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General comments and answers to specific information requests


Specific information requests:


1. In its draft opinion, SEAC concluded that, for the time being, it has not been demonstrated that the proposed restriction would be proportionate. In section 3.3.3.4 of the opinion, SEAC discusses possible scenarios to underpin the conclusion on proportionality, as several crucial aspects are uncertain. Do stakeholders have any additional information on:
a) Whether the substances in scope are currently detected in single-use baby diapers and, if so, what may be the sources of contamination?
b) What additional measures exist to reduce the potential contamination, how effective they are and what are their associated costs?
c) Whether the substances in scope may stem from background contamination? 

Please note that the information submitted in the consultation on the Annex XV report has already been considered by SEAC and should not be re-submitted in this consultation. 


2. The Committee would like to have stakeholders’ view on the feasibility/appropriateness of the 24-month transition period proposed by the Dossier Submitter. In case of disagreement, please provide data to justify it.

Please note that the information submitted in the consultation on the Annex XV report has already been considered by SEAC and should not be re-submitted in this consultation.














	Ref.
	Date/Type/Org.
	Comments

	975
	Date/Time:
2021/09/15  15:45
Type:
BehalfOfAnOrganisation
Org. type:
International organisation
Org. name:
Verband TEGEWA e.V.
Org. country:
Germany
Attachment:


	General Comments:

Verband TEGEWA e.V. represents chemical suppliers manufacturing and providing spin finishes, i.e. process aids to serve fiber and nonwoven production. Therefore, TEGEWA focuses its comments on spin finish aspects only.
To demonstrate the expected economical impact of this restriction proposal on producers of spin finishes, a test cost estimation - based on current best knowledge and due to necessary testing of spin finishes based on the proposed limit values of the original restriction proposal - is given in the enclosed attachment.
Information on the specific information requests were already submitted during the first consultation on the Annex XV report.


	
	
	SEAC Rapporteurs response:
Thank you for your comments. Where relevant they have been taken into account in the opinion.

	978
	Date/Time:
2021/10/14  16:03
Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
EDANA
Org. country:
Belgium
Attachment:


	General Comments:

Please refer to section IV Non-confidential attachment

	
	
	Specific information 1:

Please refer to section IV Non-confidential attachment

	
	
	Specific information 2:

Please refer to section IV Non-confidential attachment

	
	
	SEAC Rapporteurs response:
Thank you for your comments. Where relevant, e.g. in relation to transition period and background contamination, these have been taken into account.

	[bookmark: _Hlk87861930]979
	Date/Time:
2021/11/05  12:20
Type:
Individual
Country:
Belgium
Attachment:





	General Comments:

Brussels, November 5, 2021

Dear Madam,
Dear Sir,

I am writing in reference to the comment n° 3172 that I sent during the previous public consultation. I inform you that the manuscript I sent with this comment has been peer-reviewed, accepted for publication and now is in press in the International Journal of Environmental Research and Public Health (Impact factor, 3.39, open-access).

The manuscript is entitled "Dermal Exposure to Hazardous Chemicals in Baby Diapers: A Re-Evaluation of the Quantitative Health Risk Assessment Conducted by The French Agency for Food, Environmental and Occupational Health and Safety (ANSES)" by Alfred Bernard.

Please find attached the paper which is in press with the certificate of acceptance (inserted at the end).

Best regards,

Alfred Bernard

Emeritus Professor at the Catholic University of Louvain
Honorary Research Director of the National Fund for Scientific Research (Belgium)





	
	
	SEAC Rapporteurs response:

Thank you for your comments. These are relevant to the discussion in the SEAC opinion on the sensitivity of the analytical methods.


	980
	Date/Time:
2021/11/12  12:43
Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
GROUP'HYGIENE
Org. country:
France
	General Comments:

• Group’hygiène and its members would like to recall that traces of impurities not intentionnally added that could be found in the products do not in any way call into question the safety of baby diapers. Imposing manufacturers to test their products against a list of substances whose thresholds have been defined using extreme assumptions, overestimating actual daily exposure and then even allow only 10% of that calculated limit, does not improve the safety of babies. With this, the dossier submitter departs from the quantitative assessment of health risks associated with chemicals detected or quantified in single-use baby diapers.
• Imposing diaper industries to identify alternative solutions for substances over which it is not the source of contamination and over which it has no control, would entail costs that are out of proportion to the objective sought and have no effect notable on security .
• On the other hand, setting too high a threshold or restriction could lead to situations of shortage in the market for essential products of everyday life, when they are safe for the health of babies.
• In fact, the implementation of the possible restriction would lead to a massive increase in the cost of raw material analyzes with negligible benefit for safety given the thresholds are based on inaccurate assumptions. These costs concern not only the suppliers but also their available subcontractors, quantities of materials as well as quantities of diapers. This also means subsequent increases in sales prices for the consumers.
• The threshold limits by the Dossier Submitter are not justified as having any beneficial effect on health. A reasonable examination of the requested levels against the prevailing environmental background levels would confirm that this is an unreasonable and impractical proposition. The industry can maintain high quality standards and commit to reducing as much as possible the substances unintentionally present in diapers is a priority, well demonstrated by the Product Stewardship program from Edana.


	
	
	
Specific information 2:

In 24 months or at another time, it is difficult to see how manufacturers could comply with so unrealistic constraints that they reach the limits of test methodologies and raise the question of test reproducibility.

	
	
	SEAC Rapporteurs response:
Thank you for your comments. Where relevant these have been taken into account in the opinion (e.g. in relation to transition period).


	  981
	Date/Time:

2021/11/12  17:08

Type:
BehalfOfAnOrganisation

Org. type:
International NGO

Org. name:
European Environmental Bureau, ClientEarth, HEAL

Org. country:
Belgium

Attachment:


	General Comments:

The EEB, HEAL and ClientEarth welcome the opportunity to comment on the draft opinion of SEAC related to the proposal to restrict a number of substances of concern present in single-use baby diapers.

As a preliminary observation, we regret that the joint comments that we submitted in the context of the development of the RAC opinion - the latter is referred to a number of times in the SEAC opinion - have not been considered properly. SEAC should develop its own opinion independently of RAC’s opinion, but since it mentions the latter as an important factor in the outcome of its own opinion, we feel the necessity to stress this important shortcoming. In particular, our previous comments have highlighted in detail how the vulnerability of the targeted public of this restriction should be an important guiding aspect in its development and how it justifies a precautionary approach in the use of existing data related to exposure as well as uncertainties.

We are concerned to see SEAC giving its opinion on RAC issues such as the routes of exposure, the reliability of the test data, or the dose-response relationships.

We would like to comment on the following issues that we consider of utmost importance:
- SEAC misrepresents RAC’s opinion regarding the appropriateness of the restriction;
- SEAC gives excessive weight to industry claims and insufficient weight to public authorities data considering the presence of the chemicals
- SEAC fails to fulfil its mandate under REACH, which requires it to conclude on socio-economic impacts;
- SEAC fails to consider the benefits of restricting these hazardous chemicals in baby nappies and rather mostly accounts for the potential costs for industry players.

Please see our comments in the attached document.


	
	
	Specific information 1:

See attached document


	
	
	SEAC Rapporteurs response:
Thank you for your comments. We want to take this opportunity to address some of your concerns.

1. “SEAC misrepresents RAC’s opinion regarding the appropriateness of the restriction”
We have reworded section 1.2 to better reflect the changes that were made to the RAC opinion late during opinion development.

Section 1.2 now reads as follows: 

“The opinion of RAC considered that the proposed restriction on substances in single-use baby diapers is not justified because the risk could not be demonstrated for formaldehyde and PCDD/Fs/DL-PCBs and could not be characterised for PAHs and NDL-PCBs. SEAC concluded that it has not been demonstrated that the proposed restriction would be proportionate. Therefore, there is not a sufficient justification for a restriction and SEAC has no basis to support the proposed restriction as demonstrated in the justification supporting this opinion.”

It is important to note that the RAC and SEAC opinions are not delivered to the Commission as separate documents. Furthermore, RAC’s opinion is highly relevant to SEAC’s analysis.

We would also like to note that, in our view, RAC’s conclusion that it was not able to rule out a risk is not contradictory to a conclusion that the Dossier Submitter did not demonstrate that the proposed restriction proposal is an appropriate EU-wide measure. According to Article 69 of REACH a restriction proposal should be based on a risk to human health or the environment that is not adequately controlled and needs to be addressed, not on the possibility of there being one.

2. “SEAC gives excessive weight to industry claims and insufficient weight to public authorities”
SEAC only takes into account comments that are relevant and sufficiently justified by robust data. This has also been the case here.

More specifically you mention the issue of background contamination and that the available analytical methods would prevent some substances from being detected in baby diapers above the proposed migration limits. It is noteworthy that these issues were also acknowledged by the Dossier Submitter in the Annex XV report as well as in the FORUM advice, which forms the basis for the section on enforceability in SEAC’s opinion (which was written in conjunction with RAC). Furthermore, a comment was received during the consultation on the SEAC draft opinion (comment #979) which confirms the problems related to the sensitivity of the analytical methods. As such SEAC rapporteurs took into account all relevant and robust information irrespective of its origin (i.e public or private actors).
	
It is suggested that SEAC unequivocally states that “the substances in scope stem from unavoidable background contamination”. This constitutes a clear misrepresentation of the nuanced discussion SEAC documented in the opinion. We would like to draw your attention to the fact that section 3.3.3.4 of the SEAC opinion on “Overall proportionality” presents a detailed discussion of different scenarios developed in response to the uncertainties related to the migration limits and their effect on proportionality. This demonstrates that SEAC rapporteurs do not assume that “the substances in scope stem from unavoidable background contamination”.

3. “SEAC must conclude on socio-economic impacts independently from RAC”
SEAC has concluded that it has not been demonstrated that the proposed restriction would be proportionate. This is a conclusion in and of itself and takes into account more than just the RAC opinion. Furthermore, given the many uncertainties and information gaps, SEAC does not consider that it would be appropriate to make a “firmer” conclusion that the restriction would be either proportionate or not proportionate.

It is important to note that RAC’s opinion has to inform SEAC’s analysis, because the benefits and appropriateness of the proposed restriction are directly related to the risk assessment. SEAC rapporteurs noted RAC’s opinion on risk and took it into account for SEAC’s opinion. “Risk-related arguments” were not an element of the SEAC opinion. 

4. “There are benefits to the restriction - which SEAC must identify and assess”

It is important to note that “based on SEAC’s assessment, RO1 would have been the most appropriate of the two ROs considered, if the Dossier Submitter had demonstrated a risk related to single-use baby diapers”. 
This is completely different from the statement in your comment (“SEAC does not exclude that the restriction could be a well-suited option to deal with the presence of harmful substances in nappies”).

It is not possible to respond to your statement “that the SEAC opinion appears to put more emphasis on potential costs rather than on benefits” since no substantiation of this view has been provided for the SEAC rapporteurs to respond to.

The SEAC rapporteurs would like to note that your representation of the uncertainties related to costs is incorrect. The fundamental issue is that the Dossier Submitter did not clearly show what the sources of contamination for the substances in scope are, what industry would need to do to eliminate or reduce them and which costs would be associated with this. This is the basis for the uncertainty related to the cost assessment and is much more fundamental to the discussion than the uncertainty on the costs themselves (which is an additional complication). In other words, SEAC cannot conclude that the restriction “would in fact have little impact on the relevant sectors” since it is not known what the actual impacts would be.

This fundamental issue is also at the heart of the benefits discussion. If SEAC does not understand what the sources of contamination for the substances in scope are and what industry would need to do to eliminate or reduce them, then it is also not possible to understand what the benefits of the proposed restriction would be. It is also worthwhile to reiterate that RAC has concluded that uncertainties in the restriction proposal’s risk assessment are such that the Dossier Submitter has not demonstrated that there is an EU-wide risk that needs to be addressed. It therefore also follows that the benefits of this restriction are not demonstrated. The benefits you mention in your comment are speculative because it is assumed that the sources of contamination and the actions needed to mitigate them are known, which is, as noted above, not the case. Since the benefits are unknown, they can also not be assessed, quantitively or qualitatively.
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General comment

		Verband TEGEWA e.V. represents chemical suppliers manufacturing and providing spin finishes, i.e. process aids to serve fiber and nonwoven production. Therefore, TEGEWA focuses its comments on spin finish aspects only.

		To demonstrate the expected economical impact of this restriction proposal on producers of spin finishes, a test cost estimation - based on current best knowledge and due to necessary testing of spin finishes based on the proposed limit values of the original restriction proposal - is given in the enclosed attachment.

		Information on the specific information requests were already submitted during the first consultation on the Annex XV report.





estimation test costs

				This costs estimation focuses on test costs related to spin finish only.

				Use of spin finishes in fibers / nonwovens for diaper construction

				Relevant design parts of diapers:		Topsheet

						Aquisition Distribution Layer 

						Core Wrap

						Backsheet

				Used materials:		Polyolefin spunlaid materials for

						staple fiber (PP, PES, CV)

				Estimated analytical costs:

						typical range per annum

						lower limit		upper limit

				Total quantity of spin finishes used for diaper production [t/a]:		15,000		20,000		(estimation: 0,5% uptake)

				Typical batch size of a spin finish production [t]:		10		10

				Number of batches produced per annum:		1,500		2,000

				Estimated analytical cost per batch [€]:		3,000		3,000		estimation in analogy to assessment of diaper producers.

				Analytics costs for clearance of spin finishes [€/a]:		4,500,000		6,000,000



				Assumptions:

				- raw material testing is not sufficient, as cross-contamination during manufacturing processes can not be fully avoided, therefore final spin finishes have to be tested, too.

				- Due to extremly low limits each batch has to be tested to be safe to keep the limits.

