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� Evaluation of dioxin standards as potentially acutely toxic for lab personnel.
� General aspects of acute toxicity and related hazard categories regarding dioxins.
� Evaluation of need for a second person at spiking of dioxin standard solutions.
� Balancing of potential acute risks in a lab “dioxins vs other chemicals”.
� Support of precautionary measures to avoid long-term adverse health effects.
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a b s t r a c t

Laboratory safety requires protecting personnel from chemical exposures. Working with stock solutions
of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/PCDFs) in routine analysis of feed and
food with bioanalytical or physicochemical methods raises some concerns. Since PCDD/PCDFs are
considered as possibly acutely toxic, the potential risks were evaluated to determine whether supervi-
sion of their use is necessary. Based on LD50-data for oral or dermal intake, hazard classification of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) as a substance (category 1) and in commercially available
TCDD standard solutions (category 4) is different. As worst case exposure scenario during routine lab-
oratory work it was assumed that a dose of 100 ng TCDD gets onto the skin and is absorbed. This would
result in the total body burden of a 70 kg person with 15 kg fat increasing from 10 (upper range of current
background levels) to ~17 pg of toxic equivalents (TEQs) of PCDD/PCDFs per g lipid, a level commonly
observed over past decades. Chloracne, the main acute effect occurring weeks after exposure, is observed
at much higher blood concentrations than estimated from accidental laboratory exposure. Immuno-
toxicity, developmental effects and other toxic effects may occur at lower blood levels, but require longer
periods to develop. Since acute toxic symptoms don’t occur within an “8 h acute time window”, no
supervision is necessary when working with standard solutions in routine analysis. Nevertheless, pre-
cautionary measures are needed regarding long-term adverse health effects and appropriate workplace
conditions must exist to ensure that additional occupational exposure to PCDD/PCDFs by laboratory
personnel is negligible.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Working safely in laboratories requires individuals to follow a
number of basic principles and to respect guidelines as issued e.g.
by the German employer’s liability insurance association for the
chemical industry (Berufsgenossenschaft Rohstoffe und chemische
Industrie, no date) or the American Chemical Society (American
Chemical Society, 1995). In general, we have to distinguish be-
tween precautionary measures aimed to prevent possible
contamination of personnel with chemicals and emergency situa-
tions, i.e., after a contamination/spill has occurred. Important pre-
cautionary measures comprise: working in a fume hood; a good
ventilation system in the laboratory; protection with laboratory
coat, safety glasses and gloves, especially when working with
certain standard solutions; no consumption of food or drink. These
measures are adequate also for analysis of hazardous chemicals in
food and feed. High concentrations of hazardous chemicals, more
typically found in environmental samples, in particular after acci-
dents, might require additional precautionary measures. Also if
technicians work alone with hazardous or inflammable chemicals,
the opportunity to get help in case of an incident has to be planned.

Dioxin-like (dl) compounds comprise 2,3,7,8-tetrachlordibenzo-
p-dioxin (TCDD) and 16 other polychlorinated dibenzo-p-dioxins
(PCDDs) and dibenzofurans (PCDFs) with chlorine-substitution in
the 2,3,7,8-position and 12 polychlorinated biphenyls (PCB). These
compounds all have being assigned a Toxic Equivalency Factor (TEF)
by World Health Organization (WHO) expert groups (van den Berg
et al., 2006). Monitoring for the presence of PCDD/PCDFs and dl-
PCBs in food or feed stuffs may be performed with both screening
and confirmatory methods (Commission Regulation (EU) No 2017/
644; Commission Regulation (EU) 2017/771). After extraction and
clean-up, screening and confirmatory methods can be applied:
CALUX-type bioanalytical screening methods determine dioxin-
like compounds by a cell-based detection system, the above EU
regulations for analytical criteria allow also use of GC/MS for
screening. Confirmatory methods are based on GC-HRMS or GC-
MS/MS. In the “Field of application” section, the goals and
possible use of data (including also limitations of use) achieved by
screening and confirmatory methods are defined. Thus, the po-
tential hazards originating from chemicals (PCDD/PCDFs, organic
solvents, sulfuric acid, absorbents) and cells (in case of CALUX-type
screening methods) have to be considered.

When working with chemicals in a laboratory, an important
question is which chemicals are acutely toxic and under what
conditions. If there are acutely hazardous chemicals present, the
characteristics of thework situation shall be definedwith respect to
the dose, i.e., concentration of the hazardous chemical under
consideration, the volumes used and the exposure pathway/time
and the resulting possible intake, including definition of contact
(ingestion [þmass], inhalation [ þvolume], skin [þarea]). For the
assessment of the risk for the technicians, the time until an inter-
vention to either eliminate the source of exposure or to provide
medical assistance/countermeasures needs to be taken into
consideration. Based on such an evaluation, the question can be
answered whether a permanent supervision by a second person
should be considered, which in case of an incident could help
immediately, as might be necessary when working with chemicals
like neurotoxicants (as an example for direct and incapacitating
effects of a chemical with different toxic properties in comparison
to dioxins and other halogenated aromatic hydrocarbons). In this
case compounds may cause immediate intoxication which, if the
relevant doses are exceeded, could even be lethal unless the
affected person is immediately treated with an antidote.

Particular concern has been expressed with regard to working
with PCDD/PCDF and dl-PCB solutions in a dioxin laboratory with
responsibilities for food and feed control. Keywords like the TCDD
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incident in Seveso, use of TCDD-contaminated agent orange in
Vietnam or the poisoning of the former Ukrainian president Viktor
Yushchenko were used to highlight the extreme toxicity of TCDD
and to propose the availability of phone numbers for emergency
calls in case of an incident in such laboratories for further treatment
in qualified clinics. Later in the following discussions, aspects of
development toxicity, hormonal effects, liver effects and immu-
notoxicity were also addressed and seen as relevant for acute
toxicity. Furthermore, not only was 2,3,7,8-TCDD characterized by
IARC as carcinogenic to humans (group 1), but also 2,3,4,7,8-
pentachlorodibenzofuran and 3,30,4,40,5-pentachlorobiphenyl
(IARC, 2012). Later, All PCBs (dioxin-like and non-dioxin-like)
were classified into group 1 (IARC, 2016).

