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ELŐTERJESZTÉS
Göd Város Önkormányzata Képviselő-testületének 

2022. május 12-i rendkívüli ülésére

Tárgy: Tájékoztatás a gödi NMP-szennyeződés kivizsgálásáról

Tisztelt Képviselő-testület!

A Göd-ÉRT vízmérési eredményei, amit az Átlátszó oldalán is olvashattak, azt bizonyították be, 
hogy többek között lítium, és NMP-szennyeződés található a gödi talajvízben. Ezekkel az anyagokkal 
dolgozik a Samsung SDI, de további mérések nélkül nem bizonyítható ezek eredete.

Együttműködésben a Göd-ÉRT egyesülettel, a Greenpeac-szel és a Samsung SDI-vel (valamint 
közvetve a hatóságokkal) igyekszünk további mérésekkel igazolni, vagy cáfolni félelmeink valóságát. 
A vizek mérése a fő prioritás, amit előzetes vizsgálatok alapján megállapított helyen rendszeres 
mérésekkel szeretnénk folytatni. Ezeket a monitorozásokat mindenképp független, a lakosság által 
egyértelmű többségben elfogadható céggel fogjuk végeztetni a további kétségek elkerülése érdekében.

Magyarországi szakértőt nem találtunk arra, hogy az NMP-t külön beazonosítható módon a levegőből 
mérje, ezért annak használatát szigorúbban kezelő EU tagállamokból igyekszünk toborozni.

További fejleményekről mindig tájékoztatni fogjuk a lakosságot, ha életveszély, vagy pont az 
ellenkezője igazolódik be, akkor nyomtatott formában is minden háztartásnak.

Göd, 2022. május 11.

Balogh Csaba 
polgármester

2131 Göd, Pesti út 81. El 2131 Göd, Pf. 28. S 27/530-064 Fax: 27/345-279 
E-mail: varoshaza@qod.hu KRID: 357521719 Hivatali kapu: GÖDÖK



Dear Göd Deputy mayor Mr.Laszlo, Mr.Zoltan

Good day and thank you fór your coopearation.
I am writing an email to share the relevant facts on behalf of Samsung SDI Hungary

As you may know, 2nd.May Hungary News medie published the news regarding NMP 
Detection which was investigated close to SDIHU Plánt.
After SDIHU found out, SDIHU right started to investigate situation and SDIHU would like to 
summerize below 3 points.

1. Sample investigation from in/out side points
SDIHU contacted Jaewon Hungary kft, which supplies SDIHU NMP and they gathered samples and 

test result came out on 4th,May
As a result, all of the test results were "Nőt Detected" measuring equipment they have can detect 

NMP over lppm.
Evén during the meeting, I explained to you, bút I will be able to share the results after requesting a t 

hird research institute to secure a more neutral result.

2. European or Hungárián regulation regarding NMP
SDIHU alsó started to check the guideline or regulation regarding NMP which used within European 

and Hungárián.
As a result, SDIHU cannot find Hungárián regulation/guideline bút find 1) European "Derived No- 

Effect Level" and 2) EU Scientifíc Committee "Occupational Exposure Limit"
On attachment #1 (Derived No-Effect Level), you can find DNEL on page.8 and attachemtn 

#2(Occupational Exposure Limit, you can find on page.10
If you compare the qty which reported on the News Media and with this guideline, 

detection(published on the news média) is only around 1/200—1/600 level.
■/£ European Chemical Agency "Derived No-Effect Level" (Attachment #1)
- Inhale : 3.6ppm, Tangency(Contact): 4.8mg/kg/day
EU Scientifíc Committee "Occupational Exposure Limit" (Attachment #2)
- Normál: 10ppm(8h/day), short-term : 20ppm(15mins)

3. Fór cross checking regarding detected NMP which is published on the News Media, SDI searching 
any analytic company or Hungary research entity,

which can investigate under NMP lppm (ppb unit),
The level of what the média said is 12 to 18 ppb, which is actually 10 parts per billión,

and SDI Hungary has confírmed that there are no companies in Hungary that have that level of insp 
ection facilities, bút we will continue to search.

I think last Friday's meeting was a constructive meeting.
SDI Hungary will actively cooperate, and I hope that the exact facts will be delivered to citizens and t 

he issue will be resolved as soon as possible.

If there is any information that SDIHU gets further, SDIHU will share with you soon.

Thank you.
Best Regards.



