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The  practice  of  human  and  veterinary  medicine  is  based  on  the science  of  anatomy  and  dissection  courses
are  still  irreplaceable  in  the  teaching  of  anatomy.  Embalming  is  required  to preserve  body  donors,  for
which  process  formaldehyde  (FA)  is the  most  frequently  used  and  well  characterized  biocidal  substance.
Since  January  2016,  a new  occupational  exposure  limit  (OEL)  for  FA  of 0.37  mg/m3 issued  by  the  European
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Committee  on  Hazardous  Substances  is  obligatory  since  FA  has  been  classified  as  a  human  1B  carcinogen.
The anatomical  institutes  in the  German-speaking  region  are  called  upon  to  consolidate  efforts  to  reduce
use  of  FA  in  anatomical  curricula  and body  donations.  As  a result,  the  Anatomische  Gesellschaft  (AG)  has
formed  a “Working  Group  for Reduction  of  Formaldehyde  Exposure  in  Dissection  Courses”  tasked  with
discussion  and  recommendation  of  measures  to  reduce  FA.  Based  on  the assessment  of the  Working  Group,
the  AG  has  issued  an  official  opinion  to the  effect  that,  at this  point  in time,  embalming  of  body  donors
without  FA  completely  is  not  feasible.  Therefore,  a combination  of approaches  are  to  be  used  to reduce
FA exposure,  including  technical  and  structural  (architectural)  adaptations,  modification  of protocols
for  fixation  and  preservation  as  well  as organizational  measures.  One  structural  measure  considered
unavoidable  is  the  integration  of  air supply  and  exhaust  of  individual  dissecting  tables  into  the ventilation
system  of the anatomy  building.  To  embalm  human  body  donors,  intra-arterial  perfusion  fixation  with  up
to  4% FA and  a total  fluid  volume  of 150  mL/kg  body  weight  will suffice.  For  animals  where  body  weights
and  biology  of bodies  vary  widely  (i.e. special  needs  of fixation  for ruminants,  large  animals  as  horses)
perfusion  fixation  with  up  to 4%  FA  and  a quantity  of fixative  solution  of  10–15%  of  the  body  weight  may
be  required.  Preservation  of body  donors  in  storage  (immersion)  can  be done  with  40%  ethanol  or  in a
full  bath  preservation  containing  up  to 2% FA.  Corpse  humidification  in  the  dissecting  room  is  possible
with  2%  phenoxyethanol,  in each  case  without  FA.  In  veterinary  anatomy,  microbiological  burden  is often
higher  and therefore  might  lead  to a  need  of  FA in  long-time  storage.  Compliance  with  the  current  OEL in
all  institutes  would  appear  to be feasible  in  combination  with  various  organizational  measures.
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. Introduction

Anatomy is a major root of medical practice. This is the consen-
us of instructors of pre-clinical and clinical subjects worldwide.

henever possible, anatomical training is based on body donors
ho have willed their bodies by written consent during lifetime

o anatomical institutes for academic and medical research pur-
oses. This most valuable and effective way to teach anatomy has
een repeatedly defended against critics (Ochs et al., 2012; Ramsey-
tewart et al., 2010; Korf et al., 2008; Paulsen, 2007), particularly
egarding criticism of cadaver-based teaching by politicians due to
he relatively high costs involved (Korf et al., 2008), resulting in
bandonment of dissection courses in some countries (e.g. Italy
n the 70s and more recently in several American universities),

easures that are now bitterly regretted and have led to student
rotests (Drake et al., 2009) and even re-establishment. The critics
ocused in particular on the virtual digital material now available,
hich proponents of dissection courses consider to be supple-
ent rather than replacement (Paulsen et al., 2010; Bertelshofer

t al., 2016; Kugelmann et al., 2018). A highly diverse selection
f materials are indeed now available, ranging from virtual course
fferings (e.g. the Virtual University in Bavaria), virtual media such
s Magic Mirror or commercially purchased Anatomage

®
Tables,

onographic and other supplemental imaging materials to con-
entional supplements such as anatomical models, textbooks and
olouring books. Though additional improvements in terms of
earning success do appear to be feasible and students consistently

elcome the use of virtual media, both students and instructors
oon become aware of the limitations of these systems and are
uick to confirm the assessment that the dissection course is in
act irreplaceable (Korf et al., 2008).