				- Due to extremly low limits, tests have to be performed under clean room conditions. Therefore, tests have to be performed at specific, external test labs, which have corresponding clean room facilities and devices.

				- I.e.typical  companies having technical equipment, performing technical manufacturing and using technical grade raw materials can't test in-house

				- Adequate and feasible test methods to accurately and repeatable determine the very low limit values currently do not exist. Therefore, test costs can currently not be defined, yet, i.e the cost estimation is based on realistic test costs of current, less sophisticated test methods.

				- As tests have to be performed in specific, external test labs, shipment and additional storage times for batch clearance have to be calculated, too (estimated time for testing and clearance: approx. 4 weeks)



				Costs for raw material testing (can not be fully estimated due to complexity). Expectation: significant additional costs.

				Additional costs for storage and freight rate to clear spin finishes via external analytical test laboratories:



						typical range per annum

						lower limit		upper limit

				Total quantity of spin finishes used for diaper production [t/a]:		15,000		20,000

				Costs for storage and transport per 1 ton of spin finisch [€]:		150		150		(estimation: approx. 4 weeks storage until batch clearance + freight rate)

				This leads to total storage and freight costs per annum:		2,250,000		3,000,000





				Sum of expected costs per annum (tests, transport, storage):		6,750,000		9,000,000





				Similar costs are expected for raw material storage, transport and testing, due to necessary internal quality management to be able to comply with purity requirements, e.g. by excluding contaminated raw material batches.

				Notes:

				It is very likely the raw materials with corresponding purity are not available on the market.

				Raw material management only is not sufficient, because of possible cross-contamination via environment or machinary can not be excluded.

				Finally, additional costs are incurred for the provision of production facilities with quasi "clean room conditions", since the required purity of the spin finishes cannot be produced in any other way. However, these undoubtedly high investment costs for separate production lines cannot be estimated with certainty at present.
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14 October 2021 


 
EDANA INPUT TO THE SEAC PUBLIC CONSULTATION ON THE PROPOSED RESTRICTION ON 


FORMALDEHYDE, PAHS, DIOXINS, FURANS AND PCBS IN SINGLE-USE BABY DIAPERS  


 
SECTION I General Comments 


 
EDANA would like to thank RAC and SEAC for taking into account the evidence that the industry has 
provided in the first round of the public consultation.   
            EDANA member companies confirm the lack of detects above the currently achievable LoQs 
when replicating the Dossier Submitter analytical protocol leveraging best in class external labs.   
We assert that the current test methods are not sensitive enough and cannot be used to confirm 
compliance to the migration limits proposed in this restriction for disposable diapers. As clearly stated 
in our submission #3165 and confirmed by the Enforcement Forum advice, the LoQ of the respective 
analytical method should be three times below the limit values of the restriction for all the substances 
regulated. The LoQ for current test methods are far from what is required for the restriction proposal.  
In addition, for any proposed limit values for dioxin/furans/DL-PCB’s and PAH’s, using the sum TEQ 
values are relevant. The degree of toxicity of the different compounds varies widely. Because of these 
differences, factors are used to compare their potencies, so-called Toxic Equivalence Factors (TEF). 
For dioxins for example, the total (dioxin-like) potency of a mixture of these substances is estimated 
using dose addition. In this procedure the contribution of any component in the mixture is expressed 
as an equivalent amount of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, the most potent 
representative of the group) by multiplication of its concentration with the substance specific TEF. The 
results of these calculations are called substance specific Toxic Equivalents (substance specific TEQ), 
which are then added up to give a sum TEQ value. 
It’s important to notice that although the concept of TEF is relevant, as it takes the toxicity of the 
mixture into account, it is not a route that leads to a single LOQ value of the analytical method 
            At the concentration levels proposed in the restriction proposal, the substances in scope stem 
from technically unavoidable environmental background contamination. Hence, linking the source to 
a particular part of a diaper, raw material or diaper manufacturing process is highly speculative. Under 
the Specific Information Request Section, we provide further evidence in this respect. 
           Targeting the restriction to limit contaminants at or below levels seen in the environment will 
increase the costs significantly with no benefit or reduction in actual exposure risk for consumers.  
The industry has no means of providing better estimates of how much higher the testing costs could 
be. Our projections in the previous submissions were based on actual costs using an exact analytical 
method with proven detection limits and blank corrections. The industry cannot forecast potential 
detect rate as there are no methods commercially available now or in the foreseeable future to 
confirm compliance to the proposed limits. 
As SEAC correctly highlighted, there are other costs not captured in the current cost assessment 
performed by the Dossier Submitter. To illustrate, table 4 in the SEAC draft opinion (page 22) only 
suggests “costs of changing to TCF for single-use diapers manufacturers in the EEA in the first year “, 
without considering the costs for the raw material suppliers. In our submission #3165, our members 
(fluff pulp manufacturers) estimated the investment cost at 7 million EUR ± 20 % for an existing 
medium sized pulp production line. The estimate comprises a complete installation of a pressurised 
peroxide bleaching stage with all equipment and associated utility connections, control systems and 
necessary chemicals storage capacity. The number, capacity, and current status of pulp mill fluff pulp 
production lines’ with ECF and/or TCF bleaching processes is estimated to be 25. How many of these 
would be required to invest in TCF bleaching capacity cannot be known at present. Important to 
highlight, for any producer it is a considerable investment that will take time to implement provided 







 


that it is technically feasible and financially viable. Also,  fluff pulp is less of a commodity product than 
market pulp. A distinction needs to be made between reports that refer to rebuilds of drying/paper 
machines at existing pulp and paper producers to enable production of fluff pulp on rolls with required 
fiber properties, and the rebuild of a bleach plant to TCF in existing fluff production facilities. Lead 
times depend on the particular mill case, however planning, engineering, procurement, installations 
and ramp up can take up to two years in either case. As indicated in the reference on Daio paper 
(#3322) the complete lead time for the rebuilding of a paper machine to fluff production was rather 2 
years from decision to invest to anticipated operation and not the five months stated. This shorter five 
months timeline only covers duration of installation activities and start up. It should be noted that a 
price increase in products could have an impact on social exclusion and poverty of consumers. 
           No data has been presented in the submission to support an indication of adverse effects of 
diapers, such as epidemiological or case-report studies, despite decades of widespread use disposable 
diapers on a very large-scale.  
Minimizing babies’ exposure to unwanted trace chemicals is of paramount importance for our 
industry.  The EDANA Stewardship Programme, a Best Practice standard addressing concerns for trace 
chemicals, is part of an ongoing process by EDANA’s members to help ensure the maximum level of 
safety for the users and the caregivers of absorbent hygiene products, baby diapers included. 
 
 
SECTION III Section Information Request 


1. Do stakeholders have any additional information on: 
a. Whether the substances in scope are currently detected in single-use baby diapers and, if 


so, what may be the sources of contamination? 
b. What additional measures exist to reduce the potential contamination, how effective they 


are and what are their associated costs? 
c. Whether the substances in scope may stem from background contamination? 


 
We do not have further information concerning points a) and b), regarding point c), EDANA would like 
to highlight that the proposed restriction will not result in a real-world benefit for consumers and 
caregivers since exposure to the substances in scope at levels equal to or even greater than the 
proposed limits is normal in everyday products. This is the result of contact with the indoor 
environment, outdoor breathable air, food, and water. In addition to the evidence we submitted 
previously (#3165) demonstrating the ubiquitous presence in the ambient environment of the 
substances in scope of this restriction, we bring further information in this respect below. Indeed:  
 
- Inhaled PAH dose are potentially three orders of magnitude higher than dose from diapers 
tested at the proposed limits. 
 
 
 
 
 
 
 
 
 
 
 
 
 


A child <6 months inhales 3,38 m³ air per day 


(https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj13ZiD7snzAhURhf0


HHRliAV4QFnoECAcQAQ&url=https%3A%2F%2Fofmpub.epa.gov%2Feims%2Feimscomm.getfile%3Fp_dow


nload_id%3D526167&usg=AOvVaw3IwgztFv0p9jyzyzCVjRcr Table 6-4).  


PAH levels in ambient air varies over the day and year, geographical location, and indoor and outdoor 


environment.  


According to EU assembled literature data 


(https://ec.europa.eu/environment/archives/air/pdf/annex_pah.pdf), annual average levels of PAH in 


urban locations is 1,16-5,95 ng TEQ/m³.  


Daily inhaled PAH dose, by a child < six months, is then 3,9-20,1 ng TEQ per day. 


A hypothetical baby diaper containing PAH that could migrate to the user, just above the proposed 


restriction limit, contains 0,023 ng TEQ/kg * 0,02 kg = 0,00046 ng TEQ. If a child, < six months, uses six diapers 


per day, the daily dose from diapers is then 0,0027 ng TEQ per day.  


The ratio between daily dose inhaled and the daily dose from diapers is 1400 -7400. 



https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj13ZiD7snzAhURhf0HHRliAV4QFnoECAcQAQ&url=https%3A%2F%2Fofmpub.epa.gov%2Feims%2Feimscomm.getfile%3Fp_download_id%3D526167&usg=AOvVaw3IwgztFv0p9jyzyzCVjRcr

https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj13ZiD7snzAhURhf0HHRliAV4QFnoECAcQAQ&url=https%3A%2F%2Fofmpub.epa.gov%2Feims%2Feimscomm.getfile%3Fp_download_id%3D526167&usg=AOvVaw3IwgztFv0p9jyzyzCVjRcr

https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj13ZiD7snzAhURhf0HHRliAV4QFnoECAcQAQ&url=https%3A%2F%2Fofmpub.epa.gov%2Feims%2Feimscomm.getfile%3Fp_download_id%3D526167&usg=AOvVaw3IwgztFv0p9jyzyzCVjRcr

https://ec.europa.eu/environment/archives/air/pdf/annex_pah.pdf





 


- PAH in ambient air can contaminate baby diapers to exceed proposed restriction limit 


independent of any possible action by manufacturers. 


 
 
 
 
 
 
 
 
 
 
 
 


A diaper will be, before it is used by a baby, exposed to several different environments with varying 
potential levels of PAH air contamination. The home indoor air will in many cases be sufficient to result 
in contamination that exceed the proposed limits.   
 
 


2. The Committee would like to have stakeholders’ view on the feasibility/appropriateness of 
the 24-month transition period proposed by the Dossier Submitter.  


 


In our analytical expert assessment, no practical means will be available within 24 months, regardless 


of cost, through which manufacturers, importers, and distributors can demonstrate compliance with 


the proposed restriction. Given current analytical instrument limits, as well as numerous 


environmental contributions which become amplified while concentrating samples (in an effort) to 


achieve the proposed limits, there are no established, reliably reproducible methods available which 


successfully achieve the proposed restriction limits. Industry do not envision that instrument 


sensitivity will be substantially different in 24 months than it is today given the mature state-of-the-


art methodologies already applied. For some PAHs, at the proposed new limit of 0.023ngTEQ/kg, 


analytical sensitivity would need to be improved at best 2000-fold and as much as 16000-fold or more! 


Neither EDANA analytical method (NWSP 360) nor any other to our knowledge are currently capable 


of enabling the limits proposed by the Dossier Submitter. 


 


PAH in air adsorb to hydrophobic surfaces 


(https://www.sciencedirect.com/science/article/pii/S1110062114200237) , and the rate of 


adsorption is very fast in the order of seconds (https://www3.epa.gov/ttn/chief/le/pompta.pdf). 


PAH from ambient air may deposit and enrich on hydrophobic materials like in baby diapers.  


The volume of air required to contaminate a diaper to exceed the proposed limit for BaP is 0,2-1L 


[(0,00046ng (BaP/diaper) / 2 (ng/m³) to 0,00046 ng (BaP/diaper) / 0,4 (ng/m³) =0,2-1 L air]. 


There are different TEF values but regardless of which ones that are used there will be a substantial 


difference between the inhaled and the diaper derived dose. 


 



https://www.sciencedirect.com/science/article/pii/S1110062114200237

https://www3.epa.gov/ttn/chief/le/pompta.pdf
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Review 


Dermal Exposure to Hazardous Chemicals in Baby Diapers: A 
Re-Evaluation of the Quantitative Health Risk Assessment 
Conducted by The French Agency for Food, Environmental and 
Occupational Health and Safety (ANSES) 
Alfred Bernard 


Institut de Recherche Expérimentale et Clinique (IREC), Université catholique de Louvain, 1200 Brussels, Bel-
gium 
* Correspondence: alfred.bernard@uclouvain.be; Tel.: +32 476 476849 


Abstract: In January 2019, the French Agency for Food, Environmental and Occupational Health 
and Safety (ANSES) published an opinion on risks related to the presence of hazardous chemicals 
in infant diapers. ANSES found that health reference values were largely exceeded for polycyclic 
aromatic hydrocarbons (PAHs), dioxins (PCCD/Fs) and dioxin-like polychlorobiphenyls (DL-
PCBs). The levels of formaldehyde and some fragrances were also considered potentially unsafe. 
Therefore, ANSES concluded that actions have to be taken to restrict levels of these contaminants in 
diapers. Under the exposure scenario deemed the most reliable by ANSES, estimates of cancer risks 
of the most potent PAHs detected in diapers exceeded 10−3 and hazard quotients for neurobehav-
ioral effects attained values up to 66. Regarding dioxins and DL-PCBs, ANSES derived a hazard 
quotient of 12 for the risk of decreased sperm count at adult age. The aim of this study was to ex-
amine whether the exposure and risk assessment conducted by ANSES contained potential flaws 
that could explain such a high exceedance of health reference values. This study also put into per-
spective the exposure from diapers with that from breast milk whose benefits for children’s health 
are undisputable despite contamination by PAHs, dioxins and DL-PCBS. 