SDIHU NMP Detection Current Status
□ First Report on news média issued on 2nd.May, which says NMP was detected from 3 points

- God-Ert requested to investigation fór NMP detection, and reported 0.0124~0.0178ppm was detected
* ppm • 1/ t millión, ppb » 1/1 Miien

- God-Ert contacted "LAWAND Mérnöki Iroda" fór investigating NMP regarding 3points ín below map
• Thil company stibcortracttd Bálint Analitika főt InvtHtigation

- Used method stated in the report is "AM-147,-2017" and equipment is one of the LC-MS/MS

□ SDIHU contacts Jaewon Kft and other investigation entities alsó, and takes measurement

- Jaewon proceeded investigation on in/out points of company bút they failed fór detect NMP in the samples
* F«w pánt of intemal company, 1 pofot that God Ért stated

- SDI contacted "B&B Analitika kft", "Wessling Hungary kft" and "Bálint Analitika" fór detecting NMP
• "B&B Analitika kft", "Wessling Hungary kft" told us they can alsó detect NMP over 1ppm
• "Bálint Analitika" refused to share which equipment they used and how they proceeded detection

— — — — — — “** ** « s
/ & EU Guideline fór Using NMP ('18.Apr) '
* I
• - ECHA Issued "Derived No-Effect Level" .
| *Europ««n ChomKkl Apengy

l • Inhale : 3.6ppm, Tangency: 4.8mg/kg/day
i !
i - EU Scientifíc Com. "Occupational Exposure Limit" j

■ 10ppm(8h/day), 20ppm(15mins) j
1 |
l -* Detection level of 1/200-1/600 of Reaulatton »
X -0j(M24-0017Bppm *

Hongbum Shin
Fináncé Director

Samsung SDI Hungary
H-2132 Göd, Ipartelep hrsz., 6901 
+36-27-88-6902
+36-20-365-4732
hb79.shin@samsung.com

The ahova messege is mtended solety fór the named addressee and may contain trade secret, hidasinál 
technofegy or priviíeged and conftdenUal ínformaiion otherwise protected under applicable law induding the 
Unfair Competition Prevention pnd Trade Secret Protection Act Any unauthonzed disseminaticn distnbutíon, 
copying or use of the iaíorma’Jon ccníained in Ibis commuoícation is stricit/ prohíbited. II you have recewed 
mis communication in error, please notify the sender by email and delete this communicaticn immediately.
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SDIHU NMP Detection Current Status

□ First Report on news média issued on 2nd.May, which says NMP was detected írom 3 points
- God-Ert requested to investigation fór NMP detection, and reported 0.0124~0.0178ppm was detected

* ppm = 1/1 millión, ppb = 1/ 1 billión

- God-Ert contacted "LAWAND Mérnöki Iroda" fór investigating NMP regarding 3points in below map
* This company subcontracted Bálint Analitika fór investigation

- Used method stated in the report is "AM-147;2017" and equipment is one of the LC-MS/MS

□ SDIHU contacts Jaewon Kft and other investigation entities alsó, and takes measurement
- Jaewon proceeded investigation on in/out points of company bút they failed fór detect NMP in the samples

* Few point of internál company, 1 point that God Ért stated

- SDI contacted "B&B Analitika kft" "Wessling Hungary kft" and "Bálint Analitika" fór detecting NMP
• "B&B Analitika kft" "Wessling Hungary kft" told us they can alsó detect NMP over 1ppm
• "Bálint Analitika" refused to share which equipment they used and how they proceeded detection
x. — — — — — — — — — — — — — — — — — — — — — — —

/ X EU Guideline fór Using NMP (f18.Apr) \
ii - ECHA Issued "Derived No-Effect Level" |

| *European Chemical Agengy

i • Inhale : 3.6ppm, Tangency : 4.8mg/kg/day
! - EU Scientific Com. "Occupational Exposure Limit" j

• 10ppm(8h/day), 20ppm(15mins) i
1 l
' -► Detection level of 1/200-1/600 of Regulation /
\ *0.0124-0.0178ppm
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SCOEL/REC/119 N-Methyl-2-Pyrrolidone

RECOMMENDATION FROM THE 
SCIENTIFIC COMMITTEE ON OCCUPATIONAL 

EXPOSURE LIMITS 
FÓR 

N-METHYL-2-PYRROLIDONE

The present Recommendation was adopted by SCOEL on 2015-09-23.