The preparation of donated bodies for anatomical instruction
ormally requires an extensive embalming process. Paulsen and
schernig carried out a survey of body donation at German-
peaking anatomical institutes based on a meeting of the prosectors
f these institutes in 2003 and presented the results in a satellite
ymposium at the 21st Working Conference of the Anatomical Soci-
ty in Würzburg in 2004. The survey revealed how varied the use
f various biocidal substances and mixtures in German-speaking

nstitutes was at the time (2003) (Tables 1 and 2). It also confirmed
he position of formaldehyde (FA) as the most commonly used
iocidal substance. In 2004, a working group of the International
©  2018  Elsevier  GmbH.  All  rights  reserved.

Agency for Research on Cancer (IARC) classified FA in group 1B
(containing substances likely to be carcinogenic in human) based
predominantly on evidence in animal experiments, followed by
the definition in 2014 by the Committee on Hazardous Substances
(AGS) of a new occupational exposure limit (OEL) of 0.37 mg/m3

with an exceedance factor of 2 at peak load, with compliance to be
required starting from January 2016 (Thullner et al., 2015Thullner
et al., Gefahrenstoffe-Reinhaltung der Luft [Clean Air — Hazardous
Substances] Issue 6, 2015). It has to be taken into consideration
that the layer concentration (“Schichtkonzentration”) is the rele-
vant factor which has to be below the OEL. Even if the primary
measurement was higher than 0.37 mg/m3 the layer concentration
might be clearly below the OEL. In addition, it was  also stated that
foetal damage was  not to be expected if the OEL was complied with.

Upon announcement of the new limit value, some anatom-
ical institutes feared they would be unable to comply with it
starting in 2016 as stipulated. Therefore, the Anatomical Soci-
ety (AG) founded a Working Group for Reduction of Workplace
Formaldehyde Exposure (RedFAEx) in September 2015 to assess
and formulate measures to reduce FA exposure in both anatomy
classes and dissection labs and achieve reliable compliance with
the OEL. The working group was  nominated during the General
Assembly of the AG in the year 2015 and interested prosectors
and preparators from German-speaking anatomical institutes were
invited to participate. Since November 2015, the working group has
convened annually in Munich and issues information to AG mem-
bers once a year. The RedFAEx is in continuous contact with the
accident insurance funds (Ingrid Thullner, Accident Insurance Fund,
Hesse; Ludger Hohenberger, Accident Insurance Fund, North Rhine-
Westphalia), the Institute for Occupational Safety and the Statutory
Accident Insurance Fund (IFA; Reinhard Stockmann) as well as the
Federal Office for Chemicals (BfC), and advises the Research and
Consulting Institute on Hazardous Materials (FoBIG, Freiburg im
Breisgau, Germany).

The aim of the article is to provide a brief overview of the cur-
rent status of efforts of RedFAEx, to encourage critical engagement
with the FA issue and to develop guidelines for potential FA reduc-
tion measures in anatomical teaching and in dissection practice.
All information not backed by references represents results of Red-

FAEx discussions. Information given in this article is understood
to have recommendation character, only. There is no normative
aim and any of the recommendations may  be adapted to the given
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Table  1
Substances used for fixation of body donors (ingredients only) and storage of body donors prior to use (in 2003)a.

Fixative solution Storage

Aachen Formaldehyde, ethanol
Berlin Charité Formaldehyde, ethanol, glycerin, water Sprinkler system
Berlin (formerly FU) Formaldehyde, H2O, ethanol Thalheimer system. Spraying with fixative solution free of ethanol.
Bochum No information No information
Bonn Formaldehyde, glutaraldehyde, ethanol, glycerin Thalheimer system
Dresden Formaldehyde, ethanol, glycerine, aqua dest. Thalheimer system
Düsseldorf Ethyl alcohol, aqua dest., glycerin In 8% formaldehyde
Erlangen Formalin, ethanol, glycerin, fungicide, disinfectants, water 0.5% formaldehyde (1-1.5 years, then propanol for ½ year)
Essen  Formaldehyde in ethyl alcohol Thalheimer system
Frankfurt Formaldehyde
Freiburg Formaldehyde, Incidin Plus, Karion, thymol dissolved in ethanol, water Thalheimer system
Giessen Formaldehyde, phenol, thymol, water Terralin, water
Greifswald Formaldehyde, water, ethanol, glycerin, thymol, oil of cloves Formaldehyde
Halle Formaldehyde with phenol fractions Ethanol (6 months, then cooling cell)
Hamburg Jores I (1 day), then 96% alcohol
Hanover Ethanol, formalin, glycerin Stainless steel cuvettes with ethanol (>60%)
Heidelberg Formaldehyde, phenol, glycerin, ethanol, water Thalheimer system
Homburg Formaldehyde, aqua dest., Karion, Lysoformin, calcium chloride,

