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Abstract

This review deals with the art of (anatomical) embalming. The first part contains a brief historical review of the

history of embalming, starting with ancient cultures such as the Egyptians and the lesser known Chinchorro

culture, then going down the centuries and describing the anatomical techniques developed over the last two

centuries. The second part deals in detail with the chemicals used for embalming purposes. The third part deals

with several approaches to evaluating embalming methods, their suitability for biomechanical testing,

antimicrobial properties, histological appearance, and usability. The fourth and final part analyze the European

Biocidal Products Directive (98/8/EC) in the light of embalming.
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Introduction

Within the framework of (undergraduate) medical educa-

tion, anatomists use human bodies to teach students, either

by demonstrating prosected specimens or by dissection

done by the students themselves. The bodies are therefore

used as educational tools. A comparison of educational

tools (Brenner et al. 2003) revealed that human bodies have

distinct properties and that there are no viable alternatives.

The human cadaver has to be classified as a distinct educa-

tional tool as it is neither the student’s ‘first patient’ nor a

mere biological model. It is a non-vital, morbid and mortal,

variable, and three-dimensional individual with a low

health hazard and high quality of haptic experience,

restricted availability and relatively moderate costs per stu-

dent. It cannot be harmed by the student and its use is ethi-

cally sound.

In recent years, several concerns have arisen concerning

this usage. The arguments against dissection include ethical

and financial issues, fears of health hazards, and awareness

of people’s sensitivities and religious beliefs (Aziz et al.

2002). Dissection is seen as old-fashioned and outdated in

the light of ‘virtualization’. On the other hand, there are

also an increasing number of clinicians, most of them sur-

geons, arguing for re-enhancing anatomical education by

dissection (Bergman et al. 2011).

One of the most important prerequisites for the use of

human bodies in educational settings is the appropriate

preservation of the cadaver. Preservation is considered

appropriate when the cadaver is kept safe from harm,

destruction or decomposition. This is achieved by treating

the cadaver with special chemicals, i.e. embalming. One of

the most important chemicals used for this purpose is form-

aldehyde.

Nowadays there is increasing opposition to this and other

chemicals. There is also the threat that formaldehydemay be

ruled out for embalming purposes by the Biocidal Products

Directive 98/8/EC (European Parliament & Council, 1998).

The aim of this review is therefore to give a short over-

view of the history of embalming, summarize anatomical

embalming procedures, identify and briefly describe the

most important chemicals and finally clarify the relevant

passages from the Biocidal Products Directive.

Definitions

When writing about human body preservation, the termi-

nology has to be clarified. Merriam-Webster’s dictionary

(http://www.merriam-webster.com/) defines preservation as

an action to keep something ‘safe from harm, destruction

or decomposition’, conservation is defined as the process of
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‘a careful preservation and protection of something’, and

finally embalmment is defined as the ‘treatment (of a dead

body) – with special chemicals – so as to protect from

decay’. These definitions show that while the terms ‘preser-

vation’ and ‘conservation’ may be interchangeable, differ-

ent languages favour them differently. Whereas German-

speaking countries rely more often on the term ‘conserva-

tion’ of a human body, in English the term ‘preservation’ is

preferred. Nevertheless, ‘conservation’ and ‘preservation’

do cover more than the mere process of embalming, the

use of chemicals on a body. One has also to consider appro-

priate storage, protection during use, and final disposal.

Means of preservation

Natural means of preservation

Natural means of preservation include freezing, desiccation/

exsiccation either by dry cold or by dry heat, and the nature

of the soil.

Artificial means of preservation

Artificial means of preservation comprise the application of

simple heat or cold, powders, such as a sawdust bed mixed

with zinc sulphate, evisceration combined with immersion,

drying, local incision and immersion, arterial injections, cav-

ity injections. Furthermore, simple immersion in alcohol,

brine, etc., and sole arterial injection, which can be com-

bined with cavity treatment and/or immersion, were used.

Periods of embalming

Ancient cultures

When summarizing the long history of embalming, one has

to identify the main purposes for which cadavers were

embalmed. One of the first and overall a very important

motive was religious beliefs. In several ancient cultures, not

only the Egyptian culture, eternal life was associated with a

preserved body; those whose body decayed would be

excluded from the afterlife. This was supported by the fact

that bodies did not decompose when buried under certain

circumstances in which natural preservation took place.

These natural means of preservation comprise freezing, des-

iccation or exsiccation, either by dry heat or dry cold, or the

specific nature of the soil at the burial site (Johnson et al.

2012). Coastal hunter-gatherers in the Atacama Desert of

northern Chile and southern Peru, known as the Chinchorro

culture, were among the first to perform artificial mummifi-

cations (Marquet et al. 2012). Under a scenario of increas-

ing population size and extreme aridity (with little or no

decomposition of corpses), dead individuals may have

become a significant part of the landscape, creating the

conditions for the manipulation of the dead that led to the

emergence of complex mortuary practices as early as 5000–

6000 BC (Marquet et al. 2012). Based on the empirical

knowledge, the techniques of preservation were enhanced;

in Egypt starting as early as in the first dynasty c. 3200 BC.

Specialized persons were in charge of these activities; these

were – or became therefore – members of the priest caste.

Two major developments characterized the transition from

the utilization of mere natural means of preservation to

sophisticated embalming procedures performed by these

priests: first of all the use of additional means such as

natron, herbs, cedar oils, natural, tree-derived resins,

incense and gums, pitch, and tar, and secondly the intro-

duction of the exenteration or evisceration. This exentera-

tion characterized the preservation of human remains for

the next millennia. There are hints that also cadavers buried

at the Royal Cemetery of Ur in the late Early Dynastic phase

(c. 2500 BC) were preserved by means of heat and mercury

(Baadsgaard et al. 2011).

Another method described was immersion in honey,

which mainly descended from the Persians, with Alexander

the Great being the most prominent cadaver treated in this

way. The embalmment of Alexander reveals an additional

purpose for body preservation: the necessity for a long-

distance and long-term transportation, in Alexander’s case,

the transfer from Babylon to Alexandria. This technique

was re-evaluated in 2004 (Sharquie & Najim, 2004). Whether

the Ptolemaic scientists and ‘anatomists’ (first half of the

third century BC), Herophilus of Chalcedon and Erasistratus

of Ceos, used embalming techniques for their dissected

cadavers is not known (Longrigg, 1988).

More or less sophisticated techniques of embalming are

known from ancient Ethiopians, the Guanches of the Can-

ary Islands, Peruvians, the Jivaro Indians of the Marano

River in Ecuador, the Indians of Central America – Aztecs,

Toltecs, and Mayans – and North America, and the inhabit-

ants of the Aleutian Islands and the Kodiak Archipelago

(Mayer, 2012), and also Tibetans and Nigerian tribes

(Ezugworie et al. 2009). Ancient people of Ogoni, Nigeria,

predominantly used large quantities of alcohol concentrate,

potash, herbal leaf (Ocimum gratissimum, African basil) and

kernel oil (Udoaka et al. 2009).

The hitherto oldest known form of artificial preservation

in Europe has been found in the dolmenic burial ‘La Velilla’

in Osorno (Palencia, Spain; Martin-Gil et al. 1995). There,

5000-year-old human bones have been found, which were

carefully covered by pulverized cinnabar (vermillion), which

ensured their preservation. The authors believe that the ver-

million was deliberately deposited for preservative purposes

as no cinnabar mine is to be found within a range of

160 km and large amounts (hundreds of kilograms) were

used, and as its composition, red mercuric sulphide, is simi-

lar to that of preparations used in technical embalming.

Nevertheless, embalming remained unusual in Europe, with

some reported exceptions during the time of the Roman

Empire. The presence of chemical components, such as ses-

quiterpenes, triterpenoids, and diterpenoids, originating

from coniferous and pistacia resins, myrrh, and other spices,
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found in a partially mummified body dating to AD 300

found in Northern Greece, confirm ancient information on

preservation methods of the deceased in Greek and Roman

times (Papageorgopoulou et al. 2009).

In China deceased people were obviously embalmed

(Brown, 2002), with the main example of Xin Zhui, the Lady

of Dai of the Western Han Dynasty, who died between 187

and 145 BC (Chunhong, 2004). Her corpse was found in

1971, when workers were digging an air raid shelter near

the city of Changsha. Her remains were extraordinarily well

preserved, to pave her way to immortality, but the methods

of embalming, and especially the liquid in which Xin Zhui

was immersed, are still unknown. To intensify the mystery,

two other tombs containing bodies in a similar state of

preservation have been found within a few hundred miles

of Xin Zhui. One was a magistrate by the name of Sui and

the other was Ling Huiping, the wife of a powerful Han

Dynasty lord.

Several other well-preserved mummies such as the Iceman

from the Similaun glacier (Seidler et al. 1992) or the bog

bodies (Glob, 2004; Anonymous, 2012 (embalming essay))

cannot be accounted for as an intended preservation.

Period of anatomists

From those ancient cultures, embalming spread to Europe,

where, in time, it became a widespread practice. Descrip-

tions of methods used in Europe for almost 1200 years,

starting at about AD 500, have been preserved in the writ-

ings of contemporary physicians, such as Peter Forestus

(1522–1597) and Ambroise Par�e (1510–1590; Table 1). Fore-

stus described his procedure as follows: eviscerate the body,

wash with cold water and aqua vita, fill cavities with con-

secutive layers of Aqua vita moistened cotton, and powder

(Table 2), sew the corpse, and finally wrap the corpse in

waxed cloth and other things.

Embalming during the Middle Ages included evisceration,

immersion of the body in alcohol, insertion of preservative

herbs into incisions previously made in the fleshy parts of

the body, and wrapping the body in tarred or waxed sheets.

Later on, in the renaissance period, embalming became

influenced by scientific developments in medicine

(Ezugworie et al. 2009). Bodies were needed for dissection

purposes and preservation required more refined embalm-

ing techniques. Among these new techniques, there was

the injection into hollow structures of the body, but nor-

mally not into the vascular system. Nevertheless, several

attempts to inject the vascular system have been passed

down; for example, Alessandro Giliani of Persiceto, who

died in 1326, used an arterial injection of coloured solutions

that later hardened (da Vinci & O’Malley, 1983). Leonardo

da Vinci (1452–1519) described a method of preserving the

cadavers that he studied. His embalming fluids were mix-

tures made from turpentine, camphor, oil of lavender, ver-

milion, wine, rosin, sodium nitrate, and potassium nitrate

(McKone, 1999). Da Vinci also used an injection of wax to

the ventricles, Jacobus Berengar (1470–1550) injected warm

water into veins, Bartholomeo Eustachius (1520–1574) is said

to have used injections of warm ink, Reinier de Graaf (1641–

1673) injected different liquids and added mercury (de

Graaf, 1668), and Jan Swammerdam (1637–1680) injected a

wax-like material that later hardened (Mayer, 2012).

Another famous scientist known to embalm by injecting a

prepared preservative chemical solution, liquor balsamicum,

into the blood vessels was Frederik Ruysch (1638–1731), but

his technique was unknown for a long time (Mayer, 2012).

In 1717, Ruysch sold his ‘repository of curiosities’ to Peter

the Great for 30 000 guilders, including the secret of the

liquor, which, according to a recently published book, con-

tained clotted pig’s blood, Berlin blue and mercury oxide

(Driessen-Van het Reve, 2006). After a first visit to Ruysch,

Peter the Great wrote: ‘I saw boys and girls 4 years old, visi-

bly well vascularized, with open eyes and soft little bodies,

and they were not even in alcohol.’ (Driessen-Van het Reve,

2006). Another Dutch scientist, Stephen Blanchard (1650–

1720), published his embalming method in 1688 (Mayer,

2012).

With the progress made in embalming by arterial injec-

tion, research for new preserving fluids opened up another

possible way to extend this scientific field of expertise by

means of chemistry (Trompette & Lemonnier, 2009). During

the 19th century, British, French and Italian scientists per-

fected such techniques, thereby enabling them to reach

every part of the cadaver. Among those British scientists

were William Hunter (1718–1783), John Hunter (1728–1793)

Table 1 Par�e’s components.

Washing solution Aromatic powder

Aqua vita Radix pul rosar, Chamomile,

Balsami, Methe, Anethi, Salvia,

Lavendula, Rorismar, Marjoran,

Thymi, Absinthi, Cyperi, Calami

aromat, Gentiana, Irosflorent,

Accavederata, Caryophyll,

Nucis moschat, Cinamoni,

Styracis calamita, Benjoini,

Myrrha, Aloes, Santel

Strong vinegar,

boiled with

Wormewood

(Artemisia absinthium)

Aloes

Coloquintida

Common salt

Alum

Table 2 Embalming powder used by Peter Forestius.

