
OS

S
T

I

IÆL
L

V
S

T
R

A

N
O S

L

V
I

I

T



Acknowledgments 

Rainer Malisch 1 

Majorie B.M. van Duursen2 , 
Angelika Tritscher 3

Richard E. Peterson 4

1 State Institute for Chemical and Veterinary Analysis of Food (Chemisches und 
Veterinäruntersuchungsamt [CVUA]), Freiburg, Germany
2 Department of Environment and Health, Vrije Universiteit Amsterdam, Amsterdam, The 
Netherlands.
3 Coordinating from 2009 to 2011 at World Health Organization, Department of Food Safety 
and Zoonoses, Ave Appia 20, CH-1211 Geneva 27, Switzerland
4 Department of Pharmaceutical Sciences, University of Wisconsin, Madison, Wisconsin, United 
States.

All  volunteers worldwide that contributed to the systematic collection
of the human milk samples since the 1980’s!

Disclaimer: The opinions presented in this  presentation do not necessarily reflect 
those of the United Nations Environment Programme or World Health Organization

Data from European countries are courtesy to these countries (self-paying)



Van den Berg et al., Arch Toxicol (2017) 91:83–96

Global distribution PCDD/Fs/DL-PCBs in WHO-TEQs
2000-2010



Global distribution PCDD/Fs/DL-PCBs in WHO-TEQs
2011-2019



• Concentrations of WHO-PCDD/PCDF-TEQ in the 57 countries

• Between 1987 and 2019, median TEQs concentrations in these seven periods decreased 
considerably from 16.9 pg /g to 2.68 pg/g (= 84 % decrease). 

• In period 2000 – 2019 median concentrations TEQs went down by 63 % 

MALISCH ET AL., TIME TRENDS ESTIMATED IN WHO- AND UNEP-COORDINATED EXPOSURE STUDIES OF PERSISTENT ORGANIC

POLLUTANTS IN HUMAN MILK (2022). IN: LEGACY AND EMERGING PERSISTENT ORGANIC POLLUTANTS IN HUMAN MILK, PART 4

Temporal trend PCDDs and PCDF in human milk



RAINER MALISCH ET AL., TIME TRENDS ESTIMATED IN WHO- AND UNEP-COORDINATED EXPOSURE STUDIES OF PERSISTENT ORGANIC

POLLUTANTS IN HUMAN MILK (2022) IN LEGACY AND EMERGING PERSISTENT ORGANIC POLLUTANTS IN HUMAN MILK, PART 4

• Between 1987 and 2019 median ΣPCB6 concentrations decreased from 211 ng /g to 
14 ng/g (= 93 % decrease). 

• In period 2000 – 2019 the median concentrations ΣPCB6 went down by 89 %

Temporal trend PCBs in human milk

Similar trend
DL-PCBs



Time trend of WHO-PCDD/PCDF-TEQ concentrations with differentiation of 

the periods (i) 1987-1988 or (ii) 2000-2003

Individuals may differ one order of magnitude in concentration

Temporal trend PCDDs and PCDFs in human milk

Start 
WHO/UNEP 

surveys

Half way
WHO/UNEP 

surveys



Mutiple Issues involved:

• Relevance experimental studies underlying various HBGVs?

• Relevance human studies recently used for HBGVs?

• Present DLCs levels still of concern?

• Time course for decrease DLCs to acceptable levels in human milk?

• Risk-Benefit situation for breastfeeding?

Risk assessment for dioxin-like compounds (PCDDs, PCDFs, DL-PCBs) 

for the breast fed infant only?



Health Based Guidance Values (HBGVs) determined by various regulatory authorities 
with underlying health effects observed in animals and humans with 

an estimated acceptable HBGV in TEQ2005 in human milk. 

1)Based on recent median exposure levels of 3 pg TEQs/g lipid
2)Based on 3.5% lipid weight in human milk and infant consumption of 125 g milk/kg bw/day, set a 4.5 g lipid/kg bw/d
3)HBGV derived level pg TEQs/g lipid (HBGV in pg TEQs/kg bw/day)/4.375 g lipid/kg bw/day
4)Reference dose

Multiple ANIMAL studies used for HBGVs relate to early life (pre+postnatal) exposure
Why not applicable for early life risk assessment, besides life time exposure?

If applied, safe levels based on animal experiments approx RANGE 0.1 – 1 PG/G LIPID MILK



* Average for these countries in 1992 set at 25 pg TEQs2005/g lipid and 100% with the green 
bar indicating an HBGV based projected decline of 0.4 to 4 % of the 1992 level. 
** Including The Netherlands, Lithuania, Belgium, Germany, Norway, Slovak Rep., Finland, 
Czech Rep., Croatia

Average decline in human milk TEQs2005 levels* in European countries** 
since 1992 and expected NOAEL levels based on estimated health-based 

guidance levels of 0.1 to 1 pg TEQs/g lipid  for breastfed infant



1)Based on recent median exposure levels of 3 pg TEQs/g lipid
2)Based on 3.5% lipid weight in human milk and infant consumption of 125 g milk/kg bw/day, set a 4.5 g lipid/kg bw/d
3)HBGV derived level pg TEQs/g lipid (HBGV in pg TEQs/kg bw/day)/4.375 g lipid/kg bw/day
4)Reference dose

Multiple ANIMAL studies used for HBGVs relate to early life (pre+postnatal) exposure
Why not applicable for early life risk assessment, besides life time exposure?