8-hourTWA: 10 ppm (40 mg/m3)

STEL: 20 ppm (80 mg/m3)

BLV:

20 mg/g creatinine 
2-hydroxy-N-methylsuccinimide (2-HMSI) in 
urine, monitored morning-after-shift (18 h),

or

70 mg/g creatinine 
5-hydroxy-N-methyl-2-pyrrolidone (5-HNMP) in 
urine, monitored 2-4 h after exposure/shift

Additional 
categorisation:

Notation: "skin"

This evaluation is based on a previous evaluation by SCOEL (SCOEL/SUM/119; August 
2007), further evaluations by Hartwig (2011) and by the Swedish Criteria Group fór 
Occupational Standards (Montelius, 2014), the references cited in these reviews and a 
further literature search.
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SCOEL/REC/119 N-Methyl-2-Pyrrolidone

RECOMMENDATION EXECUTIVE SUMMARY

When reviewing the scientific data available fór NMP, SCOEL recognised that NMP is a 
very well investigated substance, fór which a relatively high number of reliable high- 
quality studies that is relevant fór the occupational situation are available.

SCOEL has assessed the available information. NMP has a potential to cause adverse 
health effects and is a hazardous Chemical agent. Fór NMP the available information is 
adequate fór deriving a health-based OEL (8-hour TWA and STEL). The database is alsó 
adequate to dérivé a BLV and a 'skin' notation.

NMP shows intrinsic hazardous properties with respect to local and systemic effects. The 
following key effects were considered as being especially relevant fór the protection of 
workers and in particular the OEL derivation:

(a) the potential of the substance to produce respiratory irritation and chemosensory 
effects, both in humans and animals, and

(b) the systemic toxicity of NMP, in particular reproductive toxicity in studies in 
experimental animals.

Outcome Considerations

A specification and discussion of these key effects is provided in chapter 7.9 of this 
document ("Mode of Action and Adverse Outcome Pathway Considerations"). Following 
SCOEL's Methodology fór the Derivation of Occupational Exposure Limits (version 7, June 
2013), the existing humán data are considered highly relevant fór OEL derivation.

(a) Local irrítancy/chemosensation:

Subchronic studies in rats point to local nasal irritation by upon NMP exposure, 
with an NOAEL of 125 ppm (7.3.2.1.). There were no indications of respiratory 
irritation or other health effects of NMP in a study involving exposure of humán 
volunteers to 10, 25 or 50 mg/m3 [2.5, 6.2 or 12.5 ppm] over an 8 hour period 
(Ákesson and Paulsson, 1997). Workers exposed to levels of up to 280 mg/m3 
[70 ppm] reported severe eye irritation and headache, bút no dose-response 
relationship could be established (Beaulieu and Schmerber, 1991). In a 
comprehensive experimental study (van Thriel et al., 2007) on 15 healthy young 
male volunteers exposed to 10 mg/m3 [2.5 ppm], 40 mg/m3 [10 ppm], 80 mg/m3 
[20 ppm] and 25/160 mg/m3, the latter including peak exposures up to 
160 mg/m3 [40 ppm], NMP could be smelled by the subjects, and it was reported 
to be slightly annoying. Fór these olfactory symptoms a strong adaptation was 
observed, especially during the first 4 hours of exposure. SCOEL does nőt consider 
such symptoms as being adverse fór workers (see 7.9). Symptoms indicative of 
an irritant potential, especially trigeminal sensations, were nőt elicited by NMP. 
The conclusion from this well executed and documented study was that NMP is an 
odorous substance, bút without sensory irritation potency up to 80 mg/m3 
[20 ppm] and under conditions of 15-min peak exposures to 160 mg/m3 
[40 ppm]. Therefore, fór local irritancy in humans a NOAEC of 20 ppm (highest 
concentration tested by van Thriel et al., 2007), is well established. The study of 
van Thriel et al. (2007) alsó considered possible influences of physical workload, 
which was simulated by six 10 min periods of exercise on a bicycle ergometer at 
75 W.
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SCOEL/REC/119 N-Methyl-2-Pyrrolidone

(b) Systemic effects

Developmental toxicity and minor effects on fertility have been reported in 
reproductive toxicity studies in rats, rabbits and mice, following exposure to NMP 
by the inhalation or the órai route at maternally toxic doses. NOAELs fór 
reproductive effects rangé from 206 to 500 mg/m3 [51 - 125 ppm] in inhalation 
studies (see 7.8.2). As discussed in chapter 7.9, a NOAEC of 51 ppm (Solomon et 
al., 1995) is related to a borderline and transient and reversible effect on rat púp 
body weight gain. The degree of adversity of this effect fór humans is considered 
to be borderline, as the effect seen at the next higher concentration of 116 ppm 
was borderline, fully reversible and of limited severity. In addition, in other 
inhalational developmental toxicity studies effects were seen nőt seen or were 
seen only in the presence of reduced food consumption and slight effects on 
maternal body weight. The consideration of this effect as being borderline is 
supported by órai studies, as even doses up to a level of 250 mg/kg did nőt show 
this effect.

