in suspension by a third substance known as an EMULSIFYING AGENT.  When soapy water comes in contact with dirt, the nonpolar part of the soap molecule dissolves in the dirt and the polar part is soluble in the water.  In this way, a link is made by the soap between the dirt and the water, enabling the dirt to be rinsed away with the water.

The action of emulsification is also explained by the concept of MICELLES.  They are spherical clusters formed by soap molecules when added to water.  The soap molecules orient themselves to keep their hydrophobic nonpolar portions away from the water and their ionic portions in contact with water.  Individual micelles in soapy water repel one another, because each has a positively charged shell at its surface.  If oil is added to the soapy water, the nonpolar portions of the micelles mix with the oil, holding it as tiny droplets at the center of each micelle.

Hydrogenation

Alkenes undergo a reaction called Hydrogenation by which they add hydrogen to the carbons of the double bond.  This reaction produces an alkane.  By this process an unsaturated compound becomes saturated.  

The same reaction can be performed on unsaturated lipids.  Margarines and shortenings for cooking are produced in this way from vegetable oils.  Usually, only some of the double bonds in the unsaturated compound are hydrogenated.  If all become saturated, the product is too hard for commercial purposes.

Rancidity

Two types of processes produce rancidity.  Hydrolytic rancidity is caused by microorganisms hydrolyzing the lipid.  If large numbers of short-chain fatty acids are produced, disagreeable odors and tastes are formed.

The second form of rancidity is oxidative.  Oxygen from the air oxidizes carbon-to-carbon double bonds in unsaturated lipids to aldehydes and carboxylic acids, many of which have disagreeable odors.  Substances called antioxidants are added to foodstuffs to prevent this kind of rancidity.

SIGNIFICANCE OF LIPIDS TO THE EMBALMING PROCESS

Lipids themselves do not produce decomposition products with the unpleasant odors of putrefying protein.  Fat cells in the fat storage areas of the body are supported by fibrous connective protein tissue.  If proper embalming of these regions is not achieved, these proteins will putrefy.

One interesting compound to the embalmer associated with lipids is ADIPOCERE, commonly called gravewax.  It is a white waxy material produced by saponification of body fat. If a body is buried in alkaline soil, adipocere can be produced over a period of many years.  

WEEK 12

EMBALMING CHEMISTRY

EMBALMING CHEMICALS/FLUIDS

Embalming chemicals are used in funeral practice to achieve disinfection, preservation, and restoration of the dead human body.  Commercially available embalming fluids are composed of various chemicals and ingredients, which when used in different concentrations, produce different results.  

ACTIONS OF PRESERVATIVE CHEMICALS

Four major types of preservatives are used in embalming fluids:  aldehydes, alcohols, phenols, and formaldehyde “donor” compounds.

Inactivating the active chemical groups of proteins or amino acids

The various locations of nitrogen in proteins are potential sites of decomposition.  Nitrogen may be found in the peptide linkages, in terminal amino groups, and also in the side chains of some amino acids.  When preservative chemicals react with these sources of nitrogen, the structure of the protein is changed.  This alteration in structure prevents these molecules from being complementary to the active sites of the enzymes that cause decomposition.  As a result, decomposition is greatly reduced.

Inhibiting further decomposition

Preservative chemicals inhibit or arrest decomposition.  They do not reverse decomposition:  they simply retard it.  For this reason, it is important that embalming is done as close to death as is reasonably possible.  The further away from death, the more decomposition has occurred, thus the less tissue available for preservation.

Inactivating enzymes

Two types of proteolytic enzymes are significant in the process of decomposition.  One type comes from putrefactive bacteria and the other type from the digestive organelles of the cells themselves (autolytic enzymes).  Remember that enzymes are proteins.  Preservative chemicals, then, will have an effect on the enzymes as well as the other proteins in the body.