Certainly, these safety aspects are relevant also to other fields of
dioxin analysis, e.g. for biological samples in general or for envi-
ronmental samples, and thus are of interest to a larger group of
scientists and technicians. This evaluation might be useful as
orientation, allowing comparison of the doses of a possible
contamination of technicians as a worst case scenario under
routine conditions as described in this paper with the concentra-
tions and doses used in a particular laboratory.

As starting point for clarification, it is necessary to differentiate
between acute toxicity, short-term and more long term effects (as
development toxicity, hormonal effects, liver effects and immu-
notoxicity) that could occur months if not years after exposure. The
key question was what levels of PCDD/PCDF might result in acute
effects that would require special working conditions, such as
permanent supervision or availability of a second person to help in
case of an incident in a dioxin laboratory, particularly that involving
feed and food analysis. For this particular concern, acute toxicity
and short-term effects are of central importance.

2. Acute toxicity e general aspects

According to the International Labour Organization (ILO), acute
toxicity refers to those adverse effects occurring after oral or dermal
administration of a single dose of a substance, or multiple doses
given within 24 h, or an inhalation exposure of 4 h. The criteria for
classification are based on lethal dose data (LD50 [lethal dose] for
oral or dermal intake, LC50 [lethal concentration] for inhalation)
(International Labour Organization, no date): Category 1, the
highest toxicity has cut off values for (approximate) LD50/LC50
values of 5 mg/kg bw by the oral route, 50 mg/kg bw by the dermal
route, 100 ppm for gases or gaseous vapours, 0.5 mg/L for vapours,
and 0.05 mg/L for dusts and mists. These toxicity values are
currently used primarily by the transportation sector for classifi-
cation of packing groups. Category 5 is for chemicals which are of
relatively low acute toxicity but which, under certain circum-
stances, may pose a hazard to especially vulnerable populations.
These substances are anticipated to have an oral or dermal LD50
value in the range 2000e5000 mg/kg bw or equivalent doses for
other routes of exposure.

The International Union on Pure and Applied Chemistry (IUPAC)
in its Gold Book defines acute toxicity as follows “1. Adverse effects
of finite duration occurring within a short time (up to 14 d) after
administration of a single dose (or exposure to a given concentra-
tion) of a test substance or after multiple doses (exposures), usually
within 24 h of a starting point (which may be exposure to the
toxicant, or loss of reserve capacity, or developmental change, etc.),
and 2. Ability of a substance to cause adverse effects within a short
time of dosing or exposure (International Union on Pure and
Applied Chemistry, 2014).

The United States Labor Department, Occupational Health &
Safety Administration (OSHA) has established two levels of “occu-
pational exposure limits” (OELs): Legally binding (permissible
exposure limits, PELs) and recommended limits. PELs refer to 8-h
weighted and ceiling concentrations. Furthermore, short-term
exposure limits (STELs, see below) are listed (United States Labor
Department, Occupational Health & Safety Administration
(OSHA), no date - a).

For protection of workers, the “short-term exposure limit
(STEL)” is defined as the “The maximum concentration of a chem-
ical to which workers may be exposed continuously for up to
15 min without danger to health or work efficiency and safety”
(Medical Dictionary for the Health Professions and Nursing, 2012).
Accordingly, STEL is considered a hygiene regulatory standard and
may be used as a legal limit in the United States for exposure of an
employee to a chemical substance. The Occupational Safety and
Health Administration in California has set OSHA/CAL STELs (and
PELs) for a number of chemicals (State of California, Division of
Occupational Safety and Health, no date).

US-EPA applies “Acute Exposure Guideline Levels” (AEGLs) to be
used by emergency planners and responders worldwide as guid-
ance in dealing with rare, usually accidental, releases of chemicals
into the air. AEGLS represent threshold levels for the general public
and are expressed as specific concentrations of airborne chemicals
at which health effects may occur. They are designed to protect the
elderly and children, and other individuals who may be susceptible
(United States Environmental Protection Agency, no date). AEGLs
are calculated for five relatively short exposure periods e 10 min,
30min,1 h, 4 h, and 8 he as differentiated from air standards based
on longer or repeated exposures. AEGL “levels” are dictated by the
severity of the toxic effects caused by the exposure, with Level 1
being the least and Level 3 being the most severe. All levels are
expressed as parts per million or milligrams per cubic meter (ppm
or mg/m3) of a substance above which it is predicted that the
general population could experience, including susceptible
individuals:

� Level 1: Notable discomfort, irritation, or certain asymptomatic
non-sensory effects. However, the effects are not disabling and
are transient and reversible upon cessation of exposure.

� Level 2: Irreversible or other serious, long-lasting adverse health
effects or an impaired ability to escape.

� Level 3: Life-threatening health effects or death.

In 2001, the National Academies published procedural guidance
or “Standing Operating Procedures” to make development of AEGLs
systematic, consistent, documented and transparent to the public.

3. Acute toxicity hazard categories

Regulation (EC) 1272/2008 sets criteria for classification and
labelling of chemicals (substances and mixtures) (European
Parliament and Council, 2008). With a view to facilitating world-
wide trade while protecting human health and the environment,
these criteria were harmonized taking into account 40 years of
experience obtained through implementation of existing Commu-
nity chemicals legislation and 12 years of development within the
United Nations (UN) structure, resulting in the Globally Harmo-
nized System of Classification and Labelling of Chemicals (GHS).

The World Health Organization (WHO) also has adopted the
GHS system for the classification of chemicals (e.g., pesticides in
2009) (World Health Organization, 2009).

Health hazards as defined in Regulation (EC) 1272/2008
comprise acute toxicity, skin corrosion/irritation, serious eye
damage/eye irritation, respiratory or skin sensitization, germ cell
mutagenicity, carcinogenicity, reproductive toxicity, specific target
organ toxicity d single exposure, specific target organ toxicity d

repeated exposure and aspiration hazards.
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In Regulation (EC) 1272/2008, Annex I, Part 3 “Health Hazards”,
and in the OSHA Hazard Communication Standard, Appendix A to x
1910.1200-Health Hazard Criteria (United States Department of
Labor, Occupational Health & Safety Administration (OSHA), no
date-b), acute toxicity is defined specifically as “adverse effects
occurring following oral or dermal administration of a single dose
of a substance, or multiple doses givenwithin 24 h, or an inhalation
exposure of 4 h”.