In a 2-year chronic toxicity/carcinogenicity study by the inhalation route in rats minimál 
inflammation of the lung and slight systemic toxicity was reported in male rats at 
18 months, bút nőt at 24 months, at the highest exposure level of 400 mg/m3 [100 ppm] 
(Lee et al., 1987). The dose level of 400 mg/m3 [100 ppm] in this study can be 
considered to be a borderline chronic LOAEL/NOAEL. However, the observed lung effects 
are likely based on local irritancy. There was no indication of carcinogenicity in this 
2-year study. An increased incidence of hepatocellular adenomas and carcinomas seen in 
a 18-months feeding study in mice (at the top dose of 7200 ppm NMP in the diet; Malley 
et al., 2001) is nőt regarded as relevant fór the establishment of an OEL in humans, 
given the absence of genotoxic activity of NMP, both in vitro and in vivő. In addition, the 
over-sensitivity of the B6C3F1 mouse and other mouse strains to development of 
hepatocellular tumours has been recognised. Therefore, NMP is nőt regarded as a 
carcinogen fór humans.

The derivation of an OEL considers both (a) acute local irritation effects, fór which solid 
humán data are available, and (b) the developmental effects (lower weight gain) upon 
repetitive dosing, as established in rats. Fór (a) local irritation, the conditions of the 
study of van Thriel et al. (2007) of 20 ppm provide a valid and well-defined point of 
NOAEC fór the critical effect.

The study of van Thriel et al (2007) was a controlled humán exposure study assessing 
especially sensitive and objectively verifiable effects. The study included experimental 
conditions of physical workload. It was performed in young male volunteers, which are 
considered as being highly susceptible to chemosensory effects (Brüning et al. 2014). 
Available data indicate that an intra-species uncertainty factor >1 may nőt be needed 
whenever good exposure studies with humán volunteers are available (Brüning et al. 
2014). Moreover, case studies have iea to the conciusion that humán acute experimental 
NOAECs fór chemosensory effects are similar to NOAECs derived from exposures at the 
workplace (Brüning et al. 2014).

Therefore, the overall uncertainty factor applied by SCOEL considers possible differences 
due to gender and any possibie remaining uncertainties. A factor of two appears 
adequate to account fór the identified and remaining uncertainties.

Derived Limit Values

An OEL (TWA) of 10 ppm and a STEL (15 min) of 20 ppm is therefore considered 
protective fór workers. The study by van Thriel et al. revealed that peak concentrations 
of 40 ppm were alsó without effect, thus supporting a STEL of 20 ppm.
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SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Fór (b) reproductive toxicity, the reproductive and developmental toxicity study by 
inhalation in rats of Solomon et al (1995) provides fór this critical effect a level of of 51 
ppm as the NOAEC (fór discussion/justification, see chapter 7.9). The critical effect was a 
slight exposure-related decrease in foetal body weight among the FI offspring whose 
parents inhaled NMP at 116 ppm, which persisted until weaning and was then fully 
reversible. As explained in chapter 7.9, the degree of adversity of this effect fór humán 
health appears to be low, as (1) the magnitude of this experimental effect was 
borderline, (2) the effect was fully reversible, and (3) the effect as such was nőt 
supported by a third available inhalation study.

A further contribution to OEL derivation, when based on the body weight effects in the 
offspring described by Solomon et al (1995) and Saillenfait et al. (2003), is the 
quantitative risk analysis fór NMP using PBPK and benchmark dose modelling by Poet et 
al. (2010; chapter 7.1.4). The modelling results suggest that the effective concentrations 
in humans would be higher as compared to rats. Although there are uncertainties related 
to the PBPK-modelling, these data further reduce the uncertainties related to species 
extrapolation. Therefore, no additional uncertainty factor fór toxicokinetics is needed.

An OEL of 10 ppm (STEL of 20 ppm) as derived based on absence of local irritation in 
exposed humans (a), is challenged against the data on experimental reproductive toxicity 
(b) to answer the question whether the level could still be considered protective fór this 
endpoint, despite the collected evidence does nőt support its consideration as such. The 
established OEL of 10 ppm (STEL of 20 ppm) would cover the potential hazard fór this 
endpoint, too. The margin of 5 between the OEL and the experimental NOAEC (51 ppm) 
is considered adequate because of the low adversity of the body weight effect with 
limited relevance fór humán health (see above) and the low severity of the effects 
observed. This is further supported by the PBPK and benchmark analysis of Poet et al 
(see above), resulting in factors between an OEL of 10 ppm and the benchmarks 
BMC1SD (benchmark concentration corresponding to 1 SD) of 700 ppm and BMCL1SD 
(95% lower confidence limit) of 480 ppm, respectively.