Prepare a powder from

2½ lbs aloes

1½ lbs myrrh

7 handsfull of ordinary wermut

4 handsfull of rosemary

1½ lbs pumice

4 lbs majoran

2 lot storacis calamata (� 1/16 lbs, 30 g)

½ lot zeltlinalipta muscate
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and Matthew Baillie (1761–1823), who all used an arterial

injection of several oils, mainly oil of turpentine, to which

they added Venice turpentine, oil of chamomile, and oil of

lavender (Table 3). Vermillion was intentionally used a dye,

but would have added additional preservative potential to

the final solution (Mayer, 2012).

In France, several different approaches were developed

and used. Cuvier (1769–1832) used pure alcohol, Chaussier

(1746–1823) immersed eviscerated bodies in a solution of

dichloride of mercury, Thenard (1777–1857) injected an

alcoholic solution of dichloride of mercury, and Sucquet

(1840–1870) used a 20% zinc chloride solution. Jean Nicolas

Gannal (1721–1783) started his career as an apothecary’s

assistant and became the first to offer embalming to the

general French public (Mayer, 2012). His research was not

restricted to scientific and medical activities but also

covered funeral embalming, using simplified methods that

did not involve lacerating the corpse (Trompette & Lemon-

nier, 2009). In fact, he was the first embalmer to perform

documented scientific studies in the field of embalming,

which he published – almost completely – himself (Table 4;

Gannal, 1840). The final formula was patented and secured,

but his successful embalming fluid contained a solution of

acetate of alumina (Mayer, 2012).

In Italy, Guiseppe Tranchina (1797–1837) was a famous

anatomist who openly advocated and successfully used

arsenic solutions for arterial injection (Mayer, 2012). History

has it that his technique was the very first documented

method that did not involve evisceration. One of his succes-

sors, not as anatomist but as embalmer, was Alfredo Salafia

(1869–1933; Piombino-Mascali, 2009). He embalmed several

important persons, but his most prominent body was

Rosalia Lombardo, an Italian child born in 1918 in Palermo,

Sicily. She died of pneumonia on 6 December 1920. She was

embalmed and her glass-covered coffin was admitted to

the Capuchin catacombs of Palermo in Sicily. For a long

time, it was suggested that his fluid might contain arsenic.

The recent discovery of a hand-written manuscript by

Salafia himself revealed that his solution was one of the

very first formulas that included formaldehyde (Table 5;

Salafia, c. 1927–1933; Piombino-Mascali et al. 2009).

One of the last anatomists who openly published a report

of an embalming fluid containing arsenic, was Edmond Sou-

chon. His formula A contained 1.5 gallons of water, 1 gallon

of arsenious acid (saturated solution) and 8 oz of 40% form-

aldehyde; this solution was mixed with formula B contain-

ing 16 oz of alcohol, 8 oz of carbolic acid (liquefied crystals),

16 oz of glycerine, and 2 oz of creosote (Souchon, 1908).

Funeral period

Modern embalming for mere funeral purposes is believed

to have begun in 1861 in the American Civil War, mainly

due to sentimental motives. The essential purposes of this

type of embalming are the preservation of the body to per-

mit burial without unseemly haste and the prevention of

the spread of infection both before and after burial. Addi-

tionally, cosmetic work is used to restore injured facial fea-

tures or for aesthetic reasons. Thus a separation of the fields

of embalming by funeral directors and embalming for medi-

cal purposes occurred and schools of embalming, especially

in the USA, were established. Embalming methods for fun-

eral purposes now consist essentially of the removal of all

blood and gases from the body and the insertion of a disin-

fecting fluid; the viscera might be removed and immersed

in an embalming fluid and are then replaced in the body, in

which they are covered with a preservative powder.

The Civil War embalmer experimented with a wide com-

bination of arsenic, creosote, mercury, turpentine and vari-

ous forms of alcohol. Thomas Holmes, who is said to have

performed about 4000 procedures, had developed a fluid

‘free of poisons’ by the outbreak of the war. Arsenic-based

solutions were the first generally accepted embalming fluid.

In the 19th and early 20th centuries, arsenic was frequently

used as an embalming fluid, but has since been supplanted

by formaldehyde (Ezugworie et al. 2009).

Modern anatomical preservation

Prior to the introduction of carbolic acid, or phenol, and

later of formaldehyde, the main preserving agents used in

anatomies were alcoholic solutions of arsenic and/or

alumina salts in different concentrations. Most of these

Table 3 Solutions and powder used by W. Hunter.

Arterial injection solution Immersion solution

Oil of turpentine Camphorated spirits of wine

Added Venice turpentine

Oil of chamomile

Oil of lavender

Portion of vermilion dye

Powder Washing solution

Camphor ‘Essential’ oils of rosemary

and lavenderResin

Niter

Table 4 Gannal’s experimental arsenal.

Acids: acetic – arsenous – nitric – hydrochloric

Alkali salts of copper – mercury – alum

Tannin-creosote-alcohol

Various combinations: alum, sodium chloride, nitrate of potash,

acetate of alumina, chloride of alumina

Table 5 Salafia’s solution (Salafia, ca. 1927–1933).

One part of glycerine

One part of a solution of formalin (40%) saturated with

zinc-sulphate and 10% of dry zinc-chloride

One part of a solution of alcohol saturated of salicylic acid
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‘modern anatomical embalming fluids’ are summarized in

Supporting Information Table S1. Table 6 gives a compari-

son of different embalming techniques in terms of advanta-

ges and disadvantages, long-term storage and usability for

anatomical teaching.

Phenol was introduced to anatomical embalming by

Laskowski (1886) in the mid-19th century. He initially used a

mixture of phenol and glycerine as vehicle (one part phe-

nol, 20 parts glycerine); later on he replaced parts of the

glycerine with alcohol (one part phenol, one part boric acid,

four parts alcohol, 20 parts glycerine). A similar formulation

was developed some years later independently by R€udinger

in Munich (Gr€onroos, 1898). Alternatively, oxyquinoline

(chinosol; 0.63%) was used as single chemical for injection

purposes (Schiefferdecker, 1897).

A leap forward came with the discovery of formaldehyde

by the German chemist August Wilhelm von Hofmann in

1869 (Hess, 1901). It was determined to be an excellent pre-

servative (Trillat, 1892; Blum, 1893, 1894, 1896; Gerota,

1896) and became the foundation for modern methods of

embalming (Ezugworie et al. 2009). Within a few years,

until 1898, eight of 45 medical schools throughout Europe

introduced formaldehyde for preservation purposes

(Gr€onroos, 1898). Even at that time, there was discussion

about the final concentration, with some authors advocat-

ing concentrations as low as 3%, others demanding 10%. In

addition, the immediate adverse effects were already

known: skin irritation, conjunctivitis, irritations of the respi-

ratory system, and headache. Overall, Gr€onroos summa-

rizes, formaldehyde is not appropriate as a solitary

preservation agent.

Up to now, several modified formulae have been pub-

lished in the scientific literature.

Kaiserling’s method for the preservation of the colour

and form of specimens, published in 1897, is still widely

used (Supporting Information, Table S2); nevertheless, this

method is mainly usable for isolated (organ) specimens and

is not suitable for anatomical dissection, when the complete

method is used (Pulvertaft, 1950). Specimens are fixed in

Solution I for up to 2 weeks, depending on their size.

Larger specimens should always be injected. In this solution

the colour contrasts disappear and are to some extent

restored by the ethyl alcohol, wherein the specimens should

remain for periods of up to 1 h, but must be carefully

watched to ensure that they are removed when the opti-

mum stage is reached; if kept for longer periods, the colour

fades (again) and cannot be restored. Solution III is the

mounting fluid, which is obsolete for dissection purposes.

Another well-known fixative solution was developed by

Jores, containing Karlsbad salts, chloral hydrate and formal-

dehyde (Supporting Information, Table S3; Jores, 1896,

1913; Bradbury & Hoshino, 1978).

Woodburne & Lawrence (1952) investigated an improved

embalming fluid formulation, based on their usual alco-

hol-glycerine-phenol-formaldehyde embalming formula.

Glucarine B (Glyco Products Company Inc., Brooklyn, NY,

USA), a commerical sorbitol formulation, was found to be

an entirely satisfactory replacement for glycerine. Isopropa-

nol seemed to be the logical substitute for ethanol.

Woodburne and Lawrence tested eight different fluids for

their germicidal activity against Mycobacterium tuberculo-

sis, Staphylococcus aureus, Eberthella typhosa, Pseudomo-

nas aeruginosa, Proteus vulgaris, Bacillus anthracis,

Clostridia tetani and novyi, b-haemolytic Streptococcus

pyogenes, and for their fungicidal activity against Penicil-

lium notatum, Aspergillus niger, Coccidioides immitis, Hi-

stoplasma capsulatum and Cryptococcus neoformans, with

excellent results for the formulation given in Supporting

Information, Table S4.

Peters described modifications of the Jores’ solution

(Peters, 1956). These immersion fluids are generally free of

formaldehyde and phenol, which are replaced by choralhy-

drate (Supporting Information, Table S5); nevertheless,

Peters adds 2% phenol for the preservation of pancreas,

stomach and intestines.

Erskine described an embalming fluid used in Dublin

(Supporting Information, Table S6) which is reported to

provide excellent properties of embalmed cadavers for dis-

section over 3 years (Erskine, 1961). Besides the common

shares of ethanol, formaldehyde, glycerine, and phenol, this

fluid also contains sodium arsenate, salicylic acid and

6-chlorthymol, the latter to provide appropriate fungicide

properties.

Richins et al. (1963) presented an improved embalming

fluid, which uses potassium pyrophosphate and magnesium

chloride to decrease the rigidity associated with formalin

fixation (Supporting Information, Table S7). Furthermore,

they substituted phenol with sodium pentachlorophenate,

which improved colour relationships and eliminated most

of the unpleasant cadaver odour. Finally, sorbitol replaced

glycerine as a humectant with less browning of tissues, and

a wetting agent was incorporated to facilitate distribution

and penetration of the fluid.

Within their study on the influence of diet upon the com-

position of tissues and atheromata, Dayton et al. (1965)

noted an embalming fluid consisting of sodium carbonate

monohydrate 16 g, sodium borate 53 g, formaldehyde

(37%) 200 mL, diethylene glycol 118 mL, eosin Y 0.16 g,

Aquarome Special (unknown commercial product) 5.3 mL,

Igepon 1.7 mL (sodium 2-sulphonatoethyl laurate, an anionic

surfactant), and water to make 1 L. This fluid was used for

embalming whole cadavers prior to pathological dissection.

Beck (1966) stated that the diffusing properties of arterial

embalming fluids that contain formaldehyde as a prime

preservative can be vastly improved when they also contain

relatively small amounts of a substantially neutralized

polyacrylic acid (0.005–0.5%). Furthermore, paradichloro-

benzene and/or orthodichlorobenzene (0.025–5%) in

embalming fluids and solutions should provide an unusual

degree of penetration and outstanding preservation.
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Table 6 Comparative table of different techniques.