Keywords: diaper; dioxin; dioxin-like polychlorobiphenyls; polycyclic aromatic hydrocarbons; for-
maldehyde; fragrance 
 


1. Introduction 
Disposable diapers have improved the quality of life of babies and of their caregivers 


so much that today having access to diapers has become a basic need. Diapers are made 
of several layers of materials with different functional properties. The core of diapers con-
tains superabsorbent materials that absorb and retain the urine, keeping the skin dry and 
clean. Modern diapers offer health benefits by reducing the risks of diaper dermatitis, 
which is one of the most common skin diseases during infancy [1,2]. The use of diapers 
also reduces the risks of skin infection and enteric pathogen contamination of hands and 
the environment [2]. Over the last two decades, there have been significant innovations 
in the manufacturing of baby diapers. Nowadays, diapers are much thinner and much 
more absorbent than they were in the past. These improvements are due to the reduction 
of wood pulp and the use of sodium polyacrylate, a strong synthetic absorbent that limits 
the amount of liquid that can migrate from the diaper to the skin of the baby, resulting in 
a skin rewetting fraction (rewet factor) mostly below 1% [3,4]. Another significant change 
concerns the bleaching of wood pulp, which no more uses elemental chlorine, a possible 
source of contamination by dioxins [5]. Today, bleaching uses elemental chlorine-free or 
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total chlorine-free methods that prevent the formation of dioxins or dioxin-like com-
pounds [6]. 


Recently, the safety of disposable baby diapers has been questioned by a report of 
the French Agency for Food, Environmental and Occupational Health and Safety 
(ANSES). On the basis of the chemical concentrations reported by two French laboratories, 
ANSES conducted a quantitative health risk assessment of various contaminants detected 
or quantified in disposable diapers [7]. ANSES found that health reference values (HRVs) 
were exceeded for dioxins (PCCD/Fs), dioxin-like polychlorobiphenyls (DL-PCBs) and 
polycyclic aromatic hydrocarbons (PAHs). The French agency concluded that long-term 
health risks cannot be excluded for babies and that regulatory actions have to be taken to 
ensure the safety of diapers. Therefore, in October 2020, ANSES submitted to the Euro-
pean Chemical Agency (ECHA) a dossier for restricting levels of these hazardous sub-
stances in diapers [8]. Of note, excess cancer risk estimates calculated by ANSES were 
several orders of magnitude above the recommended limits while hazard quotients (HQ) 
attained values higher than 50. Such estimates, if proved to be correct, would be of concern 
as disposable diapers have been used for decades by almost all children in wealthy coun-
tries. This paper critically reviews the ANSES risk assessment by examining the accuracy 
of exposure data and the different assumptions made in risk calculations. The likelihood 
of health risks will also be assessed by comparing the exposure from diapers with that 
from breast milk, an important source of dioxins, PAHs and other lipophilic contaminants 
for breastfed babies. 


2. Materials and Methods 
The risk assessment conducted by ANSES was based on chemical analyses of baby 


disposable diapers that were performed in 2016, 2017 and 2018 by the French National 
Institute of Consumption and the Joint Laboratory Service [7]. These laboratories analyzed 
a variety of chemical substances by extracting them with an organic solvent or synthetic 
urine from whole diapers, shredded diapers or shredded parts of diapers (e.g., elastics 
and sheets). On the basis of these extractions, ANSES adopted three different exposure 
scenarios and calculated the daily intakes of substances by the dermal route with the fol-
lowing equations: 


Scenario 1, extraction with an organic solvent from shredded diapers or shredded 
parts of diapers: 


DI = C × W × N × T × A 
           Bw (1)


scenario 2.1, extraction with synthetic urine from shredded diapers: 
DI = C × W × N × R × A 
           Bw (2)


scenario 2.2, extraction with synthetic urine from whole diapers: 
DI = C × W × N × A 
         Bw (3)


where DI is the daily intake (pg, Pg or mg/kg bw/day); C is the concentration of a chemical 
in the diaper (pg, Pg or mg/kg); W is the weight of the diaper (kg); N is the number of 
diapers used per day; T is the fraction transferred to the skin (%); R is the rewet factor (%); 
A is the fraction absorbed by the skin (%); Bw is the body weight of the baby (kg). 


The extraction of chemical substances from shredded diapers was performed by sink-
ing 1 g of a shredded diaper in 100 mL of synthetic urine prepared as described by Colón 
et al. [9] at 37 °C for 4 h. For the extraction from whole diapers, the diapers were soaked 
three times with 200 mL of synthetic urine at 15 min intervals. The diapers were then 
placed in an oven at 37 °C for 16 h. Between 220 and 250 mL of synthetic urine were re-
covered. A total of 19 diapers from different brands were tested according to these proce-
dures. The procedures for the extraction with an organic solvent were not described in the 
ANSES report for confidentiality reasons [7]. 
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Similarly to a previous study on diapers and tampons [5], ANSES first performed a 
screening level estimate by applying the worst-case scenario to all substances quantified 
or detected in diapers. Then, for the substances exceeding the levels of concern, a refined 
assessment was conducted for every 6 months period of age of the infant by incorporating 
more realistic assumptions for skin transfer under scenario 1 (T value of 7% instead of 
100%) and for the rewet factor under scenario 2.1 (R value of 1.32% instead of 100%). This 
refined analysis showed that, as expected, health risks were highest in youngest infants 
aged 0–6 months. This study, therefore, focused on this period of age for which the expo-
sure parameters selected by ANSES were body weight of 3.9 kg, diaper weight of 0.024 kg 
and the use of 7.98 diapers per day. 


ANSES based its risk assessment on scenario 2.2 deemed the most reliable by the 
French agency. The International Disposables and Nonwovens Association (EDANA) 
considers, however, that a realistic scenario should include an appropriate rewet factor 
[6]. For the purpose of comparison, this study assessed health risks of diapers by using 
the equation of scenario 2.1 with a rewet factor of 1% with regard to all the substances 
detected or quantified by ANSES in the organic solvent or synthetic urine extracts of 
shredded or whole diapers. This rewet factor of 1% is conservative since in the study of 
Dey et al. [4] the proportion of urine resurfacing back to the top sheet under pressure 
averaged 0.46% with a range of 0.32–0.66%. As performed by ANSES, skin absorption of 
100% was assumed for lipophilic substances such as PAHs, dioxins and DL-PCBs. For 
chemicals known to be poorly absorbed by the skin, fractional absorption data derived in 
vivo or in vitro for human skin or non-human primate skin was used. 


For substances with a threshold effect, ANSES estimated health risks by calculating 
the hazard quotient, which is the ratio of the daily intake to the tolerable daily intake as 
follows: 


HQ = DI 
                  TDI 


(4)


where HQ is the hazard quotient; DI is the daily intake and TDI is the tolerable daily 
intake, both expressed in pg, Pg or mg/kg body weight. 


For substances assumed to have no threshold effects (PAHs), ANSES estimated the 
excess cancer risk using the following equation: 


ECR = DI × CSF × T × ADAF 
    70 (5)


where ECR is the excess cancer risk; DI is the daily intake (Pg/kg bw/day); CSF is the can-
cer slope factor (Pg/kg/day−1); T is the duration of exposure (years); 70 is the duration of 
lifetime conventionally set at 70 years; ADAF is the age adjustment factor set at default 
values of 10 for age group < 2 years and 3 for age group 2–<16 years) [10]. 


This study also calculated the excess skin cancer risk of PAHs using a dermal CSF of 
3.5 (Pg/cm2/day−1) [11] and assuming the skin surface area in contact with the diaper of 
234 cm2 [12,13]. In order to consolidate the cancer risk assessment of PAHs, this paper also 
calculated the margin of exposure (MOE) of PAHs from diapers using the same approach 
as that followed by the EFSA for food products [14]. Table 1 compares the risk assessment 
methodology used by ANSES with that adopted in this re-evaluation. 


The largest number of detected or quantified substances was found in organic solvent 
extracts of shredded diapers, including volatile organic compounds (naphthalene, sty-
rene, toluene, 1,2,3-chlorobenzenes, p-isopropyl toluene, xylenes, chlorobenzene), pesti-
cides (hexachlorobenzene, quintozene and its metabolite pentachloroaniline, glyphosate 
and its metabolite AMPA), formaldehyde, PCDD/Fs, DL-PCBs and perfumes (benzyl al-
cohol, benzyl salicylate, coumarin, hydroxyisohexyl 3-cyclohexene carboxaldehyde (Ly-
ral®), butylphenyl methylpropional (Lilial®), limonene, linalol, alpha-isomethyl ionone). 
In organic solvent extracts of shredded parts of diapers, only PCDD/Fs and PAHs were 
found. The substances detected or quantified in simulated urine extracts of shredded or 
whole diapers were PCDD/Fs, DL-PCBs, PAHs and formaldehyde. 
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This study concentrated on PAHs, PCCD/Fs and DL-PCBs for which HRVs in the 
ANSES report (HQ of 1 and ECR of 10−6) were exceeded in all age groups of children. This 
re-evaluation also considered substances for which HRVs were exceeded only during the 
first year of life or for which there was a risk of HRVs exceedance when aggregating intake 
from diapers with that from other potential sources of exposure. In the ANSES report, this 
included hexachlorobenzene, 1,2,3-trichlorobenzene, 1,2,4-trichlorobenzene, formalde-
hyde, hexachlorobenzene, 1,2,4-trichlorobenzene and all the detected fragrances. 


Table 1. Comparison of the risk assessment methodology used by ANSES with that recommended in this study. 


Risk assessment 
steps  Compounds ANSES This study 


Exposure data  
All the substances quanti-


fied or detected by 
ANSES 


Concentrations in diapers, frequency of use and weight of diapers for an infant aged 0–6 months as 
reported by ANSES [7] 


Exposure scenarios 


PCCD/Fs and DL-PCBs 
Scenario 1 (T, 7%; A, 100%) 


Scenario 2.1 (R, 1%; A, 100%) 
Scenario 2.1 (R, 1.32%; A, 100%) 
Scenario 2.2 (R, 100%; A, 100%) 


PAHs Scenario 2.2 (R, 100%; A, 100%) 


Other compounds Scenario 1 (T, 7%; A, 100%); also, scenario 2.2 
(R, 100%; A, 100%) for formaldehyde 


Scenario 1 (T, 7% or R, 1%) with A values derived from 
experimental data 


Critical effects 


PCDD/Fs and DL-PCBs 
Reduced sperm count at adult age in humans 


Digestive tract tumors in mice 


PAHs 
Neurobehavioral changes in rats exposed during early life 


 Skin cancers in rats 
Other compounds Systemic effects in animals (hepatotoxicity, nephrotoxicity…) 


Risk evaluation 


PCDD/Fs and DL-PCBs Calculation of HQ with the EFSA TDI (0.3 pg TEQ/kg/d) 


PAHs 


Calculation of HQ with the EPA oral RfD (0.3 Pg/kg/d) 
Calculation of excess digestive tract cancers with the EPA oral CSF of 1 (mg/kg/d−1) 


 Calculation of excess skin cancer with the skin CSF of 
3.5 (Pg/cm2/d−1) 


Other compounds Calculation of MOE or HQ with HRVs (NOAEL or TDI) used by ANSES 
For abbreviations, see Materials and Methods. Critical effects are explained in Sections 3.3 and 4.3. 


3. Dioxins and Dioxin-Like PCBs 
3.1. Concentrations in Diapers 


Three PCDD congeners and six PCDF congeners were found in diapers in detectable 
or quantifiable concentrations. The two most potent dioxins, TCDD and 1,2,3,7,8-penta-
chlorodibenzo-p-dioxin, were not detected. Almost all DL-PCB congeners were detected 
or quantified. Table 2 shows the TEQ concentrations of PCDD/Fs, DL-PCBs and of the 
sum of PCDD/Fs and DL-PCBs (total TEQ) in diapers under the different extraction sce-
narios. There are several intriguing observations in these results that deserve further in-
vestigation. First, the TEQ concentrations are, if not similar, much greater (under scenario 
2.1) than those reported 30 years ago when diapers were suspected of being bleached with 
elemental chlorine and when background environmental levels of PCDD/Fs and DL-PCBs 
were much higher [5]. Surprisingly, TEQ concentrations did not differ between the ex-
tracts with an organic solvent and those with synthetic urine despite the fact that PCDD/Fs 
and PCBs are notoriously insoluble in water. By contrast, the patterns of congeners were 
sharply different between the two modes of extraction. In an organic solvent extract of 
diapers, PCCD/Fs and DL-PCBs almost equally contributed to the total TEQ, which is fre-
quently the case in environmental or biological matrices [15]. Rather, in the extracts with 
synthetic urine, DL-PCBs accounted for almost 90% of the total TEQ in whole diapers 
whereas they contributed to only 10% of the total TEQ in shredded diapers. It is unclear 
why the proportions of PCDD/Fs and DL-PCBs are inverted when extracting them under 
the same conditions from shredded or whole diapers. These illogical and atypical findings 
unavoidably raise questions about the accuracy of PCCD/Fs and DL-PCBs exposure data 
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used by ANSES. Contrary to the common practice, TEQ concentrations of PCDDs and 
PCDFs were not reported separately, but from the list of detected or quantified congeners 
provided in the ANSES report [7], it can be deduced that PCDFs accounted for more than 
50% of the PCDD/Fs TEQ. ANSES, however, provided separately the concentrations of 
PCB 126, which accounted for almost 90% of the DL-PCBs TEQ. 


Table 2. Risk assessment of dioxins (PCDD/Fs) and DL-PCBs in diapers conducted by ANSES and comparison of the 
intake from diapers with that from breast milk. 


