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General comments and answers to specific information requests

Specific information requests:

1. RAC has agreed a higher long-term dermal DNEL value than originally proposed by the Dossier Submitter, i.e. 1.8 mg/kg bw/day instead of 0.53 mg/kg bw/day.

a. Could the risk management measures already in place at your site(s) ensure compliance with the agreed higher DNEL value?
b. If not, what action(s) should be taken? What would be the costs of such action(s)?
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BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
CIRFS-European Man-made Fibres Association
Org. country:
Belgium
Attachment:

 
	General Comments:
CIRFS - European Man-Made Fibres Association (TR No: 401973428940-48), in agreement with IVC as the Association of the German, Austrian and Swiss Man-Made Fibres Industries (European transparency register no. 49913771894-86), provided comments to the DMAc restriction process first during the call for evidence and secondly to the Annex XV public consultation (comments number 3584, 3586, 3587, 3597, 3603, 3604, 3605, 3654 and 3667).
These comments to the SEAC draft opinion do not include new information in addition to what was already shared during those previous consultation phases but are meant to highlight how critical is for the man-made fiber (MMF) industry sector to keep the proposed extended enforcement period in the final restriction conditions as included in the SEAC draft opinion.
Current DMAc restriction proposal in the SEAC draft opinion:
- Confirms the reduction from draft Annex XV restriction report in the long-term Inhalation DNEL to 13 mg/m3 (from current 23 mg/m3).
Local exhaust ventilation and other engineering controls are already installed in MMF companies for fibre production with DMAC as shown to the Annex XV dossier submitter during online site visit and using similar production techniques as for wet-spinning DMF plants. Adaptation and extension of exhaust ventilation might be needed, within the technical limits possible, to maintain a safety margin to the proposed lower inhalation DNEL as these LEV were developed and installed for compliance with existing national OELs.
In addition, task-based risk assessment review will be needed, including redefinition of PPE in order to adapt to the lower combination of inhalation+dermal DNELs.
- Confirms the reduction in the long-term dermal DNEL to 1.8 mg/kg bw/day (higher than initial 0.53 mg/kg bw/day proposed in annex XV but still in the lower range discussed in the call for evidence).
Detailed toxicological comments were given by CIRFS regarding the selection of the study and point of departure as well as on the use of the default assessment factors for the calculation of the dermal DNEL. (see attachment from comment #3584). Similar comments were given by other industry associations and companies (i.e. # 3588, #3602).
The initially proposed dermal DNEL of 0.53 mg/kg bw/day is very problematic for all industries. An extremely low dermal DNEL leads to a substance ban in practice as even bulk charging/discharging operation of liquid DMAc in an industrial environment cannot be calculated to be safe when applying the highest dermal protection foreseen in the ECETOC TRA model (glove incl. specific training). Current dermal DNEL included in the SEAC draft opinion of 1.8 mg/kg bw/day for long-term dermal exposure is still a challenge in absence of a monitoring system where dermal risk assessment can only be done by modelling.
Again, task-based risk assessment review will be needed, including redefinition of PPE in order to adapt to the lower combination of inhalation+dermal DNELs.
- Refers to a reduction in biological limit value (BLV) from current 30 mg MMAc/g creatinine to 15 mg MMAc/g creatinine in urine
Due to applicable BLV for DMAc under OHS legislation, biological monitoring programs are already established in the MMF industry.
Detailed scientifical arguments were given jointly by Cefic BDO & derivatives sector group and CIRFS regarding the biomonitoring studies and biological limit values (see attachment from comment #3654). Similar comments were given by other stakeholders (i.e. #3602).
Current proposal to decrease the BLV might lead to an overestimation of the human health risk.
In the restriction report, the proposed biological limit value (BLV) is based on the proposed inhalation DNEL of 13 mg/m3, which was derived from developmental toxicity in animal studies. An additional margin of safety was used, in order to avoid “misclassification of a large percentage of individuals as underexposed” and thus, the proposed value is lowered from the established average value, essentially following the recommendation by Spies et al., 1995. However, the validity of this approach should be re-assessed as it does not reflect current principles for the derivation of limit values in biological materials.
- Includes an extended enforcement period for the man-made fiber industry of 4 years.
In order to adapt to the lower DNELs proposed in this restriction, the MMF industry will need to enhance and expand existing LEVs as they were developed and installed for compliance with existing national OELs. Additional investments in the order of €5-10 million are expected for improved ventilation for some companies. In addition to the investment costs for adaptation, there would be further manufacturing costs from reduced DMAc recovery efficiency (due to lower concentration in the exhaust stream as a greater volume of air is drawn through the system), potential additional heating costs, and increased emissions to the environment.
The MMF industry has already experienced implementation costs for the previous reductions in DNELs:  inhalation long-term DNEL from 36 mg/m3 to 23 mg/m3 in 2016 and dermal long-term DNEL from 11 mg/kg bw/day to 5.6 mg/kg bw/day.
In order to be able to cover these additional significant costs of adaptation and to avoid further closures of MMF plants in Europe, it is important that MMF companies are given a longer transition period in this DMAC restriction as already stressed during the annex XV public consultation and acknowledge by SEAC in its draft opinion.
In addition to the cost for adaptation, current sociopolitical environment needs to be considered, as constrains in global supply chain may influence the timelines for implementation due to equipment availability.
In conclusion:
At the beginning of the restriction journey for DMAc, there were 6 companies in the MMF industry sector in EU using DMAc as process solvent. Four of them were included in the Antoniou et al., 2021 study (attached), but meanwhile three out of six companies have already closed the production in Europe.
The transition period of 4 years (comparable to the period given for the adaptation of DMF-DNELs) is critical for the remaining MMF industry with operations in EU using DMAc to overcome the big socioeconomical impact that this restriction process will have on the sector.



	
	
	Specific information 1:
See under general comments



	1219
	Date/Time:
2023/05/19  08:04
Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
EWWA
Org. country:
Belgium
	General Comments:
EWWA welcomes a higher than previously suggested dermal DNEL of 1.8 mg/kg/day.
Please find ou specific information below


	
	
	Specific information 1:
EWWA welcomes a higher than previously suggested dermal DNEL of 1.8 mg/kg/day. In winding wire industry, biomonitoring is currently only used in rare exceptional cases. A DNEL of 0.53 mg/kg/day would only be verifiable by continuous biomonitoring.  With the help of exposure calculations, we believe that practicable risk reduction means can be derived that can be coped with financially.  We expect an additional financial burden of approx. 25,000 €/a for a typical winding wire installation (of which there are currently 18 in Europe) for protective measures to be set up individually, depending on the individual result of the exposure calculations and the occurrence of the known and confirmed PROC2, 8b and 10 scenarios (see NMP guidelines).



	1220
	Date/Time:
2023/05/21  15:57
Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
The European Apparel and Textile Confederation (EURATEX)
Org. country:
Belgium
	General Comments:
Based on the proposed DNELs, adaptation and expansion of existing LEVs is required because the DNELs are much lower than the existing national OELs for which the LEVs were developed and installed.

As additional investments around €5-10 million are expected for improved ventilation for some companies and further costs from reduced DMAC recovery efficiency, potential additional heating costs, and increased emissions to the environment, EURATEX supports the transition period of 4 years. This is comparable to the period given for implementation of DMF-DNEL and it is needed for the companies to ensure a proper transition.

EURATEX also supports the data put forward by CIRFS - European Man-Made Fibres Association in their submissions to the ECHA consultations and their information regarding workplace exposure, alternatives and impact on the textile industry.
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Toxicological comment by CIRFS on the Restriction Report for N,N-Dimethylacetamide
(CAS no. 127-19-5)

Comments submitted before the 1%t deadline July 20, 2022

Background: Under the European Union’s Registration, Evaluation, Authorisation and
Restriction of Chemicals Program (REACH), NMP, DMAC, and DMF were all included on the
Candidate List. All three aprotic solvents were recommended by the European Chemicals
Agency (ECHA) for prioritization. Restriction on NMP was adopted in 2018 and restriction for
DMF was adopted in 2021. Final restriction efforts related to DMAC are still pending. Since all
three aprotic solvents have a harmonized classification for reproductive toxicity (Category 1B),
and since the chemical characteristics of the three solvents are very similar, the expectation is
that all three will be subject to similar restriction parameters. For that reason, CIRFS, the
European Man-Made Fibers Association, has been proactive in considering potential business
impact from changes in existing DNELSs.