sodium chloride, (chloral hydrate), thymol
Thalheimer system

Innsbruck Formaldehyde 3%, phenol 3% Immersion in phenol 4% for up to 6 month, then weld-sealed in
plastic foil

Jena Ethanol, formaldehyde, salicylic acid, thymol, glycerin
Fixative bath (70% ethanol)
From 5th month: well-sealed in soaked cloths

Kiel  Ethanol, formaldehyde, glycerin Ethanol (70%), then cooling cell
Cologne Ethanol, formaldehyde Cooling container
Leipzig Ethanol, formaldehyde, glycerol + Fixation acc. to Thiel
Lübeck Formaldehyde, ethanol, glycerin
Mainz Ethanol, formaldehyde, glycerin, water Thalheimer Wall → in containers filled with ethanol
Marburg Ethanol, formaldehyde, fungicide
Munich Formaldehyde-ethanol fixation Formaldehyde-ethanol preservation
Münster Formaldehyde, chloral hydrate (Thiel fixation as needed)
Regensburg Formaldehyde, phenol, glycerin, ethanol Tub solution 4% formalin
Rostock Aqua dest., ethanol, glycerin, formaldehyde, thymol, salicylic acid 0.5% phenol solution in container with lid
Tübingen Formaldehyde, glycerin, ethanol; Thiel fixation Thalheimer Wall
Ulm  Isopropanol, lysoformin, glycerin, Thalheimer Wall
Würzburg Formaldehyde in saline solution with additives Ethanol vapour atmosphere

a From Paulsen and Tschernig (2004).

Table 2
Fixatives and additives used by anatomical institutes in German-speaking countries in 2003a.

© Formalin © Fungicide
© Ethanol © Disinfectants
© Glycerin © Jores I (Jores, 1896)
©  Water © Lysoformin® (Isotridecanol, Didecyldimethylammoniumchloride, Polyhexamethylenbiguanid·HCl)
©  Glutaraldehyde © Calcium chloride
©  Phenol © Sodium chloride
©  Oil of cloves © Chloral hydrate
© Incidin Plus® (Glucoprotamine) © Hosbeil
© Karion® (Sorbitol) © Thiel’s method (Thiel 1992)
©  Thymol © Isopropanol
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© Salicylic acid © Phenoxyetha

a From Tschernig and Paulsen (2004).

tructural and organizational conditions at individual anatomical
nstitutes.

.1. FA used as fixative in anatomical dissection courses and
linical courses

A feature shared by all embalming protocols is use of biocidal
ubstances for effective prevention of decay and rotting and reli-
ble killing of pathogens. Therefore, all biocidal substances are toxic
y definition and can also be mutagenic and carcinogenic above a
ertain concentration. Probably the best characterized biocidal sub-
tance is FA, and its effect profile, including both biocidal activity

nd tissue stabilization, suggests that it is currently the best-suited
ubstance. FA has been used for fixation and preservation of cadav-
rs in anatomical applications starting about 1893 (Blum, 1894; Fox
t al., 1985), which made it possible for the first time to stop decay
and kill infectious germs reliably (Brenner, 2014). Since then, var-
ious protocols have been used for fixation, characterized mainly
by use of 3–10% FA, so that FA can be considered the world’s
most commonly used biocidal substance in fixation of body donors
(Brenner, 2014; Benkhadra et al., 2011). In view of limitations to
use in clinical courses due to pronounced changes in tissue haptics
resulting from FA use, as well as tissue hardening and accompany-
ing joint stiffening, additional protocols were developed for clinical
courses, for example Thiel’s embalming method (Thiel, 1992) and
ethanol-glycerin embalming (Hammer et al., 2012) and the nitrite
pickling salt embalming (Janczyk et al., 2011a, 2011b). In princi-
ple, these protocols are also suitable for use in anatomy classes,
the method followed at some institutions. They are, however, very

time-consuming and costly, which is the case with Thiel’s method
(Benkhadra et al., 2011) and contain other toxic substances besides
FA that restrict their use (Thiel, 1992). Some mixtures, e.g. in
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Table 3
Opinion and recommendation by the “Formalin” Working Group for Reduction of
Formaldehyde Exposure in Dissection Courses.