Killing microorganisms

The killing of putrefactive bacteria by preservative chemicals (disinfection) is accomplished by two different means.  First, modification of the structural protein of the human remains deprives these bacteria of their primary source of nutrition.  Second, the preservative chemicals denature the structural proteins of the bacteria themselves.  

Destroying odors and eliminating their further production

The odors associated with decomposition are principally due to the formation of amines.  The production of these amines is the result of putrefaction.  The decomposition of sulfur-containing proteins also contributes to these obnoxious odors.  The true destruction of these odors is accomplished by the use of a chemical agent called a DEODORANT.  Preservative chemicals counteract the odors of decomposition in two ways.  First, they react with the nitrogen to effectively neutralize the odor.  Second, they react with the sources of decomposition (i.e., putrefactive microorganisms and their enzyme products) to eliminate the further production of these odors.  Compounds that merely cover-up the smells of decomposition are called REODORANTS.

PRESERVATION BY FORMALDEHYDE

Formaldehyde is the most widely used preservative chemical found in embalming fluids.

Reactions of formaldehyde:

With water:  The major source of formaldehyde in embalming fluids is an aqueous solution containing 37% HCHO gas by weight and 40% by volume called formalin.  When formaldehyde gas is mixed with water, most of it is converted into methylene glycol.  Very little “free” formaldehyde is present in these aqueous solutions.  

With methanol:  Formaldehyde has a strong tendency to polymerize.  This is an undesirable condition for liquid solutions.  Methanol acts as an antipolymerizing agent in embalming fluids.

With amino acids:  Because amino acids are the building blocks of proteins, formaldehyde will react with them in a similar manner.  However, because they are much smaller units than proteins, the gross appearance of “coagulated” amino acid is substantially different from that of “coagulated” protein.

With proteins:  The main chemical action of HCHO in embalming is the coagulation of protein.  This is brought about through denaturation of the protein by cross-linking the peptide bonds of adjacent polypeptide chains.  Embalmed tissue is rigid as a result of the cross-linking of protein. In the presence of excess water the cross-linking can be reversed.  Remember that a molecule of water is removed at the site of each cross-link. The gross changes in proteins brought about by formaldehyde and other coagulating agents are:

· The viscosity is increased.

· The resistance to deformation by external forces in increased, that is, the material becomes harder.

· The resistance to digestion by enzymes is increased.

· The water sensitivity (hydrolysis) and water solubility are decreased

Formaldehyde Demand

The total amount of formaldehyde with which protein will combine to be completely preserved is called FORMALDEHYDE DEMAND of ALDEHYDE DEMAND.  As decomposition progresses, the formaldehyde demand increases.  Embalming should be done as close to the time of death as is reasonably possible in order to circumvent the problems generated by decomposition.  The tissues of the body should be supplied with an excess of formaldehyde above that actually needed to enter into chemical union with the proteins and their decomposition products in a body in advanced decomposition.

The Walling-off Action of Formaldehyde

The key to the preservation of tissue by formaldehyde is the distribution and diffusion of the fluid.  Distribution refers to the movement of fluid from the point of injection to the tissues.  Diffusion describes the movement of fluid into the tissues.  This latter movement is often hindered by what is called the walling-off action of formaldehyde. If the embalming solution is too concentrated, the capillaries in the tissues will be seared and sealed by the formaldehyde, thus effectively inhibiting diffusion of the fluid into the tissues by walling off the unexposed areas.

Indirect action of Fats

Adipose tissue contains very little nitrogen.  Therefore, formaldehyde has little effect on fatty tissue.  Fat deposits in the body are found embedded in a supporting, protein-rich, connective-tissue network.  The indirect action of formaldehyde on fats, then, actually involves the preservation of the matrix in which the fat is embedded rather than the preservation of the fat itself.