As part of the process to review the impact to the man-made fiber industry, we have considered
previous information coming from the Dutch Authorities, who are leading the restriction dossier
preparation. The initial call for evidence included 2 potential ranges of DNELSs for consideration
for the long-term dermal DNEL:

Current DNELs
Indicative DNEL Indicative DNEL from Registration
DMAC Range A Range B Dossiers
Dermal
Systemic Effects 1-5 mg/kg bw/day 5-10 mg/kg bw/day 11-13.6 mg/kg
bw/day
Long-Term

Based on the restriction dossier, the long-term systemic dermal DNEL of 0.53 mg/kg bw/day is
outside of the indicative ranges proposed in the call for evidence. For numerous reasons
described below we believe this is not warranted by the data.
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1. Comments on Selection of the Study and Point of Departure for Calculation of the Dermal
DNEL

In the restriction dossier, the derivation of the long-term systemic dermal DNEL deviated from
the DNELSs presented in the restriction dossier since the restriction dossier selected a different
study for derivation of the dermal DNEL. The restriction dossier indicated that the dermal dog
study (Horn, 1961) used by the lead registrant for derivation of the DNEL was not reliable, and
so a lifetime oral drinking water study in rats (Monsanto, 1980) was selected as the key study
instead of the dermal dog study for derivation of the DNEL. The lead registrant assigned the
dermal dog study a Klimisch 2 score for reliability, but the restriction dossier concluded that it
was not reliable enough to use for derivation of the long-term systemic dermal DNEL.

Limitations of the Repeated-Dose Dermal Dog Study for Use in DNEL Derivation
The dermal dog study had some limitations as indicated below:

e The study was done prior to implementation of Good Laboratory Practice (GLP)
Standards so it is not in compliance with GLP standards.

e The study does not meet guideline requirements, with the primary issues listed below:

o Dog study only had 2 dogs/group instead of required group sizes of 4
dogs/sex/group.

o Only 3 organs were examined microscopically (liver, kidney, skin) compared with
the guideline-required 32 organs

o Only limited parameters were evaluated for hematology and clinical chemistry

o Only limited documentation for details on the test substance, analytical results,
test animals, and urinalysis

e Two supporting dermal studies were considered unreliable (Klimisch 4) and therefore
could not be used as supporting evidence.

Rationale for Use of the Repeated-Dose Dermal Dog Study for DNEL Derivation
While the dermal dog study had some limitations, those limitations do not warrant exclusion of
that study for use in derivation of the dermal DNEL for the following reasons:

e Itisthe only reliable repeat-dose dermal study to use for the DNEL derivation.

e Itis better to use a dermal study versus an oral study for derivation of a dermal DNEL
o ECHA has acknowledged that oral to dermal extrapolation is usually
overconservative: “The oral to dermal extrapolation AF of 1 will very often lead
to an overly conservative estimate of the POD for dermal exposure, while an AF
<1 would be appropriate, although not allowed for by the present REACH
Regulation (EU, 2006)”.
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While the dog study only had 2 dogs/group it is not enough to warrant exclusion of this
study.

While the dog study did not have full organ microscopic evaluation performed, the
previously-identified target organs were evaluated microscopically, which includes liver,
which is recognized as the most sensitive organ for DMAC effects. This is confirmed in
multiple repeated-dose toxicity studies. This is consistent with the conclusions included
in the Restriction Dossier that indicated that “the liver is the primary target organ for
systemic repeated dose toxicity of DMAC”.

Since liver is the primary target organ, the limited parameters for hematology and clinical
chemistry, and the limited documentation for urinalysis should not negatively impact the
derivation of the dermal DNEL.

There are similar limitations associated with the oral drinking water study that the Dutch
Authorities selected for DNEL derivation, which are outlined below.

Issues With Use of The Lifetime Oral Drinking Water Study In Rats for Use In DNEL Derivation

We still feel the best option is to use the dermal dog study for derivation of the long-term
systemic dermal DNEL, even with the limitations of the study. However, we also have concerns
over use of the lifetime oral drinking water study in rats to select the point of departure (POD)
for DNEL derivation:

The POD of 100 mg/kg is not warranted based on the data. The restriction dossier used a
23% change (increase) in liver weight at 100 mg/kg as the most sensitive adverse effect
of this study. With a 10% change in liver weight as the relevant benchmark response, the
respective BMDL was calculated to be 19 mg/kg bw/d (restriction report p. vii, 29/30).
There were no corroborative histopathologic changes observed in the liver or any other
tissues/organs at 100 mg/kg, which is also described by the Dutch authorities (restriction
report annexes p. 29). As stated in the study report, small increases in liver weight with
accompanying hypertrophy were (and are usually) considered adaptive responses related
to metabolism of the test substance and not adverse effects in the absence of other
corroborative effects. Given that the small increase in liver weight did not have
corroborative histopathologic changes and no other adverse effects, e.g. liver enzyme
induction, were observed at 100 mg/kg, it is clear that this change in liver weight is an
adaptive response that is non-adverse. As such, 100 mg/kg represents the NOAEL for the
study, and 300 mg/kg represents the LOAEL in the study based on changes in liver
parameters. The appropriate POD for this study should be 100 mg/kg as a NOAEL.

If the dermal dog study was disqualified for based on the limited parameters evaluated
and being conducted as non-GLP, the lifetime drinking water study in rats also had
similar limitations:
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The study was not done in compliance with GLP standards

No details about the test substance

Problems in analytical methodology for analysis of dose preparations

Limited data on test animals and conditions

No documentation of details on incidences in the study reevaluation. Data for
histopathology was incomplete/insufficient versus guideline requirements.

© O O O O

For the derivation of the systemic long-term inhalation DNEL, the restriction dossier indicated
(excerpt summarized below) that the lower DNEL value derived from the liver effects in the
lifetime drinking water study in rats was not used for the final DNEL determination because
human data was considered more relevant and the liver effects in rats were considered more
sensitive than those observed in workers (see text from the restriction dossier below). This
supports a conclusion that humans are less, not more sensitive than rats to the hepatic effects
induced by DMAC and is consistent with the vast database of published and unpublished studies
on DMAC, and the recently published peer-reviewed article of workers exposed to DMAC
(Antoniou et al., 2021) that clearly shows that long-term workers handling DMAC did not show
any adverse liver effects.

For DMAC, in an approach combining human and animal data, a systemic long-term
inhalation DNEL of 13 mg/m3 is proposed based on a BMDL1 for foetal skeletal
malformations and a BMDL10 for foetal visceral variations in the animal developmental
toxicity studies. Although the animal derived inhalation DNEL of 2.6 mg/m3 for liver
effects is lower, the inhalation DNEL of 22 mg/m3 based on human data is considered
more relevant for liver effects because the correct type of effects is assessed in the
relevant population (workers) at relevant exposure conditions. A systemic dermal DNEL
of 0.53 mg/kg bw/day for workers is derived based on a BMDL10 for increased relative
liver weight after repeated exposure in animal toxicity studies and is also protective
against developmental toxicity (head malformations).