Technique Advantages Disadvantages Long-term storage

Teaching

(dissection)

Salafia (c. 1927–1933) Longterm storage Toxic Extremely well,

when the coffin

is sealed

Not tested

Kaiserling

(Pulvertaft, 1950)

Good preservation of colour

and form

Only for

isolated specimens

Not applicable Not applicable

Jores (1896, 1913) Easy storage No data available Satisfactory Satisfactory

Woodburne &

Lawrence (1952)

Very active as fungicidal agent;

soft and plastic; cheap

Medium brown colour No data available Highly

satisfactory

Peters (1956) Good preservation of intestines;

does not affect the dissector’s

skin; odourless; objects sty smooth

and elastic; colour-preserving

No data available Possible Satisfactory

Erskine (1961) Soft and flexible, less exsiccation No data available Satisfactory Satisfactory

Richins et al. (1963) Decreased rigidity; increased

bactercidity and fungicidity;

less browning

No data available Successful for 2 years No data

available

Dayton et al. (1965) No data available No data available No data available No data available

Beck (1966) No data available No data available No data available No data available

Tutsch (1975) Cheap; odourless No data available No data available Satisfactory

Bradbury &

Hoshino (1978)

Moderate degrees of movability

[…] and adequate degree of

hardness […] for dissection

No adequate fixation

of brains

No data available Satisfactory

Platzer et al. (1978) Increased fungicidity; cheap No data available Almost unlimited,

when vacuum packed

No data available

Logan (1983) Soft preservation; obviates

excessive noxious fumes

No data available Satisfactory Facilitates

micro-dissection

Frølich et al. (1984) Soft and flexible Slight odour, headache,

drowsiness; mild eye,

nose and throat irritation

Up to 10 years ‘Suitable’

Frewein et al. (1987) Smooth, colour-preserving Fluid accumulations No data available Satisfactory

Ikeda et al. (1988) ‘Well fixed’ No data available No data available Satisfactory

O’Sullivan &

Mitchell (1993)

Formaldehyde vapour levels

below COSHH limits; improved

tissue preservation; more

nature coloration

No data available Proved up to 2.5 years Satisfactory

Macdonald &

MacGregor (1997)

Less toxic Grey hue of skin

and muscles

No data available Satisfactory

up to 6 month

Coleman & Kogan (1998) Excellent preservative properties;

minimal structural distortion;

tissue supple; little desiccation;

natural colours

No data available No data available Satisfactory

Thiel (1992, 2002) High colour preservation,

smooth and flexible

Expensive; Disintegration

of muscular tissue;

limited time for dissection

No data available High

acceptance

Powers (2003) No data available No data available No data available No data

available

Silva et al. (2007) Laskowski: flexible

Modified Larssen:

good coloration,

odourless, in vivo-like

flexibility

Laskowski: dark, loss of

tissue texture, skin

desquamation, odour

No data available Laskowski: less

suitable for

skin or oral

cavity surgeries

Modified

Larssen: well

accepted by

students

Barton et al. (2009) Smooth No data available No data available High acceptance
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In 1975, Tutsch (1975) published an embalming fluid for-

mula replaced phenol with Lysoformin� (Lysoform, Berlin,

Germany). According to the maufacturer’s product sheet,

Lysoformin� contains 6.0 g of formaldehyde and 1.8 g of

glutaraldehyde per 100 g (Lysoform Dr. Hans Rosemann

GmbH, Berlin, Germany); thus, this embalming fluid is com-

pletely free of aromatic substances (Supporting Informa-

tion, Table S8).

In 1978, two different embalming methods were pub-

lished simultaneously. Bradbury & Hoshino (1978) published

their ‘improved embalming procedure for long-lasting pres-

ervation of the cadaver for anatomical study’. Prior to the

effective embalmment, they treated the cadavers by inject-

ing a blood clot disperser (a diluted commercial product),

and then injected 5–6 gal (22.730–27.277 L) of embalming

fluid (Supporting Information, Table S9) together with

draining of the blood from the internal jugular vein. They

did not apply immersion, and the cadavers are stored in a

walk-in cold room at 5°C, wrapped in plastic bags.

Platzer et al. (1978) described a preservation system

with arterial injection of 3% phenolic acid and 4% for-

malin in deionised water (110–120 mL kg�1 cadaver

weight) and immersion in 2% phenolic acid in deionised

water for 1–3 month (Supporting Information, Table S10).

Final storage is managed by sealing the fixed cadavers in

plastic foils.

In 1983, Logan (1983) described a cadaver preservation

procedure which differs in several important features from

methods in common use. Fresh cadaver, deep-frozen at

�35 °C, thawed for 2 days, then partial flushing of the

venous system was effected by infusing a normal saline

blood diluent. Arterial infusion and local injection of a pre-

servative solution followed. His solution comprised alcohol,

glycerine, phenol, and low formaldehyde, but no quantities

were given.

Coleman & Kogan (1998) used almost the same chemicals

(they replaced alcohol by isopropyl alcohol), but added a

vast amount of sodium chloride (Supporting Information,

Table S11). They argued that the high salt content retained

in the tissues prevented any further significant desiccation.

Salts have also been used in Basel (Supporting Information,

Table S12; 4% of sodium choride, and 1% of anhydrous

calcium chloride; Kurz, 1977/1978), and Bergen (Supporting

Information, Table S13; 5% of potassium nitrate; Frølich

et al. 1984).

In Zurich, Frewein et al. (1987) experimented with modifi-

cations of the basic recipe by Kurz. Their final modification

contains formaldehyde, choral hydrate, calcium chloride,

and Almudor� (ISS pest Control AG, Dietikon, Switzerland;

apparently discontinued), a disinfecting mixture of formal-

dehyde, glyoxal and glutaraldehyde (Supporting Informa-

tion, Table S14; Saupe et al. 2007).

Another embalming fluid, presented in a study of arterial

patterns in the hand, consisted of 95% ethyl alcohol (7.6 L),

35% formalin (1.3 L) as a fixative, diethylene glycol (2.7 L)

as a preservative, liquefied phenol (1.3 L) as a mould pre-

ventative, and water (8.0 L; Ikeda et al. 1988). It seems that

this embalming fluid is, or at least was at that time, the

common formulation used at Kawasaki Medical School in

Kurashiki City, Okayama, Japan.

Thiel (1992, 2002) presented a delicate method for ‘the

preservation of the whole corpse with natural colors’. This

method has, as stated by the author, the advantage of

meeting high standards of preservation without releasing

harmful substances into the environment. Nevertheless,

his method is quite complicated and includes several

Table 6. (continued)

Technique Advantages Disadvantages Long-term storage

Teaching

(dissection)

Mills (2010) High mould preventiong No data available No data available No data available

Al-Hayani et al. (2011) No structural distortion,

not colour changes

Hardening outside

the tank; > 2 days for

re-softening

When waxed,

possible

No data available

Anichkov et al. (2011) Natural appearance,

odourless

No data available Up to 1.5 years No data available

Janczyk et al. (2011a) Neutral smell Yellowish coloration;

corrosion; Disintegration

of abdominal organs

Up to 1 year Limited usability

Hammer et al. (2012) Flexible tissues, aesthetic

appearance; less toxic

Expensive Up to 3 years No data available

Shi et al. (2012) Less toxic, good preservative

properties, low volatility

Up to 2 years No data available

Goyri-O’Neill

et al. (2013)

Good coloration and

flexibility

No data available No data available

(good short term

preservation

≤ 6 month)

No data available
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problematic and expensive substances during the process of

preservation itself. In addition to the basic solutions, the

infusion/visceral solution, and the storage solution (Support-

ing Information, Table S15), Thiel suggests injecting a mix-

ture of 40 mL tap water, 45 mL ethanol and 15 mL

formaldehyde to the ventricles of the brain.

To reduce the final formaldehyde concentration, phen-

oxyethanol can be used to wash out excessive formalde-

hyde from cadavers (Owen & Steedman, 1956, 1958;

Spence, 1967; Frølich et al. 1984; Wineski & English, 1989).

Nevertheless, there is no report using phenoxyethanol as

primary agent in arterial injection solutions, but there are

two US patents by Campbell & Margrave (1995, 1998).

According to Campbell and Margrave, a preferred formula-

tion should include glutaraldehyde from about 0.5% to

about 2%, an aromatic ether of ethanol (e.g. phenoxyetha-

nol) from about 1% to about 3%, a humectant (e.g. a poly-

hydric alcohol, 1,2-propanediol or hexylene glycol) from

about 5% to about 9%, and an alcohol (e.g. ethanol) from

about 27% to about 37% (Campbell & Margrave, 1995). In

addition, a buffer and/or anti-oxidant may be included to

maintain the stability of the glutaraldehyde. The buffer

would adjust the pH in the range of pH 7–9. In addition, a

biocide such as benzalkonium chloride or other quaternary

ammonium compounds may be added further to deter

microbial growth.

O’Sullivan & Mitchell (1993) examined the composition of

the embalming fluids from 16 medical schools in the United

Kingdom and found wide variation in the proportions, but

not the identity, of the constituents of the embalming flu-

ids. All of these medical schools in fact used formaldehyde,

industrial methylated spirits1 water, phenol and glycerol,

with the proportion of phenol appearing to be a constant

feature in all formulae, reflecting its important disinfectant

quality. In advance, the authors experimented with several

concentrations of the same basic substances, either buf-

fered with 0.075 M phosphate buffer (pH 7.4) or unbuffered

(O’Sullivan & Mitchell, 1993). They found that the buffered

solutions were ineffective because the pH changed from

that of the original buffer to the pH of the embalming fluid

itself. The concentrations of their suggested ‘new’ South-

ampton embalming fluid are given in Supporting Informa-

tion, Table S16. Formaldehyde vapour level determination

in their experimental fluid composition embalming was in

all instances within the limits set by the ‘Control of

Substances Hazardous to Health’ (COSHH) regulations.

To adopt the embalming fluids for purposes for plastina-

tion, Pretorius increased the contents of ethanol (28 L),

formaldehyde (1.2 L) and glycerine (0.8 L), and reduced the

phenol content (1.2 L); this mixture is diluted with 8 L of

water (Pretorius, 1996).

The stock solution used at the Robert Wood Johnson

Medical School (Piscataway, NJ, USA) contains three parts

propylene glycol, three parts ethanol (95%), and one part

phenol (90%) (Macdonald & MacGregor, 1997). The final

embalming solution is prepared by adding 810 g potassium

nitrate, 567 g sodium borate, and 3.8 g sodium lauryl sul-

phate to 25 L of hot tap water. Finally, 12.5 L of the stock

solution is added to the dissolved salts. Sodium lauryl sul-

phate is used as a surfactant and should enable the

embalming fluid to enter all areas of the cadaver.

At McMaster’s University at Ontario (Canada), a complex

set of solutions is used (Supporting Information, Table S17;

Powers, 2003).

In 2007, Silva et al. compared a modified Laskowski-

solution with a modified Larssen solution. The modified

Laskowski solution was composed of 800 mL glycerine,

200 mL ethanol, 50 g ‘phenic acid’ (phenol) and 50 mg

boric acid (Rodrigues, 1998; Silva et al. 2007). Their modified

Larssen solution included 100 mL of 10% formalin, 400 mL

glycerine, 200 g chloral hydrate, 200 g sodium sulphate,

200 g sodium bicarbonate, 180 g sodium chloride and (in

the final working solution) 9.5 L of distilled water (Gui-

mar~aes Da Silva et al. 2004). The original solution formula

of Larssen from the Hospital Cochim, Paris, was reported by

Sampaio to be composed of 500 g sodium chloride, 900 g

sodium bicarbonate, 1000 g chloral hydrate, 1100 g sodium

sulphate and 500 mL of a solution of 10% formalin and 1 L

distilled water (Sampaio, 1989). Sampaio used one part of

this solution with five parts of distilled water. We could find

no further evidence of this Larssen solution.

In the same year, Constantinescu et al. (2007) noted

another formulation of well known ingredients: 1200 mL

formaldehyde, 400 mL propylene- or ethylene-glycol,

1000 mL phenol, and water added to 20 L.

Barton et al. (2009) described a ‘soft-preservation fluid’

containing 2 L of phenol (80% aqueous solution), 8 L of

industrial methylated spirits,1 8 L water, and 4 L glycerol,

for arterial injection.

Investigating a fixation–preservation salt solution con-

taining 23% of nitrite pickling salt, 30% ethanol and 20%

Pluriol� E 400 (a mixture of polyethylene glycols), Janczyk

et al. (2011a) found it suitable for the preservation of

(animal) cadavers with opened abdominal cavity, but not

for cadavers, which had a closed abdominal cavity. In these

cadavers, the abdominal organs changed their consistency

and colour dramatically.

The Anatomy Department of the University of Sydney,

Australia, reported in 2010 that two distinct formulations of

embalming fluids were being used (Supporting Informa-

tion, Table S18; Mills, 2010). Formula (A) is routinely used

for preserving cadavers destined for the dissecting room or

prosected specimens. The combination of pine oil, phenol

and particularly di-(2-hydroxyethoxy)-methane in formula

1Methylated spirits are ethanol that has additives to make it

inedible (poisonous) to prevent human consumption. The main

additive has traditionally been 10% methanol, giving rise to the

term ‘methylated spirit’ (http://en.wikipedia.org/wiki/Dena-

tured_alcohol).
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(A) has almost completely eradicated the problem of mould

growth, particularly Penicillium simplicissimum and Penicil-

lium waksmanii. Vigilance is only required for areas of poor

fixation, such as gangrenous extremities. Formula (B) is a

modified Kaiserling solution and is used for embalming

cadavers destined for cross-section and plastination. In both

of these applications, the initial high formaldehyde concen-

tration is removed from the finished product. The absence

of alcohol makes it easier to freeze the specimen prior to

sectioning. With both formulae, at least 20 L of embalming

fluid is injected into each body. After injection, the cadaver

is washed down with tap water and then sprayed with sur-

face disinfectant (70% alcohol, 5% Dettol, 25% water) and

placed in a cold room at 4–6 °C for 12 months prior to use.