ANSES Extrac-
tion Scenario Compound 


Concentration in 
Diapers  


(pg TEQ/kg)1 


Intake from Diapers 
(pg TEQ/kg/d)2 


EFSA TDI  
(pg 


TEQ/kg/d) 


Hazard 
Quotient 


Intake from 
Breast Milk  


(pg TEQ/kg/d)3 


Breast Milk/Diaper in-
Take Ratio  


Scenario 1 PCDD/Fs 39.8 0.14  0.47  12.2 87.1 
Organic solvent DL-PCBs 43.4 0.15  0.3 0.49 9.55 63.7 
Shredded dia-


pers PCDD/Fs + DL-PCBs 83.2 0.29  0.96 21.7 74.8 


Scenario 2.1 PCDD/Fs 92.0 0.0596  0.20 12.2 205 
Synthetic urine DL-PCBs 7.55 0.0049 0.3 0.02 9.55 1.953 
Shredded dia-


pers PCDD/Fs + DL-PCBs 99.6 0.0645  0.22 21.7 336 


Scenario 2.2 PCDD/Fs 8.84 0.43  1.45 12.2 28.4 
Synthetic urine  DL-PCBs 63.6 3.12 0.3 10.4 9.55 3.06 
Whole diapers PCDD/Fs + DL-PCBs 72.4 3.55  11.9 21.8 6.14 


1 TEQ concentrations based on the WHO2005 TEF values. 2 Intake from diapers was calculated for an infant aged 0–6 months 
(body weight, 3.9 kg; 7.98 diapers/day; diaper weight, 24 g). 3 Intake from breast milk was based on the data of Focant et 
al. [16] that were adapted to year 2017 on the basis of an annual decline of 10% [17]. The PCDD/Fs and DL-PCBs daily 
intake was estimated for an infant of 5 kg of body weight fed daily with 700 mL of breast milk containing 25 g/l of lipids. 


3.2. Toxicokinetics 


Because of their lipophilicity, dioxins and DL-PCBs are usually well-absorbed by all 
routes of exposure [18,19]. The fractional oral absorption of dioxins and DL-PCBs varies 
between approximately 50% and 100% depending on the ingested dose, the duration of 
exposure and the degree of chlorination, the lower chlorinated congeners being better ab-
sorbed than the higher chlorinated ones. In vivo studies in animals indicate similarly high 
fractional dermal absorption in the range of 40–60% depending on the dose and duration 
of exposure. In vitro studies with human skin suggest, however, that the dermal absorp-
tion would be less important, especially in matrices such as soil or textiles [18,19]. Because 
wood pulp used in the absorbent core of diapers is a mixture of organic fibers, it is likely 
that dioxins are strongly bound to these fibers and therefore are not readily absorbed. For 
this reason, De Vito and Schecter [5] assumed a fractional dermal absorption of 3% for 
dioxins from diapers, a value that they considered conservative. Once absorbed, dioxins 
are readily distributed to all organs and over time they accumulate in liver and adipose 
tissue. The metabolism of dioxins and DL-PCBs is extremely slow, the higher chlorinated 
congeners being particular resistant to xenobiotics-metabolizing enzymes. The main 
routes of excretion are via the bile and feces. Human milk is an additional important route 
of excretion since the TEQ concentrations of PCDD/Fs and DL-PCBs are approximately 
the same in the lipid fraction of all tissues and body fluids, including milk. During lacta-
tion, the body burden of the mother decreases as a result of dioxin transfer to the nursed 
child [20]. The half-life of dioxins greatly varies with the degree of chlorination but also 
with the age, ranging from less than one year in infants up to 30 years in old adults 
[18,19,21]. 


3.3. Critical Adverse Effects 


 Two basic concepts underlie the risk assessment of dioxins and DL-PCBs. The first 
concept is that all toxic effects of dioxins and DL-PCBs are mediated by the sustained ac-
tivation of the intracellular aryl hydrocarbon receptor (AhR). The effects of individual 
congeners are assumed to be additive after adjustment for their potency to activate the 
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AhR. This adjustment is made using toxic equivalency factors (TEF) established relatively 
to TCDD, the most potent congener. Recent studies, however, have revealed large be-
tween-species differences in the potency of dioxins and PCB congeners to activate the 
AhR. For instance, while the relative effective potencies (REP) of PCBs 126, 118 and 156 
derived from rat lung cells are in good accordance with the WHO2005 TEF, tested on human 
lung cells, PCB 126 elicited a 10–100-fold lower AhR-mediated activity while PCB 118 and 
PCB 156 were almost inactive [22]. There is thus clearly a need to develop human-specific 
REP/TEF based on toxicologically relevant endpoints [23,24]. The second important con-
cept in dioxins and DL-PCBs toxicology is the body burden concept assuming that what-
ever the duration of exposure and the adverse outcome, risks are determined by the 
amount of dioxins and DL-PCBs accumulated in the body over time. In case of acute ex-
posure, as in the Seveso accident, there is nevertheless some uncertainty regarding the 
respective influence of the peak exposure and of the chronic exposure in the years follow-
ing the accident [25]. 


Dioxins and DL-PCBs are non-genotoxic carcinogens which above a certain threshold 
promote cancer development at various sites including the skin, the ovaries and the liver. 
TCDD, 2,3,4,7,8-PCDF, PCB 126 and DL-PCBs have been classified by the IARC as human 
carcinogens [26]. Dioxins and DL-PCBs also exert a wide range of non-carcinogenic effects 
including cutaneous, hepatic, neurological, immunological, reproductive, endocrine and 
developmental effects. Of these, the effects on male fertility and on the thyroid function 
during childhood exposure are regarded as the most critical. 


Recently, the EFSA derived a tolerable weekly intake (TWI) of 2 pg TEQ/kg bw on 
the basis of the chronic Russian Children’s Study, showing that peripubertal serum TCDD 
and PCDDs TEQ were associated with lower sperm concentration, total sperm count and 
total motile sperm count measured 10 years later in healthy young men [15,27]. It should 
be noted that in this Russian study, there were no independent associations between se-
men parameters and serum levels of the PCDFs TEQ, the DL-PCBs TEQ or the total TEQ. 
According to the authors, this suggests that the association of dioxins with decreased male 
fertility might be specific to the PCDDs TEQ [27]. According to the EFSA’s expert panel, 
the lack of associations with the PCDFs TEQ and the DL-PCBs TEQ in the Russian study 
might be explained by the much lower AhR-activating potency of some congeners of di-
oxins and DL-PCBs [15]. Recently, indeed, Strapácová et al. [22] found that human lung 
REP for 2,3,4,7,8-pentachlorodibenzofuran and PCB 126 were 10–100 times lower than the 
respective rat lung REP on the basis of the current WHO2005 TEF values. This inevitably 
has implications for risk assessment as PCB 126 is a DL-PCB congener contributing the 
most to the DL-PCBs TEQ. PCB 126 also contributes to about one third of the total TEQ 
activity in human biological samples, including the serum of boys in the Russian study. 
The EPA derived a slightly higher oral reference dose (RfD) of 0.7 pg/kg/day for TCDD 
on the basis of the Seveso study by Mocarelli et al. [28] reporting decreased sperm con-
centrations and decreased motile sperm counts in men acutely exposed to TCDD at the 
time of the Seveso accident [25]. For assessing health risks of mixtures of PCCD/Fs and 
DL-PCBs, both the EFSA and the EPA recommend the use of TEF values. 


No regulatory body has so far established HRVs for TCDD by the inhalation or the 
dermal route of exposure. In contrast to PAHs (see below), there is some reason to believe 
that dermal exposure to dioxins and DL-PCBs might cause similar systemic effects as oral 
exposure, which may legitimate the dermal–oral route extrapolation made in the ANSES 
report. A variety of systemic effects have indeed been observed in mice following repeated 
dermal exposures to dioxins including conjunctival inflammation, fibrosarcoma, thymus 
atrophy, liver fatty degeneration and bronchiolar adenomatoid changes [18,19]. 


It should be noted that ANSES initially based its risk assessment of dioxins and DL-
PCBs on the RfD of the EPA, presumably for the purpose of consistency as ANSES also 
adopted the HRVs of the EPA for assessing risks of PAHs [7]. However, in its restriction 
proposal, ANSES decided to calculate the concentration limit of dioxins and DL-PCBs in 
diapers using the TDI established by the EFSA [8]. This study took into account this latest 
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position of ANSES and recalculated the HQ values of dioxins and DL-PCBs on the basis 
of the TDI of the EFSA. 


3.4. Evaluation 


Table 2 shows the risk estimates made by ANSES for PCDD/Fs, DL-PCBs and the 
sum of PCDD/Fs and DL-PCBs (total TEQ) under the different extraction scenarios. Under 
scenario 2.2, the most reliable according to ANSES, the hazard quotient (HQ) for the total 
TEQ reached a value of 11.8, while for the two other scenarios it remained below 1. Sce-
nario 2.2 is based on the assumption that all the PCDD/Fs and DL-PCBs in diapers reach 
the baby’s skin (rewet factor of 100%) and are entirely absorbed, resulting in a systemic 
bioavailability of 100% for the total TEQ content of diapers. Such a very conservative as-
sumption is likely to greatly overestimate the intake as modern diapers are designed to 
retain the maximum amount of urine. If one adopts a more realistic assessment accounting 
for the rewet factor of 1% recommended by Dey et al. [4], Table 3 shows that all the HQ 
values under scenario 2.2 fall below 1. 


Table 3. Risk assessment of dioxins (PCDD/Fs) and DL-PCBs in diapers with the scenario 2.1 equation incorporating a 
rewet factor of 1% and comparison of the intake from diapers with that from breast milk. 


ANSES Extrac-
tion Scenario 


Compound 
Concentration in 


diapers (pg 
TEQ/kg)1 


Intake from Diapers            
(pg TEQ/kg/d)2 


EFSA TDI  
(pg TEQ/kg/d) 


Hazard Quo-
tient 


Intake from 
Breast Milk 


(pg 
TEQ/kg/d)3 


Breast Milk/Diaper 
Intake Ratio  


Scenario 1 PCDD/Fs 39.8 0.020   0.065 12.2 626 
Organic solvent DL-PCBs 43.4 0.021   0.070 9.55 448 
Shredded dia-


pers PCDD/Fs + DL-PCBs 83.2 0.041    0.135 21.7 531 


Scenario 2.1 PCDD/Fs 92.0 0.045   0.152 12.2 270 
Synthetic urine DL-PCBs 7.55 0.0037 0.3 0.012 9.55 2.574 
Shredded dia-


pers  PCDD/Fs + DL-PCBs 99.6 0.049   0.163 21.7 444 


Scenario 2.2 PCDD/Fs 8.84 0.0043   0.014 12.2 2.811 
Synthetic urine DL-PCBs 63.6 0.031   0.105 9.55 306 
Whole diapers PCDD/Fs + DL-PCBs 72.4 0.036   0.119 21.8 612 


1 TEQ concentrations based on the WHO2005 TEF values. 2 Intake from diapers was calculated for an infant aged 0–6 months 
(body weight, 3.9 kg; 7.98 diapers/day; diaper weight, 24 g). 3 Intake from breast milk was based on the data of Focant et 
al. [16] that were adapted to year 2017 on the basis of an annual decline of 10% [17]. The PCDD/Fs and DL-PCBs daily 
intake was estimated for an infant of 5 kg of body weight fed daily with 700 mL of breast milk containing 25 g/l of lipids. 


However, even though the systemic bioavailability of dioxins and DL-PCBs would 
be 100%, HQ estimates by ANSES remain questionable in light of observations in the Rus-
sian study, in which the decreased sperm count correlated only with the PCDDs TEQ [27]. 
If, as suggested by the authors, the association with sperm count is specific of PCDDs, 
then the HQ should be calculated with the PCDDs TEQ only, which would decrease the 
HQ to approximately 0.7 under scenario 2.2 (PCDFs account for less than 50% of the 
PCDD/Fs TEQ, see the concentrations in diapers above). Alternatively, if, as suggested by 
the EFSA expert panel [15], the lack of correlation with DL-PCBs is due to the 10–100-fold 
lower potency of DL-PCBs to activate the AhR of human cells as compared to rat cells, 
then under scenario 2.2 the HQ values fall below 1 in Table 2 and even below 0.01 in Table 
3 when incorporating the rewet factor of 1%. 


The overestimation of dioxins and DL-PCBs risks in the ANSES report is supported 
by the comparison of the intake from diapers with that from breast milk. As shown in 
Table 2, dietary intakes of the total TEQ by nursed infants are 74.8, 336 and 6.1 times 
greater than the daily intakes from diapers under extraction scenarios 1, 2.1 and 2.2, re-
spectively. These figures were based on the concentrations of dioxins and DL-PCBs in 
human milk measured in France in 2010 [16]. In order not to bias the comparison by the 
downwards temporal trends of dioxin exposure, these concentrations were adjusted to 
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the year 2017 by assuming for the most recent years an annual decline of 10% [17]. Similar 
human milk/diaper intake ratios were found with milk samples analyzed in nine Euro-
pean countries in 2014–2015 [15]. These ratios ranged from 58 to 116, from 261 to 528 and 
from 4.8 to 9.5 under ANSES extraction scenarios 1, 2.1 and 2.2, respectively. As shown in 
Table 3, the total TEQ intake by nursed infants are more than 400 times greater than the 
intake from diapers under the three ANSES scenarios when the latter are calculated by 
incorporating the rewet factor of 1%. These calculations make unrealistic the assumption 
by ANSES that diapers contribute to 10% of the total TEQ intake [8]. It is also interesting 
to compare concentrations in human milk with the concentration limit proposed by 
ANSES in its restriction proposal [8]. ANSES recommends the maximum concentration 
for the total TEQ in diapers of 0.7 pg/kg diaper. This TEQ concentration is 171–342 times 
lower than the concentrations in human milk observed in 2014–2015 in nine European 
countries (range, 120–240 pg TEQ/kg) [15]. 