Therefore, having evaluated all data and respective endpoints, SCOEL considers fór NMP 
an OEL (8h TWA) of 10 ppm and a STEL (15 min) of 20 ppm as being protective fór 
workers.

Skin notation

NMP is well absorbed through the skin, both in humans and in animal studies and somé 
systemic toxicity (including developmental toxicity) is seen following dermal uptake. A 
"skin"notation is therefore considered necessary.

Biological Monitoring

Due to the significant dermal uptake of NMP, biological monitoring is recommended. 
5-hydroxy-N-methyl-2-pyrrolidon (5-HNMP) and 2-hydroxy-N-methylsuccinimide 
(2-HMSI), two key metabolites of NMP, are appropriate biological indicators of exposure, 
and monitoring of either of these metabolites can be undertaken. The optimum sampling 
time fór 5-HNMP is the first 2-4 h post-exposure, while in the case of the longer half-life 
metabolite 2-HMSI a urine collection 16 h post-exposure (on the morning after an 8 h 
work-shift) is advised. Both parameters should be corrected fór urinary creatinine to 
compensate fór diuretic variations. The delayed peak maximum at 16-24 h post-exposure 
and the long biological half-life makes urinary HMSI especially suitable fór the 
surveillance of accumulative effects during a working week (Bader et al. 2007, 2008a). 
However either paraméter may be chosen, depending on the available analytical 
methodology and the conditions pertaining to the particular workplace.

Fór the longer half-life metabolite 2-HMSI, an 8-h TWA of 10 ppm (40 mg/m3) 
corresponds to a biological value of approximately 16 mg/g creatinine, 16 h post 
exposure fór a work scenario without workload and approximately 22 mg/g creatinine fór 
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a work scenario with moderate workload (75 Watt). <4 Biological Limit Value (BLV) of 20 
mg/g creatinine is recommended fór 2-HMSI, measured on the morning after an 8 h 
work-shift. This value is intermediate between the work scenario without workload and 
the work scenario with moderate workload, as assessed by Bader and co-workers (2007, 
2008a), and is likely to be representative of a typical work scenario involving somé 
physical activity.

Fór 5-HNMP, an 8-h TWA of 10 ppm (40 mg/m3) corresponds to a biological value of 
approximately 60 mg/g creatinine, 2-4 h post exposure fór a work scenario without 
workload and approximately 75 mg/g creatinine fór a work scenario with moderate 
workload (75 Watt). A Biological Limit Value (BLV) of 70 mg/g creatinine is 
recommended fór 5-HNMP, measured 2-4 hours after the end of exposure. This value is 
intermediate between the work scenario without workload and the work scenario with 
moderate workload, as assessed by Bader and co-workers (2007, 2008a), and is likely to 
be representative of a typical work scenario involving somé physical activity.

Analytical measurement systems exist to determine the recommended levels with an 
appropriate level of precision and accuracy. This comprises both the measurement of 
NMP in air and the determination of 5-HNMP or 2-HMSI in urine as a mátrix (chapter 6).
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RECOMMENDATION FROM THE 
SCIENTIFÍC COMMITTEE ON OCCUPATIONAL 

EXPOSURE LIMITS 
FÓR 

N-METHYL-2-PYRROLIDONE

RECOMMENDATION REPORT

1. Chemical Agent Identification and Physico-Chemical Properties

N-Methyl-2-pyrrolidone (NMP) is a water-miscible colourless liquid with a characteristic 
amine odour. The boiling point of NMP is 202°C at 101.3 Pa and its vapour pressure is 
0.39 hPa at 20 °C and 0.45 hPa at 25 °C (IPCS, 2001). Lóg Kow is - 0.38 and the density 
is 1.028 g/cm3. NMP is nőt flammable [flash point, closed cup, 90°C, open cup 95°C 
(Ákesson, 1994)].