For moistening purposes, the cadavers or specimens are

sprayed intermittently via soaker hoses installed on the

walls and roofs of the cabinets with a preservative fluid

comprising 1% di-(2-hydroxyethoxy) methane, 1% 2-phen-

oxyethanol, 30%methylated spirit and 65% water.

Recently, Hammer et al. (2012) described a formalde-

hyde-free system which comprises ethanol (0.7 L kg�1 body

weight), glycerine (5%) and thymol. The ethanol–glycerine

fluid is injected arterially; afterwards the bodies are

immersed in ethanol (65%). A thymol-ethanol solution

(thymol 30.044 g L�1; 10% ethanol in aqueous solution) as

moistening solution is used for keeping the state of fixation

at room temperature.

Polyhexamethyleneguanidine hydrochloride was used as

embalming agent and was compared with the efficiency of

formalin fixation by Anichkov et al. (2010, 2011). They used

this fixation method to obtain anatomical and histological

preparations from human organs and chick embryos at

12 days of development. The anatomical preparations had

external appearances similar to those of freshly prepared

organs; nevertheless, only organs – not whole bodies –were

embalmed.

Another replacement for formaldehyde has been sug-

gested by Shi et al. (2012). Their preservative is a blend of

acid, buffer solution and cross-linking agent, Tetrakis(hy-

droxymethyl)phosphonium chloride, which acts as fungi-

cide, stabilizer and fixative, respectively.

Recently, Al-Hayani et al. (2011; Bedir, 2009), suggested

the use of shellac, a complex mixture of aliphatic and alicy-

clic hydroxyl acids and their polyesters, derived from the

hardened secretion of the lac insect(s). The use of shellac

had previously been proposed by Pate (1938) for preserving

anatomical specimens for museum and teaching purposes.

Shellac is soluble in alcohol and alkaline solutions but insol-

uble in water. It is widely used in the food industry, and in

the pharmaceutical industry as an enteric coating material.

For their purposes, the authors solved the dry shellac

(80 kg) in diluted ethanol (200 L; 58%). Defrosted cadavers

were immersed in this solution at a pressure of 15 kPa for

3 days. The authors found that the cadavers could be used

in the open air for a long time; however, if kept out of the

tank for a period of more than 1 week, they may harden

due purely to the hardening of resin. Long-term storage of

the cadavers was achieved by spraying the cadaver with a

waxed solution. This led to hardening within 2 days. Such

cadavers could be stored easily in room conditions. For dis-

section/examination, re-softening was done by replacing

the cadaver inside the softening tank for a couple of days.

The gross anatomy of tissues and organs showed neither

structural distortion nor colour changes, with tissues

remaining supple and easy to dissect; only the skin exhib-

ited brownish glistening discoloration with no colour

changes in the subcutaneous structures, even over an

extended period.

Goyri-O’Neill et al. (2013) have recently reported an

embalming fluid containing nine parts diethylene glycol

and one part monoethylene glycol. They used this clear

liquid, which they described as practically odourless and col-

ourless, to inject on average 7 L arterially, using a pulsed

infusion at a rate of 60–70 pulses per minute. The pressures

used are not given but should have been quite high, as the

whole injection was performed within 30–45 min. Whereas

the authors provide appropriate information on the pre-

treatment (external washing with chorhexidine soap and

cooling during transport to 4–6 °C), there is no information

on the conditions in which the cadavers were stored after

injection of the embalming fluid. Macroscopically, this

embalming fluid results in good short-term preservation

quality (up to 6 months). A histological evaluation 1 month

after injection revealed the best results for a striated thigh

muscle; the skin was also well preserved, whereas the qual-

ity of preservation of the buccal mucosa was not as good.

There are also several proprietary mixes, such as the

Dodge and Genelyn solutions, whose exact composition is

not available. However, it is known that the Dodge and

Genelyn solutions both contain methanol and formalde-

hyde and dyes but no phenol (Jaung et al. 2011). The

AnubiFiXTM method was recently introduced in the Nether-

lands (Kleinrensink, 2011). This embalming technique is

based on a new prerinsing method combined with a normal

4% formaldehyde fixation solution. In contrast to conven-

tional embalming methods, AnubiFiXTM embalming should

result in a very small decrease in flexibility and plasticity

(Slieker et al. 2012).

Embalming fluids – fundamental properties

Aims of embalming – chemicals

Embalming fluids should ensure that there is no risk or fear

of infection on contact with the dead body; they should

ensure preservation of the body and the prevention of

putrefaction changes and disturbances, and prevent con-

tamination with insects and maggots. Attempts have also

been made to produce, without mutilation, a natural col-

our and effect of the body (Ajmani, 1998). In the words of
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Edmond Souchon (1908), the aims of embalming for ana-

tomical purposes are:

1 The thorough and complete preservation.

2 The softness of the tissues, as they are found in the

unembalmed subjects.

3 The colour of the muscles and organs, the securing at

least of a brown dark colour for the muscles.

4 The distension – and the colouring – of the arteries […].

Embalming fluids used in anatomical preservation, despite

their chemical properties, should provide a good long-term

structural preservation of organs and tissues together with a

prevention of over-hardening and a retention of colour of

tissues and organs (Coleman & Kogan, 1998). They should

also prevent desiccation, and fungal or bacterial growth.

Reduction of both potential biohazards and environmental

chemical hazards is also necessary (Supporting Information,

see also Table S19).

Therefore embalming fluids can be grouped as preserva-

tives, germicides (disinfectants), modifying agents [buffers,

surfactants (wetting agents), anticoagulants], dyes, (other)

vehicles and, finally, perfuming agents (Mayer, 2012).

For the following paragraphs, information was derived

from the PubChem Compound Database (Bolton et al.

2008); where applicable, the appropriate database-entry for

a substance is referenced in the literature.

The final sentence for each substance will state whether a

decision was made not to include the respective substance

into Annex I or Ia of the Directive 98/8/EC of the European

Parliament and of the European Council concerning the

placing of biocidal products on the market (European

Parliament & Council, 1998). A decision of non-inclusion in

Annex I or Ia would mean that this respective substance is,

or will be, phased out. Details on Directive 98/8/EC will be

given in the final chapter. None of the substances has been

included in Annex I or Ia.

Preservatives or fixatives

Aldehydes

Formaldehyde

The first documented embalming of a human cadaver with

formaldehyde is believed to have occurred in 1899 (Fig. 1).

Over 100 years later, very little is fundamentally changed in

basic chemistry or technique of formaldehyde preservation

of human cadavers. By around 1906–1910, formaldehyde

had supplanted the dangerous and toxic concoctions of

heavy metal salts that had been used previously. Formalde-

hyde became the chemical of choice for human cadaver

embalming (Bedino, 2003).

Although formaldehyde is an excellent tissue fixative, its

use is generally associated with extreme rigidity. It is possi-

ble, however, to modify this effect by adding 0.025 M

sodium pyrophosphate, with or without additional 0.001 M

magnesium chloride. The muscles remain pliable and the

joints freely movable (Richins et al. 1963).

Formaldehyde is bactericidal, fungicidal and insecticidal

(in descending efficiency). The extensive use of formalde-

hyde as a curing and preserving agent is based on the fact

that formaldehyde has excellent antiseptic properties and

thus prevents the entry of decay organisms, and it tans tis-

sues without destroying their delicate structure (Hess, 1901).

Nevertheless, although formaldehyde is an excellent tissue

fixative, its use is generally associated with extreme rigidity

(Richins et al. 1963). It is classified as a high level (8%

formaldehyde in 70% alcohol) or intermediate-to-high level

(4–8% formaldehyde in water) disinfectant (Mayer, 2012). It

has a broad spectrum of action on microorganisms. It

destroys putrefactive organisms when carried by a proper

vehicle that permits it to penetrate these organisms; fur-

thermore, by reacting with proteins it forms new chemical

compounds (resins), which are stable and unfit as food for

organisms.

Besides hardening, formaldehyde has several other disad-

vantages for embalming purposes (Mayer, 2012). It rapidly

coagulates the blood, converts the tissues to a grey hue

when it mixes with blood, fixes discolorations, dehydrates

Fig. 1 Aldehydes. The images of the molecules were created with

PUBCHEM3D VIEWER (v2.0;Bolton et al. 2011), data were derived from

PubChem Compound (Bolton et al. 2008).
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tissues, constricts capillaries, deteriorates with age, and has

an unpleasant odour. Too much formalin tends to create

moulding when the embalmed cadaver is left exposed for a

protracted period of time in the dissecting laboratory

(Bradbury & Hoshino, 1978).

Formaldehyde, CH2O, is a highly reactive aldehyde gas

formed by oxidation or incomplete combustion of hydro-

carbons. Formaldehyde gas is also created from the combus-

tion of organic material and can be produced secondarily in

air from photochemical reactions involving virtually all clas-

ses of hydrocarbon pollutants (National Toxicology Pro-

gram, 2010). Formaldehyde is rapidly metabolized; it is

produced endogenously in humans and animals and is also

formed through the metabolism of many xenobiotic agents

(National Toxicology Program, 2010). Because of these

issues, typical biological indices of exposure, such as levels

of formaldehyde or its metabolites in blood or urine, have

proven to be ineffective measures of exposure.

In fact formaldehyde in formalin does not even exist as

an aldehyde; 99.9% of formalin solutions exist as methylene

glycol and its various polymers, with the true monomeric

form present at only 0.1% (Bedino, 2003).

Formaldehyde is also used in the production of industrial

resins (mainly urea-formaldehyde, phenol-formaldehyde,

polyacetal, and melamine-formaldehyde resins) (National

Toxicology Program, 2010). In the form of Bakelite, they are

the earliest commercial synthetic resin (Hesse, 2000). This

may be important inasmuch as several embalming fluids

combine both formaldehyde and phenol (Woodburne &

Lawrence, 1952; Erskine, 1961; Bradbury & Hoshino, 1978;

Platzer et al. 1978; Frølich et al. 1984; Coleman & Kogan,

1998; Powers, 2003). It is not known whether these chemi-

cals react within the fluid itself or within the corpse to form

such a resin. As this resin formation can take place either

using acid-catalysis (e.g. oxalic acid, hydrochloric acid or sul-

phonate acids) or base-catalysis, such resin formation may

take place when considering the long storage-times of the

cadavers.

Formaldehyde is known to react with proteins, lipids and

nucleic acids (Hopwood, 1969). Formaldehyde acts by cross-

linking several proteins chemically by inserting a methylene

bridge (-CH2-) between the nitrogens of adjacent proteins,

amines and related nucleophiles resulting in fixation or tan-

ning-type action. The initially reversible hydroxymethyls in

protein reaction, therefore, reduce by condensation reac-

tion to hydrophobic methyls or N-formyls with formic acid

formation. Methylene bridging occurs most often between

lysine and various other moieties: lysine-arginine, lysine-

cysteine, lysine-asparagine and lysine-glutamine and is

strongly sterically controlled, occurring only when favour-

able proximities exist. In addition to the hydroxymethyl

derivatives of the amine functions, guanidine, other

hydroxyls, indoles and imidazoles being very unstable,

certain other bridgings are also somewhat susceptible. The

lysine-cysteine couplings are relatively stable, but reversible.

Lysine-arginine, lysine-asparagine and lysine-glutamine are

stable but susceptible to acid hydrolysis. Lysine-tyrosine links

appear to be very stable and are acid-resistant. It seems in

general that weaker, reversible links are generated during

mild treatment, whereas strong formaldehyde treatment

during fixation results in a significant amount of acid-resis-

tant linkages (Bedino, 2003). Not all proteins are cross-

linked similarly; for instance, the solubility of lact- and oval-

bumins is even enhanced (Blum, 1896). Formaldehyde can

bind covalently to single-stranded DNA and protein to form

cross-links, or with human serum albumin or the N-terminal

valine of hemoglobin to form molecular adducts (National

Toxicology Program, 2010).

When formalin reacts with protein, it requires about 4.0–

4.8 g of formaldehyde to totally react with and fix 100 g of

a soluble protein; nonsoluble proteins require even more

preservative (Fredrick, 1968; reprinted in Mayer, 2012).