If applied, safe levels based on animal experiments approx RANGE 0.1 – 1 PG/G LIPID MILK

Humans studies also more recently applied to derive HBGVs
• Most sensitive endpoint?
• Are there analogies with animal studies
• Do these studies quantitatively confirm animal data?



• Correlation with PCDD/F levels semen quality, NOT total TEQs……… (?)

• Concentrations measured at 8-9 years of age, not in postnatal period

• Backwards calculation EFSA (2018) estimates 5.9 pgTEQs/g lipid human milk is NOAEL

Environmental Health Perspectives • volume 125 | number 3 | March 2017



In utero

+breastfed

• In Utero and Breastfeeding have effect
• TCDD only, no background measured (TEQs)
• Levels TCDD in blood mother extremely high

MALE FERTILITY VERY SENSITIVE ENDPOINT

volume 119 | number 5 | May 2011 • Environmental Health Perspectives



Average decline in human milk TEQs2005 levels* in European countries** 
since 1992 and expected NOAEL levels based on backward calculation 

by EFSA (2018) for breastfed infant

* Average for these countries in 1992 set at 25 pg TEQs2005/g lipid and 100% with the green 
bar indicating an HBGV based projected decline of 0.4 to 4 % of the 1992 level. 
** Including The Netherlands, Lithuania, Belgium, Germany, Norway, Slovak Rep., Finland, 
Czech Rep., Croatia

EFSA
Calculated NOAEL

5.9 pg PCDD/Fs TEQ/g lipid

No DL-PCBs
included



Both human studies on semen quality show deficiencies with respect 
due to experimental design  or differences in exposure situations

compared with everyday exposure situations to dioxinlike compounds

Nevertheless, the EFSA backward calculation using the Russian’s Children
study does provide an indication of safe level of DLCs in human milk

(5.9 pg PCDD/Fs TEQs/g lipid)



Concentration dependent changes in thyroid hormone levels 
were within normal clinical range

Breastfed infant studies with direct comparison with or without breastfeeding



Changes in psychomotoric development were within normal clinical range



Overall conclusions from these Dutch Cohorts (1990’s): 

• Experimental design and exposure situation most appropriate to establish possible
negative effects of DLCs in human milk

• Postnatal exposure Dutch levels of PCBs and dioxins has small negative effects on 
thyroid hormone levels and early psychomotor development.

• Breastfeeding per se did have an important positive influence on mental and
psychomotor development at 7 months of age

• Effects are within clinical acceptable range and considered transient (unlike semen
quality studies)



World Health Organization Position
for Breastfeeding

 Breastfeeding is one of the most effective ways to ensure
child health and survival.

 WHO actively promotes breastfeeding as the best source of 
nourishment for infants and young children.



400 Epidemiological
studies evaluated (2007)

Breastfeeding reduces
25-50% of a 

number of diseases
in the child



Benefits for the infant:
• Optimal nutrition
• Strong bonding with mother
• Safe  milk
• Enhanced immune system
• Reduced risk acute otitis media, 

gastroenteritis, lower respiratory tract
infections, and asthma

• Protection against allergies and
intolerances

• Correct development of jaw and teeth
• Association with higher IQ/ school 

performance
• Reduced risk chronic diseases e.g. 

obesity, diabetes,heart disease, 
hypertension, hypercholesterolemia, 
childhood leukemia

• Reduced risk sudden infant death
syndrome

• Reduced risk overall morbidity and
mortality

American Dietetic Association
(ADA) position paper

J Am Diet Assoc. 2009;109:
1926-1942.



American Dietetic Association
(ADA) position paper

J Am Diet Assoc. 2009;109:
1926-1942.

Benefits for the mother:
• Strong bonding with infant
• Increased energy expenditure, faster

return to prepregnancy weight
• Faster shrinking of the uterus
• Reduced postpartum bleeding and

delay menstrual cycle
• Decreased risk chronic diseases e.g., 

breast, and ovarian cancer, diabetes
• Improved bone density, decreased risk 

hip fracture
• Decreased risk postpartum depression
• Enhanced self-esteem in the maternal

role
• Time and money saved from preparing

and not buying formula, less medical
expenses



Some more quantitative information regarding the
benefits of breastfeeding

 If every child was breastfed within an hour of birth, given only breast milk for
their first six months of life, and continued breastfeeding up to the age of two
years, about 800 000 child lives would be saved every year (WHO 2015)

 A recent study using meta-analyses  of benefits from breastfeeding calculated 
that it may annually prevent 823 000 deaths in children younger than 5 years 
and 20 000 maternal deaths from e.g., breast cancer (Victora, Bahl et al. 2016)



• Global human milk levels of PCDDs, PCDFs and DL-PCBs are presently one to two orders 
of magnitude above those considered toxicological safe for the breastfed infant. 

• Subtle biological, endocrine or neurological effects can still be expected with levels 
observed in the period 2000-2020 for dioxin-like compounds, but these may well be 
transient with the possible exception for neurodevelopmental effects and semen quality.

• Experimental and epidemiological studies indicate that future risk-benefit assessments 
should focus on both the in utero situation and lactational period.

• The established benefits of breastfeeding far outweigh the subtle negative effects on the 
breastfed infant that have been associated with dioxin-like compounds

Some Concluding Remarks