EMBALMING FLUIDS:  BASIC TYPES

Arterial Fluid:  Components and functions

1. Preservatives – Chemical preservatives denature the protein of the body in such a manner that the enzymes of decomposition cannot work.  There are two reasons for this action.  First, the substrate is changed by the process and the enzyme cannot “fit” into the structure.  Second, the enzymes, being protein themselves, are also denatured and therefore lose their function.

a. Aldehydes – All aldehydes function by cross-linking protein.  The manner in which the cross-linking occurs is reflected in the tissue firmness and fixation.  Lower monoaldehydes such as formaldehyde produce more firmness than dialdehydes like glutaraldehyde.  Smaller aldehydes produce many more cross-links because they are better able to “fit” between the proteins.  The more cross-links; the greater the tissue firmness.  Formaldehyde and glutaraldehyde are the most commonly used mono- and dialdehydes in embalming fluid compilations.

b. Alcohols – Lower alcohols such as methanol, ethanol, and isopropyl alcohol are sometimes used in combination with aldehydes as preservatives.  Methanol is used more often than ethanol because of its dual ability to act as a preservative and function as an antipolymerizing agent for the aldehydes.                                                                                                                                                         

Ethanol and isopropyl alcohol also function as germicides.  

c. Phenolic compounds – Phenols and phenolic compounds function as both preservatives and disinfectants because they both precipitate protein.  Phenols, when used by themselves, serve as bleaching agents for discolorations on skin surfaces.  Phenols used in combination with aldehydes produce a putty-gray effect on tissues. 

2. Supplementary germicides – Quaternary ammonium compounds are excellent surface-active agents and are widely used for the disinfection of skin, oral, and nasal cavities and of instruments.  They are neutralized by anionic substance.  Embalming fluids contain a number of anionic substances.  Therefore, these substances are not compatible with arterial fluids, and their use should be restricted to surface disinfection and specialty fluids.

3. Modifying agents – Various chemicals are incorporated into embalming fluids for the purpose of modifying the action of the harsh preservatives and disinfectants.

a. Humectants – A Humectant is a moisture-retaining agent.  Examples are glycols (dihydroxy alcohols), glycerol (a trihydroxy alcohol), sorbital, mannitol and dulcitol, and lanolin.

b. Buffers – Substances that resist change in pH when an acid or a base is added to a solution are called buffers.  Somatic death is followed by a pH shift to acidic.  Decomposition swings the pH to the alkaline side, because of the hydrolysis of protein into alkaline products.  Highly acidic conditions accelerated the polymerization of formaldehyde.  Strongly basic solutions cause the decomposition of formaldehyde.  Slightly acidic formaldehyde produces better tissue fixation than alkaline solutions, but also causes putty-gray discolorations.  Slightly alkaline solutions improve the tissue coloration and enhance the action of dyes.  As a result, most arterial fluids are buffered to pHs of 6.5 to 9.0.  Examples of buffers are borax, sodium phosphate, citrates, and sodium salts of EDTA.

c. Anticoagulants – These are substances that react with the ionized calcium in the blood, thus keeping the blood in the liquid state and facilitating its removal.  Anticoagulants are sometimes called water-conditioning agents because of the contribution of hard water to the increase of calcium-ion concentration.  Oxalates and citrates were once used as anticoagulants.  Oxalates are no longer used because they are toxic.  Sodium citrate is no longer used because they actually contribute to blood clotting in the presence of certain bacterial enzymes.  Chelating agents such as EDTA are now the favored anticoagulants.  The sodium salt of EDTA is actually used.  

d. Surfactants – At the surface of a liquid, water molecules are pulled inward.  This draws the surface molecules more tightly together, forming a kind of skin called surface tension.  A similar interfacial tension occurs between liquids and the surface of cell membranes, interfering with the penetration of the liquid into the cell.  Surfactants (surface-active agents, wetting agents, surface-tension-reducing agents) facilitate the flow of embalming chemical through the capillary walls and into the tissues to ensure the complete distribution and saturation of the tissue cells by the preservatives.  Sulfonates and sodium lauryl sulfate are two examples of surfactants used in arterial fluids.