Structural formula:

Name: N-Methyl-2-pyrrolidone
Synonyms: NMP, N-methylpyrrolidone, l-methyl-2-pyrrolidone, 1- 

methyl-2-pyrrolidinone
Molecular formula: C5H9NO

EC No.: 606-021-00-7
CAS No.: 872-50-4
Molecular weight: 99.13 g/mol
Conversion factors: 1 ppm = 4.12 mg/m3
(20 °C, 101.3kPa) 1 mg/m3 = 0.243 ppm

Note: Somé studies, which are evaiuated here, give NMP concentrations in mg/m3, others 
in ppm. In this document, the respective original values are given. Fór Information, the 
corresponding ppm or mg/m3 figure may be calculated based on a rounded conversion 
factor of 4 or the exact factors indicated above.
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2. EU Harmonised Classification and Labelling

Information about the EU harmonised classification and labelling fór NMP is provided by 
ECHA (2014b), as summarised in Tables 1 and 2.

Table 1: Classification according to part 3 of Annex VI, table 3.1 (list of harmonised 
classification and labelling of hazardous substances of Regulation (EC) Nol272/2008; 
(ECHA, 2014b).

Index 
no.

International 
Chemical 

Identification

EC no. CAS 
no.

Classification Labelling Spec. 
Conc. 
Limits, 

M- 
factors

Hazard 
Class & 

Category 
Code (s)

Hazard 
statement 
code (s)

Pictogram 
Signal 
Word 

Code (s)

Hazard 
statement 
code (s)

Suppl. 
Hazard 

statement 
code (s)

606-
021-
00-7

N-methyl-2- 
pyrrolidone, 
l-methyl-2- 
pyrrolidone

212828-
1

872-
50-4

Eye Irrit.
2

STOT SE
3

Skin
Irrit. 2

H360D***
H319
H335
H315

GHS08
GHS07

Dgr

H360D***
H319
H335
H315

Repr. 
1B

H360D:
C > 
5%

STOT
SE 3:
H335: 
C > 
10%

Repr. 1B, H360D May damage the unborn child.
Eye Irrit. 2 H319 Causes serious eye irritation.
Skin Irrit. 2 H315 Causes skin irritation.
STOT Single Exp. 3 H335 May cause respiratory irritation.

Table 2: Classification according to part 3 of Annex VI, table 3.2 (list of harmonised 
classification and labelling of hazardous substances from Annex I of Council Directive 
67/548/EEC of Regulation (EC) NO1272/2008; (ECHA, 2014b).

Index
no.

International Chemical 
Identification

EC no. CAS
no.

Classification Labelling Concentration 
limits

606-021- N-methyl-2- 212- 872- Repr. Cat. 2; T Repr. Cat. 2; R61:
00-7 pyrrolidone, 828-1 50-4 R61 C > 5%

l-methyl-2- R: 61-
pyrrolidone 36/37/38

Xi - R36/37/38 S: 53-45 Xi, R36/37/38:

C > 10%

Repr. Cat. 2; R61 May cause harm to the unborn child.
Xi - R36/37/38 Irritating to eyes, respiratory system and skin

Further to the above classification, the Netherlands submitted, in March 2013, a 
harmonised classification and labelling proposal to lower the specific concentration limit 
fór reprotoxicity category 1B of NMP to 0.3% (generic value) (RIVM, 2013).
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3. Chemical Agent and Scope of Legislation

N-Methyl-2-pyrrolidone is a hazardous Chemical agent in accordance with Article 2 (b) of 
Directive 98/24/EC and falls within the scope of this legislation.

N-Methyl-2-pyrrolidone is nőt a carcinogen or mutagen for humans in accordance with 
Article 2(a) and (b) of Directive 2004/37/EC.
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4. Existing Occupational Exposure Limits

Occupational exposure limits fór N-methyl-2-pyrrolidone exist in a number of countries, 
as shown in Table 3. An IOELV (indicative occupational exposure limit value) has been 
adopted at EU level (EU, 2009), and national limit values will exist in all Member States. 
The values presented below are presented as examples and are nőt an exhaustive listing 
of all limit values within the EU and other countries.

Table 3: Existing OELs fór NMP; adapted from the GESTIS database (GESTIS, 2015).

TWA
(8 hrs)

STEL
(15 min)

EU countries ppm mg/m3 ppm mg/m 3 References

Austria 10 40 20 80 GKV (2011)

Belgium 10 40 20 80 Royal Decision (2014)

Denmark 5 20 10 40 BEK (2011)

European Union 10 40 20 80 SCOEL (2007, 2015)

Finland 10 40 20 80 MoSH (2012)

Francé 10 40 20 80 INRS (2012)

Germany 20 82 40 164 BAUA (2006)
(AGS)

Germany 20 82 40 164 DFG (2015)
(DFG)

Ireland 10 40 20 80 HSA (2011)

Italy 10 40 20 80 SSL (2008)

Latvia 100 GESTIS (2015)