As well in Regulation (EC) 1272/2008 as in OSHA Hazard
Communication Standard, the hazard class Acute Toxicity is
differentiated into: (i) acute oral toxicity; (ii) acute dermal toxicity
and (iii) acute inhalation toxicity. Substances can be allocated to
one of four toxicity categories based on acute toxicity by the oral,
dermal or inhalation route. The criteria for classification of chem-
icals as acutely toxic are based on lethal dose data: Acute toxicity
values are expressed as (approximate) LD50 (oral, dermal) or LC50
(inhalation) values or as acute toxicity estimates (ATE). Four acute
toxicity hazard categories are defined on basis of the acute toxicity
estimate (ATE) for oral and dermal exposure ranging from category
1 (most toxic substances) to category 4 (least toxic substances),
with the example of category 1 as follows: oral with ATE � 5 mg/kg
bw; dermal with ATE � 50 mg/kg bw.

4. Hazard classification of 2,3,7,8-TCDD as substance and in
stock solutions

Requirements for the compilation of safety data sheets are set in
a regulation of the EU Commission of 2015 (Commission Regulation
(EU) 2015/830). In Section 2, the hazards of a substance or a
mixture and the appropriate warning information associated with
those hazards for the whole product shall be described. For the
commercially available PCDD/PCDF solutions with 50 mg/ml, the
solvent (e.g. > 99.99% nonane, or 89.993% nonane and 10% toluene)
is considered as the risk-defining parameter of such mixtures
(relative to flammability and toxicity), with acute toxicity category
4 for the whole product (99.993% of a nonane/toluene mixture and
0.007% of 2,3,7,8-TCDD) (Wellington Laboratories, 2013; Cerilliant,
2015), whereas category 1 would be applicable for 2,3,7,8-TCDD
as pure substance (Sigma-Aldrich, 2015a). In Section 3, sub-
stances shall be listed as chemicals in a mixture and the individual
classification of each shall be provided, if the category for the acute
toxicity is 1, 2 or 3 and the concentration�0.1%, or if the category is
4 and the concentration above 1%. As the maximum concentration
of 2,3,7,8-TCDD in commercially available standard solutions is
50 mg/ml and thus far below 0.1%, 2,3,7,8-TCDD is usually given as
an ingredient in such TCDD-standards, but the indication of the
individual hazard category of TCDD is not necessary in these safety
data sheets.

According to the Technical Rules for Hazardous Substances, for
2,3,7,8-TCDD the risk of cancer has to be specified for solutions
containing more than 0.0000002% (Technische Regeln für
Gefahrstoffe [TRGS 905], 2014).

5. Toxicological evaluation of dioxin-like compounds

5.1. Acute toxicity

A huge number of toxicological studies were used to charac-
terize the risk for the different groups of dioxin-like compounds
under various aspects and scenarios. JECFA (the Joint Expert Com-
mittee on Food Additives of WHO and FAO) differentiates between
acute toxicity, short-term and long-term toxicity and carcinoge-
nicity (Joint FAO/WHO Expert Committee on Food Additives, 2002;
Canady et al., 2002). US EPA in its comprehensive dioxin reassess-
ment differentiates between acute, subchronic and chronic toxicity
(United States Environmental Protection Agency, 2004; see here
Part II, Section 3). Under “acute toxicity”, both JECFA and EPA
summarize studies on lethal doses expressed as LD50 (mg/kg bw) in
various animals. This definition is in line with the Regulation (EC)
1272/2008 setting criteria for classification of chemicals (sub-
stances and mixtures) and classification of chemicals as acutely
toxic based on lethal dose data (see section 2).

These values vary widely between and among species. For
example, the median lethal dose of 2,3,7,8-TCDD in guinea pigs
treated orally was 0.6 mg/kg bw, while that in hamsters was
>5000 mg/kg bw. Similar conclusions are also drawn in the above
cited draft US EPA report (United States Environmental Protection
Agency, 2004; see here Part II, Section 3).

5.2. Acute reference dose

As most compounds do, also dioxins might cause an effect after
a single high dose. In humans, the most readily observed effect is
the development of chloracne, however, other chlorinated com-
pounds can produce similar effects. Other effects seemmore subtle
and may be difficult to distinguish from chronic effects due to the
persistence of the compounds in the body. So a single high dose
may cause similar effects as a repeated low dose. Furthermore it has
to be considered that the development of toxic effects might be
delayed after exposure to a “toxic” concentration. Thus far, no acute
reference dose for TCDD has been derived.

5.3. Chloracne

Chloracne is the best recognized effect of exposure to TCDD (see
reviews, e.g. Joint FAO/WHO Expert Committee on Food Additives,
2002, United States Environmental Protection Agency, 2004 e see
here [Part II Section 7 Part B]). According to a review of Bertazzi
et al. (1998), at the Seveso incident in 1976, where thousands of
inhabitants were exposed to TCDD, chloracne was observed in
nearly 200 individuals and was initially the only effect established
with certainty. At this accident, according to first estimates, quan-
tities from hundreds of grams to a few kilograms of TCDD were
released, however a re-evaluation suggests it was 34 kg or higher
(di Domenico et al., 1990; see also Bertazzi et al., 1998). The pres-
ence of TCDD as the main component of the toxic cloud was made
public 10 days after the accident and evacuation of the most
contaminated zone A started after two weeks. In a selection of 10
children with chloracne from zone A, serum levels ranging from
828 to 56,000 ppt (lipids) were found. Nine adults without chlor-
acne, from the same area, had values ranging from 1770 to
10,400 pg/g (lipids) (data from Bertazzi et al., 1998; see also
Mocarelli et al., 1999). Thus, there was a large variability in human
sensitivity and response and some individuals seemed much more
“resistant” to the effects of TCDD. 5 categories between 0 (no le-
sions) and 4 (serious stage) were developed stratifying chloracne
for Seveso residents by severity (United States Environmental
Protection Agency, 2004; see here Part II Section 7 Part B). It
should be stressed that chloracne was mainly observed in children,
possibly related to a higher exposure but potentially also to a
greater sensitivity.