e. Vehicles – The solvent in embalming terminology is known as the vehicle.  Water, methanol, and glycerin are the most commonly used vehicles.  The vehicle should not react with the active components of the embalming fluid, thereby rendering them useless.  The vehicle should also not react with the tissues of the circulatory system, because this would interfere with the distribution and diffusion of the preservatives and disinfectants.

f. Dyes – Dyes are incorporated into arterial fluids for the reason of restoration of tissue color.  Synthetic dyes derived from hydrocarbons, are most commonly used because of their small molecular size, which allows them to diffuse easily into the tissues, thus producing a uniformly distributed color.  Some examples of dyes used in embalming fluids are eosin, a yellowish-orange colored compound, erythrosin, a red substance formed by the oxidation of the amino acid tyrosine, and ponceau red, a nonstaining dye used primarily to color the fluid rather than stain the tissues, which produces a cherry-red color.

g. Deodorants – these compounds physically react with the compounds that are causing the odors and destroy them.  Perfuming, masking agents, and reodorants merely cover up the offensive odor.  Some examples are:  Benzaldehyde, Oil of Cloves, oil of sassafras, and methyl salicylate (oil of wintergreen).

4. Cavity fluid:  Components and functions

The thoracic and abdominal cavities and the organs they contain must receive supplementary embalming treatment.  Fluids formulated for this purpose are designated cavity fluids and have a different composition than arterial fluids.  This difference in composition is twofold.  First, cavity fluids contain a much higher concentration of disinfectants and preservatives than arterial fluids.  Second, cavity fluids generally do not contain dyes, deodorants, or modifying agents.  The pH of cavity fluids is acidic, around 4.5 to 5.2, resulting in efficient reaction of the formaldehyde with the tissue proteins.  The types of preservatives (aldehydes, alcohols, and phenols), supplementary germicides (quaternary ammonium compounds, glutaraldehyde), surfactants or surface-active agents (sulfonates, and sodium lauryl sulfate) and vehicles (water and alcohols) are  similar to those found in arterial fluids.

5. Accessory fluids (supplemental or additive)

a. Preinjection – The purpose of a preinjection fluid is to prepare the blood vascular system for the injection of preservatives and disinfectants.  They contain water-conditioning agents, anticoagulants, surfactants, and humectants together with very low concentrations of preservatives.  Most preinjection fluids contain no formaldehyde at all.

b. Coinjection fluids – A coinjection fluid is very similar in composition to a preinjection fluid.  The main difference is the time of injection.  Preinjections are introduced into the blood vascular system against closed drainage before the actual arterial embalming begins.  Coinjections are mixed with the arterial fluids and are therefore introduced concurrently with arterial embalming.

c. Humectant or restorative fluids.  Although both moisture-retaining agents and cosmetic dyes are routinely incorporated into arterial embalming fluids; it is sometimes necessary to use additive fluids that are specially formulated to contain unusually large amounts of those substances.  Lanolin-based fluids are frequently used for this purpose.

d. Fluids for special conditions

Jaundice fluids – Jaundice results in a yellow discoloration of the skin due to excessive amounts of the pigment bilirubin.  Certain chemicals present in arterial embalming fluids may convert bilirubin into biliverdin, which produces a greenish discoloration.  Because of this, several different types of jaundice fluids have been developed.

Masking fluids – These fluids contain both a medium concentration of formaldehyde and cosmetic dyes in order to mask the yellow discoloration of bilirubin.

Bleaching fluids – These formulations contain chemicals that will have a lightening or bleaching effect on the bilirubin.  They have a medium formaldehyde content.

Nonformaldehyde fluids. – They are designed to remove the discolorations by flushing them from the tissue and the blood vascular system.

Special preservative fluids – The maximum concentration of formaldehyde in embalming fluid is limited by its solubility in water.  When higher concentrations are desired it is necessary to employ an additional solvent such as ethyl alcohol.  These special preservative fluids are used to treat cases with advanced decomposition and unusual pathological conditions.