Bro�zek et al. (1963) defined an average protein-content of

164.4 g kg�1 body weight, or 16.4%. From these data one

can calculate the protein content of a human and therefore

the amount of formaldehyde needed. For example, an

80-kg corpse should contain about 13.12 kg of proteins and

these would need 0.52–0.63 kg of pure formaldehyde or

1.4–1.7 L of a common formaldehyde solution (37%). Based

on an average amount of 10 L injected, the final formalde-

hyde concentration of the embalming fluid would be about

5.2–6.3%. That amount of formaldehyde will harden a

corpse vigorously, not really viable for a student’s dissection

course. On the other hand, 10 L of a 10% formaldehyde

fluid would be appropriate for a corpse weighing 126.7–

152.1 kg. Using such high concentrations for medium-

weighted corpses would result in excess free formaldehyde,

which will evaporate whenever possible, especially in the

dissection lab. Anatomical Departments using low formal-

dehyde contents do not have problems with vapourous

formaldehyde in their dissection labs (e.g. E. Brenner, perso-

nal communication, Innsbruck; B. Moxham, T. Wilkinson,

personal communicaton, Cardiff).

The reaction of formaldehyde with lipids is less well

known. Formaldehyde reacts with the double bonds in the

presence of an acid catalyst. This eventually gives 1 : 3-gly-

cols and 1 : 3-dioxanes. After fixation there was a decrease

in the number of unsaturated bonds (Hopwood, 1969).

The reaction of formaldehyde with nucleic acids has been

well investigated, as it forms the basis for attenuating

viruses. The reaction between formaldehyde and adenosine

forms two compounds. One of these is rapidly formed and

labile, the reaction being reversible by dilution. The final

product was a methylene-bis-adenosine, which was stable

(Hopwood, 1969).

Formaldehyde solution (formalin; 37% formaldehyde gas

by mass in water or 40% by volume in water) is considered

a hazardous compound, and its vapour toxic (National

Toxicology Program, 2010). For an extensive review of stud-

ies of the biological effects and toxicity see the ‘Final Report
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on Carcinogens Background Document for Formaldehyde’

(National Toxicology Program, 2010). Among the patholo-

gies addressed here are sinonasal cancers, nasopharyngeal

cancers, other head and neck cancers, respiratory cancer,

lymphohematopoietic cancers, and brain and central ner-

vous system cancers. For most of them, data cannot show

clear increased risks, although there are trends towards

higher risks.

In the anatomical context of the dissection laboratory, the

adverse effects of formaldehyde have been studied exten-

sively (Ohmichi et al. 2006; Takahashi et al. 2007; Wei et al.

2007; Khaliq & Tripathi, 2009; Lakchayapakorn & Watchala-

yarn, 2010; Ahmed, 2011; Mirabelli et al. 2011; Vohra, 2011;

Raja & Sultana, 2012). At air levels of 0.5–2 ppm, formalde-

hyde may function as an irritant and cause mild eye and

mucous membrane complaints. Acute exposure to formal-

dehyde may reversibly diminish the sense of smell. Acute

and chronic skin exposure may produce irritation and peel-

ing, as well as an allergic contact dermatitis (Suruda, 2003).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Glutaraldehyde

The first successful synthesis of glutaraldehyde is credited to

Harries & Tank in 1908 (Fig. 1). Glutaraldehyde was cata-

logued as a typically reactive dialdehyde and was used for

various chemical syntheses of more complex chemicals in

laboratories and its properties were moderately investi-

gated. By the 1940s and 1950s, it had become obvious that

glutaraldehyde exhibited properties that were superior in

many ways to formaldehyde in protein fixation chemistry

and the early field of disinfection/sterilization. Interest in

glutaraldehyde peaked in the early 1960s, when several

investigations found it to have outstanding disinfection and

sterilization capabilities, even surpassing formaldehyde

(Bedino, 2003).

In reaction with proteins the aldol polymers of glutaral-

dehyde react to form a,b-unsaturated imino type reaction

products that are highly resonance-stabilized and very resis-

tant to acid hydrolysis and rehydration (Bedino, 2003).

Glutaraldehyde appears to react chiefly with the amino

groups of lysine, but also tyrosine, tryptophan and phenyl-

alanine (Hopwood, 1969). The reactions of glutaraldehyde

with lipids appear to be slight (Hopwood, 1969). Glutaral-

dehyde occasionally cross-reacts with formaldehyde, but in

the literature it has not been found to be a formaldehyde

releaser (De Groot et al. 2009).

Glutaraldehyde reaction with lipids and nucleic acids is as

expected based on aldehyde chemistry and is similar to that

of formaldehyde (Bedino, 2003).

An interesting feature of glutaraldehyde is that, unlike

other aldehydes, it is capable of reacting with protein struc-

tures over awide pH range. In addition, glutaraldehyde used

as a disinfectant agent is effective against most microorgan-

isms including viruses and spores, making itmany timesmore

effective as a disinfectant than formaldehyde (Mayer, 2012).

In embalming settings, glutaraldehyde, in contrast to

formaldehyde, is a slow diffuser but delivers a rapid and

irreversible final reaction with proteins. Therefore glutaral-

dehyde is expected to deliver more endpoint permanent

fixation but perfuse the tissues slowly, whereas formalde-

hyde perfuses tissues rapidly but only forms irreversible fixa-

tion at a very slow rate (Bedino, 2003).

Although glutaraldehyde is a weak allergen, the vapours

from glutaraldehyde (< 1 ppm) may act as an irritant to

bronchial and laryngeal mucous membranes, and pro-

longed exposure could produce localized oedema and

other symptoms suggestive of an allergic response.

Glutaraldehyde should have been phased out for Product

Type 22 ‘Embalming and taxidermist fluids’ by 9 February

2011 (European Commission, 2010).

Glyoxal

Glyoxal (oxaldehyde) is a slimicide, a pesticide designed to

kill organisms that produce slime (Fig. 1). Because it con-

tains a chromophore group, glyoxal solutions tends to stain

tissues yellow (Mayer, 2012). Several US-patented embalm-

ing fluids contain glyoxal. In this review, glyoxal is only a

minor component, used in an unknown proportion by add-

ing commercial disinfectant to the embalming solution

(Frewein et al. 1987).

Glyoxal attacks the amino groups of proteins, nucleotides

and lipids with its highly reactive carbonyl groups. A

sequence of non-enzymatic reactions, called glycation,

yields stable advanced glycation end products, which alter

protein function and inactivates enzymes, resulting in dis-

turbance of cellular metabolism, impaired proteolysis, and

inhibition of cell proliferation and protein synthesis.

High-molecular-weight aldehydes such as glyoxal appear

to be less toxic than formaldehyde, although studies of

these compounds are incomplete (National Research Coun-

cil (US) Committee on Aldehydes, 1981). Contact dermatitis

has also been described for glyoxal (Uter et al. 2001;

Aalto-Korte et al. 2005).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Tetrakis(hydroxymethyl)phosphonium chloride

Tetrakis(hydroxymethyl)phosphonium chloride (tetramethy-

lolphosphonium chloride) is synthesized by a reaction of

phosphine, formaldehyde and hydrochloric acid (Fig. 5). It

can be absorbed through the skin. In general, this substance

is used as flame retardant in cotton fabrics. A formalde-

hyde-free embalming fluid using this substance was

recently presented by Shi et al. (2012). It contains a 15%

solution of tetrakis(hydroxymethyl)phosphonium chloride

as cross-linking agent in an 85% acidic buffer solution.
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Tetrakis(hydroxymethyl)phosphonium chloride can be

absorbed through the skin; orally administered, it can affect

the liver. No epidemiological data relevant to the carcino-

genicity of tetrakis(hydroxymethyl)phosphonium salts were

available.

Again, so far there has been no ‘decision of non-inclusion’

in Annex I or Ia of Directive 98/8/EC, for the relevant prod-

uct-type PT 22 ‘Embalming and taxidermist fluids’.

1-Methyl-3-octyloxymethylimidazolium

tetrafluoroborate

1-Methyl-3-octyloxymethylimidazolium tetrafluoroborate,

[(C8H17OCH2)MIM]+[BF4]
�, is an ionic liquid that was used

as a substitute for formaldehyde by Majewski et al. (2003).

Ionic liquids are a class of organic salts that are liquid at

room temperature in their pure form. Some of them are

composed of organic cations such as quaternary

ammonium cations, imidazolium cations, and heterocyclic

aromatic and non-aromatic compounds. Its density is close

to the density of water, but it is immiscible with water

(Majewski et al. 2003).

In contrast to formaldehyde, ionic liquids do not bind to

amino or imide groups in proteins, but they (i) can form

ionic pairs with DNA and RNA, (ii) restrict access of water to

tissues (this is particularly true in the case of 1-methyl-3-oc-

tyloxymethylimidazolium tetrafluoroborate, which resem-

bles paraffin in its characteristics), and (iii) ionic liquids with

a long alkoxymethyl substituent kill bacteria and fungi and

in this way inhibit biological decomposition of tissues

(Majewski et al. 2003). Nevertheless, the basic preserving

effects of the borate component have to be considered.

Ionic liquids are considered advantageous not only

because of their versatility but also for their ‘green’ creden-

tials, although it is important to remember that not all ionic

liquids are environmentally benign (Rogers & Seddon,

2003).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Alcohols

As a group, the alcohols have a pronounced bactericidal as

well as some bacteriostatic action against vegetative forms,

the specific effect depending on concentration and condi-

tion. They have a wide range of antiviral, antifungal and

antimycosal effects. The predominant mode of action

appears to come from protein coagulation/denaturation,

with the fact that proteins are not denaturated as readily in

the absence of water as by mixtures of alcohol and water

(Ali et al. 2001).

Methanol

Methyl alcohol is toxic to organisms and also has disinfec-

tant properties (Bradbury & Hoshino, 1978; Fig. 3). In

addition, methyl alcohol has several advantages as an

embalming chemical because it prevents polymerization of

formaldehyde in the embalming fluid (additive), acts as an

antirefrigerant, helps to establish the proper density of the

solution, and coagulates albumin (Bradbury & Hoshino,

1978).

Methanol is metabolized primarily in the liver by sequen-

tial oxidative steps to formaldehyde, formic acid and carbon

dioxide. Formic acid, the toxic metabolite of methanol, has

been hypothesized to produce retinal and optic nerve toxic-

ity by disrupting mitochondrial energy production. It has

been shown in vitro to inhibit the activity of cytochrome

oxidase, a vital component of the mitochondrial electron

transport chain involved in ATP synthesis (Treichel et al.

2004).

Humans (and non-human primates) are uniquely sensitive

to methanol poisoning and the toxic effects in these species

are characterized by formic acidemia, metabolic acidosis,

ocular toxicity, nervous system depression, blindness, coma

and death. Nearly all of the available information on meth-

anol toxicity in humans relates to the consequences of acute

rather than chronic exposures.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Fig. 2 Alcohols. The images of the molecules were created with PUBCHEM3D VIEWER (v2.0;Bolton et al. 2011), data were derived from PubChem

Compound (Bolton et al. 2008).
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Ethanol

In embalming settings, ethanol is widely used as alcoholic

solvent and anti-infective agent (Fig. 3). Furthermore,

several authors suggest washing out (excessive) formalde-

hyde with ethanol (e.g. Bjorkman et al. 1986). There

is almost no specific literature on the action of ethanol as

preserving fluid. Ethanol, at least when combined with glyc-

erine, denatures the proteins reversibly, affecting the

hydrate coating of the tertiary structures. Hydrogen bridge

bonds are disrupted (Hammer et al. 2012).

Ethanol tends to reduce the activity of the central nervous

system.

Ethanol ought to have been phased out for Product Type

22 ‘Embalming and taxidermist fluids’ by 1 September 2006

(European Commission, 2005).

Isopropanol

Isopropanol, which is readily available, is considered a bet-

ter germicidal and antiseptic agent than ethanol (Fig. 2).

Isopropanol has a distinctive odour, but not an objection-

able one (Woodburne & Lawrence, 1952).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Phenoxyethanol

Phenoxyethanol (PE) is a non-toxic lightly scented, common

chemical often used in cosmetic and first-aid products

(Wineski & English, 1989). Additionally, dilute phenoxyetha-

nol is relatively inexpensive, non-flammable, slow to evapo-

rate, effectively antimicrobial and an excellent tissue

preservative and softener. Phenoxyethanol is merely a pre-

servative, not a fixative.

Phenoxyethanol (ethylene glycol monophenyl-ether) is

not used as embalming agent itself in most cases but it is

used to wash out excessive formaldehyde from cadavers

(Owen & Steedman, 1956, 1958; Spence, 1967; Frølich

et al. 1984; Wineski & English, 1989). Nevertheless, phen-

oxyethanol appears to be an effective bactericide at a

1% concentration in creams (Lovell et al. 1984). It has a

broad spectrum of antimicrobial activity and is particularly

effective against strains of P. aeruginosa (Lovell et al.