Complete substitution of formaldehyde in human and veterinary medical
dissection courses is not currently feasible. Nonetheless, the greatest
possible reduction of formaldehyde exposure should be sought by
combining structural measures with protocol amendments for fixation and
storage preservation as well organizational measures.

The deadline for compliance with the new OEL for formaldehyde of
0.37 mg/m3 is 01 Jan. 2016. Proposed procedure until then:

In  view of the obligations of the institutional managers responsible for
cadavers regarding

•  measurement of formaldehyde concentration and

•  implementation of measures to reduce exposure,

the relevant state accident fund should be contacted via the Occupational
Safety Staff Office to coordinate implementation of the following measures:

1)  Measurements: The accident funds have reached an agreement on
standardized procedures. Measurement methods: Active collectors (with
absorber and pump), detection method: HPLC. All other measuring methods,
such as test tubes or online measuring devices, are too imprecise and are
suitable for orientational measuring only!

2) Risk Assessment: Required if limit level is exceeded.
3) Binding requirements: To avoid legal uncertainty, the conditions should be

set out in writing under which continuation of academic courses can be
approved. The accident insurance company will only then carry the liability
in case of an accident. Alternatively, the supervisory authority may  inforce
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the discontinuation of the dissecting course or other organizational
measures.

lycerin-ethanol embalming solution, entail a risk of accelerated
ehydration, especially when ventilation equipment is used, and
equire raised levels of explosion protection, e.g. ethanol. The nitrite
ickling salt embalming is not expensive and is highly suitable for
linical courses as it can be used for some weeks. In addition, the
nti-infection effect of the respective procedures is not entirely
larified. While natural haptics are considered advantageous by
xperienced operators in invasive procedures, they are impracti-
al for inexperienced dissectors, e.g. in anatomy classes, because
articularly fragile structures such as blood vessels and nerves do
ot lend themselves to presentation and preservation over longer
eriods (Benkhadra et al., 2011). These properties, and in particular
he increased risk presented by infectious germs, limit the use of
hese protocols, at least in anatomical student tuition; on the other
and, these are the most commonly used protocols for preparation
f body donations for clinical courses (Eisma and Wilkinson, 2014;
ammer et al., 2012) except when non-embalmed body donors are
sed after freezing and thawing.

In summary, it can be concluded that, at the present time, com-
lete rejection of FA for preservation of body donations in curricular
issection courses is not feasible at all locations. This was  confirmed

n the official statement issued by the AG in 2017 based on the Red-
AEx assessment (Table 3). Abandoning FA prematurely in favour
f other biocidal substances that are currently classified as non-
arcinogenic, or at least less so, on the basis of less robust data,
hould therefore be avoided.

.2. Measures to reduce FA exposure in anatomy

To be most effective, measures to reduce FA exposure for
mbalming and in dissection courses should comprise technical
nd structural measures, modification of fixation and preservation
rotocols and organizational procedures.

.3. Technical and structural measures to reduce FA exposure
Recent years have witnessed extensive gains in knowledge of
ow to reduce FA exposure in dissection courses effectively by tech-
ical means. During the renovation of the Anatomical Institute in
omy 221 (2019) 179–185

Munich, measurements were compared between the pre-existing
room extraction system and the newly installed single table extrac-
tion system. This comparison showed a reduction of measured
levels by approximately one-half without modification of the
overall extraction volume. Comparable results were obtained in
Erlangen, where newly installed single table extraction units were
connected to the old ventilation system. In the new build Anatomy
at the WWU-Münster single table extraction and an top down air-
flow system with illumination combined with room ventilation
reduced the FA exposure far below the maximal concentration of
0.3 mL/m3 or 0,3 ppm, irrespective that the body donors were per-
fused with 4% FA and maintained in 2,5% FA. Systematic analysis by
the accident insurance funds in cooperation with the Institute for
Occupational Safety and Health of the Statutory Accident Insurance
(IFA) underline the effectiveness of installation of general-purpose
room ventilation technology and single table extraction in particu-
lar (Thullner et al., 2015). These measures contribute decisively to
reduction of FA exposure. However, the measurements also show
that single table extraction units alone cannot be relied upon for
OEL compliance in all facilities, demonstrating the need for revi-
sion of the embalming protocols used. The additional equipment
for top-down ventilation systems further and, where the latter is
not a feasible option, revision of the embalming protocols used.