In 2004, the former Ukrainian president Yushchenko was
diagnosed with chloracne. Analysis of his blood showed a 2,3,7,8-
TCDD level of about 100,000 pg/g lipid (Brouwer et al., 2005;
Sorg et al., 2009). This concentration was between 5000- to
10,000-fold higher than the levels for the sum of PCDD/Fs and dl-
PCBs observed in the general population of many countries
(10e20 pg TEQ/g lipid). Assuming equal distribution in the body fat,
it can be estimated that Yushchenko’s intakewas a fewmg of TCDD.

Two food poisonings incidents, called Yusho and Yucheng,
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occurred in Japan in 1968 and in Taiwan in 1979, respectively. They
were caused by ingestion of rice oil that was highly contaminated
with PCBs. Blood samples from five Yusho patients and three
Yucheng patients were collected between 1982 and 1998 and from
1989 to 1995, respectively. TEQ levels were derived on basis of the
most important PCDF congeners (without determination of dioxin-
like PCBs) and estimated to have decreased from 40,000 pg/g lipid
in 1969 to 600 pg/g lipid in 1997. Typical Yusho symptoms were
acneiform eruption, dermal pigmentation and increased eye
discharge, from which individuals very gradually recovered over
time. However, enzyme and/or hormone-mediated signs of high
concentrations of serum triglycerides and thyroxine, immuno-
globulin disorder and others were persistently maintained for 30
years (Masuda, 2001).

In 1997, two women at a textile research institute in Vienna
were somehow poisoned with 2,3,7,8-TCDD. Patient 1, who had the
highest TCDD level in blood ever recorded (144,000 pg/g blood fat),
developed severe generalized chloracne, whereas in the second
patient, despite high blood levels (26,000 pg/g fat), had only mild
facial lesions (Geusau et al., 2001; Geusau and Abraham, 2005). The
authors considered the mild manifestation in Patient 2 surprising
in comparison to other studies which showed that chloracne may
appear at dioxin blood levels of approximately 1000 pg/g blood fat
(Coenraads et al., 1999). Observations following industrial and
accidental exposures have suggested that acute exposures resulting
in serum concentrations of about 800 pg/g of lipid might be
necessary to induce clinical effects such as chloracne, although
levels in the thousands of pg/g of lipid do not always produce this
effect (Centers for Disease Control and Prevention, 2016). However,
in general, for a person with 15 kg body fat, an intake of 15,000 ng
would be necessary to achieve a level of 1000 pg/g lipids.

No reliable information is available on the time course of
occurrence of chloracne in humans after TCDD exposure. In Seveso,
the eruption of blackheads was observed between 2 weeks and 2
months after the reactor release, and within 6 months, 34 cases of
chloracne were identified among children (United States
Environmental Protection Agency, 2004; see here Part II Section 7
Part B). Most seriously effected (categories 3 and 4) were 19 chil-
dren of zone A (Signorini et al., 2000).

5.4. Other effects

Many of the effects following dioxin exposure are the same
irrespective of whether the intake is acute or chronic (single or
repeated exposure). For effects such as enzyme induction, immu-
notoxicity, developmental toxicity and a number of other toxic
endpoints, the EU Scientific Committee on Food (SCF) concluded
that the responses are directly associated with tissue concentra-
tions and not simply with the daily dose (Scientific Committee on
Food, 2001). The key determinants in the kinetics and the half-
lives of these compounds are the absorption, the amount of fat
stores in the body, the sequestration by CYP1A2 in the liver, and the
rate of metabolism and excretion. From a pharmacokinetic point of
view, body burden estimations are therefore considered a more
appropriate dose metric for interspecies comparison than the daily
dose. Similarly, JECFA concluded with regard to the relationship
between human intake and doses used in studies in laboratory
animals that the biochemical and toxicological effects of PCDD/
PCDFs and coplanar PCBs are directly related to their concentra-
tions in tissues and not to the daily dose (Joint FAO/WHO Expert
Committee on Food Additives, 2002). Toxicokinetically, estimates
of body burden are also more appropriate measures of dose for
interspecies comparisons than is the daily dose. The US EPA re-
evaluation of 2012 applied this principle and applied physiologi-
cally based pharmacokinetic modelling, but based it on blood
rather than body burden levels. Nevertheless, under normal con-
ditions there is an equilibrium between the levels in blood and
those in the fat tissues in the body. However, accidental exposure
during an incident doesn’t relate to an equilibrium situation, and it
could temporarily result in higher levels of exposure via transiently
increased blood levels.

As described by Bertazzi et al. (1998), immunologic effects of
TCDD were investigated between 1976 and 1979 in 48 children
from zone A of the Seveso incident and 48 non-exposed children.
These results revealed higher levels of complement activity, higher
values for lymphocyte responses to phytohaemagglutinin and
pokeweed mitogen, and increased numbers of peripheral lym-
phocytes in exposed children. However, test design limitations and
poor compliance of reference children made interpretation
difficult.

A comprehensive research project with particular focus on al-
terations in the immune system of the two highly exposed Vienna
women revealed no unambiguous observations which could be
linked to TCDD exposure. These results provide further evidence
that immune parameters cannot be seen as sensitive biomarkers
for a TCDD exposure (Abraham, 2002).

5.5. Tolerable intakes

On a global level, the Joint FAO/WHO Expert Committee on Food
Additives (JECFA) is an international scientific expert committee
that is administered jointly by the Food and Agriculture Organi-
zation of the United Nations (FAO) and WHO. It provides scientific
advice to the Codex Alimentarius Commission and was established
in 1963 to develop harmonized international food standards and
guideline codes of practice to protect the health of the consumers
and ensure fair practices in the food trade. Therefore, JECFA eval-
uations are of particular importance at the global level. In 2001,
JECFA derived a provisional tolerable monthly intake (PTMI) of
70 pg/kg bw (Joint FAO/WHO Expert Committee on Food Additives,
2002). In the EU, the evaluation of the EU Scientific Committee on
Food (SCF) in 2001 is valid which derived a tolerable weekly intake
of 14 pg WHO-PCDD/PCDF/PCB-TEQ/kg bw (Scientific Committee
on Food, 2001).