Poland 40 80 MLSP (2002)

Spain 25 103 75 309 INSHT (2010)

Sweden 50 200 75 300 SWEA (2011)

The Netherlands 40 80 DLPLV (2007)

United Kingdom 25 103 75 309 HSE (2011)

í-EU countries

Switzerland 20 80 40 160 SUVA (2015)

Australia 25 103 75 309 Safe Work Australia (2011)

Canada 400 Ontario Ministry of Labour (2013)
(Ontario)

New Zealand 25 103 75 309 HS (2013)

Japan 1 JSOH (2002)

USA 10 AIHA (2013)
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In the USA, according to EPA (US EPA, 2015), the Occupational Safety and Health 
Administratlon (OSHA) has nőt established regulatory exposure limits tor NMP. The only 
recommended exposure limit identified fór NMP is a non-regulatory limit established by 
the American Industrial Hygiene Association (AIHA, 2013; see Table 3).

In addition to OELs, Biological Limit Values (BLVs) have been established/recommended 
by the following bodies:

a. SCOEL (2015), INSHT (2010): 20 mg/g creatinine
2-hydroxy-N-methylsuccinimide (2-HMSI) in urine, measured morning-after-shift 
(18 hours), and/or 70 mg/g creatinine 5-hydroxy-N-methyl-2-pyrrolidone 
(5-HNMP) in urine, measured 2-4 hours after the end of exposure/shift

b. Germany, DFG (2015): 5-HNMP, 150 mg/l (BAT)

c. Danish EPA (2014): A Biological Limit Value (BLV) of 20 mg/g creatinine is 
recommended fór 2-HMSI, measured on the morning after an 8-hr work-shift. Fór 
5-HNMP, a biological value of approximately 60 mg/g creatinine, 2-4 hrs post 
exposure fór a work scenario without workload and approximately 75 mg/g 
creatinine fór a work scenario with moderate workload (75 Watt),

d. USA, ACGIH (2012): 5-HNMP, 100 mg/l (BEI)
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5. OCCURRENCE, USE AND OCCUPATIONAL EXPOSURE

5.1. Occurrence and use

NMP does nőt occur naturally in measurable amounts. There is only one study known to 
have isolated NMP from a maríné fungus, Clathria frondifera, which shows that the 
substance can be produced naturally (Radhika et al., 2007). However, measured bio- 
concentration studies were nőt located and based on available environmental fate data, 
NMP is expected to have low bio-accumulation potential and low persistence (US EPA, 
2015).

NMP is a synthetized organic substance. It has been manufactured on a commercial scale 
since the 1960s (RTI, 2001).

The primary use of NMP is as a solvent in a wide rangé of applications including the 
paints and petrochemical industries, fór stripping and cleaning applications in the 
microelectronics industry, fór the removal of graffiti, as a paint stripper and as a 
substitute fór chlorinated solvents (IPCS, 2001). It is alsó used as an intermediate in the 
pharmaceutical, polymer and other Chemical industries and as a formulating agent fór 
plánt protection and biocidal actives, and as a solvent fór pigments, dyes and inks. 
Further uses include as a penetration enhancer fór topically applied pharmaceuticals and 
as a vehicle in the cosmetics industry. It is increasingly used as a replacement fór 
chlorinated solvents because of concern about the toxicological profile of somé of the 
latter, e.g., it has been used to replace dichloromethane as a solvent in paint strippers.

5.2. Production and use information

Recent information on production and use of NMP has been compiled by several bodies 
(US EPA, 2015; ECHA, 2014a; Danish EPA, 2014; NICNAS, 2013; RIVM, 2013; SCCS, 
2011; OECD, 2007).

According to OECD (2007) the annual world production capacity of NMP in 2003 was 
estimated at 100,000 to 150,000 tons, subdivided intő 30,000 - 50,000 tons/a fór 
Europe (3 production sites), 60,000 - 80,000 tons/a fór USA (3 production sites), and 
10,000 - 20,000 tons/a fór Asia/Pacific (4 production sites). During 2005, the European 
production capacity was reduced to about 20,000 - 30,000 tons.

The main uses of NMP products are summarized in Table 4. The quantification in "% of 
the totál" refers to the distribution of NMP across these product uses. This quantification 
has been presented by OECD (2007) and is representative at world scale; however it is 
nőt EU-specific. Further NMP uses identified by NICNAS (2013) and SCCS (2011) are in 
cosmetics as a solvent, fragrance and surfactant. Uses of NMP in road construction 
applications, battery industries, membráné manufacturing, in functional fluids, and in 
laboratories were reported by ECHA (2014a) and RIVM (2013). According to the US EPA 
(2015), the National Institutes of Health (NIH) Household Products Database lists 47 
products containing NMP, in concentrations ranging from 1-100 percent. In contrast, in 
the EU there is only one consumer use as a printing ink registered in REACH (Danish 
EPA, 2014).