Subsequently, for derivation of the dermal DNEL the restriction dossier took an overly-
conservative approach and the approach taken is contradictory to the approach taken for
derivation of the inhalation DNEL. By using a 23% increase in relative liver at 100 mg/kg in the
lifetime drinking water study in rats as the POD for derivation of the systemic long-term dermal
DNEL, the POD of 100 mg/kg relies on non-adverse liver effects as the POD for derivation of
the systemic long-term dermal DNEL. This approach seems to suggest that humans are more
sensitive than rats to the liver effects of DMAC, which is counter to the previous conclusion, and
not warranted by the data and leads to an overly-conservative long-term systemic dermal DNEL
of 0.53 mg/kg bw/day.
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2. Comments on Use of Default Assessment Factors and Calculation of the DNELSs

Based on the extensive database for DMAC with numerous studies available in multiple species
including rat, mouse, rabbit, dog, monkey, and human, the use of the ECHA-recommended
default assessment factors is overly conservative. This is even more critical for DMAC since the
restriction process used Benchmark Dose Assessment for deriving the POD, and the most
sensitive effect for the POD from available studies was liver effects that are likely adaptive
responses at the low doses found in the toxicity studies, and therefore do not represent adverse
effects. For this reason, it is more appropriate to use default assessment factors as described by
ECETOC (Guidance on Assessment Factors to Derive a DNEL, Technical Report No. 110,
October 2010) for interspecies and intraspecies variability for the following reasons:

e From the weight of evidence from all studies performed with DMAC in rodents, dogs,
monkeys, and humans, it can be concluded that the metabolism (toxicokinetics) of
DMAC is similar across species, independent of the route of exposure or species. In all
species the metabolic pathway in vivo is N-demethylation leading to N-hydroxymethyl-
N-methyl acetamide (HMMAC) and N-methylacetamide (NMAC) as the main
metabolites.

e From the weight of evidence from all studies performed with DMAC in rodents, dogs
monkeys, and humans, it can be concluded that the toxicodynamic behavior of DMAC is
similar across species and there is no indication for susceptibility differences between
species which are not related to differences in basal metabolic rate. In addition, human
data from workers and volunteers showed a rather homogenous sensitivity to DMAC's
toxicity. The weight of evidence, including data in long-term workers exposed to DMAC
that had no adverse liver effects (Antoniou et al., 2021), clearly show that humans are not
more sensitive than other species to DMAC-induced hepatic changes.

Taking the extensive database for DMAC into account and to prevent over conservatism in the
DNEL derivation, the default factors recommended by ECHA should not be used, and the default
factors recommended by ECETOC are considered more appropriate. Based on the robust
database for DMAC, the additional interspecies assessment factor of 2.5 recommended by
ECHA is not recommended since the interspecies variability is already captured in the allometric
scaling assessment factor. The intraspecies factor defined by ECHA of 5 for the worker should
therefore be lowered to 3 for the dermally exposed worker.

However, considering the limitations of the dermal dog study on number of dogs/group and
examined parameters a safety factor of 2 is considered appropriate.

Using the NOAELSs as PODs and ECHAs default assessment factors, the dermal DNELSs derived
from both studies are very similar: 1.3 vs. 1.4 mg/kg bw/d for the dermal dog and the oral rat
study, respectively. Additionally using the substance-specific assessment factors as outlined
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above the dermal DNEL of the dog study is even lower compared to the other DNEL (5.6 vs.
11.7 mg/kg bw/d), supporting that the use of the dermal dog study is appropriate.

Calculation of Long-Term Systemic DNEL for Workers Using 6 months Dermal Dog Study:

Assessment Factors Registration Dossier ECHA Default ECETOC Default
Applied AFs AFs AFs

. 94 mg/kg bw/d 94 mg/kg bw/d 94 mg/kg bw/d
Point of Departure (NOAEL) (NOAEL) (NOAEL)
Total AF 16.8 70 16.8
Allometric Scaling
(dog to human) 1.4 14 1.4
Interspecies 1 2.5 1
Intraspecies 3 5 3
Duration
(sub-chronic to chronic) 2 2 2
Dose-response issues 1 1 1
Quality of database 2 2 2
Calculated DNEL | 56mg/kgbw/d |  13mgkgbwid | 5.6 mg/kg bw/d

Calculation of Long-Term Systemic DNEL for Workers Using Rat Lifetime Drinking Water Study:

POD: BMDL
POD: NOAEL POD: NOAEL POD: BMDL
Assesinenl}e';a"tors Registration ECHA Default | ECHA Default EgeEfaTﬁtC
PP Dossier AFs AFs AFs AR
. 100 mg/kg bw/d 100 mg/kg bw/d 19 mg/kg bw/d 19 mg/kg bw/d
Point of Departure (NOAEL) (NOAEL) (BMDL) (BMDL)
Correction for 5-day
work-weak 715 715 715 7/5
Adjusted POD 140 mg/kg bw/day | 140 mg/kg bw/d | 26.6 mg/kg bw/day Zegsvzgglkg
Total AF 12 50 50 12
Allometric Scaling
(rat to human) 4 4 4 4
Interspecies 1 25 25 1
Intraspecies 3 5 5 3
Duration 1 1 1 1
Dose-response issues 1 1 1 1
Quality of database 1 1 1 1

Calculated DNEL

| 11.7mg/kgbw/d | 2.8 mg/kgbw/d | 0.53 mg/kg bw/d | 2.22 mg/kg bw/d
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3. Comments on the Relevance of The Dermal DNEL for the Exposure Assessment

If the proposed long-term systemic dermal DNEL of 0.53 mg/kg bw/day in the restriction dossier
is implemented, there would be significant impact to industry that would essentially lead to a ban
on many industrial uses of DMAC.

Using the ECETOC TRA model for the exposure assessment, the RCRs of several processes
(shown below), would be > 1, even by increasing the dermal protection to the highest
effectiveness of 95%, using chemically resistant gloves, and with specific activity training.

e mixing or blending in batch processes (PROC 5)

e transfer of chemical from/to vessels/large containers at dedicated or non-dedicated
facilities (PROC 8a, 8b)

e roller application and brushing (PROC 10), and treatment of articles by dipping and
pouring (PROC 13)

The safe use of DMAC in industrial applications has been demonstrated for years using the
inhalation OEL of 36 (now lowered to 18 mg/m3) combined with a qualitative assessment for the
dermal exposure to avoid skin contact. This is further discussed below (section 5), but has been
shown in several publications that concluded “no adverse effects were reported for workers,
exposed to 11 — 22 mg/m3 DMAC based on 8h TWA (Antoniou et al., 2021; DuPont, 1974;
Spies et al., 1995)”.

As described in detail above, we believe that the proposed long-term systemic dermal DNEL of
0.53 mg/kg bw/day in the restriction dossier is overly-conservative and is not based on the data
and would essentially lead to a ban on use of DMAC.

4. Comments on The Biological Limit VValue for DMAC

For years industry has relied on urinary excretion of NMAC as a marker for DMAC exposure,
and the BLV for DMAC has typically been set at 25-30 mg NMAC/g creatinine. This BLV took
into consideration air exposures from both inhalation and dermal exposures. Based on all
available data in humans, there have been no adverse effects reported in long-term workers
working with DMAC (see extracts from the restriction dossier below in italics).

¢ No toxic effects are reported upon exposure to DMAC (36 mg/m3, whole body, six hours
per day, five days) in the clinical study but no long-term effect levels can be derived from
this short-term effect study [Dupont, 1974].

e No statistically significant DMAC exposure-related trends in hepatic serum clinical
chemistry (serum levels of total bilirubin, AST, ALT, ALP, and gamma-GTP) are
measured in a one-year cohort study of workers (highest exposed group geometric mean
10.8 mg/m3 based on eight-hour time-weighted average (TWA)) in an acrylic fibre
manufacturing facility (Spies et al., 1995a, 1995b).
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e In aretrospective cohort study of workers in four man-made fibres factories (highest
exposed group median 21.7 mg/m3 based on eight hour TWA) no indication of a
relationship between DMAC exposure and elevated levels of ALT and/or increased
observations of liver injuries are noted (Antoniou et al., 2021).

In fact, in the restriction dossier the conclusion is made that “For chronic exposure, an overall
no-effect level in humans of six ppm (21.7 mg/m3) eight-hour TWA can be deduced from the
Antoniou et al. (2021) study. This study is given preference over the Spies et al. (1995a, 1995b)
studies, given that it concerns more recent data from more workers, over more years and from
work associated with the highest DMAC exposure.” Based on the information presented above
and within the restriction dossier, it is unnecessary to lower the BLV from the current value.
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Restriction report for DMAC, CAS 127-19-5:

Comment by CEFIC (Petrochemicals Europe) and CIRFS
regarding the proposed biological limit value (BLV)

Proposed BLV (better named as biological monitoring value) = 15 mg NMAC/ g
CREA corresponding to the DNEL of 13 mg/m3

The American BEI committee (ACGIH) and the German MAK commission (DFG) preferably use human
biomonitoring studies for setting limit values in biological materials, essentially in the same way as
proposed in the restriction report.