Both tolerable intakes are comparable and are based on the
accumulation of these compounds and resulting body burden. The
reason to express the tolerable intake on a weekly or even monthly
basis is that a relatively low daily ingestion has a small or even
negligible effect on the body burden. Thus, in order to assess long-
or short-term risks to health due to regular exposure to relatively
low levels of these persistent substances, total or average intake
should be assessed over the long-term. In both assessments, effects
of TCDD on the male offspring of rats, in particular a reduced sperm
production was used as the most critical effect. As such, the limits
are particularly focused on preventing too high body burdens in
women of child-bearing age.

In the US, the US Environmental Protection Agency (EPA)
reanalyzed key issues related to dioxin toxicity and in 2012 derived
an oral reference dose (RfD) of 0.7 pg per kg bw per day for TCDD
(United States Environmental Protection Agency, 2012). For this
analysis, the US EPA selected human data from the Seveso studies
that became available in 2008. Critical effects were a reduced
sperm production in men exposed as young boys during the inci-
dent, and increased levels of thyroid stimulating hormone in
newborns, i.e. exposed via the mother.

SCF and JECFA applied a body burden one-compartment kinetics
approach to derive an health-based guidance value (HBGV) from rat
data, whereas US EPA applied physiologically based pharmacoki-
netic modelling of human blood levels estimated from epidemi-
ology studies. An uncertainty factor of 3 was applied by SCF and
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JECFA as the lowest-observed-adverse-effect level (LOAEL) and was
close to the no-observed-adverse-effect level (NOAEL) (observed in
another animal study). US EPA applied their default uncertainty
factor of 10 for extrapolation from a LOAEL in the absence of a
NOAEL. All three applied an additional uncertainty factor of about 3
for potential differences between humans.

6. Evaluation of risks during analysis of dioxins in feed and
food

6.1. Precautionary methods for employees working alone with
hazardous substances

In Germany, the regulation on hazardous substances demands a
risk assessment for working with dangerous chemicals and the
determination of safety precautions (Gefahrstoffverordnung, 2015).
One provision requests that, if employees work alone with haz-
ardous substances, the employer has to ensure additional precau-
tionary methods or an adequate supervision. This can also be
ensured by technical means.

At the CVUA Freiburg, in addition to technical means, the
concept of “safety partnerships” was developed which should
ensure that a second person is informed that a colleague is working
alone and that they should be available, if necessary.

6.2. Particular precautions for working with TCDD standard
solutions: suitable gloves and preparation to wipe-off drops from
skin

When working with TCDD standard solutions, some of the so-
lution can accidentally get on gloves. Thus it is important to use an
appropriate type of glove, as the wrong glove can lead to chemical
exposure.

For bioanalytical screening methods, TCDD standards are dis-
solved in DMSO. One important aspect is related to the ability of
DMSO to readily penetrate gloves or skin. Therefore, the first
question is the possible extent of the real contamination of a
technician when some of the standard solution accidentally gets
onto gloves or skin. It is suggested to use nitrile gloves, as DMSO
does not penetrate them within an acceptable time period, thus
protecting the individual against exposure via what would be the
primary route using these solutions. Glove specifications with
chemical breakthrough times for various solvents provide critical
information for their suitability for use with certain solvents and
purposes (Starlab, no date; VWR, no date).

The penetration through gloves or skin and intake into the body
is not a matter of seconds. If some of the solution accidentally gets
onto gloves, these drops can be immediately wiped off with suit-
able absorbing tissues and the gloves be removed and discarded
without risk of a contamination of the skin protected by the gloves.

In contrast, if skin is accidentally contaminated, wiping with
suitable absorbing tissues can be used in combination with tissues
containing suitable solvents:

� given the chemical properties of DMSO, 1% triton x-100 is rec-
ommended followed by washing with soap and water;

� acetone or ethyl acetate would extract contaminants which are
dissolved e.g. in nonane or toluene. By repeated careful cleaning
of the skinwith organic solvents, nearly all of the contamination
can be removed from the skin before significant amounts really
enter the body (it should be noted that these solvents will also
extract lipids from the skin).

Nonane or toluene are the solvents for the PCDD/PCDF standard
solutions. In case of an incident, few drops might get onto the skin.
However, with regard to toxicological considerations, these sol-
vents are not recommended for removal of PCDD/PCDF: Acetone or
ethyl acetate are proposed due to their relatively low toxicity.

According to the EU REACH legislation, a derived no-effect level
(DNEL) has to be calculated for certain chemicals as the level of
exposure to a substance above which humans should not be
exposed. The European Chemicals Agency (ECHA) provides data for
DNEL and acute toxicity (ECHA, no date). For protection of workers
in industry via the inhalation route, the DNEL for acetone is 2420
mg/m3 for acute/short-term exposure and 1210 mg/m3 for long-
term systemic effects. With regard to the dermal exposure of
workers, the DNEL is 186 mg/kg body weight/day for long-term
systemic effects. Subsequently, for a person of 70 kg, the DNEL for
dermal exposure would be about 13 g acetone per day. Further-
more, acetone is not classified as acutely toxic: The LD50 for oral
intake is 5800 mg/kg in rats, 3000 mg/kg in mice, 5340 mg/kg in
rabbits; LD50 for dermal intake is 7426 mg/kg in guinea pigs (DNEL
and LD50 data from ECHA, 2017a, and safety data sheets of Merck,
2017a, Roth, 2016, ScienceLab.com, 2013a, and Sigma-Aldrich,
2015b).

Similarily, for ethyl acetate, the DNEL is 1468 mg/m3 for the
inhalation route for acute-systemic and acute-local effects and
734 mg/m3 for chronic-systemic effects, and 63 mg/kg for dermal
exposure and chronic-systemic effects. Furthermore, ethyl acetate
is not classified as acutely toxic: The LD50 for oral intake is 5620mg/
kg in rats, 4100 mg/kg in mice and 4935 mg/kg in rabbits; the LD50
for dermal intake is > 18000 mg/kg in rabbits (DNEL and LD50 data
from ECHA, 2017b, and safety data sheets of Merck, 2017b; Roth,
2015; ScienceLab.com, 2013b, and Sigma-Aldrich, 2015c).

The use of these solvents on suitable tissues in order to wipe off
some drops of a PCDD/PCDF containing solution might result in an
intake of some quantity (mg) of these solvents. Of course, it is the
goal to avoid any unnecessary intake of solvents. However, this
intake would be far below of levels of concern. The advantage of
quick and efficient removal of accidental contamination of skin by
PCDD/PCDFs significantly outweighs possible disadvantages of us-
ing these solvents. The example of use of acetone or ethyl acetate in
cosmetics applied to human skin (e.g. nail polish and nail polish
remover) might illustrate the low toxicological risk.