1984).

The only description we found using phenoxyethanol in

an embalming fluid comes from Nicholson et al. (2005).

Among those embalming fluids they compared, there was a

phenoxyethanol mix containing phenoxyethanol (7%), eth-

anol (61%), water (15%), glycerine (15%) and formalde-

hyde (1.9%). They found the tissues from cadavers

embalmed with the phenoxyethanol fluid to produce good

quality histological sections.

Despite its widespread use for many years, contact allergy

to PE has been very rarely described (Lovell et al. 1984). A

case of an immediate hypersensitivity reaction has been

reported (Bohn & Bircher, 2001).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Fig. 3 Polyols. The images of the molecules were created with PUBCHEM3D VIEWER (v2.0;Bolton et al. 2011), data were derived from PubChem

Compound (Bolton et al. 2008).
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Sodium nitrate

Sodium nitrate is well known as a preservative (‘curing salt’;

Macdonald & MacGregor, 1997). Besides its use in ancient

embalming methods, it is purported to have been one com-

ponent of Leonardo da Vinci’s embalming fluid (McKone,

1999). Furthermore, it is mentioned as a component in

several patents of embalming fluids.

As an additive, sodium nitrate (similar to the sodium

nitrite) serves to inhibit the growth of bacteria, specifically

Clostridium botulinum in an effort to prevent botulism, and

helps preserve the colour of cured meat (S�arraga et al.

1989). It does not affect cathepsin D activity, inhibit cathep-

sin L activity at very high concentrations, and even enhance

Ca-dependent proteolytic activity.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Boric acid/sodium borate

Boric acid or its salts, borates, were used for embalming

purposes already in pharaonic Egypt (Kaup et al. 2003;

Buckley et al. 2004). Borates were used for anatomical

preservation by Lakowski, Thiel and Majewski (Laskowski,

1886; Thiel, 2002; Majewski et al. 2003). It was estimated

that borates forms borate complex with the carbohydrate

residues of glycoproteins, especially with the functionally

active alkaline phosphatase (Kaup et al. 2003). According

to Peters (1956), boric acid has to be classified as preserv-

ing agent. It works as insecticide, has been used as a mild

antiseptic or bacteriostatic in eyewashes, mouthwashes,

burn dressings, and diaper rash powders; however, the

effectiveness of boric acid has largely been discredited

(Seiler et al. 1988).

Benkhadra et al. (2011) assume that the boric acid con-

tent in Thiel’s embalming fluid is responsible for a distinct

major modification of the integrity and the alignment of

muscle fibres. The muscle fibres had a cut-up ‘minced’

appearance, but remained aligned; the conjunctive colla-

gen fibrils were undisturbed. Benkhadra et al. argue that

the acids are well known to have very corrosive effects on

proteins and, in this special case, muscle proteins. The only

acid present in Thiel’s mixture is boric acid, thus they

suspected it to be the reason for the observed damage, as

the other chemicals of the Thiel’s embalming solution

could not be involved in this very singular destruction of

the muscles.

Human borate exposures, even in the highest exposed

cohorts, are too low to reach the blood (and target tissue)

concentrations that would be required to exert adverse

effects on reproductive functions (Bolt et al. 2012).

Boric acid should have been phased out for Product Type

22 ‘Embalming and taxidermist fluids’ by 1 February 2013

(European Commission, 2012).

Disinfectants

Phenol

Phenol, or carbolic acid, is a colourless or white crystalline

solid with a relatively low melting point (Fig. 4). The major-

ity of phenol and phenol derivates are used in resins and

resin-based products such as formaldehyde and bisphenol

resions from acetones, smaller portions as general disinfec-

tant and, finally, in the production of organic dyes. The

disinfective properties of phenol have been known

throughout most of history. The first documented and

widely publicized use of phenol as a disinfectant in the med-

ical field was by Lister in 1867 (Bedino, 1994).

Phenol is bacteriostatic in as small a concentration as

0.2% by virtue of its ability to deactivate enzymes within

the cell and affect cell permeability. It becomes bacterici-

dal/fungicidal at concentrations of 1.0–1.5% and actually

destroys cell walls. There is a marked increase in bacterici-

dal activity with halogenation or alkylation of the basic

phenol molecule. The mode of action of phenol and its

derivates against various bacteria, fungi and viruses is due

to its ability to denaturate and precipitate protein and

proteinaceous products and its ability effectively to attack

and destroy the cell wall due to its lipophilic character

(Bedino, 1994).

Liquefied phenol has proved to prevent moulding effec-

tively (Bradbury & Hoshino, 1978). Phenol is an excellent

fungicide and bacteriocide but it denatures proteins, with

resultant drying and discoloration of tissues, and has an

unpleasant odour (Richins et al. 1963). On the other hand,

phenol will actually reverse the greying effects of formalde-

hyde embalming (Bedino, 1994).

Phenol is used in embalming as a medium to lower pre-

servative strength, which has superior penetration ability. In

addition, its use results in superior disinfection (Bedino,

1994).

As an exposure hazard, phenol is corrosive to the throat

and stomach, causing nausea, vomiting, cyanosis, loss of

blood pressure, convulsion and pulmonary oedema

(Bedino, 1994). Furthermore, it desensitizes the skin. Other

adverse effects described are eczema, headache and faint-

ness (Lischka et al. 1981).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Phenolic derivates

Salicylic acid

Salicylic acid, chemically 2-carboxyphenol, was used in the

formulations by Salafia, Peters and Erskine (Salafia, c. 1927–

1933; Peters, 1956; Erskine, 1961; Fig. 4). The major aim of

adding salicylic acid would be its action as antioxidant, but

according to Peters (1956), salicylic acid can be classified as

© 2014 Anatomical Society

Human body preservation – old and new techniques, E. Brenner330



preserving agent. Pharmacologically, salicylic acid acts as

anti-infective, antifungal and keratolytic agent; at high con-

centrations (e.g. 20%) it has a caustic effect. Salicylic acid

itself should not be administered systemically because of its

severe irritating effect on gastrointestinal mucosa and other

tissues.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Sodium pentachlorophenate

The use of sodium pentachlorophenate diminished the

undesirable side effects of phenol, and is stated to be even

more effective as a bacteriocide and fungicide (Richins et al.

1963; Fig. 4). Also, the visual appearance of the organs and

tissues is better than with phenol. Fascia, tendons and apo-

neuroses are white in colour. Fat remains yellow and can

easily be seen even in small amounts. Muscle is tan to

brown; higher concentrations of the sodium pentachloro-

phenate have been found to produce darker muscle colour.

Nevertheless, some methanol should be added to keep the

pentachlorophenate in solution, particularly in the concen-

trated stock solutions.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Fig. 4 Aromatic substances. The images of the molecules were created with PUBCHEM3D VIEWER (v2.0;Bolton et al. 2011), data were derived from

PubChem Compound (Bolton et al. 2008).
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Thymol

Thymol (2-isopropyl-5-methylphenol) is a naturally

occurring, oxygenated monoterpene phenol derivative of

p-cymene that is found in thyme oil (Bisht et al. 2011;

Fig. 4).

Hammer et al. (2012) use thymol in an alcoholic solution

for moistening the specimens externally at the end of every

dissection course, at least once a week. At McMaster’s

University, a thymol content in their moistening fluid is also

used (Powers, 2003). Thymol has no known carcinogenic or

other harmful effects to health besides skin irritation, and it

is well known for its bactericidal and fungicidal effects. The

lipophilic character of thymol disturbs the aqueous phase

and, therefore, the integrity of bacterial and fungal mem-

branes. Proteins related to bacterial metabolism become

inactivated.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

4-Chloro-3-methylphenol (parol; 4-chloro-m-cresol, PCMC)

In general, 4-chloro-3-methylphenol is used as an antiseptic

and preservative agent (Fig. 4). It is a compound in Thiel’s

basic solution II. PCMC has a considerably high solubility

(4 g L�1 at 20 °C), being higher than other chlorophenols,

and remains active over a wide pH range (4–8), where,

compared with other phenolic derivates, only PCMC

remains sufficiently soluble (Goddard & McCue, 2001).

An antagonistic interaction in toxicity occurred between

phenol and p-chloro-m-cresol (Babich & Stotzky, 1985). Nev-

ertheless, systemic effects are presumably like those of phe-

nol. It is known to be a moderate allergen for sensitive skin.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

1,4-Dichlorobenzene

Adding para- and/or orthodichlorobenzene in concentra-

tions from 0.025% to 5% to formaldehyde containing

embalming fluids should provide an unusual degree of pen-

etration and outstanding preservation (Beck, 1966; Fig. 4).

1,4-Dichlorobenzene is used as moth repellent.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Chinosol/oxyquinoline

Chinosol was used as a single medium for injection by Schi-

efferdecker (1897) (Fig. 4). Chemically, it is oxyquinoline sul-

phate. In vitro, although a powerful antiseptic, it is only

very slightly germicidal; a 2% solution did not kill S. aureus

in 24 h (Lusk, 1919).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Quaternary ammonium compounds

Some quaternary ammonium compounds, di-C8-10-alkyl-

dimethyl chlorides, should have been phased out for Prod-

uct Type 22 ‘Embalming and taxidermist fluids’ by 9

February 2011 (European Commission).

Benzalkonium chloride

Benzalkonium chloride, a quaternary ammonium com-

pound, chemically known as alkyldimethylbenzylammoni-

um chloride, has been found to have definite germicidal

and fungicidal properties; it is used mainly as a mould

inhibitor (Woodburne & Lawrence, 1952; Macdonald &

MacGregor, 1997; Fig. 4). It is a component of many

patented embalming solutions. One can ‘paint’ the

interior of cadaver tanks and crates with benzalkonium

chloride (pure, 50% aqueous solution) before putting the

embalmed cadavers or their parts in. After putting the

specimens in, some of this chemical solution is poured

over the surface of the main preservative solution (Buch,

2013).

Tetradecylamine

Tetradecylamine, also know as myristylamine, is also a qua-

ternary ammonium compound.

Polyhexamethylene guanidine hydrochloride

Polyhexamethylene guanidine hydrochloride (PHMGH) is an

antimicrobial biocide of the guanidine family (Oul�e et al.

2008).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Modifying agents

Buffers

Target pH: 7.38–7.40.

1 Sodium borate (Borax): Sodium borate acts to buffer

the embalming mixture at pH 9 and affords protection

against mould growth and bacterial decomposition

(Macdonald & MacGregor, 1997).

2 Sodium bicarbonate.

3 Sodium carbonate.

4 Magnesium carbonate.

Humectants and wetting agents

Glycerine

Spriggs (1963) referred to an Austrian scientist who discov-

ered that glycerine, although not a disinfectant in itself, so

increased the efficiency of formaldehyde as to render a
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small amount of formalin and glycerine just as powerful a

disinfectant as a much larger amount of formalin alone

(Bradbury & Hoshino, 1978; Fig. 3).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Chloral hydrate

Chloral hydrate belongs to the group of glycol derivates

and is a major metabolite of trichloroethylene (Fig. 3). It is

used as component of Sihler’s whole mount nerve staining

technique that renders other soft tissue translucent or trans-

parent while staining the nerves (Mu & Sanders, 2010). In

anatomical embalming fluids, chloral hydrate has been

used by several authors (Jores, 1913; Peters, 1956; Kurz,

1977/1978; Frewein et al. 1987; Sampaio, 1989; Guimar~aes

Da Silva et al. 2004).

Chloral hydrate is commonly known as an outdated seda-

tive and hypnotic. Overdosage produces symptoms that are

similar to those of barbiturate overdosage and may include

coma, hypotension, hypothermia, respiratory depression

and cardiac arrhythmias. Miosis, vomiting, areflexia, and

muscle flaccidity may also occur. Oesophageal stricture, gas-

tric necrosis and perforation, and gastrointestinal haemor-

rhage have also been reported.

Chloral hydrate probably reacts with protein in a similar

manner to formaldehyde but irreversibly (Hopwood, 1969).

Furthermore, this substance is used for colour preservation

(dye; Jimenez Collado et al. 1999).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Mono-, di- and poly-ethylene glycol

(Mono-)ethylene glycol, like glycerine, serves to preserve

moisture in the embalmed body, acts as anti-refrigerant,

and also mixes well with other chemicals in the embalm-

ing fluid (Bradbury & Hoshino, 1978; Fig. 3). Ethylene

glycol, at least in combination with glycerol and/or etha-

nol, decreases the opacity of muscles, with the muscle

fibres becoming more spatially separated (Oliveira et al.