Limit values in biological materials are usually either health-based (if systemic effects are reported in
the studies) or they relate to the respective health-based limit value of a substance in workplace air
(e.g., “BAT values are based on a relationship between external and systemic exposure or between
the systemic exposure and the resulting effect of the substance.”). Both expert groups follow the
average value concept in the derivation of the biological limit values (with few exceptions); the MAK
commission changed its former approach from using the upper limits of the confidence interval of
the biomarker concentration at a given concentration of a substance in air to the average value
concept only some years ago (“The derivation of the BAT value is based on the average of systemic
exposures.”). The reason for this adaptation was the fact that limit values in biological material do
not allow for a strict differentiation between critical and non-critical biomarker concentrations on an
individual level. The former German BAT values were ‘maximum values’, not to be exceeded. Now
the BAT value “is exceeded when, following several individual examinations, the average
concentration of the parameter is greater than the BAT value; measured values greater than the BAT
value must be evaluated in relation to occupational - medical and toxicological data. Adverse effects
on health can not necessarily be deduced from one single excursion above the BAT value.”. This
approach is basically the same as that of the ACGIH BEI committee.

In the restriction report, the derivation of the so called “biological limit value (BLV)” differs compared
to these established procedures: an additional margin of safety was used, in order to avoid
“misclassification of a large percentage of individuals as underexposed” and thus, the proposed value
is lowered from the established average value, essentially following the recommendation by Spies et
al. 1995. However, the validity of this approach should be re-assessed as it does not reflect current
principles for the derivation of limit values in biological materials. Additionally, the number of
available biomonitoring studies in 1995 was very limited and a careful recommendation with a bias
to lower limit value concentrations was reasonable.

In the meantime, more studies on occupational DMAC exposure are available and should be used in
an overall evaluation of biomarker levels and effects, e.g. Antoniou et al. 2021/2022, Qian et al.
2012.

The restriction report summarizes only few studies on DMAC exposure as well as the conclusion of
the MAK commission. In view of the apparently different study designs of the DMAC reports in the
literature (time of sampling, repeated sampling over a workweek, broad differences in the
concentrations of airborne DMAC, different personal protective equipment, etc.), a thorough review
of the existing data is necessary in order to derive a biological limit value.
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Additionally, the determination of airborne DMAC as well as NMAC analyses in urine have been
carried out routinely for many years using the limit values then in force (36 mg/m3 with 30 NMAC/g
CREA or 18 mg/m3 with 25 NMAC/L urine, respectively).

From our point of view, no systemic toxicity is to be expected below 25 mg NMAC/L urine (or 20
mg/g CREA, respectively).

e The available animal data for DMAC show, that liver toxicity occurs at lower doses than the
developmental toxicity (see restriction report). Thus, the liver toxicity is the most sensitive
endpoint.

e Human data concerning liver toxicity resulted in human NOAEC of 22 mg/m3 (Antoniou et al.,
2021/2022, see also restriction report).

e Supportingly, a Chinese study on the biological limit of NMAC in urine of DMAC exposed
workers (Qian et al., 2012) recommends a DMAC upper exposure limit based on workweek,
end-of-shift urinary NMAC of 20 mg/g CREA.

Thus, a further decrease of the BLV might lead to an overestimation of the human health risk.

Additional further important remark: The use of the term biological limit value should be restricted
to OSH legislation. The biological monitoring value corresponding to the harmonized DNEL of 13
mg/m?3 should be called biological monitoring value, only. Otherwise, the restriction leads to an
undesirable further mixing up of OSH and REACH. The ECHA Guidance on NMP restriction (No

71) refers to the BLV-Method to determine NMP in biological samples, however, the purpose always
was and is to have a method to check compliance with hDNELs, nothing else.
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ORIGINAL ARTICLE

The Association Between Dimethylacetamide Exposure
and Liver Toxicity

A Large Retrospective Analysis in Workers From Four European Factories

Evangelia E. Antoniou, PhD, Heinz-Peter Gelbke, PhD, Jochen Ballach, PhD,
Maurice P. Zeegers, PhD, and Arnhild Schrage, PhD

Objective: This study examines the association between 8-h time weighted
N, N-dimethylacetamide (DMAc) air exposure and potential hepatocellular
injury in a retrospective study among fibre-production workers in four
European factories. Methods and Results: Twenty-nine (1.5%) of 1844
alanine aminotransferase (ALT) observations had liver values two times
above normal; 0.2% three times above normal and 0.05% five times above
normal. Two (0.1%) observations were indicative of hepatocellular injury.
Logistic regression analyses showed an odds ratio for elevated ALT of 0.88
per 1ppm (P trend = 0.39). Linear random effects regression analyses
showed a decrease of one international unit (IU/L) ALT per 1 ppm increase of
DMACc exposure (P =0.002). Conclusions: This study found no association
between DMAc exposure and hepatoxicity amongst European workers. The
prevalence of elevated liver values was lower compared to the general
population without occupational exposure.

Keywords: dimethylacetamide, DMA, DMACc, hepatotoxicity, occupational
epidemiology

BACKGROUND
, N-Dimethylacetamide (DMAc; CAS 127-19-5) is a versatile
aprotic solvent widely used in the chemical industry, such in
the Man-Made Fibres (MMF) industry (eg, for the production of
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acrylic/polyacrylonitrile, elastane, aramid fibres). It is also used in
the coatings industry as an additive in special coating materials, in
the adhesive industry and in the production of pharmaceuticals as an
excipient or solvent.

A detailed assessment of the toxicological profile of DMAc
has been published by the German Maximale Arbeitsplatz-Konzen-
tration (MAK) Commission' and was lowered to 5ppm in 2018
from former 10 ppm taking into account the respiratory volume in
workers during slight physical workload and 5 ppm is as well the
actual German Occupational Exposure Limit (OEL).? In the MAK
Value Documentation, it is also mentioned that damage to the
embryo or fetus is unlikely when the MAK value is observed
and DMAc remains assigned to Pregnancy Risk Group C. The
European Indicative Occupational Exposure Limit Value (IOELV)
as well as nearly all other national OELSs are still 10 ppm for 8h-time
weighted average (TWA) values.>*

DMAC can easily pass through the skin, and therefore dermal
as well as inhalation exposure contributes to the body burden. A
dermal contribution, even if protective gloves are used (as done in
MMF industry) to avoid direct skin contact to liquid DMAc, of
about 40% to the total body burden has been estimated for exposure
to DMAc vapors.’ The metabolism of DMAc proceeds via hydrox-
ylation to N-hydroxymethyl-N-methylacetamide as a first step.
Under the high temperature conditions during gas chromatographic
analysis, formaldehyde is eliminated, leading to N-methylaceta-
mide (NMAc) that can be used for biological monitoring in urine.
For this purpose, the German Biologischer Arbeitsstoff-Toleranz
(BAT) value was reevaluated as 25 mg NMAc plus N-hydroxy-
methyl-N-methylacetamide/L urine in 2020.”

Liver toxicity was observed in long-term studies with rats and
mice starting at inhalation concentrations of 100ppm with a
NOAEC (No Observed Adverse Effect Concentration) of 25 ppm.’

Apart from studies in experimental animals, some epidemi-
ological investigations in humans have been published. Spies et al'®
studied parameters for liver disease [aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamy] transfer-
ase (GGT), alkaline phosphatase (AP) and bilirubin] at least once
during a 1-y observation period in 127 full-shift (12h/d) exposed
workers in comparison to 217 controls. Exposure was monitored by
urinary concentrations of NMAc. In addition, the amounts of
urinary DMAc were calculated by urinary NMAc, DMAc and
acetamide. In 21 of the 127 workers the urinary NMAc concentra-
tion exceeded 60 mg/g creatinine (Cr) (two times the German BAT
value) or urinary DMAC 136 mg DMAc/g Cr. The mean inhalation
exposure was 1.9 ppm DMAc (12h shift) corresponding to about
3ppm over 8h. No indications were obtained for liver toxicity in
exposed workers in comparison to controls. The authors concluded
that the chronic exposures in the workforce studied, and brief
excursions were not hepatotoxic.