Therefore, consideration of such tools (in addition to the general
measures of precaution like working in a hood with windows
closed, wearing a coat and gloves) are important immediate mea-
sures that can be used in case of an accidental contamination of
gloves or skin.

6.3. Possible risks from food or feed samples

In the field of analysis for determination of dioxin levels in feed
and food, usually samples are contaminated with chemicals in
ranges which are typically orally consumed by humans and ani-
mals. Consumption of food or feed with such low levels of con-
taminants does not cause acute or chronic toxic effects. Thus, also
amounts of dioxins extracted from such food or feed samples would
certainly not cause acute toxic effects. This even applies to highly
contaminated samples obtained from an incident or e.g. certain clay
materials. However, increased awareness and special measures
may be taken in such cases, which are also required to avoid cross-
contamination of other samples.

6.4. Possible risks from standard solutions for bioanalytical
screening methods

For determination by bioanalytical screeningmethods, normally
standard curves with TCDD are prepared. This includes relatively
high levels to allow curve-fitting, aiming at a full dose-response
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curve. As alternative approach, calibration with reference samples
is possible. An important question is whether work with standard
solutions for standard curves under routine conditions can cause
acute toxicity that requires the immediate availability of a second
person to be able to help in case of an accident.

The example of the following highest calibration point in a
bioanalytical standard curve as used by the EU Reference Labora-
tory can be selected for discussion of possible risks: preparation of
the “3000 pmol/L culture medium” control sample by addition of
6 ml of a solution of 100 pg TCDD/ml to 600 ml culture medium (600
pg/600 ml ¼ 1 pg/ml ¼ 1,000,000 pg/L ¼ 3125 pmol/L [molecular
weight of 320]). With this stock concentration, two exposure sce-
narios can be evaluated.

6.4.1. Contamination of skin with spiked amount of highest
standard solution

If the 6 ml of the highest standard solution which are used for
preparation of the highest calibration point were to accidentally
get onto the skin and are not removed by the wiping off as
described above, and assuming 100% absorption, a worst case
intake of 600 pg TCDD has to be calculated. This 600 pg intake for
a 70 kg person would result in an intake of 8.6 pg TCDD/kg bw.
This is about 60% of the tolerable weekly intake derived by EU SCF
and about 12% of the provisional tolerable monthly intake derived
by JECFA (both of which are derived for long-term intake). No
acute or even chronic toxicity would be expected to result from
such a dose level.

6.4.2. Contamination of skin with whole 1 ml of highest standard
solution

As “triple worst-case scenario” under routine conditions, it
might be assumed that:

1) Under extreme awkward conditions the whole 1 ml of the
highest standard solution with 100 ng TCDD/ml gets onto the
skin (and not onto gloves, coat or the other work surfaces),

2) Additionally, in the worst case scenario, no measures are taken
to immediately remove the solution from the skin, and

3) Finally all 100 ng are completely absorbed into the body.

An uptake of 100 ng TCDD into a 70 kg person corresponds to
1.43 ng/kg bw or 1430 pg/kg bw. This is about 100 times the derived
tolerable weekly intake or 20 times the tolerable monthly intake.

As there is currently no acute reference dose, a comparisonwith
the existing body burden has to be used. For a personwith 15 kg fat
and a level of 10e20 ng TEQ/kg lipid, the intake of 100 ng TCDD
would be lower than the existing body burden of 150e300 ng TEQ.
The total body burdenwould be increased to about 17e27 pg TEQ/g
lipid, a background level that has been observed in many people
over the past several decades.

In comparison with doses resulting in chloracne, this resulting
total body is about 4000 to 6000 times lower than that found in the
blood serum of Yushchenko (100,000 pg/g fat) or about 1000 to
1500 times lower than found in one of the two Vienna women
which developed mild facial lesions (26,000 pg/g fat). It’s also be-
tween 70- and 600-fold lower than that found in 9 adults from zone
A in Seveso that did not have chloracne. The lower factor of 50 for
children in Seveso is in line with the factor of about 60 which was
derived from comparison to other studies that showed that chlor-
acne may appear at dioxin blood levels of approximately 1000 pg/g
blood fat or higher.

As a result, even under these hypothetical “triple worst case
conditions” personal contamination with 100 ng TCDD is orders of
magnitude lower than levels known to cause chloracne, the only
clear “short-term” effect in humans.
6.5. Possible risks from calibration curves for GC/MS-based
confirmatory methods

6.5.1. Calibration curves established at the EU Reference Laboratory
The EU Reference Laboratory has established a five-point cali-

bration curve with native PCDD/PCDFs with the highest calibration
point in the range between 0.50 pg/ml for 2,3,7,8-TCDD and 10 pg/ml
for OCDD and 13C12-labelled PCDD/PCDFs in the range between
0.50 pg/ml for 2,3,7,8-TCDD and 6 pg/ml for OCDD. One ml of this
solution contains 6 pgWHO-PCDD/PCDF-TEQ, and 1ml as prepared
in routine methods contains 6 ng WHO-PCDD/PCDF-TEQ (as the
sum for the native and 13C12-labelled PCDD/PCDFs).

Even if the “triple worst case-scenario” is assumed as described
for use of the highest calibration concentration from bioanalytical
screening methods (see 6.4.2) and if the whole 1 ml of the highest
calibration point of the five-point calibration curve gets onto the
skin, is not removed and after some time completely absorbed,
“only” 6 ng TEQ would be absorbed instead of the 100 ng with the
highest CALUX standard concentration. Thus, the resulting intake
would be about 4% of the existing body burden and around 6 orders
of magnitude less than the dose which contaminated Yushchenko.

6.5.2. Calibration curves for standard method EN 16215
The EU-RL/NRL network contributed to the development of a

method for determination of dioxins and PCBs by GC/HRMS in
animal feeding stuffs published as European Standard (European
Committee for Standardization, 2012). The highest calibration
standard has 10 pg/ml for the native PCDD/PCDFs and normally
5 pg/ml for 13C12-labelled PCDD/PCDFs. Thus, 1 ml of this solution
contains 48 pg WHO-PCDD/PCDF-TEQ, and 1 ml contains 48 ng
WHO-PCDD/PCDF-TEQ (as sum for the native and 13C12-labelled
PCDD/PCDFs).