There is no evidence that at the current exposure levels in the European Union diox-
ins and DL-PCBs in breast milk reduce the future fertility of breastfed boys. On the con-
trary, in a study conducted among adolescents, breastfeeding was associated in a dose-
dependent manner with an increase in serum inhibin B, a marker of fertility at adult age 
that was measured with two different immunoassays [29]. The increase averaged 20% in 
adolescents who were breastfed for more than six months. The lack of adverse effects of 
breastfeeding on male fertility despite the relatively high concentrations of dioxins and 
DL-PCBs in breast milk might be explained by the short half-lives of these contaminants 
during early life, which, coupled with the children’s rapid growth, prevents an excessive 
increase in the dioxin body burden [18,19,21]. In the Seveso cohort acutely exposed to 
TCDD, a decrease in sperm count was found in men who had been breastfed in the years 
following the accident. Mothers of the children with decreased sperm count had, however, 
a median serum level of TCDD of 58.9 pg/g fat, which was approximately 10 times higher 
than the TCDD background serum levels in the 1970s and which is more than 50 times 
higher than the current levels of TCDD in the serum and breast milk [28]. Concentrations 
of dioxins and DL-PCBs in breast milk have considerably decreased over the last fifty 
years, with an average annual decrease of 6% between 1972 and 2011, according to a Swe-
dish study [17]. This temporal trend parallels the decline of sperm count in Western coun-
tries, which has been estimated at 1.4% per year between 1973 and 2011 [30]. These parallel 
downwards temporal trends of human dioxin exposure and sperm count argue against 
the hypothesis implicating dioxins as a significant driver of the global decline of the West-
ern men’s fertility. These temporal trends also make unrealistic the risk of decreased male 
fertility calculated by ANSES for dioxins in diapers, which contribute to infant exposure 
more than 100 times less than breast milk. The possibility of nonmonotonic relationships 
could be invoked to causally link these parallel downwards trends but this would not be 
consistent with the dose-dependent decrease in sperm count with increasing dioxin expo-
sure observed in the Russian study [27]. 


4. Polycyclic Aromatic Hydrocarbons (PAHs) 
4.1. Concentrations in Diapers 


As shown in Table 4, concentrations of PAHs in diapers in the ANSES report ranged 
from 249 to 598 Pg/kg [7]. These concentrations actually were not quantified but corre-
sponded to the half of the limits of quantification (LOQ) of individual PAHs. The analyt-
ical method used by French laboratories had indeed relatively poor sensitivity with limits 
of detection (LOD) of individual PAHs higher than 150 Pg/kg. Actually, this LOD is two 
orders of magnitude higher than the LODs of methods recommended to measure PAHs 
in foodstuffs [14]. This surrogate method for evaluating exposure explains the atypical 
concentration pattern of PAHs in diapers showing little variation between individual 
PAHs while in most environmental or biological matrices individual PAH concentrations 
differ by a factor of 10–100. Under these conditions, it is puzzling that ANSES 
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recommends a concentration limit as low as 2.7 ng TEQ/kg diaper for the sum of PAHs 
[8]. In the case of benzo[a]pyrene and dibenz[a,h]anthracene (TEF of 1), this concentration 
limit is five orders of magnitude lower than the LOD of the analytical method used in the 
ANSES risk assessment. This concentration limit for diapers is even 10 times lower than 
the median LOD of the methods used to measure PAHs in food products [14]. 


Table 4. Risk assessment of polycyclic aromatic hydrocarbons (PAHs) in diapers with the scenario 2.2 equation and com-
parison of the intake from diapers with that from breast milk. 


HAPs 
Concen-
tration  


(Pg/kg)1 


Intake from 
Diapers  


(Pg/kg/d)2 
TEF3 


Intake from 
Diapers  


(Pg TEQ/kg/d)2 


EPA Oral RfD 
(Pg/kg/d) 


Hazard Quo-
tient 


EPA Oral 
CSF 


(mg/kg/d−1) 


Excess Can-
cer Risk 


Intake from Breast 
Milk (Pg/kg/d)4 


Breast Milk/Diaper 
Intake Ratio 


Cyclopenta[c,d]pyrene 311 15.3 0.1 1.53   5.51   1.09 × 10−4     
Chrysene 249 12.2 0.01 0.12   0.41   8.76 × 10−6 0.12 9.8 × 10−3 


5-methylchrysene 311 15.3 0.01 0.15   0.51   1.09 × 10−5     
Benzo[b]fluoranthene 381 18.7 0.1 1.87   6.24   1.34 × 10−4 0.11 5.9 × 10−3 
Benzo[k]fluoranthene 369 18.1 0.1 1.81   6.03   1.29 × 10−4 0.88 4.9 × 10−2 
Benzo[j]fluoranthene 369 18.1 0.1 1.81 0.3 6.03 1 1.29 × 10−4     


Benzo[e]pyrene 598 29.4 0.01 0.29   0.98   2.10 × 10−5     
Benzo[a]pyrene 405 19.9 1 19.9   66.3   1.42 × 10−3 0.11 5.5 × 10−3 


Dibenzo[a,h]anthracene 311 15.3 1 15.3   51.0   1.09 × 10−3 0.61 4.0 × 10−3 
Benzo[g,h,i]perylene 418 20.5 0.01 0.21   0.68   1.47 × 10−5 0.73 3.6 × 10−3 


S PAHs 3.722 182  33.8   113   2.41 × 10−3 2.56 1.4 × 10−2 
S 8PAHs 2.133 104            2.56 2.5 × 10−2 
S 4PAHs 1.035 50.8            0.34 6.7 × 10−3 


1 Extraction from whole diapers with synthetic urine. 2 Intake from diapers was calculated according to ANSES scenario 
2.2 for an infant aged 0–6 months (body weight, 3.9 kg; 7.98 diapers/day; diaper weight, 24 g) by assuming a fractional 
dermal and oral absorption of 100%. 3 TEF values proposed by INERIS [31]. 4 Intake from breast milk was based on the 
data of Santonicola et al. [32] and calculated for an infant of 5 kg of body weight fed daily with 700 mL of maternal milk 
containing 25 g/l of lipids. 


No study could be identified in the peer-reviewed literature to compare the PAH 
concentrations in diapers used by ANSES with those from other sources. In 2019, how-
ever, the Federal Food Safety and Veterinary Office in Switzerland conducted a survey of 
PAHs in diapers using, after some modifications, an analytical method that can correctly 
quantify PAHs in food samples [33]. The concentrations of PAHs measured in the absor-
bent core of five brands of diapers ranged from < 0.15 to 4.6 Pg/kg and the concentrations 
of the two most potent PAHs, benzo[a]pyrene and dibenz[a,h]anthracene, ranged from < 
0.12 to 1.4 Pg/kg. Similarly low concentrations were found in the non-absorbent parts of 
the diapers, the most potent PAHs even being undetectable in most cases. The values re-
ported in the Swiss report are thus 2–3 orders of magnitude lower than those at the basis 
of the quantitative health risk assessment performed by ANSES. 


4.2. Toxicokinetics 


PAHs are lipophilic substances that are usually well-absorbed by all routes [10,34]. 
The dermal absorption varies depending on the species, the anatomic site, the solvent or 
the vehicle and the type of the experimental study (in vivo or ex vivo). Human studies 
testing PAHs in an organic solvent have reported fraction dermal absorption up to 80% 
but it is likely that the skin absorption of PAHs is enhanced by the use of an organic sol-
vent. The fractional dermal absorption of PAHs can reasonably be assumed to be in the 
range of 10–60%. Absorbed PAHs are distributed in the whole body and especially in li-
pid-rich organs. In the skin, like in internal organs, PAHs are rapidly metabolized by cy-
tochrome P-450-dependent enzymes into water-soluble compounds, which can be further 
transformed into conjugates. The metabolism of PAHs involves the formation of electro-
philic intermediates that can bind to DNA and initiate tumors. PAHs metabolites and their 
conjugates are eliminated via the urine and feces with short half-lives. Similarly to dioxins, 
breastfeeding is an additional route of excretion [10,34]. 


4.3. Critical Adverse Effects 
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4.3.1. Carcinogenic Effects 
The data on the carcinogenicity of PAHs in humans essentially derive from studies 


among workers with high inhalation or dermal exposure to mixtures of PAHs. There are 
no adequate carcinogenicity data for human exposure by ingestion. In contrast, there is 
ample evidence of increased risks of lung cancer in occupations involving exposure to 
PAHs mixtures containing benzo[a]pyrene such as aluminum production, chimney 
sweeping, coal gasification, coal tar distillation, coke production, iron and steel founding, 
paving and roofing with coal tar pitch. All these occupational exposures are classified as 
carcinogenic to humans. In the industry, an increased risk of skin cancer (including the 
scrotum) has been documented following high dermal exposure to mixtures of PAHs in-
cluding benzo[a]pyrene, such as soot, coal tar, shale oils, coal tar pitches and unrefined 
mineral oils [35]. 


In animals, like in humans, the sites of tumors induced by PAHs are largely deter-
mined by the route of exposure. By inhalation or intratracheal administration, benzo[a]py-
rene induces only respiratory tract cancers. Upper digestive tract tumors were observed 
in some inhalation studies, but this is most probably the consequence of the mucociliary 
clearance of inhaled PAHs. In chronic oral bioassays, benzo[a]pyrene induces mainly tu-
mors of the digestive tract (forestomach, esophagus, tongue, larynx, liver). By the dermal 
route, lifetime carcinogenicity bioassays in several strains of mice have demonstrated that 
benzo[a]pyrene induces only skin tumors. These studies involved two or three 
times/week exposure protocols, at least two exposure levels plus controls and histopatho-
logical examinations of the skin and internal organs (for review see [10,34]). As there is no 
experimental evidence suggesting dermally applied PAHs may increase the risk of sys-
temic tumors, skin cancer should be considered as the critical effect for the dermal expo-
sure to PAHs. The lack of systemic carcinogenicity of PAHs applied to the skin, even at 
very high doses, can be explained by the rapid metabolism of PAHs in the skin. A recent 
study using a realistic human ex vivo skin model has shown that less than 3% of 
benzo[a]pyrene applied to the skin is bioavailable in the unmetabolized form, the only 
form susceptible to initiate cancer systemically [36]. This percentage might still be over-
estimated as one can expect that human skin has a lower metabolic activity ex vivo than 
in vivo. Benzo[a]pyrene is a complete carcinogen acting as both an initiator and a pro-
moter of carcinogenesis. The mechanism by which benzo[a]pyrene induces carcinogenic-
ity is through its mutagenicity, a mechanism that presumably applies to all types of tu-
mors, regardless of the route of exposure [10]. 


The EPA established a cancer slope factor (CSF) of 1 mg/kg/day−1 for assessing human 
cancer risk associated with lifetime oral exposure to benzo[a]pyrene [10]. This CSF was 
derived from the digestive tract tumors observed in mice. In addition, for the assessment 
of cancer risks during early life, the EPA recommends the application of an age-dependent 
adjustment factor (ADAF) to account for the fact that benzo[a]pyrene is a genotoxic car-
cinogen and also that the CSF is based on carcinogenic effects observed in adult animals. 


4.3.2. Developmental Effects 
Animal studies demonstrate that exposure to benzo[a]pyrene is associated with de-


velopmental (including neurotoxic), reproductive and immunological effects. In addition, 
epidemiological studies involving exposure to PAHs mixtures have reported associations 
between biomarkers of benzo[a]pyrene exposure (benzo[a]pyrene diol epoxide-DNA ad-
ducts) and adverse birth outcomes, neurobehavioral effects and decreased fertility. These 
adverse effects in humans and animals have been demonstrated by inhalation or oral ex-
posure to benzo[a]pyrene. The EPA established an oral RfD of benzo[a]pyrene of 0.3 
Pg/kg/day on the basis of neurobehavioral changes in rats exposed to benzo[a]pyrene dur-
ing early life [10]. 


4.4. Evaluation 
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PAHs are a family of toxicants that are ubiquitous in the environment. These con-
taminants are of concern because several PAH congeners are highly carcinogenic in labor-
atory animals and have long been recognized as potent human carcinogens, causing lung 
cancer by inhalation and skin cancer by dermal exposure. Table 4 based on the data from 
the ANSES report [7] shows that HQs for the developmental effects of the most potent 
PAHs (benzo[a]pyrene and dibenzo[a,h]anthracene) detected in diapers reach values 
higher than 50 while cancer risk estimates reach values exceeding 10−3. Even when adjust-
ing the intake from diapers for the rewet factor of 1% (Table 5), levels of cancer risks re-
main totally unacceptable, especially when cumulated over three years of diaper use. 
These estimates rely on the assumption that dermally absorbed PAHs can cause systemic 
cancers as observed in animals with chronic oral exposure. This assumption, however, is 
strongly challenged by animal studies showing that PAHs applied dermally induce only 
skin tumors. Thus, cancer risk estimates should be calculated not with the oral but with 
the dermal CSF. The estimates of skin cancer risks of PAHs calculated with the dermal 
CSF of 3.5 Pg/cm2/day−1 proposed by Knafa et al. [11] are shown in Table 6. Even when 
incorporating the rewet factor of 1%, these estimates are even higher than those based on 
the oral CSF. 


Table 5. Risk assessment of polycyclic aromatic hydrocarbons (PAHs) in diapers with the scenario 2.1 equation incorpo-
rating a rewet factor of 1% and comparison of the intake from diapers with that from breast milk. 