In contrast, two recent studies reported adverse liver effects
in exPosed Asian populations. Newly enrolled workers in 2002 to
2004 (or 2001 to 20042 in an elastane fiber factory (440 workers
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TABLE 1. Description of Population and Main Measurements

Company A Company B Company C Company D

N* of observations included 959 (ALT) + 100 (ALT) 513 (ALT) 272 (ALT)

in this study 951 (AP)
Working area Fibre production Fibre production Fibre production Fibre production

and others'

DMACc exposure area Calculated 90™ Calculated 90™ Calculated 90™ Calculated 90™ percentiles

measurement percentiles percentiles percentiles

(8h-TWA)
Liver tests ALT, AP ALT ALT ALT
Year of DMAc and liver 2012-2019 2016-2020 1977, 1980-1990, 1992, 1994, 1992-2001, 2003-2007, 2010-2011,

measurement™*

Type of anonymized liver Individual data Individual data

enzyme data

DMACc exposure groupsI

1998-2006, 2008, 2011-2014,
2016-2019

2013, 2015, 2017-2019

DMACc exposure groupsi

*Total N: 2,795 observations (calculated from data on ALT and AP values only).

fOthers: company A: polymerization, dispersions, solvent recovery, cutter and baler, pack-room, laboratory.

"The exposure groups are presented in Tables 3 and 4.
“*More information is provided in exposure measurement (page 7).

over 31 mo, Lee study) or a Spandex factory (1045 workers over
43 mo, Jung study) were monitored for alteration of liver parameters
(ALT, AST, and GGT). However, both studies lack sufficient
quantitative data on occupational DMAc exposure, as there were
no air or dermal exposure measurements for DMAc provided.

Due to the insufficient data (small sample size) from the
European workforce and the limited quantitative data available from
the Asian studies, the aim of the present investigation is to provide
further data on European workforces and current exposure data in
Europe as opposed to the specific Asian data.

METHODS

Participating Companies

Six European MMF companies from Germany, Ireland,
Portugal and Spain representing polyacrylonitrile (PAN), meta-
aramid and elastane fibre producers were invited to participate
and asked to provide data about their workforce in March 2020.
The data collection was considered complete once all companies
had contributed their available data until December 2020.

From the six companies, one company was not allowed to
participate due to internal data protection reasons, and a second
company was only able to deliver data partly due to the pandemic
lockdown and severe influence to their business.

The protocol of this study and its amendments are publicly
available via the Open Science Framework (https://osf.io/ptSqu/)
and were approved by the Ethics Committee of the federal state of
Hessen in Germany.

Study Population

The start of the inclusion to the study was considered the first
exposure to DMAc and corresponding liver measurement of the
worker. Data from workers having information on both air and liver
measurements in the same year were included in the dataset. As the
half-life time of DMAc exposure is short, with 9h after dermal and
5.6 h after inhalation exposure,' while annual repeated measurements
of air exposures and matched liver values were available, each worker
was considered to be at risk again at the next measurement leading to
multiple exposure-outcome observations per worker. In total 2795
exposure-outcome observations were available for analysis. Two
companies provided anonymized individual data with repeated meas-
urements and two companies provided the data due to data protection
rules, on an aggregation level, that is, in annual exposure-outcome
groups consisting of at least 10 workers per group.

All companies provided data from the area of fiber produc-
tion, that is, the workplace with the highest exposures where
compliance with OELs is controlled, whereas one company pro-
vided data also from several working areas with lower exposure.

A description of the population and the main measurements
are displayed in Table 1. In brief, all companies provided data of
ALT liver values, while company A provided data of AP values as
well. 959 ALT values (based on 150 workers with an average of six
measurements per person) were provided by company A, 100 values
(based on 62 workers with an average of two measurements per
person) by company B, 513 values by company C and 272 values of
ALT by company D, respectively. Due to data protection policies,
for companies C and D, we are not able to match the number of
workers to the number of observations. Subsequently, all the
statistical analyses are performed on the number of observations.

Only company A provided 951 AP values. All companies
provided calculated 90™ percentiles of DMAc exposure measure-
ment based on 8h-TWA measurements in the fibre production area
while company A provided measurements in other areas as well (see
footnote below Table 1). Companies A and B provided liver values
in consecutive years, while companies C and D provided the data in
certain years where DMAc exposure measurements were available,
and according to the data protection rules based on grouping of at
least 10 workers per group.

Outcome Measurements

To assess potential liver toxicity in DMAc exposed workers,
first it had to be decided which enzymes to rely on, on the
appropriate upper limit of normal (ULN) and what multiples of
the ULN should be used. In our study we decided to: (a) concentrate
on ALT because for this enzyme (apart from GGT) the most
measurements in our workforce are available and an isolated
elevation of GGT is insufficient to qualify for liver disease. Fur-
thermore, ALT is the transaminase most frequently used in clinical
practice to screen for liver disease, (b) use an ULN for ALT of 40 IU/
L because lower ULNs were only obtained by exclusion from the
analysis of subsets of the normal population with some abnormali-
ties, such as high BMI or frequent metabolic disorders; such subsets
must not and cannot be excluded from an analysis like the present
one, (c) use a factor of 2 to define an ‘““indication for possibly
elevated ALT”, a factor of 3 to define “‘possibly elevated ALT”” and
a factor of 5 for “clearly elevated ALT”’. Such factors of 2, 3, and 5
for the ULN were proposed by Bénichou'® and Aithal et al'* for
drug-induced liver toxicity (DILI) with different levels of

€894 © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine.
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TABLE 2. Descriptive Characteristics of ALT and AP Values Based on ppm Exposure Categories

ALT, TU/L (n = 1,844)

AP, IU/L (n=951)

DMAc ppm [90'" Percentile N N

(8h-TWA) in ppm] Observations Mean (SD) Median (IQR) Range Observations Mean (SD) Median (IQR) Range
0.00-1.00 220 28.3 (15.5) 24 (18-33) 5-100 218 68.1 (18.1) 66 (55-78) 27-118
1.01-2.00 214 25.1 (14.1) 22 (16-31) 5-103 94 63.6 (19.1) 60 (51-75) 27-123
2.01-3.00 311 31.0 (209) 26 (19-37)  5-201 129 644 (172) 62 (52-75)  27-117
3.01-4.00 455 30.5 (17.4) 26 (18-37) 6-139 163 66.6 (14.9) 65 (56-75) 29-104
4.01-5.00 377 26.4 (15.5) 22 (17-32) 6-125 192 65.1 (16.1) 64 (54-74) 36-136
5.01-6.00 91 22.2 (12.4) 19 (15-26) 6-100 32 63.8 (14.5) 61 (52-74) 44-103
6.01-7.00 81 26.7 (13.5) 23 (17-34) 11-83 60 67.3 (16.3) 65 (56-78) 38-101
7.1-8.00 No data available - - - No data available - - -
8.1-9.00 No data available - - - No data available - - -
>9.01 95 23.1 (10.6) 21 (15-27) 6-67 63 69.5 (13.9) 69.5 (62-77) 39-123

conservation, d) use Aithal’s criteria'® to identify patterns of liver
injury based on ALT and AP values.
Thus, the outcome was defined using three methods:

1. By calculating elevated liver values based on three factors:
a. Indication for possible elevated ALT values - ALT higher or
equal to 2x ULN.
b. Possible elevated ALT values - ALT higher or equal to
3x ULN.
c. Clearly elevated ALT values - ALT higher or equal to
5x ULN.

2. By classifying patterns of liver injury:
The most common clinical presentations of liver injury are
hepatocellular, mixed and cholestatic which should be defined
based on biochemical criteria':

Mixed pattern of liver injury will be defined when (ALT > 2x
ULN or AP > 2x ULN) & R > 2 & <5.
Cholestatic pattern of liver injury will be defined when (ALT >
2x ULN or AP > 2x ULN) & R < 2.