The following technical structural parameters reduce FA expo-
sure (Thullner et al., 2015):

• Maintenance of a low room temperature of approximately
16–18 ◦C during the dissection course. Lower temperatures may
have undesirable effects, since the temperature difference com-
pared to the students and instructors present – heat sources –
results in air turbulence that causes FA to rise, whereas it would
normally sink since it is heavier than air, thus increasing inhala-
tive exposure.

• Dilution effects in rooms of sufficient height and volume.

If measuring results are to be reliably comparable they must be
obtained according to standardized procedures. The standard sam-
pling procedures recommended by accident insurance funds and
the IFA are based on the measuring strategy of the Hessian Accident
insurance Fund (IFA, 1989IFA Workbook Hazardous Substances,
1989; ID 6045) and include time-weighted average and short-term
values as well as individually worn metering units and simulta-
neous stationary measurements. Active accumulation systems are
installed at the level of respiratory intake of the dissecting person,
with stationary units at the same height, whereby the samples are
then analysed by the IFA.

Based on these results, the IFA and the accident insurance funds
of Hesse and North Rhine-Westphalia initiated a research project
in cooperation with the company ROM (Hamburg, Germany) aimed
at defining the required table extraction and ventilation speci-
fications. To ensure practicable implementation, the project was
supported by the Anatomical Institutes in Munich (Jens Waschke
and Axel Unverzagt) and Marburg (Ralf Kinscherf and Jens Cordes),
acting in an advisory capacity. The initial results point up the neces-
sity of avoiding mixing ventilation due to non-laminar (turbulent)
airflow between air supply and air extraction (Dahncke et al., 2016).
Practicable supporting measures are:

• Air supply vents with skirting corresponding to the table size
(height 20 cm)  for laminar airflow. Textile vents with turbulent
outflow resulted in mixing ventilation.
• Air vent exit temperatures should not exceed 17 ◦C.
• Dissipation of the thermal loads by means of additional chilled

ceilings and additional air influx independent of the dissecting
tables, the aim being to avoid air turbulence.
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Table 4
Sample embalming protocol for embalming as currently used at the Anatomical
Institute, LMU  Munich.

Perfusion fixation
(12 L/body donor)

Storage preservation Cadaver maintenance
in dissection room

35% formaldehyde 1.2 l
(3.5%). Polyethylene
glycol, ethanol,
phenoxyethanol, etc.

40% ethanol (50 L/8
body donors)

2% phenoxyethanol
J. Waschke et al. / Annals o

Some air extraction units close to floor level and at least 50%
single table extraction. A vortex hood on the air extraction slit
surrounding the entire table may  increase extraction efficiency
(not scientifically proven).
The extraction volume correlates with metering effectiveness and
thus with measurable FA exposure. The extraction volume used
by the company ROM, 2000 m3/h, was significantly more effective
than the 300 m3/h applied in an existing facility. A systematic
investigation of the extraction volume required for compliance
with OEL was, however, not carried out and it appeared likely that
high extraction volumes might result in excessive suction (and
drying) effects, drafts and noise — all conditions not conducive to
efficient dissection procedures.