2007, 2010). Ethylene glycol also decreases the sample pH

due to water loss inside tissue (Oliveira et al. 2007).

(Mono-)ethylene glycol is toxic (Friedman et al. 1962; Brent

et al. 1999); the same is also true for di-ethylene glycol

(O’Brien et al. 1998; Schep et al. 2009). The mean esti-

mated fatal dose in an adult has been defined as

1 mL kg�1 of pure di- -ethylene glycol (DEG; Schep et al.

2009). Polyethylene glycol is superior to glycerine as a solu-

bilizer and is an inhibitor of mould growth (Macdonald &

MacGregor, 1997).

So far there has been no ‘decision of non-inclusion’ of

mono-, di- or polyethylene glycols in Annex I or Ia of Direc-

tive 98/8/EC, for the relevant product-type PT 22 ‘Embalming

and taxidermist fluids’.

Sorbitol

Sorbitol can be used as a replacement for glycerine

(Richins et al. 1963; Fig. 3). It is a better humectant, and

there is less generalized darkening or ‘browning’ of

tissues.

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Sodium lauryl sulphate

Sodium lauryl sulphate, a non-ionizing surfactant, enables

embalmingfluid to enter all areas of the cadaver (Macdonald

&MacGregor, 1997).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Sodium 2-sulphonatoethyl laurate

Sodium 2-sulphonatoethyl laurate was used as anionic sur-

factant in an embalming fluid described by Dayton et al.

(1965).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Phosphorated higher alcohols

Phosphorated higher alcohols can be used as wetting

agents (Richins et al. 1963).

Fig. 5 Other substances. The images of the molecules were created

with PUBCHEM3D VIEWER (v2.0;Bolton et al. 2011), data were derived

from PubChem Compound (Bolton et al. 2008).
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Softener

Tetrapotassium pyrophosphate decreases the tension which

has developed in isolated glycerinated muscle (Richins et al.

1963).

So far there has been no ‘decision of non-inclusion’ in

Annex I or Ia of Directive 98/8/EC, for the relevant product-

type PT 22 ‘Embalming and taxidermist fluids’.

Anticoagulants

1 Sodium citrate (also buffer; Mayer, 2012).

2 Sodium oxalate.

Salts

Several preservative mixtures have added salts. It was

found that various anions had a denaturing effect on

DNA. These included the sodium salts of trichloracetate,

thiocyanate, perchlorate and iodide. Cations had only a

small denaturing effect. This sort of effect has also been

described for various proteins. Calcium chloride and

potassium thiocyanide were shown to be potent struc-

tural destabilizers and denaturants. Salts such as ammo-

nium sulphate and potassium dihydrogen phosphate

strongly stabilized the native conformation of the pro-

teins. The results were not explained other than that salts

do react with proteins and this may alter their ordered

stability (Hopwood, 1969).

Green or natural embalming fluids

Natural/green burial demands a new and enlightened defi-

nition, approach and procedure drastically different from

traditional toxic formaldehyde embalming. Ecobalming

does not and will not create a long-term preserved anatom-

ical specimen. If this result is required, or demanded, then

the embalmer must resort to a traditional style of embalm-

ing (Bedino, 2009).

These green or natural fluids contain some disinfectant

and preservative components. They are composed of oil

ingredients derived from gums and plant resins, a variety of

spices, and certain alcohols used as vehicles for these preser-

vatives; similar to the formulations prior to the discovery of

formaldehyde. These embalming fluids do provide good

preservation for 3–5 days, or possibly a week or longer but

do not meet the need for anatomical preservation (Mayer,

2012).

‘Green’ or natural embalming fluids contain synergistic

mixes of essential, plant-based oils and their purified or

synthesized/derivatized active aldehyde or phenolic-like

components in a near-anhydrous carrier. The active chem-

ical components of ecobalming fluids include vanillic

aldehyde, guaiacol and eugenol as the active essential oil

ingredients and propylene glycol as the near-anhydrous

carrier. Vanillic aldehyde (vanillin) is both a derivitized

phenolic and an aldehyde and is the active aldehyde-

driver precipitant/reactant. Notable protein precipitation/

coagulation is effected with both the aldehyde moiety

and phenolic group. The pH of vanillic aldehyde in 5%

water is acidic (pH 4.3) and thus contributes to precipita-

tion. Vanillin presents little or no exposure impact when

in liquid solution and only commonsense precautions

need be taken. Guaiacol (2-methoxyphenol) is an addi-

tional phenolic precipitant/reactant. Eugenol [2-methoxy-

4-(2-propenyl)phenol] is the principal essential oil from

cloves and is also found in nutmeg, cinnamon and bay

leaf. It is an active, substituted protein precipitant/

reactant (Bedino, 2009).

Analyses of embalming quality

Of course, many of the embalming chemicals have been

tested for their individual toxicity, their suitability as bacte-

riostatic agent, etc., but only a few embalming solutions

have been tested for the embalming purposes.

One of the best investigated embalming methods is

Thiel’s method (Thiel, 1992, 2002). This method is praised

for resulting in soft and flexible cadavers with almost natu-

ral colours. The flexibility might be due to a considerable

fragmentation of muscle proteins, where the muscle fibres

show a cut-up ‘minced’ appearance with the surrounding

collagenous fibrils being undisturbed (Benkhadra et al.

2011). These authors relate these changes in muscular tissue

to the content of boric acid in Thiel’s basic solution I (and of

course in the storage solution). Whereas they could not find

major changes in collagenous tissues, others found that ten-

dons from cadavers embalmed with Thiel’s method showed

statistically lower failure stress compared with fresh frozen

samples and trended to a decreased tangential modulus

(Fessel et al. 2011). They argue that Thiel-preserved samples

demonstrated altered failure characteristics, indicating a

different collagen fibre/collagen network failure mecha-

nism, again most likely due to partial denaturing by boric

acid in Thiel’s solution. Finally, they conclude that Thiel-

embalmed tendons did not faithfully represent the biome-

chanical characteristics of fresh frozen tendons. Compared

with formalin-fixated specimens which become approxi-

mately five times stiffer and completely lose their non-linear

load-deformation characteristic, Thiel fixation maintains the

non-linear load-deformation characteristic but increases the

range of motion in biomechanical tests of L1–L2 spinal seg-

ments (Wilke et al. 2011). Differences are also quite low for

testing the human middle ear mechanics in Thiel-embalmed

cadavers compared with living subjects and fresh temporal

bones; however, significant differences in some frequencies,

particularly at the round window, have to be considered

(Stieger et al. 2012). Chest radiographs of Thiel-embalmed

cadavers with inflated lungs are of high quality (De Crop

et al. 2012).
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Nevertheless, Thiel-embalmed cadavers have been widely

appraised for post-graduate hands-on workshops for sev-

eral medical disciplines (Peuker et al. 2001; Baca et al. 2006;

Feigl et al. 2008; Giger et al. 2008; Wolff et al. 2008; Eisma

et al. 2011; Prasad Rai et al. 2012; Eisma et al. 2013). Testing

four criteria, one Thiel-embalmed cadaver showed a joint

flexibility comparable to fresh tissue, a tissue pliability also

like fresh tissue, a colour that was most akin to fresh tissue,

and did not grow mould (Jaung et al. 2011).

Biomechanical testing

Other important studies tested the suitability of different

embalming methods for biomechanical testing. Thiel’s

embalming method shows significant changes in biome-

chanical properties, as described above (Benkhadra et al.

2011; Fessel et al. 2011; Wilke et al. 2011). In early investiga-

tions, embalming itself seems not to alter the density of

either compact or cancellous bone (Blanton & Biggs, 1968).

Later studies have found that formalin storage caused a

50% reduction in energy absorption and increased the brit-

tleness of the bones (Goh et al. 1989), a significant decrease

in impact strength in even short formalin-fixed specimens

(< 3 h of embalming; Currey et al. 1995), a decrease in

mechanical integrity after embalming (Ohman et al. 2008),

perhaps due to the occurrence of bone demineralization

(Fonseca et al. 2008), and an alteration of visco-elastic prop-

erties by reducing its ability to dissipate viscous energy

(Nazarian et al. 2009).

Comparing three different preservation methods – forma-

lin fixation (according to Platzer et al. 1978), Thiel fixation

(according to Thiel, 2002), and alcohol–glycerine fixation

(96% ethanol, 3% glycerine and 1% phenol)] – on the elastic

and postyield mechanical properties of cortical bone with

fresh-frozen specimens, the bone mineral density as well as

the initial Young’s modulus showed no significant differ-

ences between the four test groups (Unger et al. 2010). After

6 months in fixative solution, the Young’s modulus was sig-

nificantly lowered in human Thiel specimens and only

showed minor changes in formalin- and alcohol–glycerine-

treated specimens. The plastic energy absorption of human

and bovine specimens was altered significantly. Formalin as

well as alcohol–glycerine fixation yielded a significant

decrease in plastic energy absorption, whereas Thiel fixation

significantly increased the plastic energy absorption.

Antimicrobial testing

Present embalming practices reduce the hazard of transmis-

sion of potentially infectious microbial agents within the

immediate environment of embalmed human remains

(Burke & Sheffner, 1976). In their study, the administration

of arterial and cavity embalming chemicals resulted in a

99% reduction of the postmortem microbial population

after 2 h of contact. This level of disinfection was main-

tained for the 24-test period. Topical disinfection of the

body orifices was also observed.

Woodburne & Lawrence (1952) developed their

‘improved embalming fluid formula’ by testing eight differ-

ent fluids for their germicidal activity against M. tuberculo-

sis, S. aureus, E. typhosa, P. aeruginosa, P. vulgaris,

B. anthracis, C. tetani and novyi, b-haemolytic S. pyogenes,

and for their fungicidal activity against P. notatum,

A. niger, C. immitis, and C. neoformans.

On the other hand, Putz et al. (1974) tested tubs, tanks

and crates, tables, and cadavers for fungi. The main spe-

cies found were Aspergillus vesicolor, Penicillium cyclopi-

um, Penicillium frequentans, and Cladosporium

sphaerospermum, all of them being human and animal

saprophytes. Aspergillus vesicolor as well as P. frequen-

tans may also attack softeners, which might be important

for the storage of embalmed cadavers in plastic materials.

These investigations resulted in the embalming method

described by Platzer et al. (1978), which solved the mould

problem described earlier. In a series of papers, Lischka

and Wewalka and colleagues analyzed the microbial

fauna on cadavers during dissection (Lischka et al. 1979a,

b; Wewalka et al. 1979). They found mainly aerobic spor-

ulates and Staphylococcus epidermidis, with occasional

occurrences of S. aureus, Streptococcus sp., and moulds.

The authors argue that these microbes did not originate

from the cadavers but are ubiquitous dermal germs. Test-

ing prior to embalming revealed a different microbial

vegetation, consisting of S. aureus, Staphylococcus epide-

rmidis, Enterococcae, b-haemolytic Streptococcae, Strepto-

coccus viridans, Corynebacteriae, some aerobic sporulates,

and a high number of enterobacteriaceae, such a Escheri-

chia coli, Proteus sp., Enterobacter cloaecae, Klebsiella sp.,

and P. aeruginosa, Acinetobacter sp. and several fungi.

All of the three embalming fluids, a mixture of 4.1%

phenolic acid and 2.1% formaldehyde, a mixture accord-

ing to Tutsch (1975), and Jores embalming fluid (1913),

reduced the initial amount of microbia fast and effec-

tively, with only some S. epidermidis and some aerobic

sporulates surviving the first day of embalmment. Among

these three tested embalming techniques, the Jores solu-

tion was revealed as being the least effective one.

Janczyk et al. (2011b) tested their ethanol-polyethylene

glycol-formalin embalming fluid also for microbes and

found single colonies of Pseudomonas oryzihabitans, Chry-

seobacterium sp., Acinetobacter sp. in the lungs, and Micro-

coccus sp. and Bacillus sp. isolated from one muscle sample.

When using only formalin in a morphological laboratory,

a microbiocenosis consisting of the bacteria Bacillus sp.,

Providencia alcalifaciens, and S. aureus, the micromycetes

Scopulariopsis brevicaulis, Aspergillus sp., Hormodendron

sp., and the mites Dermatophagoides pterronissimus were

found (Svidovyi et al. 2011). These authors state that there

is experimental evidence that these organisms are resistant

to formalin.
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Testing for histological appearance

Thiel-embalmed specimens present with considerable

changes in their histological appearance (Benkhadra et al.