3. By calculating ALT values on a continuous scale.

The physicians of the companies provided the liver enzyme
values for each year where available. Liver enzyme measurements
were carried out in analytical laboratories for clinical medicine
according to standard methods in clinical practice. Measurements of
ALT were available from all companies, where AP was available
from only one company. All enzymes were measured in interna-
tional units per liter (IU/L).

Exposure Measurement

Area sampling for the DMAc exposure measurements was
performed either with permanently installed, continuous measuring
systems or with discontinuous sampling procedures during a work
shift. The analytical determinations were carried out either in
accredited laboratories or with measurement methods controlled
and accepted by a competent supervisory authority. All companies
expressed the measured DMAc air exposures in ppm. The 90"
percentile of the exposure distribution based on 8h-TWA measure-
ments as the higher representation of exposure for each year was
used. These exposures were subsequently grouped based on ppm
range (with a minimum of 10 observations per category).

'R = (ALT/ULN) / (AP/ULN). Upper limit normal (ULN) = 40 IU/L for ALT;
120 TU/L for AP.

The following groups, which were used as dummy variables
in the statistical analysis, were constructed based on DMAc expo-
sure measured in ppm: (1) 0.00 to 1.00 ppm, (2) 1.01 to 2.00 ppm,
(3) 2.01 to 3.00 ppm, (4) 3.01 to 4.00 ppm, (5) 4.01 to 5.00 ppm, (6)
5.01 to 6.00 ppm, (7) 6.01 to 7.00 ppm (8) >9.00 ppm. There were
no data available for exposure ranges between 7.01 and 9.00 ppm.
For the analyses with DMAc as continuous variable the midpoint
ppm value was calculated for each exposure category.

Statistical Analysis

Descriptive Statistics

The number of observations, means, medians and range for
the ALT and AP liver enzymes were calculated per ppm group
exposure (Table 2).

Elevated Liver Values

Regression Analyses

The number of elevated ALT values was calculated and
presented based on the group exposures (inppm). Two random
effects regression models were performed allowing for the estima-
tion of the variance between subject (at a company level) and the
within-subject variance (at a participant level). All individual
measurements were assumed to be independent.

For the companies where information was not given at a
participant level, the company level effect was only used.

In the first regression model the continuous exposure of
DMAc (inppm) was used as the independent variable and in the
second exposure groups of ppm were used as the independent
variable (Tables 3 and 4). In both models the number of elevated

TABLE 3. Effect of Continuous Exposure on Elevated ALT
Values*

ALT
Odds Standard 95% Confidence
Ratio Error Intervals P Value
PPM 0.88 0.13 0.65-1.18 0.39

Odds ratio: an OR of 1 suggests no association between exposure and liver values.
“Number of observations included in the regression model: 1,844.
P value: if P value is >0.05 then the association is not statistically significant.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. €895
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TABLE 4. Effect of Groups of Exposure on Elevated ALT Values™

ALT
DMAc Groups [90™ Percentile N Standard 95% Confidence
(8h-TWA) in ppm] Observations Odds Ratio Error Intervals P Value
0.00-1.00 220 Reference - - -
1.00-2.00 214 0.83 0.96 0.09-7.94 0.87
2.01-3.00 311 4.18 3.74 0.72-24.12 0.11
3.01-4.00 455 1.41 1.40 0.20-9.99 0.73
4.01-5.00 377 1.32 1.37 0.17-10.19 0.79
5.01-6.00 91 0.95 1.44 0.05-18.63 0.93
6.01-7.00 81 1.30 1.88 0.08-22.15 0.86
>9.01 95 - - - -

Odds ratio: an OR of 1 suggests no association between exposure and liver values.

“Number of observations included in the regression model: 1,749 (because no elevations were observed for the group with higher than 9.00 ppm exposure, 95 observations were

not included in the logistic model.
P value: if P value is >0.05 then the association is not statistically significant.

liver values (that is ALT higher or equal to 2x ULN) was used as the
dependent variable. To perform the logistic regression model the
cases (number of elevated liver values based on the aforementioned
criteria in the outcome measurements) were coded with the value 1
and the non-cases with the value 0. Linearity of the logit for the
continuous exposure variable was tested.

Patterns of Liver Injury

The number of indicative cases of liver injuries were calcu-
lated per ppm group exposure. Due to the limited number of
observations indicative for a liver injury, no further logistic regres-
sion analyses on the association between DMAc exposure and liver
injury could be performed (Table 5).

Continuous ALT Values

Regression Analyses

Two random effects regression models were conducted which
calculated fixed and random effects due to the variance between
subject (at a company level) and the variance within-subject (at a
participant level) respectively.

In the first analysis, the continuous exposure of DMAc
(assuming a linear exposure-outcome relationship) was used as
the independent variable and in the second analysis, the exposure
groups of ppm were used as the independent variable (Tables 6 and
7). In both models, the ALT continuous liver values were used as the
dependent variable. The mean values presented in Table 7 are the
predicted values based on the regression analysis considering the
variance between the workers and across the companies and they
may differ from the actual values (Table 2).

All statistical analysis was performed in STATA'S and a P
value of =0.05, or a confidence level of 95%, was considered
statistically significant.

RESULTS

Descriptive Statistics

Table 2 presents the number of observations, means, medians
and range of values for the two liver enzymes based on ppm group
exposure. Mean values of ALT and AP values were generally within
the normal range (that is, less than the UNL). Slightly higher ALT
means were observed for the groups with exposure between 2.01 to

TABLE 5. Number of Indicative Cases

Elevated ALT Levels*

Indication for Liver Injury
(>2x ULN & R Criteria Met)*

DMAc Group [90™ Percentile N N Observations N Observations N Observations N Observations N Observations
(8h-TWA) in ppm] Observations ALT > 2x ULN' ALT > 3x ULN Hepatocellulari Mixed Cholestatic
0.00-1.00 220 2 0 0 1 0
1.01-2.00 214 2 0 0 1 0
2.01-3.00 311 11 1 0 2 0
3.01-4.00 455 7 1 1 0 0
4.01-5.00 377 5 2 1 0 0
5.01-6.00 91 1 0 0 0 0
6.01-7.00 81 1 0 0 1 0
7.01-8.00 No data available - - - - -
8.01-9.00 No data available - - - - -
>9.01 95 0 0 0 0 0
Total 1,844 29 4 2 5

“Detailed information about the observations with elevated ALT and indications of liver injury is available upon request.

fULN =40 1U/L.

Due to limited number of cases, only logistic regression analyses for 2x ULN cases could be performed.

€896 © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine.
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TABLE 6. Effect of Continuous Exposure on Continuous ALT Values™

ALT
Beta Coefficient Standard Error 95% Confidence Intervals P Value
PPM -0.57 0.18 -0.92 to -0.21 0.002
Beta coefficient: the degree of IU/L change in ALT for every ppm increase of DMAc.
“Number of observations in the regression model: 1,844.
TABLE 7. Effect of Groups of Exposure on Continuous ALT Values
ALT
DMAc Group [90™ Percentile N Mean Standard 95% Confidence
(8h-TWA) in ppm] Observations (IU/L) Error (IU/L) Intervals (IU/L) P Value
0.00-1.00 220 29.9 1.09 27.76-32.02 0.004"
1.00-2.00 214 29.3 0.97 27.35-31.16
2.01-3.00 311 28.6 0.90 26.86-30.38
3.01-4.00 455 27.9 0.88 26.28-29.71
4.01-5.00 377 27.4 0.91 25.59-29.14
5.01-6.00 91 26.7 0.99 24.80-28.66
6.01-7.00 81 25.1 1.10 23.93-28.26
>9.01 95 25.5 1.25 23.01-27.92

3.00 ppm (mean of IU/L 31.0, SD: 20.9) and 3.01 to 4.00 ppm (mean
IU/L 30.5, SD: 17.4).