The research project measurements were made under ideal-
zed conditions at a single dissection table using 6–12 stationary
ummies (Dahncke et al., 2016). Simulations done in the research
roject revealed clear increases in exposure levels due to significant
ir turbulence caused by shifting the posture of only two  dummies
er table, i.e. leaning them forwards into the dissection field. The
uestion that arises is whether such an investigation under the
iven conditions can be extrapolated to real dissection theatres,
ome of which feature historical architecture (high ceilings), and
hether this is realistic under real course conditions with up to

00 persons in constant motion. It was therefore an important step
hen IFA tested the results in a newly constructed dissecting room

t Brandenburg Medical School in Neuruppin designed in accor-
ance with the above recommendations with two  ROM dissecting
ables. This involved preparation of a body donation using a stan-
ard embalming protocol with 4% FA in a setting that corresponded
o the dissection course. Reliable FA level measurements were
btained of around 10% of the current OEL (Reinhard Stockmann,
ersonal communication). The anatomists present were unable to
onfirm the further assumption that the high extraction volumes
ad resulted in disturbing drafts or noise levels. Summarizing the
esults of the research project, it was clearly demonstrated that
ingle table extraction combined with coordinated ventilation and
ooling technology can result in highly effective exposure reduc-
ion. When considering all of the structural and technical measures
nvolved, it must be taken into account that financial restraints may
imit implementation of these measures and that long lead times

ill be necessary for larger construction projects in particular.

.4. Reduction of FA in protocols for body embalming

The embalming protocols used in anatomy departments have
hanged over time (Tables 1, 2 and 4) and are in many cases as old
s the respective institutes, whereby adaptations have been ongo-
ng in most cases. The individual protocols have been adapted to
tructural and technical requirements as well as to organizational
ccommodating changing of student numbers and curricula.

Until the final FA measurements were made in Munich by the
FA, the FA amount used in perfusion fixation appeared to be the

ain determining factor in terms of exposure (Thullner et al., 2015).
owever, it was then observed in Munich that reduction of FA

n subsequent preservation leads to measurable differences in FA
xposure. The procedure used in Munich was first to immerse all
odies for 6 months in 2% FA, followed by either further preserva-
ion for 6 months in 1% FA, or alternatively in 40% ethanol (other
nstitutes use up to 70% ethanol for postfixation. However, such
torage in cuvettes with higher alcohol concentrations requires
elative expensive devices for explosion protection). Since the mea-

ured values for preservation without FA during the last 6 months
ere lower, the Munich group proposes considering the proto-

ols for perfusion fixation, cadaver storage immersion and, finally,
adaver humidification in the dissection theatre separately and
according to local
protocols.

reducing the amount of FA in all protocols used. Table 4 shows a
sample protocol.

1.4.1. Arterial Perfusion
Since measurable FA exposure correlates significantly with the

absolute amount of FA used in fixation (Thullner et al., 2015), this
amount should be kept as low as possible. Experimental data col-
lected by the anatomical institutes with 1,6-4% FA confirm that
concentrations higher than 4% FA are unnecessary. When the 2%
concentration was  used, however, FA was partially replaced by
other toxic biocides such as phenol or its derivatives, for example
thymol. The use of phenol or thymol needs to be carefully consid-
ered since these cyclic hydrocarbons are regarded as potentially
mutagenic and carcinogenic, even if this has not been clearly con-
firmed to date. Therefore, efforts must be made to omit or replace
phenol and thymol in the fixation fluid or to reduce the concentra-
tions used to a minimum.

In addition to the relative concentration of FA, a further main
determinant of the total FA amount is the volume of fixative solu-
tion per body. The volumes used vary from 10 to 30 L per body
donation, whereby 10–12 L can be considered below average and
25–30 L as above average. Data on record show that 10 L can suffice
for a body weight of up to 60 kg, 12 L for greater weights (approxi-
mately 15% of body weight; fat — muscle correlation). In veterinary
anatomy, volumes of FA used for embalming strongly vary due to
diverse animals used for cadaver courses (4 kg cat vs. 500 kg horse)
or special requirements as the rumen in ruminants but should be
kept at 1-4% FA comparable to human anatomies. The prerequisite
in all cases is good vascular status to ensure uniform perfusion via
the arterial system, since otherwise local injections of embalming
solution are required. Therefore, approximately 750 mL 37% (w/v)
FA (formaline) of FA for a body of normal weight can be calculated
as a useful framework for orientation. On this basis, each institution
should determine the minimum total amount required to prevent
any mould or rot. On the other hand, it must be taken into account
that reliable assessment of any increased risk of infection, espe-
cially with resistant pathogens such as tuberculosis, is not feasible,
so that a reduction to amounts below 750 mL  must be considered
a critical limit.