HAPs 
Concen-
tration  


(Pg/kg)1 


Intake from 
Diapers  


(Pg/kg/d)2 
TEF3


Intake from 
Diapers  


(Pg 
TEQ/kg/d)2 


EPA Oral 
RfD 


(Pg/kg/d) 


Hazard 
Quo-
tient 


EPA Oral CSF 
(mg/kg/d−1) 


Excess Can-
cer Risk 


Intake from 
Breast Milk 
(Pg/kg/d)4 


Breast 
Milk/Diaper 
Intake ratio 


Cyclopenta[c,d]pyrene 311 0.15 0.1 0.015   0.05   1.09 × 10−6     
Chrysene 249 0.12 0.01 0.0012   0.004   8.76 × 10−8 0.12 1.0 


5-methylchrysene 311 0.15 0.01 0.0015   0.005   1.09 × 10−7     
Benzo[b]fluoranthene 381 0.19 0.1 0.019   0.063   1.34 × 10−6 0.11 0.58 
Benzo[k]fluoranthene 369 0.18 0.1 0.018 0.3 0.06 1 1.29 × 10−6 0.88 4.89 
Benzo[j]fluoranthene 369 0.18 0.1 0.018   0.06   1.29 × 10−6     


Benzo[e]pyrene 598 0.29 0.01 0.0029   0.0097   2.10 × 10−7     
Benzo[a]pyrene 405 0.20 1 0.11   0.67   1.42 × 10−5 0.11 0.55 


Dibenzo[a,h]anthracene 311 0.15 1 0.15   0.50   1.09 × 10−5 0.61 4.07 
Benzo[g,h,i]perylene 418 0.21 0.01 0.0021   0.007   1.47 × 10−7 0.73 3.48 


S PAHs 3.722 1.82   0.34   1.13   2.41 × 10−5 2.56 1.41 
S 8PAHs 2.133 1.05             2.56 2.44 
S 4PAHs 1.035 0.51             0.34 0.67 


1 Extraction from whole diapers with synthetic urine (ANSES scenario 2.2). 2 Intake from diapers was calculated according 
to the scenario 2.1 equation incorporating a rewet factor of 1% for an infant aged 0–6 months (body weight, 3.9 kg; 7.98 
diapers/day; diaper weight, 24 g; rewet factor, 1%). 3 ANSES used the TEF values proposed by INERIS [31]. 4 Intake from 
breast milk was based on the data of Santonicola et al. [32] and calculated for an infant of 5 kg of body weight fed daily 
with 700 mL of breast milk containing 25 g/l of lipids. 


Table 6. Risk of skin cancer from polycyclic aromatic hydrocarbons (PAHs) in diapers assessed using the scenario 2.2 
equation or the scenario 2.1 equation incorporating a rewet factor of 1%. 


PAHs Concentration 
(Pg/kg)1 


Intake from dia-
pers  


(Pg/d)2 
TEF3 Intake from Diapers  


(Pg TEQ/d)2  


Intake from Dia-
pers  


(Pg/cm2/d)4 


Dermal CSF 
(Pg/cm2/d−1)5


Excess Skin Cancer 
Risk 


Intake calculated according to the scenario 2.2 equation 
Cyclopenta[c,d]pyrene 311 59.6 0.1 5.96 2.55 × 10−2   6.36 × 10−3 


Chrysene 249 47.7 0.01 0.48 2.04 × 10−3   5.09 × 10−4 
5-methylchrysene 311 59.6 0.01 0.6 2.55 × 10−3   6.36 × 10−4 


Benzo[b]fluoranthene 381 73.0 0.1 7.3 3.12 × 10−2   7.79 × 10−3 
Benzo[k]fluoranthene 369 70.7 0.1 7.1 3.02 × 10−2   7.55 × 10−3 
Benzo[j]fluoranthene 369 70.7 0.1 7.1 3.02 × 10−2 3.5 7.55 × 10−3 


Benzo[e]pyrene 598 114.6 0.01 1.15 4.89 × 10−3   1.22 × 10−3 
Benzo[a]pyrene 405 77.6 1 77.6 3.31 × 10−1   8.28 × 10−2 


Dibenzo[a,h]anthracene 311 59.6 1 59.6 2.55 × 10−1   6.36 × 10−2 







Int. J. Environ. Res. Public Health 2021, 18, x 12 of 18 
 


 


Benzo[g,h,i]perylene 418 80 0.01 0.80 3.42 × 10−3   8.55 × 10−4 
S PAHs 3.722 713   168 7.16 × 10−1   1.79 × 10−1 


Intake calculated according to the scenario 2.1 equation (rewet factor of 1%) 
Cyclopenta[c,d]pyrene 311 0.6 0.1 0.060 2.55 × 10−4   6.36 × 10_5 


Chrysene 249 0.48 0.01 0.0048 2.04 × 10−5   5.09 × 10−6 
5-methylchrysene 311 0.6 0.01 0.0060 2.55 × 10−4   6.36 × 10−6 


Benzo[b]fluoranthene 381 0.73 0.1 0.073 3.12 × 10−4   7.79 × 10−5 
Benzo[k]fluoranthene 369 0.71 0.1 0.071 3.02 × 10−4   7.55 × 10−5 
Benzo[j]fluoranthene 369 0.71 0.1 0.071 3.02 × 10−4 3.5 7.55 × 10−5 


Benzo[e]pyrene 598 1.15 0.01 0.012 4.89 × 10−5   1.22 × 10−5 
Benzo[a]pyrene 405 0.78 1.0 0.78 3.32 × 10−3   8.28 × 10−4 


Dibenzo[a,h]anthracene 311 0.6 1.0 0.60 2.55 × 10−3   6.36 × 10−4 
Benzo[g,h,i]perylene 418 0.8 0.01 0.080 3.42 × 10−5   8.55 × 10−6 


S PAHs 3.722 7.13   1.68 7.16 × 10−3   1.79 × 10−3 
1 Extraction from whole diapers with synthetic urine (ANSES scenario 2.2). 2 Intake from diapers calculated for an infant 
aged 0–6 months (body weight, 3.9 kg; 7.98 diapers/day; diaper weight, 24 g). 3 ANSES used the TEF values proposed by 
INERIS [31]. 4 Intake based on the skin surface area in contact with the diaper of 234 cm2 [13,14]. 5 Dermal cancer slope 
factor of benzo[a]pyrene (Knafla et al. [11]). 


It is, of course, inconceivable that diapers could be contaminated by PAHs at levels 
entailing cancer risks comparable to those observed in the industry, even in the industries 
not complying with the maximal risk level for occupational exposure set by the European 
Commission (10−4) [37]. These unrealistic estimates cannot be explained by the TEF ap-
proach adopted by ANSES that the EFSA considers scientifically invalid because of lack 
of data for the oral carcinogenicity of individual PAHs [14]. As shown in Table 7, the al-
ternative margin of exposure (MOE) approach used by the EFSA for assessing risks of 
PAHs in food products also leads to totally unacceptable risks. The MOE calculated with 
the EDANA equation (rewet factor of 1%) for the intake of benzo[a]pyrene (MOE, 342) 
and of the 8 PAHs carcinogenic in animals (MOE, 471) are largely below the acceptable 
levels (MOE of at least 10,000, according to the EFSA [14]). Furthermore, alone, the overly 
conservative assumptions made in the ANSES report cannot explain risks of that magni-
tude. The only possible explanation lies in the combined use of the overconservative sce-
nario 2.2 and of the LOQ/2 values of an inadequate analytical method as surrogate con-
centrations in diapers. The survey conducted in 2019 by the Swiss Federal Food Safety 
and Veterinary Office suggests that values of PAHs in diapers used by ANSES have been 
overestimated by 2–3 orders of magnitude [33]. 


Table 7. Margin of exposure (MOE) for polycyclic aromatic hydrocarbons (PAHs) with the scenario 
2.2 equation or the scenario 2.1 equation incorporating the rewet factor of 1%. 


PAHs 
Intake from Dia-


pers (Pg/kg/d)1 
BMDL10 


(mg/kg/d)2 MOE 
MOE (1% Rewet Fac-


tor) 
BaP 19.9 0.07 3.52 352 


PAH4 50.8 0.34 6.69 669 
PAH8 104 0.49 4.71 471 


1 Extraction from whole diapers with synthetic urine (scenario 2.2). Intake from diapers calculated 
for an infant aged 0–6 months (body weight, 3.9 kg; 7.98 diapers/day; diaper weight, 24 g). 2 From 
the EFSA [14]. 


Two lines of evidence add support to the view that the ANSES report unreasonably 
overestimated cancer risks of PAHs in diapers. The first comes from the comparison of 
PAHs intake from diapers with that from human milk, a comparison made possible if one 
assumes, as does ANSES, that PAHs cause systemic cancers irrespective of the route of 
exposure. When incorporating the rewet factor of 1%, the intake of PAHs from diapers is 
rather similar to that from human milk (Table 5). However, if concentrations of PAHs 
were overestimated by more than two orders of magnitude as suggested by data from 
Switzerland [33], the intake from mother milk should be more than 100 times greater than 
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that from diapers. There is no epidemiological evidence whatsoever associating breast-
feeding with increased risks of cancer or developmental effects. On the contrary, breast-
feeding is unanimously recognized as protective against various diseases including can-
cers (leukemia) and as beneficial to the child’s neurodevelopment, improving the IQ and 
reducing the risk of behavioral disorders [38,39]. 


The second line of evidence comes from epidemiological or case report studies that 
provide no indication at all of adverse effects of diapers despite decades of use by almost 
all children in wealthy countries. If diapers were to pose cancer risks as high as 10−3 as 
suggested by the ANSES report, it is hard to believe that such risks could have passed 
undetected after such a long and widespread use as the large-scale use of disposable dia-
pers started in the USA in 1961 [40]. In the anogenital region, the highly permeable scro-
tum has long been known to be particularly sensitive to the carcinogenic effects of PAHs. 
Squamous cell carcinoma (SCC) is the type of scrotal malignancy caused by occupational 
exposure specifically to PAHs. With preventive measures implemented at workplace, 
SCC has become a very rare cancer with a steady incidence rate through the 20th century. 
The main non-occupational risk factors of SCC are sun exposure, human papilloma virus 
and several types of treatment for skin diseases. As the median range at diagnosis is 52–
57 years, it appears unlikely that SCC could be initiated during infancy, even if the median 
SCC latency is close to 30 years [41]. 


5. Other Compounds Present in Diapers at Potentially Unsafe Levels According to 
ANSES 


Table 8 presents the ANSES risk assessment for substances that exceeded HRVs dur-
ing the first year of life only (HICC, hydroxyisohexyl cyclohexene carboxaldehyde; BPMP, 
butylphenyl methylpropional) or for which there was a risk of HRVs exceedance when 
aggregating exposure from diapers with that from other sources. In the ANSES report, 
this also included the hexachlorobenzene pesticide and 1,2,4-trichlorobenzene, but the 
presence of these compounds in the list was due to calculation errors by ANSES (the daily 
intakes per kg body weight instead of decreasing were increasing with child’s age). Except 
for formaldehyde, these substances were detected in extraction scenario 1 (with an organic 
solvent) and not found in scenarios 2.1 and 2.2. The risk assessment in Table 8 is flawed 
due to two major failures. First, similarly to PAHs, fragrance chemicals were not meas-
ured with an adequate analytical method and therefore, again, ANSES based its risk as-
sessment on LOQ values, which are a poor proxy of the effective exposure. Second, 
ANSES experts seem to have overlooked that the stratum corneum of the skin is primarily 
a physiological barrier that only lipophilic and uncharged molecules can easily cross. Ob-
viously, several of the substances listed in Table 7 are too poorly absorbed across skin to 
reasonably assume a fractional absorption of 100%. This is particularly true for formalde-
hyde which is too reactive and too rapidly metabolized in the skin to be available system-
atically, especially at the very low concentrations found in diapers [42–44]. Applied der-
mally, formaldehyde reacts instantaneously with skin constituents to form a variety of 
derivatives including adducts and cross-links. This local reactivity is also reflected by the 
skin’s sensitizing properties of formaldehyde and the development of contact dermatitis 
in humans. Formaldehyde is also rapidly metabolized in the skin, which further reduces 
the systemic availability of unreacted formaldehyde. However, even assuming that a 
small fraction of formaldehyde in diapers is dermally absorbed, the amount distributed 
to the body would be totally insignificant compared to that produced endogenously. For-
maldehyde is, indeed, an intermediary metabolite essential to all cells with an endogenous 
daily turnover in humans estimated between 878–1.310 mg/kg bw [45]. Among the fra-
grances, D-limonene and benzyl salicylate are also poorly absorbed by the human skin 
while HICC and BPMP penetrate only to a limited extent [46–50]. 
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Table 8. Risk assessment conducted by ANSES for other compounds detected or quantified in diapers at potentially unsafe 
levels. 


Compound Concentration 
(mg/kg)1  


Intake from Diapers 
(mg/kg/d)2 


TDI  
(mg/kg/d) 


Hazard 
Quotient 


NOAEL 
(mg/kg/d) MOE MOEref MOEref/


MOE 
1,2,3 trichlorobenzene  0.25 8.59 × 10−4 8 × 10−3 0.107         


Coumarin 25 8.59 × 10−2 0.1 0.86         
Limonene 25 8.59 × 10−2 0.1 0.86         


Benzyl salicylate 25 8.59 × 10−2     50 582 100 0.17 
HICC (Lyral®) 25 8.59 × 10−2     15 175 300 1.71 
BPMP (Lilial®) 25 8.59 × 10−2     5 58.2 100 1.72 


Alpha-isomethyl ionone 25 8.59 × 10−2     50 582 100 0.17 
Formaldehyde 37.4 0.13 0.15 0.86          


Formaldehyde (synthetic urine) 2.75 0.135 0.15 0.90         
1 Extraction from shredded diapers with an organic solvent (scenario 1). Formaldehyde was also quantified in the extract 
of shredded diapers with synthetic urine (scenario 2.2). The value of 25 mg/kg for the fragrances corresponds to LOQ/2. 2 
Intake from diapers calculated according to ANSES extraction scenario 1 (ANSES extraction scenario 2.2 was used for 
formaldehyde) for an infant aged 0–6 months (body weight, 3.9 kg; 7.98 diapers/day; diaper weight, 24 g). Abbreviations: 
HICC, hydroxyisohexyl cyclohexene carboxaldehyde; BMP, butylphenyl methylpropional; TDI, tolerable daily intake; 
MOE, margin of exposure; NOAEL, no-observed-adverse-effect level. 