Elevated Liver Values

Regression Analyses

The results of the logistic regression (Table 3) showed a non-
significant inverse association between DMAc exposure and ALT
values for continuous ppm exposure [OR = 0.88 (95% CI: 0.65—
1.18), P value = 0.39] and for groups of exposure (ORs ranging from
0.83 to 4.18, P values ranging from 0.11 to 0.93) (Table 4). Similar
results were observed when a multilevel mixed Poisson regression
was performed (because of the outcome count responses).

Patterns of Liver Injury

Twenty-nine (1.5%) of 1844 observations with more or equal
than twice the upper limit normal of ALT and four (0.2%) obser-
vations with more or equal than three times the upper limit normal of
ALT were identified. When the 5x ULN threshold for ALT was
used, one observation (0.05%) with clearly elevated ALT value
was identified (not shown in table).

Based on the criteria for the identification of liver injury, two
(0.1%) observations of hepatocellular liver injuries and five (0.3%)
observations of mixed injury were detected (Table 5). No observa-
tions of cholestatic injury were identified.

Continuous ALT values

Regression Analysis

The results from the random effects linear regression
analysis confirmed a significant decrease of 0.57IU/L (SE=
0.18, P value =0.002) in ALT enzyme for every ppm increase of
DMAc, that is, an inverse relationship between exposure and liver
injury (Table 6).

When we used groups of ppm exposure as the categorical
exposure, we also observed a significant (full model P val-
ue =0.004) but very small decrease of the ALT mean values for
every category of ppm exposure, again an inverse relationship
between exposure and ALT (Table 7). For the separate exposure
categories all P values were <0.001. Similar results were observed
when the ALT values were log transformed.

CONCLUSIONS

Very few observations indicative of elevated liver values were
detected in our study. 1.5% of the observations were ‘‘indicative of
possible elevated” ALT values, 0.2% of “‘possible elevated”” ALT
levels, and 0.05% of “‘clearly elevated” ALT values. An indication
of liver injury when the R-criteria were met was reported for 0.1%
observations of hepatocellular injury and for 0.3% observations of
mixed injury. The analysis of the continuous data suggested even a
slight decrease of 0.57IU/L in ALT per 1 ppm increase in DMAc
exposure and mean ALT values were within the normal range. In
essence, we observed no association between DMAc exposure and
increased liver values.

The prevalence of elevated liver values estimated in our study
is lower when compared to the prevalence observed in the general
population without occupational exposure. Increased transaminases
are observed in about 2.5% of healthy persons while intraindividual
day-to-day variations of transaminases amount to 10% to 30%.'°

In addition, according to Bruguera'’ the prevalence of
increased transaminases has been estimated to be between 5%
and 10% of the population, a percentage expected to increase with
the global rise of obesity. Moreover, increased transaminases with
transient and chronic effects, are defined by Medix'® if they are
persistent over >6 mo. This was substantiated in the NHANES III
study where 36%, 31%, 17% and 12% of elevated AST, ALT, AP
and GGT concentrations, respectively, normalized in the course of a
repeat measurement (mean of 17.5 d apart), while originally normal
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values were not affected in the second analysis.'® Raising the cut-off
level of ALT elevation to 5x ULN is more likely to exclude
clinically non-important liver problems in an evaluation.'* In our
study, when the cut-off level of ALT was raised to 5x ULN, we
identified only one (0.05%) observation above this threshold.

In general, transaminases could be influenced by a variety of
parameters difficult to control in study populations, like alcohol
abuse (eg, >3 drinks/d) and other risk factors unrelated to drug/
chemical exposure such as diabetes, metabolic syndrome (increased
triglycerides, cholesterol, fasting glucose), elevated body mass
index, virus hepatitis and non-alcoholic liver steatosis. However,
information on such factors was not always available in this study. In
some cases, though of abnormal liver enzymes, specific explan-
ations are available from the plant physicians.

The interpretation of these results should be done in light of
some limitations. Firstly, not all companies provided individual data,
which could have enabled a more in-depth analysis considering the
variation within each worker. Due to certain data protection policies,
two companies needed to provide data in groups of observations and
not per individual. This limitation is also reflected on the reporting of
the number of observations with elevated ALT or indicative liver
injuries instead of the number of individuals. However, in our
analysis, we did consider the variation within the workers in obser-
vations where repeated measurements of liver enzyme values were
available. The data were very stable with a standard deviation of
0.97 ppm for repeated measurements in an 8 h period.

Secondly, air and not personal sampling was only available
for the analysis. Nevertheless, a static (area) sampling was per-
formed by the participating companies where the position of the
sampler was fixed next to the workstation in the breathing area
where the worker works most of the time.

Thirdly, three companies did not measure and therefore could
not provide data on AP liver values, which could have led to an
underestimation of the real number of indicative liver injuries
observed in this population. Lastly, this retrospective analysis
had no data on important confounders, such as alcohol or drug
use amongst workers. Given that these confounders are likely to
have caused a bias towards the null, and we already observed a null
effect, we expect that confounding could not have played a major
role in this analysis.

Despite the aforementioned limitations, which are considered
quite common in observational studies, this study is the only one
conducted with European workforces and the only one which
included a large database for higher DMAc exposures.

Moreover, the availability of a large number of ALT enzyme
values available from all companies is a strength of this study, as
ALT is the transaminase most frequently used in clinical practice to
screen for liver disease and the most frequently measured enzyme in
our study. Therefore, the large number of observations adds to the
power of this study to allow the detection of minimal effects if those
are present. In our study, we used the highest DMAc exposure
measured at the 90" percentile, based on 8-h TWA measurements,
focusing on areas with the highest exposure and we nevertheless
found no effect.

Overall, the results of this study do not support a relationship
between DMAc exposure and elevation in liver enzymes or liver
injuries in the range of existing European OELs.

Similarly, Spies et al'® found no significant DMAc exposure-
related trends in hepatic injury results. Whatsoever, an inverse
relationship was observed, that is, every increase in ppm resulted
in a decrease of IU/L in ALT. In a study of liver disease in workers
exposed to dimethylformamide (DMF), which is similar in toxicity
and chemical structure to DMAc, Redlich et al discussed an inverse
relationship between duration of exposure and ALT levels.'” Like-
wise, although Lee et al'' showed a significant relationship between
exposure and liver toxicity, they observed higher incidences within

the first two months of enrolment and no new cases occurring after
seven months. Along these lines, Jung et al.'? found that after
cessation of exposure the elevated liver enzymes returned to base-
line relatively quickly for elevated ALT by 50% within 14 d in both
studies and by 90% within 31d. All 38 cases were of the hepato-
cellular type and none of the cholestatic or mixed type. They further
suggested that DMAc exposure induces the liver enzymes that
metabolize it, so that chronically exposed workers develop a toler-
ance to its toxic effect. However, the data from these studies are
primarily based on the analysis of urinary NMA as an indicator of
exposure to DMAc, which may not be accurate, if not considered
together with the analysis of dermal and air absorption of DMAc.

In the future, more long-term studies are needed to shed light
into the mechanisms of liver injury in relationship to DMAc
environmental exposure and expand on the knowledge we have
acquired from the human studies.
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The Association
Between
Dimethylacetamide
Exposure and Liver
Toxicity: A Large
Retrospective Analysis
in Workers From Four
European Factories

To the Editor:

n our published article “The Association

Between Dimethylacetamide Exposure
and Liver Toxicity: A Large Retrospective
Analysis in Workers From Four European
Factories” by your journal, we used the 90th
percentile of the N,N-Dimethylacetamide
(DMACc) exposure distribution based on
8-hour time-weighted average (TWA) mea-
surements to investigate the association be-
tween DMAc exposure and liver toxicity.
As a sensitivity analysis, we reanalyzed the
data using the DMAc median distribution.
The conclusions of the published article remain
unchanged: “This study found no association
between DMAc exposure and hepatoxicity
among European workers. The prevalence of
elevated liver values was lower compared to
the general population without occupational
exposure.” This was expected because it is
based on identical data as before but now eval-
vated with the lower median values (up to
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TABLE 1. Descriptive Characteristics of ALT and AP Values Based on Median ppm
Exposure Categories

ALT, IU/L (n = 1844) AP, IU/L (n = 951)