In veterinary anatomy, the enormous differences in cadaver
sizes (4–500 kg) make important considerations in fixation and
preservation necessary. If animal bodies are fixed in a lying position
with a 2% FA solution, a quantity of fixative solution of at least 10%
(small animals like cats and dogs) to a maximum of 15% (for large
animals eg. cattle and horses) of the initial weight of the carcasses
is necessary. For example, for a dog weighing 25 kg, 2.5 L of 2% FA
solution should be used. However, if animals are fixed in a standing
position, greater volumes are necessary. In order to reduce FA expo-
sure, veterinary anatomy endeavours to use donations of smaller
animals such as ponies instead of large horses or minipigs instead of

regular size pig breeds. To avoid microbial contamination, animal
donations are shorn, washed and disinfected after fixation before
further preservation. A high level of attention is paid to ongoing
cadaver maintenance such as intensive application of an FA-free
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adaver maintenance solution based on ethanol after each dissec-
ion (Janczyk et al., 2011a). Recently efforts have been made to
evelop alternatives to FA embalming for veterinary anatomical
issection purposes. Nitrite pickling salt–ethanol–glycol solutions
ppear to have no health risk to humans, are environmental friendly
nd cost effective, as well as producing cadavers close to their orig-
nal appearance (Janczyk et al., 2011b).

.4.2. Storage preservation and cadaver humidification in the
issecting room

To date there have been no systematic investigations of the
mpact of the FA content level in the preservative solution, espe-
ially since uptake of FA from the immersion solution has not been
uantified. The above results, however, clearly suggest an impact
f the FA quantity. It should be noted that the majority of institutes
se FA for preservation purposes (Thullner et al., 2015). Some stor-
ge systems require FA spraying, since alcohol must be avoided due
o the risk of explosion. However, many years of experience have
lso shown that post-fixation (after primary fixation with 4% FA) in
0% ethanol without FA for 6–16 weeks followed by storage in foils

s possible, but requires a higher level of explosion protection. 10%
thanol with 2% Terralin

® 1 has also been used successfully. Stor-
ge for 6 months in 40% ethanol vapour in a cuvette also appears
o be useful, whereby 50 L of ethanol (40%) in an 8000 L cuvette
uffice for eight body donors. Increased explosion protection is not
equired for this preservation method, making its use in existing
nstitutes possible in consultation with local occupational safety
ffices. The low ethanol volume can be replaced once a year with
ittle expense and effort, thus avoiding a potential enrichment of FA
n the preservative solution due to seepage from the donated cadav-
rs that would otherwise alter preservation conditions over longer
eriods in little-known ways. Alternatively, a full bath preserva-
ion might be suitable not exceeding a FA concentration of 2%. Also
ncapsulation in plastic sheets is useful and has the advantage that
o FA can reach the environment. At this point it can be stated that
he calculated concentration of FA is often not the real concentra-
ion for different reasons. A measurement of the FA concentration
s a routine procedure in laboratories using gas chromatography
nd yields the FA percentage of a taken fluid sample. The FA can be
djusted to the target concentration using periodic measurements.

The major advantage of preservation without FA is the elimi-
ation of FA exposure for preparators in all phases of the work so
hat respiratory masks can be dispensed with in these areas. Wear-
ng of the masks would thus only be required when preparing the
xative solution and when performing perfusion fixation. Alterna-
ively the section tables and the storage systems are equipped with
ppropriate ventilation and exhausting systems.

Cadaver humidification in the dissecting room can be done
ith 2% phenoxyethanol without FA (Table 4). Humidification of

he covering cotton cloths using small watering cans makes for
conomical application without increased aerosol formation and
revents immersion of parts of the cadaver or microorganisms in
he stock solution, which would be the case if the cloths were
mmersed.