Even if the hypothetical “triple worst case-scenario” is assumed
and if the whole 1 ml gets onto the skin, is not removed and is
completely absorbed, the dose would still be about half of that of
the highest CALUX method standard, resulting in a total body
burden of about 13 pg TEQ/g lipid (increase of about 30%).

6.5.3. Calibration curves for US EPA method 1613
US Environmental Protection Agency (US EPA) Method 1613

gives valuable recommendations for use of native and 13C12-
labelled PCDD/PCDFs and for the chromatographic and MS pa-
rameters for determination of PCDD/PCDFs by HRGC/HRMS (United
States Environmental Protection Agency, 1994). However, as
developed in 1994, the concentration ranges of the calibration
standards reflect the needs resulting from considerably less sensi-
tive instruments at that time and from higher contamination
ranges of environmental samples. The calibration standards CS1 e

CS5 normally have 100 pg/ml 13C12-labelled PCDD/PCDFs which is
far too high for modern analysis of feed and food. The highest
calibration point CS5 has normally 1000 pg/ml for native PCDD/
PCDFs (range 200e2000). Thus, 1 ml of this solution contains
2597 pg WHO-PCDD/PCDF-TEQ, 200 ml (as commercially available)
contains nearly 520 ng WHO-PCDD/PCDF-TEQ.

If the same “triple worst case-scenario” is assumed as described
above, and if the whole 200 ml would get onto the skin, is not
removed and is completely absorbed, then the dose would be about
five times that of the highest concentration CALUX method stan-
dard, resulting in a total body burden of about 45 pg TEQ/g lipid (an
increase of about 350%).

7. Avenues to further reduce possible risks

In addition to the usual precautions (see section 6.1) and mea-
sures to remove TCDD and other PCDD/PCDFs after accidental
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contamination of the skin, and the use of solvent resistant gloves
(see section 6.2), the risk could be further reduced:

� For bioanalytical screening procedures: alternative approach
(use of reference samples with chemical concentrations around
the maximum and action levels); reduction of the volume of the
standard solutions (e.g. from 1 ml to smaller volumes) used for
preparation of the highest calibration standards;

� For GC/MS-based confirmatory methods: calibration curves
with concentration ranges as established at the EU-RL or rec-
ommended by EN 16025 e avoidance of far too high concen-
tration ranges of 13C12-labelled PCDD/PCDF as internal standards
for feed and food and of these 13C12-labelled PCDD/PCDF levels
and levels of native PCDD/PCDF in calibration standards.

These considerations might help to not only reduce any possible
risks as preventive measures from a toxicological point of view for
protection of the personnel working in a dioxin laboratory, but also
from environmental aspects, including disposal of contaminated
waste.

8. Conclusions with regard to use of PCDD/PCDF standard
solutions and the risk of potential acute toxicity to lab
personnel

All precautionary measures are supported to avoid a possible
contamination of personnel working in laboratories for dioxin
analysis, not only for possible acute toxic effects, but also for
possible long-term adverse effects. It is highly recommended to
observe general precautionary and safety measures, including
working in a fume hood with closed windows when using opened
standard solutions, wearing laboratory coats, safety glasses and
suitable gloves and to be prepared to immediately wipe off any
drops which accidentally get onto gloves or the skin. The pene-
tration through gloves or skin and absorption into the body does
not occur in a matter of seconds. If parts of the solution get acci-
dentally on gloves, these drops can be immediately wiped off with
suitable absorbing tissues and the gloves be taken off without risk
of exposure or further contamination. Skin contamination should
be reduced immediately and significantly by wiping off with suit-
able absorbing tissues in combination with tissues containing
suitable solvents (in case of DMSO-solved contaminants 1% triton
x-100, followed by washing with soap and water, or in case of so-
lutions in nonane or toluene e.g. with acetone or ethyl acetate).
Furthermore, the amount of standard solutions in the daily routine
should be limited to a necessary minimum.

For risk analysis, an obviously unrealistic “triple worst case
scenario” situation for skilled technicians in a dioxin laboratory for
food and feed analysis was assumed, including: (i) that under
extreme awkward conditions the whole one ml of the highest
concentration standard solution of 100 ng TCDD/ml gets onto the
skin of a technician (and not onto e.g. gloves, coat or work surfaces),
(ii) nomeasures are taken to remove the solution from the skin, and
(iii) that the 100 ng are completely absorbed by the body. Such an
intake would result from the highest calibration standard concen-
trations for the standard curve for CALUX screening methods as
established at the EU Reference Laboratory. In comparison, the
intake for GC-HRMS-based confirmatory methods varies between
“only” 6 ng TEQ from one ml of the highest calibration point of EU
Reference Laboratory, 48 ng TEQ from the EN 16215 method for
animal feeding stuffs and 520 ng TEQ from US EPA Method 1613,
the latter of which was developed in 1994 at times of considerably
less sensitive instruments and the need for higher standard con-
centrations because of higher contamination ranges of environ-
mental samples.
Criteria for classification of acute toxicity are based on LD50-data
for oral or dermal intake. For 2,3,7,8-TCDD, these vary widely be-
tween and among species, e.g. 0.6 mg/kg bw for guinea pigs and
>5000 mg/kg bw for hamsters. As a result of the evaluation of its
acute toxicity, 2,3,7,8-TCDD (as a “pure” substance) is classified in
hazard class category 1 (acute toxicity estimate � 5 mg/kg bw). In
contrast, the commercially available standard solutions (with 50 mg
2,3,7,8-TCDD/ml) are in hazard class 4 regarding acute toxicity, as
the solvents are considered to be the risk-defining parameter (with
regard to both flammability and acute toxicity) for the low con-
centration ranges in these mixtures.