2011; Fessel et al. 2011). Other embalming methods were

tested with better results (Coleman & Kogan, 1998), with

the latter presenting samples of an excellent long-term

microanatomical preservation of various tissues from

cadavers treated with their embalming solution. Nicholson

et al. (2005) showed that embalmed cadaveric tissue can be

used for routine histology, although it may not be suitable

for all histological studies. Frølich et al. (1984) reported sat-

isfactory preservation of cadavers embalmed between 8

and 48 h post-mortem. When embalming is usually under-

taken within 24 h of death and embalment uses formalin,

this results in adequate preservation of tissues for dissection

and satisfactory quality of histological sections (Nicholson

et al. 2005). Skin samples taken from mono- and diethylene

glycol- preserved cadavers 1 month after embalming

showed mainly excellent or good histological conservation,

surpassing that of striated muscle, whereas the buccal

mucosa showed worse results (Goyri-O’Neill et al. 2013).

Usability testing

Besides the usability test for Thiel-embalmed cadavers, espe-

cially with respect to their usage in post-graduate education

(see above), only a few more embalming solutions were

tested. Cadavers, preserved either with a modified Laskow-

ski solution or modified Larssen solution, were analyzed for

the following aspects: (i) colour and texture of tissues,

(ii) flexibility of joints and skin, (iii) odour and (iv) suitability

to specific operative procedures (Silva et al. 2007). Although

these fixatives maintain body flexibility, the Laskowskic solu-

tion failed to keep an ordinary tissue coloration (cadavers

were intensely red) and tissue preservation was not ade-

quate. By contrast, the modified Larssen solution did not

alter the coloration of cadavers. A remarkable characteristic

was a very strong and unpleasant sugary odour in Laskow-

ski-preserved cadavers and therefore the modified Larssen

solution was the elected method to preserve cadavers for

surgical technique classes. The students’ feedback to the use

of Larssen-preserved cadavers was very satisfactory (96.6%

of students in favour).

Biocidal Products Directive (98/8/EC)

The Biocidal Product Directive has the aim to harmonize the

European market for biocidal products and their active sub-

stances.2 At the same time, it aims to provide a high level of

protection for humans, animals and the environment.

The Directive 98/8/EC of the European Parliament and of

the Council of 16 February 1998 concerning the placing of

biocidal products on the market should be the framework

of rules to provide that biocidal products should not be

placed on the market for use unless they have complied

with the relevant procedures of this Directive (European

Parliament & Council, 1998). Among these regulations, the

directive states that ‘it is appropriate that the applicant sub-

mit dossiers which contain information which is necessary to

evaluate the risks that will arise from proposed uses of the

product’, and concludes that it is necessary to establish a

Community list of active substances permitted for inclusion

in biocidal products. It will be replaced by Regulation (EU)

No 528/2012 (European Parliament & Council, 2012) as of 1

September 2013. This new regulation aims to improve the

functioning of the internal (European) market in biocidal

products while ensuring a high level of environmental and

human health protection.

There are two important Annexes to the Biocidal Products

Directive (98/8/EC): (i) Annex I, which covers active substances

with requirements agreed at community level for inclusion

in biocidal products, and (ii) Annex Ia, which comprises a list

of active substances with requirements agreed at community

level for inclusion in low-risk biocidal products. An active

substance cannot be included in Annex Ia if it is classified as

carcinogenic, mutagenic, toxic for reproduction, sensitizing,

or bioaccumulative and does not readily degrade. There are

two measures to be taken, either a decision of inclusion in

Annex I or Ia, or a decision of non-inclusion in Annex I or Ia.

The Biocidal Products Directive (98/8/EC) contains an

exhaustive list of 23 product types with an indicative set of

descriptions within each type in Annex V (Supporting Infor-

mation, Table S20). The content covers disinfectants and

general biocidal products, non-food preservatives, products

for pest control, preservatives for food or feedstocks, anti-

fouling products, and products used for control of other

vertebrates. Chemicals used for embalming are covered by

Product-type 22 (PT22): Embalming and taxidermist fluids

[no change in Regulation (EU) No 528/2012].

The EU review programme for biocidal substances com-

prise 25 substances in PT22. The most important of these (in

terms of production tonnage) are 2-butenone peroxide,

dodecylguanadine monohydrochloride and methylene

dithiocyanate (J. Kjølholt, unpublished data). It should be

mentioned that no quantitative data on the uses of formal-

dehyde was obtained. The main biocide used in embalming

fluids is formaldehyde. Yet in some cases glutaraldehyde is

preferred (Tissier & Mign�e, 2001).

Product type 22: exposure of humans

Exposure may take place when mixing the fluid in a fume

cupboard, during decantation of the fluid. When opening

the lid/boxes containing the cadaver and by dissection of

the embalmed cadaver the students and lecturer may be

2For extensive information visit the EC-Website at http://ec.

europa.eu/environment/biocides/index.htm.
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exposed. The funeral undertakers may be exposed when

the preserved corpses are prepared for the funeral.

Product type 22: exposure of the environment

Emissions of the biocides by cremation are presumed to be

insignificant as the organic compounds are degraded. If the

embalmed corpses are buried, release of the agents to soil

may occur.

Product type 22: assessment of risk

The production tonnage in PT22 is low; most likely below

100 tons per year in the EU based on extrapolation of pro-

duction data for only about 16% of the notified substances.

The use of products in PT22 must be characterized as non-

dispersive, as application is performed either by professional

users or by specialist non-professionals, and the exposure of

humans and the environment during the service life of the

products (the preserved corpses or animals) is considered to

be insignificant. Some of the active substances within PT22

appear to be sensitizing and significantly toxic to humans

but the information about the environmental toxicity is too

limited to allow an assessment. Overall, the risk to humans

and the environment from the use of PT22 substances is

considered to be low to moderate.

Product type 22: substances phased out

Among those substances identified for anatomical embalm-

ing purposes, it has actually been decided nor to include

ethanol, glutaraldehyde, sodium sulphite, boric acid, or

polyhexamethylene guanidine hydrochloride in Annex I or

Ia of Directive 98/8/EC (Table 7). Concerning PT22, no

Table 7 Existing active substances for which a decision of non-inclusion into Annex I or Ia of Directive 98/8/EC, for the relevant product-type PT

22 ‘Embalming and taxidermist fluids’, has been adopted (http://ec.europa.eu/environment/biocides/pdf/list_dates_product_2.pdf; last accessed 13

May 2013).

Name (EINECS and/or others) EC number CAS number

Products to be

phased-out by Decision reference

Ethanol 200-578-6 64-17-5 1 September 2006 Commission Regulation

(EC) 1048/2005

Glutaral 203-856-5 111-30-8 9 February 2011 Commission Decision 2010/72/EU

N,N-diethyl-m-toluamide 205-149-7 134-62-3 9 February 2011 Commission Decision 2010/72/EU

2-Butanone, peroxide 215-661-2 1338-23-4 1 November 2011 Commission Decision 2010/675/EU

1,2-Benzisothiazol-3(2H)-one 220-120-9 2634-33-5 9 February 2011 Commission Decision 2010/72/EU

2-Methyl-2H-isothiazol-3-one 220-239-6 2682-20-4 9 February 2011 Commission Decision 2010/72/EU

Bis(trichloromethyl) sulphone 221-310-4 3064-70-8 9 February 2011 Commission Decision 2010/72/EU

Methylene dithiocyanate 228-652-3 6317-18-6 9 February 2011 Commission Decision 2010/72/EU

Sulphur dioxide 231-195-2 7446-09-5 9 February 2011 Commission Decision 2010/72/EU

Sodium hydrogensulphite 231-548-0 7631-90-5 9 February 2011 Commission Decision 2010/72/EU

Disodium disulphite 231-673-0 7681-57-4 9 February 2011 Commission Decision 2010/72/EU

Sodium sulphite 231-821-4 7757-83-7 9 February 2011 Commission Decision 2010/72/EU

Boric acid 233-139-2 10043-35-3 1 February 2013 Commission Decision 2012/78/EU

Potassium sulphite 233-321-1 10117-38-1 9 February 2011 Commission Decision 2010/72/EU

Dodecylguanidine

monohydrochloride

237-030-0 13590-97-1 9 February 2011 Commission Decision 2010/72/EU

Dipotassium disulphite 240-795-3 16731-55-8 9 February 2011 Commission Decision 2010/72/EU

m-Phenoxybenzyl 3-(2,2-dichlorovinyl)-2,

2-dimethylcyclopropanecarboxylate/permethrin

258-067-9 52645-53-1 9 February 2011 Commission Decision 2010/72/EU

Quaternary ammonium compounds,

di-C8-10-alkyldimethyl, chlorides

270-331-5 68424-95-3 9 February 2011 Commission Decision 2010/72/EU

Monohydro chloride of polymer

of N,N′′′-1,6-hexanediylbis

[N′-cyanoguanidine] (EINECS 240-032-4)

and hexamethylenediamine

(EINECS 204-679-6)/Polyhexamethylene

biguanide (monomer: 1,5-bis(trimethylen)-

guanylguanidinium monohydrochloride)

Polymer 27083-27-8/

32289-58-0

9 February 2011 Commission Decision 2010/72/EU

In accordance with Article 4(2) of Regulation (EC) No 2032/2003, biocidal products containing active substances for which a non-

inclusion decision was taken shall be removed from the market within 12 months of the entering into force of such decision; unless

otherwise stipulated in that non-inclusion decision. Dates by which products containing these active substances shall no longer be

placed on the market for the relevant product-type PT 22 ‘Embalming and taxidermist fluids’.

Substances addressed within this review are indicated italic and bold.
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decision has been made to include any substance in Annex

I or Ia.

Biocide regulations in other countries

Biocidal products are governed not only by EU regula-

tions, but also by international conventions, for instance

the Rotterdam Convention on the prior informed consent

procedure for certain hazardous chemicals and pesticides

in international trade (Rotterdam Convention Secretariat).

Particularly relevant with regard to risk assessment and

communication of active substances and biocidal products

are the efforts at United Nations Economic Commission

for Europe (UNECE) level based on the Globally Harmo-

nized System of classification and labelling of chemicals

(UNECE).

In recent years, a working group under the auspices of

the OECD Task Force on Biocides made valuable contribu-

tions to issues of content regulation in the field of bio-

cides. Of these contributions, the Report of the Survey of

OECD Member Countries’ Approaches to the Regulation

of Biocides is – to the best of our knowledge – hitherto

the first and only comparison of regulations in several dif-

ferent countries (OECD, 1999). This survey comprises data

from 18 countries (Australia, Austria, Belgium, Canada,

Denmark, Finland, France, Germany, Greece, Hungary, Ire-

land, New Zealand, the Netherlands, Portugal, Sweden,

Switzerland, the UK, the US) and the European Commis-

sion (with some minor exemptions, the EC data will be

used for all member states). Substances used for preserva-

tion and disinfection of human and animal corpses

(embalming fluids) are labelled as Use Category 11

(UC11). According to this survey, embalming fluids had to

be approved only in Belgium and Switzerland; a notifica-

tion (a system in which a manufacturer/supplier must

inform the appropriate national authority about their

intention of placing a chemical on the market) was neces-

sary in Ireland and New Zealand. In Australia, these prod-

ucts were regulated by laws relating to therapeutic

goods, dangerous goods, and chemical substances; these

laws are administered by the Department of Health and

Family Services, Worksafe Australia and various State Gov-

ernment Departments. In Canada, embalming fluids were

not regulated as pesticides by the Pest Management Reg-

ulatory Agency (PMRA), nor were they regulated as drugs

under the Food and Drugs Act. It is possible that they

were regulated as workspace substances or commercial

chemicals and there would have been any data require-

ments other than a material safety data sheet (MSDS). In

New Zealand, embalming fluids were regulated by the

Toxic Substance Act 1979 as the responsibility of The Toxic

Substance Board, a statutory decision-making board

served by the Ministry of Health; notification was neces-

sary only for the end-use biocide but not for the active

ingredient. Switzerland regulated embalming fluids by the

more or less general federal law on the trade in toxic sub-

stances, where the end-use biocide needed approval.

Within the US, mortuary embalming fluids were explicitly

exempted from regulation as pesticides issued by the Fed-

eral Insecticide, Fungicide and Rodenticide Act (FIFRA).
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Table S2. Kaiserling’s solutions for color and form preservation

(Pulvertaft, 1950).

Table S3. Jores’ fixative solution (Bradbury & Hoshino, 1978).
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(1952).

Table S5. Peters’ salt solutions (Peters, 1956).
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Table S14. Modified Kurz arterial embalming fluid (Frewein
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