DMAc

Group Observations, Mean Median Observations, Mean Median
[Median] n (SD) (IQR)  Range n (SD) (IQR) Range
0.00-0.50 499 27.7(144) 24 (18-33)  5-100 496 66.1 (18.2) 64 (53-77) 27-136
0.51-1.00 209 28.0(14.5) 24 (18-32) 898 154 65.1 (16.1) 64 (54-74) 28-115
1.01-1.50 299 304 (202) 26 (17-37) 6201 100 66.1 (14.9) 64 (56-76) 29-102
1.51-2.00 320 27.8 (183) 23 (16-34)  6-139 38 66.8 (18.6) 63 (51-78) 38-101
2.01-2.50 253 28.1(17.1) 23 (17-33)  6-100 27 65.1 (12.8) 65 (60-73) 35-96
2.51-3.00 120 255(134) 22 (16-31) 11-98 28 68.2 (13.2) 70 (62-73) 36-93
3.01-4.00 69 25.1(16.6) 21 (1530) 6125 45 65.5 (11.7) 66 (58-75) 40-95
4.01-6.00 75 253 (10.6) 23 (18-32) 10-67 63 69.5 (13.9) 67 (62-77) 39-123

ALT, alanine aminotransferease; AP, alkaline phosphatase; DMAc, N,N-Dimethylacetamide; IQR, interquartile range;
ppm, parts per million.

TABLE 2. Effect of Continuous Exposure on Elevated ALT Values®

ALT
95% Confidence Interval P
0.57-1.62 0.88

Odds Ratio
ppm median 0.96 0.26

Standard Error

ALT, alanine aminotransferease; ppm, parts per million.
“Number of observations included in the regression model: 1844.

TABLE 3. Effect of Groups of Exposure on Elevated ALT Values®

ALT
DMAc Group 95% Confidence
[Median] Observations, n Odds Ratio Standard Error Interval P
0.00-0.50 499 Reference
0.51-1.00 209 1.63 1.65 0.23-11.83 0.63
1.01-1.50 299 4.18 3.19 0.94-18.64 0.06
1.51-2.00 320 3.20 2.46 0.71-14.48 0.13
2.01-2.50 253 3.50 2.79 0.73-16.70 0.12
2.51-3.00 120 1.15 1.44 0.10-13.52 0.91
3.01-4.00 69 2.50 3.24 0.19-32.32 0.49
4.01-6.00 75 - - - -

ALT, alanine aminotransferease; DMAc, N,N-Dimethylacetamide.

“Number of observations included in the regression model: 1769 (because no elevations were observed for the group
with exposure between 4.01 and 6.00 ppm, and 75 observations were not included in the logistic model); odds ratio
[OR]: an OR of 1 suggests no association between exposure and liver values; P value: if P value is >0.05, then the associ-
ation is not statistically significant.

6 ppm) based on 8-hour TWA measurements
of all DMAc air exposures in parts per million
for each year.

Sensitivity Statistical Analysis
Using DMAc Median Values

All analyses were repeated using the
median distribution based on 8-hour TWA
measurements of all DMAc air exposures in
parts per million for each year.

The following groups, which were
used as dummy variables in the statistical

analysis, were constructed based on DMAc
exposure measured in parts per million: (1)
0.00 to 0.50 ppm, (2) 0.51 to 1.00 ppm, (3)
1.01 to 1.50 ppm, (4) 1.51 to 2.00 ppm, (5)
2.01 to 2.50 ppm, (6) 2.51 to 3.00, (7) 3.01
to 4.00 ppm, and (8) 4.01 to 6.00 ppm.

RESULTS

Descriptive Statistics
Table 1 presents the number of observa-
tions, means, medians, and range of values for
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TABLE 4. Number of Indicative Cases

Indication for Liver Injury

Elevated ALT Levels® (22xULN and R Criteria Met)®

DMAc¢ Group Observations, Observations Observations Observations Observations Observations
[Median] n ALT 2 2xULN,* n ALT 2 3xULN, n Hepatocellulal‘,b n Mixed, n Cholestatic, n
0.00-0.50 499 4 0 0 3 0
0.51-1.00 209 2 0 1 1 0
1.01-1.50 299 8 1 0 0 0
1.51-2.00 320 7 2 0 1 0
2.01-2.50 253 6 0 0 0 0
2.51-3.00 120 1 0 0 0 0
3.01-4.00 68 1 1 1 0 0
4.01-6.00 75 0 0 0 0 0
Total 1844 29 4 2 5 0

SULN =40 IU/L.

®Because of a limited number of cases, only logistic regression analyses for 2x ULN cases could be performed.

“Detailed information about the observations with elevated ALT and indications of liver injury is available upon request.

+One elevated observation was observed when the threshold was set to 5 ULN.
TABLE 5. Effect of Continuous Exposure on Continuous ALT Values®

ALT
B Coefficient Standard Error 95% Confidence Interval P

ppm median -0.77 0.38 —1.51 to —0.03 0.04

ALT, alanine aminotranferease; ppm, parts per million.

“Number of observations in the regression model = 1844,

3 CoefTicient: the degree of IU/L change in ALT for every ppm increase of DMAc.
TABLE 6. Effect of Groups of Exposure on Continuous ALT Values

ALT

DMAc Group [Median] Observations, n Mean Standard Error 95% Confidence Interval P
0.00-0.50 499 29.1 1.14 26.85-31.31 0.14
0.51-1.00 209 28.7 1.01 26.75-30.70
1.01-1.50 299 284 0.92 26.55-30.17
1.51-2.00 320 28.0 0.90 26.24-29.77
2.01-2.50 253 27.6 0.94 25.79-29.49
2.51-3.00 120 273 1.04 25.24-29.32
3.01-4.00 69 26.9 1.18 24.60-29.24
4.01-6.00 75 26.6 1.35 24.01-29.22

ALT, alanine aminotranserease; DMAc, N,N-Dimethylacetamide.

the two liver enzymes based on ppm group ex-
posure. Mean values of alanine aminotrasferease
(ALT) and alkaline phosphatase (AP) were gen-
erally within the reference range (ie, less than the
upper normal limit). Slightly higher ALT means,
compared with the other groups, were ob-
served for the groups with exposure between
1.01 and 1.5 (mean [SD], 30.4 [20.2] IU/L).

Elevated Liver Values

Regression Analyses

The results of the logistic regression
(Table 2) showed a nonsignificant inverse as-
sociation between DMAc exposure and ALT
values for continuous ppm exposure (odds ra-

tio, 0.96 [95% confidence interval, 0.57 to
1.62]; P = 0.88) and for groups of exposure
(odds ratios ranging from 1.15 to 4.18, P
values ranging from 0.06 to 0.91) (Table 3).

Patterns of Liver Injury

Twenty-nine  observations (1.5%)
with more or equal than twice the upper limit
normal of ALT and four observations (0.2%)
with more or equal than 3 times the upper
limit normal of ALT were identified. When
the 5XULN threshold for ALT was used,
one observation (0.05%) with a clearly ele-
vated ALT value was identified.

On the basis of the criteria for the
identification of liver injury, two observations

© 2022 American College of Occupational and Environmental Medicine

(0.1%) of hepatocellular liver injuries and five
observations (0.3%) of mixed injury were de-
tected (Table 4). No observations of chole-
static injury were identified.

Continuous ALT Values

Regression Analysis

The results from the random effects
linear regression analysis showed a significant
decrease of 0.77 IU/L (SE=0.38, P=0.04) in
ALT enzyme for every ppm increase of DMAc,
that is, an inverse relationship between expo-
sure and liver injury (Table 5).

When we used groups of ppm expo-
sure as the categorical exposure, we observed
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a nonsignificant (full model P = 0.14) de-
crease of the ALT mean values for every cat-
egory of ppm exposure (Table 6).

For the separate exposure categories,
all P values were less than 0.001.
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		Restriction report for DMAC, CAS 127-19-5:

		Comment by CEFIC (Petrochemicals Europe) and CIRFS regarding the proposed biological limit value (BLV)

		Proposed BLV (better named as biological monitoring value) = 15 mg NMAC/ g CREA corresponding to the DNEL of 13 mg/m3
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