For a meaningful assessment of the systemic effects of substances in Table 8, it is thus 
a prerequisite to adjust the daily intake for the dermal absorption while adjusting also 
HRVs for the oral absorption to properly compare the systemic doses. As shown in Table 
9, these adjustments for the effective absorption result in HQ values largely below 0.1 for 
limonene and formaldehyde and in an MOE for benzyl salicylate higher than 10,000. Val-
ues of HQ and of the MOEref/MOE for other compounds in Table 8 are between 0.1 and 1, 
which, according to ANSES, might not be sufficiently protective. Because these fragrances 
are added voluntarily and can be easily removed, ANSES decided not to include them in 
its restriction proposal. Only formaldehyde was included, with the concentration limit of 
0.21 mg/kg diaper [8]. It should be noticed that intakes from diapers of compounds in 
Tables 8 and 9 were calculated with the scenario 1 equation incorporating a skin transfer 
factor of 7% (except for formaldehyde in the synthetic urine extract). If one replaces this 
transfer factor by the rewet factor of 1% recommended by Dey et al. [4], HQ values are 
further reduced and the MOE is further increased by a factor of 7, which makes systemic 
effects unlikely for all chemicals in Tables 8 and 9. 


Table 9. Risk assessment of other compounds detected or quantified in diapers at potentially unsafe levels according to ANSES by 
taking into account the fractional dermal and oral absorption. 


Compound 
Concentra-


tion  
(mg/kg)1  


Dermal Absorp-
tion (%)2 


Intake from Di-
apers  


(mg/kg/d)3 


TDI  
(mg/kg/d)4


Hazard 
Quotient 


NOAEL  
(mg/kg/d)4 MOE MOEref MOEref/MOE 


1,2,3 trichlorobenzene  0.25 100 8.59 × 10−4 8 × 10−3 0.107         
Coumarin 25 100 8.59 × 10−2 0.1 0.86         
Limonene 25 0.16 1.37 × 10−4 0.1 1.37 × 10−3         


Benzyl salicylate 25 0.031 0.27 × 10−4     50 1.85 × 
106 100 5.4 × 10−5 


HICC (Lyral®) 25 14.3 1.23 × 10−2     7.5 610 300 0.49 
BPMP (Lilial®) 25 5.1 0.44 × 10−2     2.5 568 100 0.18 


Alpha-isomethyl ionone 25 100 8.59 × 10−2     25 291 100 0.34 
Formaldehyde 37.4 0.5 0.65 × 10−3 0.075 0.87 × 10−2         


Formaldehyde (synthetic urine) 2.75 0.5 0.70 × 10−3 0.075 0.94 × 10−2         
1 Extraction from shredded diapers with an organic solvent. Formaldehyde was also quantified in the extract of shredded 
diapers with synthetic urine. The value of 25 mg/kg for the fragrances corresponds to LOQ/2. 2 Limonene, human, in vivo 
[46]; benzyl salicylate, human skin, in vitro, [47]; HICC, human skin, in vitro, [48]; BPMP, human skin in vitro [49]; for-
maldehyde, monkeys, in vivo [43,44]. 3 Intake from diapers calculated according to ANSES extraction scenario 1 for an 
infant aged 0–6 months (body weight, 3.9 kg; 7.98 diapers/day; diaper weight, 24 g). 4 NOAELs or TDI of HICC, BPMP, 
alpha-isomethyl ionone and formaldehyde were adjusted for a fractional oral absorption of 50%. The fractional oral ab-
sorption of other compounds was assumed to be 100%. Abbreviations: HICC, hydroxyisohexyl cyclohexene 
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carboxaldehyde; BPMP, butylphenyl methylpropional; TDI, tolerable daily intake; MOE, margin of exposure; NOAEL, 
no-observed-adverse-effect level. 


6. Conclusions 
The quantitative health risk assessment conducted by ANSES is flawed by several 


scientifically unjustified risk assessment approaches and assumptions that have led to in-
credible risk estimates and to concentration limits in diapers hardly quantifiable by the 
current analytical methods. Even if a very conservative approach is understandable given 
the vulnerability of infants, it is not reasonable to assume a fractional dermal absorption 
of 100% and calculate systemic risks for substances like formaldehyde, which are very 
poorly absorbed by the skin. Similarly, assuming that all the substance present in diapers 
can enter in contact with the skin is not realistic in regard to the very low fraction of ab-
sorbed fluid rewetting the skin. ANSES based its risk assessment of PAHs on a route and 
species extrapolation, and by doing so the French agency fails to consider that dermally 
applied PAHs induce only skin tumors. The risk overestimation for PAHs is most likely 
due to the combined use of an overconservative exposure scenario and of the LOQ values 
of an inadequate analytical method as surrogate concentrations in diapers. There are also 
some doubts regarding the accuracy of dioxin and DL-PCB concentrations that display 
illogical and atypical patterns of congeners. Under the scenario deemed most reliable by 
ANSES, the total TEQ activity in diapers was, indeed, predominantly contributed by PCB 
126, a congener with questionable potency and uncertain association with decreased 
sperm count. There is thus a clear need to revisit the ANSES risk assessment by using 
more accurate exposure data, more toxicologically relevant endpoints and more realistic 
exposure scenarios. The revisited risk assessment should also evaluate the plausibility and 
likelihood of adverse effects of diapers by comparing the intake from diapers with that 
from breast milk, which offers numerous benefits to children’s health despite much higher 
concentrations of dioxins, DL-PCBs and PAHs than those found in diapers. 
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Contribution to SEAC draft Opinion on single-use baby diapers restriction 
 
European Environmental Bureau (EEB) 
Health and Environment Alliance (HEAL) 
ClientEarth 
 
The EEB, HEAL and ClientEarth welcome the opportunity to comment on the draft opinion of 
SEAC related to the proposal to restrict a number of substances of concern present in single-
use baby diapers. 
 
As a preliminary observation, we regret that the joint comments that we submitted in the 
context of the development of the RAC opinion - the latter is referred to a number of times in 
the SEAC opinion - have not been considered properly. SEAC should develop its own opinion 
independently of RAC’s opinion, but since it mentions the latter as an important factor in the 
outcome of its own opinion1, we feel the necessity to stress this important shortcoming. In 
particular, our previous comments have highlighted in detail how the vulnerability of 
the targeted public of this restriction should be an important guiding aspect in its 
development and how it justifies a precautionary approach in the use of existing data 
related to exposure as well as uncertainties.2  
 
We are concerned to see SEAC giving its opinion on RAC issues such as the routes of 
exposure, the reliability of the test data, or the dose-response relationships.3  
 


 
1 See SEAC draft opinion, for instance:  
“The opinion of RAC did not consider that the proposed restriction is appropriate because the 
restriction under REACH is not considered to be the most appropriate EU wide measure to address 
the identified risks. Therefore, there is not a sufficient justification for a restriction and SEAC 
has no basis to support the proposed restriction as demonstrated in the justification 
supporting this opinion.” p.3  
“RAC concluded that the uncertainties in the restriction proposal’s risk assessment are such that the 
Dossier Submitter has not demonstrated that there is an EU-wide risk that needs to be addressed. 
Therefore, SEAC does not find it appropriate to take action on a Union-wide basis.” p. 5 
2 See previous EEB-ClientEarth-HEAL comments regarding RAC draft opinion, 21st June 2021, 
https://www.env-health.org/wp-
content/uploads/2021/06/2021.06.21.NGO_comments_SU_Diapers_RAC.pdf 
3 SEAC draft opinion, “The human health impact assessment has not been quantified and monetized 
due to uncertainties (no prevalence/incidence data, all DNEL/DMEL used in the risk assessment were 
derived based on oral route studies, dose-response relationships available for some substances in the 
scope only built on animal studies, etc.)”, p. 55 







 


We would like to comment on the following issues that we consider of utmost 
importance: 


- SEAC misrepresents RAC’s opinion regarding the appropriateness of the restriction; 
- SEAC gives excessive weight to industry claims and insufficient weight to public 


authorities data considering the presence of the chemicals  
- SEAC fails to fulfil its mandate under REACH, which requires it to conclude on socio-


economic impacts;  
- SEAC fails to consider the benefits of restricting these hazardous chemicals in baby 


nappies and rather mostly accounts for the potential costs for industry players.  
 


1) SEAC misrepresents RAC’s conclusion on the appropriateness of the restriction  
 
SEAC statesd that “the opinion of RAC did not consider that the proposed restriction is 
appropriate because the restriction under REACH is not considered to be the most 
appropriate EU wide measure to address the identified risks”.4  
 
This statement implies that the risk is known but a restriction is not adapted to address it. This 
is not what RAC concluded. It actually recognised that  “Restriction under REACH, Article 69, 
would be the most appropriate risk management option for substances in scope of the Annex 
XV dossier which pose a risk for babies and children under the age of three.” However RAC 
considered that because of uncertainties on the risk, “it has not been demonstrated that a 
restriction is the most appropriate measure”.  
 
The final decision will therefore have to decide how to handle this uncertainty. SEAC needs to 
support the Commission by being as precise as possible, and that involves to take into account 
the fact that  RAC acknowledges that a risk cannot be ruled out for some of the 
substances5 and that all the substances under the scope “should be kept to a level as 
low as possible/feasible, and preferably not present at all”.6  
 
Besides the harmful properties of the substances at stake, RAC acknowledged that no safe 
threshold may be derived for several of these chemicals. Combined with the high vulnerability 
of the part of the population targeted by the restriction proposal and the potential for 
continuous exposure, the result is serious potential risk. The Commission will have to decide 
whether to take a precautionary action despite the remaining uncertainties. 
 
We recommend SEAC to reflect  correctly the conclusions from RAC on the 
appropriateness of the restriction in its opinion, including RAC’s opinion that a risk 
cannot be ruled out for some of the substances and that all the substances under the 
scope should be kept to a level as low as possible/feasible, and preferably not present 
at all. 
  
 


2) SEAC gives excessive weight to industry claims and insufficient weight to public 
authorities 


 
4 SEAC draft opinion, p. 3 
5 RAC Opinion p. 9 
6 RAC Opinion p. 10 







 


 
The SEAC opinion highlights as a main uncertainty that the substances under the scope may 
not be detected in the nappies above the proposed migration limits and that they may stem 
from unavoidable background contamination. The issue is that when drawing this conclusion, 
SEAC gives more weight to industries' comments than evidence provided by the dossier 
submitter and by the EU BAT docs. 
   
Against this conclusion, it is important to mention that: 
 
First, the restriction in discussion was proposed following product controls carried out 
by the French national authorities. The data stemming from these controls surely have their 
limitations due to their very nature, and we acknowledge that this presents challenges for risk 
and socio-economic assessments. Nonetheless, the tests presented by the DS were 
performed by the Joint Laboratory Service (SCL), designated as the French  national reference 
laboratory (NRL) and member of the Group of European Customs Laboratories, EU Taxation 
and Customs Union (DG TAXUD) and reference laboratories for official checks on food and 
non-food products. SCL is accredited by ISO-certified quality system (ISO IC 17025) and 
by COFRAC-certified analyses. The DS provided the complete test results including blanks 
for all chemicals except for dioxins. It is important here to stress that because the tests were 
performed by an accredited laboratory operating for the national control authorities, the French 
authorities could not ignore the results showing contamination of diapers by harmful 
substances and therefore, complying with their duty,  they decided to take action to remedy 
the situation - hence the restriction proposal.  


 
Second, additional tests performed by other organisations have shown the presence in 
baby nappies of the substances covered by the restriction proposal at levels above the 
thresholds proposed by the dossier submitter. Some of the test results backing the 
presence of high levels of these chemicals have been submitted during the public consultation 
by the Swiss Federal Food Safety and Veterinary Office (FSVO) and the Fédération Romande 
des Consommateurs (FRC). This consumer organisation tested 21 single-use diapers, 
detecting  dioxins and PAH in several samples. PAH (pyrene) was present in levels ranging 
from 200 to 2430 microg/kg, ranges that are similar to the results from the tests performed by 
ANSES.  Even the sectoral association EDANA, recognises that these toxic chemicals may 
be present in the nappies and has launched a voluntary agreement to reduce the 
concentration of a wide number of substances in the nappies marketed by their members. 
 
Third, even the information used as the basis of  SEAC’s opinion - which was provided 
by industry stakeholders - suggests that dioxins are present in nappies. It is based on a 
study by De Vitto and Schecter, 2002 and a literature review by Procter and Gamble (Axegard, 
2019). De Vitto and Schecter analysed dioxins in 4 samples of baby nappies marketed in San 
Francisco, USA. Although the methodology used to detect the dioxins is different from the 
methodology used by the DS, the US tests showed the presence of dioxins in all four samples 
[1.6–3.0 pg TEQ/g diaper]. The paper from Procter and Gamble also recognises bleaching of 
pulp with chlorinated chemicals as a source of dioxins - as do the  EU BREF on paper (referred 
by the Dossier Submitter) and EDANA in its comments to the public consultation (comment 
#3165).  
 