Turning to the future, the important thing will be to simplify
ndividual embalming protocols at the various locations and, in

articular, to reduce the number of biocidal substances used. This
ould make it possible over the medium term to agree on a frame-
ork protocol that can be applied at all institutes with slight

1 Concentrate for disinfectant cleaning of medical devices and other sur-
aces. 100 g solution contains the following active ingredients: 22 g Alkyl
C12-16) dimethylbenzyl ammonium chloride (ADBAC/BKC (C12-C16)), 17 g 2-
henoxyethanol, 0.9 g Amines, N-C12-C14 (even numbered)-alkyltrimethylenedi-,
eaction products with chloroacetic acid).
omy 221 (2019) 179–185

modifications to fit their specific situations. The technical struc-
tural and organizational measures aimed at reducing FA exposure
could then be compared between all institutions and subsequently
optimized. Modification of the protocols is a lengthy process, since
measurements to determine effective FA reduction would not be
feasible until the first dissection course following the changes. The
switchover can take several years in institutions with large num-
bers of students requiring a correspondingly large number of body
donations per course. Therefore, changes in the protocols for fix-
ation and preservation are only suitable to a certain extent as a
means of quick reduction of FA to achieve OEL compliance.

Embalming quality must also be considered in connection with
particular educational aims to be achieved by dissection. It makes
no sense to continue reducing the amount of FA used when advan-
tages of dissection are lost due to poor fixation. What is needed is
an assessment of the appropriate FA concentration in terms of the
requirements of the specific dissection course as envisioned.

1.5. Reduction of FA exposure in the dissection course by
means of organizational measures

In contrast to the previously described measures, organizational
changes are in most cases readily implementable and inexpensive.
Studies by the accident funds indicate that the following organi-
zational measures can contribute to a reduction of FA exposure
(Thullner et al., 2015):

• Small number of body donations and/or specimens per room. The
number of body donors required can be reduced for the same
number of students by having two  or three groups in succession
doing dissection work on each cadaver.

• Low number of students per dissection table or low overall stu-
dent count in the dissection room. Since each dissecting student
or instructor represents a heat source generating approximately
100 Watts, each person present increases the air turbulence
that can increase the FA exposure level. This impact has been
confirmed by measurements, whereby halving the number of
students present results in a measurable reduction of the FA expo-
sure.

• Cadaver presentation for the course only. This measure makes
sense in small rooms without effective basic ventilation to keep
the basal FA load level down.

• Preparatory measures for the dissection course. Cadavers can be
rinsed with water before they are presented in the dissection
room after storage in a solution containing FA.

• Cadavers can be placed already 2 up to 3 weeks before the dis-
section course starts.

• The body donors can be uncovered by the preparators/technical
staff half an hour prior to the start of the course with the ven-
tilation and table extraction switched on to achieve removal
(evaporation) of FA that has accumulated under the cloth cover.

Further measures:

• No use of overweight body donations for the dissection course,
since these require a higher total quantity of FA for fixation and
take up more FA when preserved in a solution containing FA due
to the subcutaneous fat tissue.

• Opening of the body cavities outside of course time. Measure-
ment results at various locations show that FA exposure briefly
increases for a short period of time when the thoracic and abdom-
inal cavities are opened. The opening procedure could therefore

precede the practice exercise, whereby this decision must be bal-
anced against a reduced learning effect.

• Regular removal of embalming solution leaking out of body cav-
ities and provision of drainage pails for the dissection tables,
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which, however, must be regularly disposed of to avoid additional
FA sources in the room.
Wearing of gloves during the dissection procedure to avoid
absorption through the skin. Latex and vinyl are unsuitable
materials and nitrile is also not consistently reliable. Therefore,
appropriate gloves should be recommended by the institute.
Information provided by manufacturers is not reliable, since the
temperature range used in many studies is artificial and no other
chemical substances are added. Thus it cannot be ruled out that FA
penetrates gloves during the time course of a dissection course
session, even if students use forceps for dissection at all time.
Therefore, students should be instructed to change gloves dur-
ing the practical exercise. It should be pointed out to students at
the beginning of the course that keeping the dissection act at a
certain distance from the mouth and nose in particular can effec-
tively reduce FA exposure, since uptake of the substance is mainly
by inhalation. Intake of food in the dissection room, including use
of chewing gum, must also be avoided to prevent oral intake.
Use of FA binding agents, such as InfutraceTM2 to prevent exces-
sive FA from evaporation.

In summary, it should be noted that a large number of mea-
ures are available which, when combined, can effectively reduce
A exposure so that reliable compliance with the OEL would appear
easible in all anatomical institutes. In view of the high level of
ffectiveness for implementation of single table extraction with
oordinated ventilation, these measures should be initiated as soon
s possible. Also, FA exposure can be reduced ad hoc, or at least over
he short term, by a large number of easily implemented organiza-
ional measures.
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