6. Autopsy chemicals – In postmortem examinations, the thoracic and abdominal organs are removed from their respective cavities, sectioned, and replaced.  Because this interrupts the vascular supply to both the viscera and the cavities, special supplemental embalming treatment is required.  The substances used to treat the viscera are direct contact solid chemicals, which are referred to as hardening compounds.  The specific purposes of hardening compounds are dehydration, preservation, and disinfection.  Some common components of solid autopsy chemicals are:

· Paraformaldehyde,(CH2O)x:  preservative, disinfectant

· Aluminum chloride, AlCl3:  dehydrating agent, disinfectant

· Alum, Kal(SO4)2.12H2O:  dehydrating agent, disinfectant

· Cellulose (finely powdered sawdust):  dehydrating agent, preservative

· Plaster of Paris, (CaSO4)2.H2O:  dehydrating agent

· Perlite

· Fillers

Chemical substances used to treat the cavity walls of autopsied remains are prepared as gels.  These gels have basically the same composition as cavity fluids, except that they are suspended in a gelatinous matrix to ensure ease of application to the cavity walls.

FACTORS INFLUENCING STABILITY OF FLUIDS (SHELF LIFE)

1. Temperature – Extremes in temperature have a detrimental effect on the shelf life of embalming fluids.  Elevated temperatures favor the conversion of formaldehyde to formic acid and cause decomposition of the other disinfectant and preservative components.  Depressed temperatures accelerate polymerization of the formaldehyde and cause precipitation of the endothermic solutes.

2. Time - The average shelf life of fluids is between 2 and 5 years

3. pH – One of the purposes of adding buffers to embalming fluids is to prolong their shelf life.  Strongly alkaline solutions cause decomposition of formaldehyde.  Highly acidic solutions promote polymerization.

4. Light – When exposed to light, embalming fluids may change color owing to the oxidation of the fluid components.  

POTENTIALLY HAZARDOUS CHEMICALS USED IN EMBALMING OR PRESENT IN THE MORTUARY

Many of the chemicals used by the embalmer are of a potentially hazardous nature.  For this reason, those working in a mortuary should consult material safety data sheets (MSDSs) before using these chemicals.  These sheets are supplied by chemical manufacturers when chemicals are purchased and, according to government regulations, must be available in the workplace.  Information such as physical characteristics, exposure limits, fire, explosion, and reactivity data of the chemicals are summarized on the sheets.  Precautions for safe handling and storage of these materials are also given.

Other pertinent data concerning these substances are their lethal dose – 50% (LD50) and minimum lethal dose (MLD).  The former tells the amount of the substance that will kill 50% of the group to which it has been administered.  The latter is the smallest dose on record that produces death in an individual.  LD50 is a more accurate statistical tool for evaluating the toxicity of a substance because it applies to a population while MLD applies to an individual.  Greater biological variance is found among individuals in contrast to a given sample of the population.

Two definitions that are of importance are poison and toxin.  A poison is any substance that imperils health or life when absorbed into the body.  A toxin is a poisonous substance produced by higher plants, animals or pathogenic bacteria that is toxic to humans.

The following is a list of potentially hazardous chemicals used in embalming or present in the mortuary.

Acetone

Alcohols

Alkyl halides

Amaranth (red dye #2)

Amitrole

Ammonia

Camphor

Cresol

Dichlorophene

Diethanol amine

Diethyl formamide

Ethyl acetate

EDTA (sodium salts)

Formaldehyde

Formic acid

Glutaraldehyde

Glycols

Hypochlorites

Isobutane

Methyl ethyl ketone

Mineral spirits

Nitrocellulose

Orthodichlorobenzene

Oxalic acid

Paradichlorobenzene

Paraformaldehyde

Phenol/phenolic compounds

Plaster of Paris

Propane

Quartz/Talc

Quaternary ammonium compounds

Toluene
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