If the above mentioned definition of ‘acute toxicity’ as LD50 is
not strictly applied, but also expanded to include chloracne as only
effect establishedwith certainty at the Seveso incident in 1976 after
massive exposure to 2,3,7,8-TCDD, different aspects have to be
evaluated. For a 70 kg personwith 15 kg fat and 10 pg TEQ/g lipid as
the upper range of current background levels in many countries,
the hypothetical intake of 100 ng would result in an increase of the
total body burden to about 17 pg TEQ/g lipid. This concentration is
about 6000 times lower than that found in the blood serum of
Yuchenko and about 1500 times lower than that found in one of the
two Vienna women which despite heavy intoxication (26,000 pg/g
blood fat) developed only mild facial lesions. This level is also about
a factor of 60 below those doses which would be necessary to result
in levels of approximately 1000 pg/g blood fat, a concentration that
may result in chloracne.

For other effects such as enzyme induction, immunotoxicity,
development effects and a number of other toxic endpoints, the
responses are directly associated with tissue or blood concentra-
tions and not with the daily dose.

For development of chloracne in the context of safety in a dioxin
laboratory, in particular with regard to the question of the necessity
of having permanent supervision or the availability of a second
person to help in case of an incident, both the doses of TCDD and
the time course of toxicity in humans following TCDD exposure are
important. Results from the Seveso incident suggest chloracne
developed between two weeks and two months after exposure.
Even under the assumed “triple worst case” scenario (with an up-
take of 100 ng which results in blood levels that are 60-fold lower
than seen necessary for development of chloracne), it is unlikely
that any acute symptoms would occur within a “8 h acute time
window” following exposure, which makes the necessity of a sec-
ond person questionable.

As a result, the decisive questions were whether there is a
particular dioxin-related acute toxicity risk with handling of sam-
ples or standard solutions under daily routine conditions for bio-
analytical screening methods or GC/MS-confirmatory methods for
PCDD/PCDF contamination in food and feed and whether a second
person is necessary for supervision or to help in case of an expo-
sure. The clear answer to these questions is “no”. However, other
safety risks like breakage of glass and work with flammable sol-
vents or concentrated sulfuric acid are serious possible acute dan-
gers which do need appropriate precautions, and have to be
considered generally for laboratories. If the safety concern for
working with PCDD/PCDF solutions is transferred to other chem-
icals and the “triple worst case” scenario is assumed for handling of
these materials (e.g. 100 ml of toluene, dichloromethane or
concentrated sulfuric acid), then an exposed individual would have
an immediate and severe acutely toxic problem. Thus, working in a
dioxin laboratory for feed and food analysis does not pose a specific
acute dioxin-related risk. For laboratories in other fields of dioxin
analysis, e.g. for biological or environmental samples, this evalua-
tion might be useful as orientation, allowing comparison of the
doses of a possible contamination scenario under their specific
conditions using these examples for food and feed.
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For those situations in which employees work alone with haz-
ardous substances, adequate supervision or the availability of other
personnel should be ensured. This can be achieved by technical
means and/or the concept of “safety partnerships”, to ensure that a
second person is informed about a colleague working alone and
that they are available, if necessary.

9. Considerations with regard to possible long-term low dose
occupational exposure of lab personnel

The starting point for this evaluation was the question of the
possibility of dioxin intake as result of an accidental exposure in a
“triple worst-case scenario” and the risk of potential acute toxicity
to lab personnel. In addition, it is important to establish precau-
tionary measures, as well, avoiding low-dose occupational expo-
sure throughout the entire professional career of an individual as
much as possible.

Generally, humans are exposed to dioxins and/or PCBs through
either (i) accidental exposure, (ii) occupational exposure, or (iii)
environmental exposure. Several routes are possible for environ-
mental (background) exposure, including: (i) food consumption, (ii)
inhalation of air and ingestion of particles from air, (iii) ingestion of
contaminated soil, and/or (iv) dermal absorption. While the last
three routes normally contribute less than 10% of the total daily
intake, more than 90% of human dioxin exposure derives from food
(EU Commission, Scientific Committee on Food, 2000).

Thus, an important pillar in reducing exposure is the prevention
of any oral intake of PCDD/PCDF. In practice, if no food is stored or
consumed in a laboratory, the risk of an accidental contamination
of food for consumption by a technician can be excluded.

Additionally, the risk of inhalation is quite low if accidental spills
of PCDD/PCDF-containing solutions onto surfaces in the laboratory
arewiped off, as described for cleaning of the skin in section 6.2 and
if the general measures of precaution are observed (in particular,
sufficient venting in the lab and working in a hood): At room
temperature, PCDD/PCDF are not sufficiently volatile, and a suffi-
ciently high exchange rate of air (blowing in fresh air; removing
exhausted air e.g. via hoods where accidental spills might happen)
allows work to occur in a good and safe lab environment. General
measures avoiding elevated levels of organic solvents in the air of a
laboratory (as otherwise a possible critical factor in residue labo-
ratories) will also minimize intake of the much less volatile PCDD/
PCDF.

The highest risk comes from an accidental spill of PCDD/PCDF-
containing solutions (either from standards or extracts) onto the
skin of personnel. Therefore, the measures of precaution as
described generally in the introduction and more specifically in
section 6.2 are of extreme importance in order to avoid such an
accidental intake. Furthermore, the starting point for this evalua-
tionwas the concern expressed by the unlikely accidental exposure
to the full amount of the highest calibration solution in feed and
food analysis, with no effort to reduce this contamination from the
skin. It is much more likely that accidental exposure to some drops
of lower concentration ranges of PCDD/PCDFs could get onto the
skin which then would be wiped off quickly and efficiently. How-
ever, since it is not possible to estimate the probability and fre-
quency of such incidents, their details (howmuch was spilled, how
efficiently reduced) and their consequences (resulting intake)
throughout an entire professional career of an individual in a dioxin
laboratory, the potential for chronic toxicity cannot be assessed.
Food and feed samples are usually contaminated with PCDD/PCDF
levels in ranges which are consumed by humans or animals. In
particular work with highly contaminated environmental samples
or high concentrations of PCDD/PCDF standard solutions requires
much more care. In case of an occupational intake, the increase in
the total body burden is a more useful tool as first step for esti-
mation of possible toxicological effects.

As a conclusion, precautionary measures are needed in order to
avoid occupational exposure of laboratory personnel to chemicals
throughout their entire professional career. In dioxin laboratories,
appropriate workplace conditions are important to ensure that any
exposure of personnel to PCDD/PCDFs is negligible relative to
background exposure levels. This is a critical issue, not only from
the acute toxic perspective, but also with regard to possible long-
term adverse health effects of these compounds.
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