 


Modern plants using BAT may significantly reduce the formation of dioxins. This is the case 
for most European mills, but not for Northern American bleached kraft mills, which actually 
produce and export 85% of the pulp used in Europe to manufacture nappies, tampons, 
hygienic pads and other articles. Therefore, we concur with the DS regarding the hypothesis 
that the source of the dioxins and furans found in nappies are the raw material (low quality 
ECF pulp) and the production process. A more in depth explanation is provided in the Annex 
to our comments. 
 
Furthermore, the theory of background contamination as the main source of the dioxins 
raised by the industry stakeholders is a speculation based on the similar profile of the 
dioxins present in most of the 4 samples of the study by De Vitto and the review by Procter 
and Gamble.  
 
The only way to determine if PCDD/Fs are present from background contamination is to make 
a full congener analysis and to compare it to known sources and processes as well as to 
laboratory blanks and unbleached reference samples - as pointed by the Procter and Gamble 
paper (Axegård, 2019). However, industry stakeholders have not provided such evidence. 
None of these papers refer to background pollution as the source of the other chemicals under 
the scope of the restriction (PAH, formaldehyde, PCB). Since several analyses from other 
laboratories have found dioxins in diapers and tampons, it is most likely that the origin of these 
dioxins is the actual pulp, rather than a contamination from the Joint Laboratory Services. 
 
Therefore, SEAC’s statement that the substances in scope stem from unavoidable 
background contamination is based on speculations from the industry stakeholders that will 
be most affected by the restriction. It ignores the evidence provided by the dossier submitter, 
including the EU BREF on paper, and by other stakeholders during the public consultation.  
 
We recommend SEAC to reassess the evidence provided by the DS, EU authorities, 
consumer organisations and industry. At the very least, SEAC must justify why it 
decided to give more weight to industry data rather than public data. 
 
 


3) SEAC must conclude on socio-economic impacts independently from RAC 
 
According to SEAC, it has not been demonstrated that the proposed restriction would be 
proportionate, due to the uncertainties raised by RAC in the context of the risk-assessment.7  
 
Two elements are striking here: 
 
→ The fact that SEAC refuses to conclude that the restriction is proportionate because RAC 
does not support the proposal. REACH does not make the SEAC assessment dependent 
upon the results of RAC opinion. The two Committees have distinct roles: one assesses 
the risk (RAC) while the other looks at socio-economic impacts and the availability of 
alternatives (SEAC). Art. 71 of REACH makes explicit that SEAC is required to provide an 
opinion “on the restriction and on the related socio-economic impact”. What SEAC is required 
to do is to review the socio-economic assessment made by the public authorities, taking into 


 
7 SEAC draft opinion, p. 45. See also p. 15 







 


account other available information and uncertainties - even when RAC concluded that 
uncertainties remain on the risk.  It is in fact for the Commission to assess whether or not the 
restriction is the most proportionate option, looking at both evidence on the risk (RAC opinion) 
and impacts (SEAC opinion). The importance of uncertainties on the overall proportionality of 
the restriction is therefore for the Commission to assess, which is was SEAC must highlight 
those uncertainties as transparently as possible. 
 
→ SEAC recognises that the restriction could be an adequate option, had RAC 
concluded differently on the risk and that is what SEAC is expected to report to the 
Commission. It is outside of SEAC’s mandate to investigate risk-related arguments, or to 
comment on the RAC opinion - as already underlined above.  
 


4) There are benefits to the restriction - which SEAC must identify and assess 
 
SEAC mentions the presence of various uncertainties concerning the costs and benefits, 
which is one of the main reasons invoked to justify its reluctance to support the restriction (p. 
19). However SEAC does not exclude that the restriction could be a well-suited option 
to deal with the presence of harmful substances in nappies.  
 
First, in a context of uncertainties about existing data regarding both costs and benefits, we 
are struck by the fact that the SEAC opinion appears to put more emphasis on potential 
costs rather than on benefits. This is especially striking considering that the restriction at 
play is about the presence of known harmful substances in items worn 24/7 over long periods 
that can go from several months to several years by a very vulnerable group of the population.  
 
Second, the opinion shows that there are many uncertainties with regard to possible 
costs. This means that very little information was made available on the real impacts that 
might be incurred, e.g. on the pulp industry, as a result of the restriction. Such a lack of 
information should be interpreted as an indication that the proposed restriction would in fact 
have little impact on the relevant sectors - in line with the ECHA guidance on this issue.8 
Moreover, some impacts could be mitigated thanks to ANSES’ proposal to include a transition 
period of 24 months, which would ensure time for the market to adapt.9 Finally, when it comes 
to the different quantification attempts of industry costs as a result of the restriction option 1, 
it is also important to put them back in context. The SEAC opinion itself refers to the revenues 
of the diapers market in Europe - an estimated 7,443 billion Euros a year10 - which actually 
shows that the estimate range for the grand total associated to the restriction - between 6 to 
100 million Euros per year with a central estimate of a yearly 50 million Euros11 - appears far 
from disproportionate, especially in the context of the restriction objective to protect a very 
vulnerable part of the population.  
 
Third, while SEAC reports uncertainties on the benefits of having a restriction, it is also clear 
from the opinion that industry has already mobilised to reduce the presence of the 


 
8 f816a6f6-34bd-4df4-8249-5f1d26dedf21  (europa.eu) p. 20 
9 Annex XV Dossier, p. 22 
10 SEAC draft opinion, p. 34 
11 SEAC draft opinion, p. 36 







 


substances in baby diapers.12 As indicated by ANSES in the restriction dossier13, some 
companies have already started implementing preventive measures to e.g. reduce the 
concentration of the impurities within the scope of the restriction.14 The EDANA voluntary 
stewardship programme is another important signal to the market that not only is it technically 
possible to market diapers with a lower content of toxic chemicals, but it is also economically 
feasible. This is a crucial argument in favour of the proportionality of the restriction - and SEAC 
cannot ignore it.  
 
Regarding this aspect of the discussion, we are surprised to notice that the SEAC opinion 
refers in numerous places to the comments filed by one single industry association, EDANA, 
in the RCOM process when it comes to questioning the restriction proposal (referred to as 
association #3165), without properly reflecting that the dossier submitter has had numerous 
exchanges with several industry actors in the context of its proposal development. While we 
acknowledge that sectoral industry associations should share their expertise in those 
processes, it is important that all market perspectives are properly reflected. This is particularly 
important because the exchanges held between the dossier submitter and industry actors 
during the development of the dossier seem to point to possible measures to reduce 
contamination levels in diapers15 (which is also in line with the latest findings of the French 
control authorities that we have already referenced earlier in these comments). 
 
Fourth, there are actual benefits to the restriction that SEAC must account for. 
Additionally to reducing the exposure of babies to the most toxic chemicals known so far 
(dioxins, furans, PCB) as reflected by the Annex XIV dossier, benefits include inter alia: 


- Reducing the exposure of workers in factories,  
- Reducing emissions to the environment. 
- Reducing the exposure of millions of girls and women to the toxic chemicals under the 


scope, which are also present in tampons and hygienic pads, as all these articles are 
made of the same pulp, 


- Reducing the exposure of eldery and and vulnerable population using incontinence 
pads, which are made with the same pulp as nappies, 


 
Fifth, SEAC may not hide behind the difficulty to quantify benefits because these can 
be assessed qualitatively.16 The SEAC opinion states indeed that the Committee was not 
able to conclude on the benefits based on the lack of epidemiological studies or other forms 
of quantification of adverse effects associated with infants wearing single-use diapers. This is 
a flawed approach because the mere presence of these chemicals in diapers contributes to 
children’s chronic and long-term exposure and therefore contributes to a real risk, albeit hard 
to quantify. Moreover, it is clear from ECHA guidance that both quantitative and qualitative 


 
12 SEAC draft opinion, p. 19 
13 Annex XV Dossier, p. 20 
14 Ministère de l’Economie et des Finances, Substances chimiques dans les couches pour bébés : la 
dernière enquête de la DGCCRF confirme l’amélioration de la qualité des produits, 23 February 2021 
15 See for instance SEAC draft opinion, “From the publication of ANSES 2019 and French RMOA 
reports, companies on the single-use diapers market state that they have already started to 
implement technical and substitution measures in order to reduce/remove contaminants in their 
products.”, p. 55 
16 SEAC draft opinion, p. 5 







 


approaches may be used by SEAC in order to assess the potential impacts of a restriction.17 
In fact, ECHA considers that not attempting to qualitatively assess impacts that cannot be 
quantified would seriously decrease the quality and credibility of a socio-economic analysis.18 
 
To conclude we would like to remind SEAC that the mere presence of uncertainties is 
not sufficient to question the overall proportionality of a restriction.19 Scientific 
excellence requires SEAC to present results that are thoroughly justified, logical, and 
based on verifiable data. To do so, a supported analysis of the nature and impact of 
uncertainties must be done. That is then for the Commission to make the final 
proportionality assessment. 
 
 
ANNEX  
Generation of dioxins during pulp production 


ECF (Elemental Chlorine Free) is mostly used to bleach wood pulp today. Best Available 
Technology (BAT) document stipulates that only TCF and ECF (below AOX 0,20 kg/ADt) is 
allowed (Suhr et al., 2015). 


Most modern pulp mills produce chlorine dioxide at the pulp mill via the chemical reduction of 
sodium chlorate to chlorine dioxide. There are several commercially available processes for 
this. Elemental chlorine can be formed as an impurity in the chlorine dioxide generation system 
depending on which process is used. Therefore, a careful selection of the chlorine dioxide 
generation method will decrease the formation of elemental chlorine impurities and the 
formation of dioxin (PCDD/Fs). 


Earlier most of the reduction of chlorate to chlorine dioxide was carried out with hydrogen 
chloride (HCl). The HCl-based method results in a significant formation of elemental chlorine, 
and risk of dioxin formation, in the chlorine dioxide. The HCl method is therefore not used by 
modern kraft pulp mills producing ECF-bleached pulp. 


EU's 2015 Best Available Technology (BAT) document says that “the only processes that can 
provide chlorine dioxide without formation of elemental chlorine are methanol-based and 
hydrogen peroxide-based SVP-and R-processes and the sulfur dioxide-based Mathieson 
process” (Suhr et al., 2015). 


Today, chlorine dioxide in the vast majority of bleached kraft pulp mills is produced using 
hydrogen peroxide or methanol as a reductant resulting in levels of elemental chlorine in the 
chlorine dioxide at less than 0.3% (Axegård, 2019). This 0.3% means that you normally end 
up with an AOX below 0.2 kg/ADt and within the BAT range 0 - 0.2. However, it is possible to 
exceed this limit if you have a very high kappa number into the bleaching plant. But in modern 
EU mills the risk is minimal. 


 
17 Guidance on SEA in restriction, p. 41 
18 Guidance on SEA in restriction, p. 46 
19 Guidance on SEA in restriction, p. 46 







 


This means that chlorine dioxide still can be contaminated with elemental chlorine if the 
process is not the most modern. 


EU demand of fluff pulp was 1,6 million tonnes in 201920. The two largest fluff pulp producers 
in the EU are STORAENSO and UPM. Together they have a fluff pulp capacity of  500 000 
tonnes/y, being able to support around 30% of EU hygiene products with fluff pulp. Both also 
produce TCF fluff pulp. 


As most of the fluff pulp used in the EU is imported from North America it is most likely that 
the dioxins contaminated pulp originates there. 


EU's 2015 Best Available Technology (BAT) document stipulates that ”BAT-associated 
emission levels for the direct wastewater discharge to receiving waters from a bleached kraft 
pulp mill” is 0-0,2 kg/ADt. This also applies to imported pulp. 


It is documented that a large portion of North American bleached kraft mills has higher 
emission values in terms of important parameters than most of the corresponding European 
mills (EKONO Inc. Strategy study. Environmental performance regulations and technologies 
in the pulp and paper industry, 2015, August 2016). 


As so many of the North America mills have a higher performance regarding AOX 
discharges than the EU Bat level of 0,20; this is most probably the source of the dioxins 
found in the nappies marketed in the EU. 


 


The figure above shows the maximum and minimum levels for one of the most important 
effluent discharge components and its changes between 2006 and 2013. The level at 50% of 
the region’s production is also marked as well as BAT (Best Available Technique) permitted 
levels in the European Union as of 2015 (EKONO, 2016). 


 
20 https://events.risiinfo.com/north-american-
conference/sites/default/files/presentations/2020/Cavanagh_Fluff_Pulp_2020_0.pdf 







 


As said above it is reported that ECF bleaching levels of elemental chlorine in the chlorine 
dioxide at less than 0.3% (AOX 0,20) results in low or zero dioxins. At the same time levels 
above 0,3% chlorine contamination results in several times higher dioxins levels (Axegård and 
Bergnor (2011). Still it can be called ECF bleached as chlorine dioxide is the original 
compound. 


Although it is said that the US stopped using chlorine for bleaching in year 2000,  it is 
reported that between 2012 and 2020 at least 7 US pulp mills reported plans to stop using 
chlorine gas in their production. The question is how many still use chlorine in their 
production.21  


A submission report from University of Texas shows that still chlorine was used at the Foley 
Cellulose mill in Florida. This mill produces among other qualities bleached fluff pulp22. The 
environmental pollution caused by this plant has been highlighted in the Environmental Justice 
Atlas. 


  


   


 


 
21 https://enviro.epa.gov/facts/tri/p2.html 
22 Tier 2 Online Submission Report. Chemical Inventory Information. E-Plan - University of Texas at 
Dallas. Facility name: Foley Cellulose. January 1, 2015 - December 31, 2015. 
 