According to the SCCS (2011) final concentrations in cosmetic products are nőt known. A 
survey by the Danish EPA revealed that concentrations of NMP in finished products vary 
from a few percentages up to 85% (Danish EPA, 2014). Home maintenance products 
may even consist of 100% NMP (US EPA, 2015).
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Table 4: Main uses of NMP containing products according to Harreus et al. (2011), OECD 
(2007), and Jouyban et al. (2010)

Industry Application Percent of 
Totál

Electronics Cleaning agent fór Silicon wafers, de- 
fluxing, edge bead removal, photoresist 
stripping, auxiliary in printed Circuit 
board technology

20

Agricultural Chemicals Solvent fór herbicide, pesticide and 
fungicide formulations

15

Pharmaceuticals Solvent or co-solvent; Chemical 
penetration enhancer fór

enhancement of transdermal delivery of 
hydrophilic and

hydrophobic drugs from an aqueous 
phase

15

Coatings Solvent fór acrylic and epoxy resins, 
polyurethane paints, waterborne paints 
or finishes, printing inks, 
synthesis/diluent of wire enamels, 
coalescing agent

20

Petrochemical Processing Lube oil Processing, natural and 
synthetic gas purification

10

Industrial and consumer 
cleaners

Pa int removers, floor strippers, graffiti 
remover, industrial degreasing,
injection head and cast-molding 
equipment cleaning

20

Further sources of information are Product Registers and the Nordic SPIN Database. 
Product Registers in Sweden, Denmark and Switzerland were interrogated on NMP- 
containing-product information by OECD (2007). The Nordic SPIN Database was 
interrogated by the Danish EPA (2014). The registers include the numbers of products 
marketed in these countries, the totál amount of NMP contained in the products and the 
corresponding NMP concentrations.

5.3. Occupational exposure

Although NMP does nőt have a high vapour pressure, the pattern and wide rangé of uses 
results in somé potential fór occupational exposure by inhalation. Exposure may be to 
NMP as a vapour, as an aerosol or as a mixture of both, the relatíve proportions being 
dependent on temperature and relatíve humidity (DFG, 1998).

At normál room temperature and humidity (60% relatíve humidity) and concentrations of 
NMP below 80 mg/m3, aerosol formation is unlikely, however aerosol formation is 
potentiated at higher humidity and with increasing concentrations of NMP (DFG, 1998). 
Levels of up to 10 mg/m3 NMP have been measured in the breathing zone of workers 
involved in the removal of graffiti (Anundi et al., 1993, 2000), while workers in the 
microelectronics industry have been exposed to up to 6 mg/m3 (Beaulieu and Schmerber, 
1991). Much higher exposures (up to 280 mg/m3) were reported in the microelectronics 
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industry when NMP was used at a temperature of 80°C (Beaulieu and Schmerber, 1991). 
Exposures of up to 64 mg/m3 have been measured in the breathing zone of paint- 
strippers, with peak exposures of up to 280 mg/m3 (Ákesson and Jönsson, 2000a).

Dermal exposure to NMP in occupational settings is alsó iikely, given the pattern and 
wide rangé of uses. NMP is readily absorbed through the skin, and dermal exposure thus 
is considered to contribute significantly to the internál NMP dose. There are several older 
reports in the literature of toxic effects resulting from skin contamination through spills, 
inhalation of fumes may however have contributed to the toxicity seen (DFG, 1998). 
Additionally, Bader and co-workers have reported dermal absorption of NMP from the 
vapour phase, equivalent to approximately 30 % of the totál inhalation dose in an 
experimental study in humán volunteers, the design of which included a phase in which 
inhalational uptake was prevented by face shields (Bader et al., 2008a).

5.4. Routes of exposure and uptake

As explained above, there is the possibility of occupational exposure by both inhalation 
and dermal uptake. In view of potential high dermal exposure biological monitoring is 
recommended (Greim, 1998).

6. Monitoring Exposure

NMP can be monitored in the air at the workplace by applying the following methods:

• OSHA (1991), OSHA Stopgap method nr. PV2043

• NIOSH (1998), NIOSH method 1302

• Breuer et al., (2014), MÁK method 1

• Rosenberger et al., (2014), MÁK method 2

In all these methods NMP in air is adsorbed onto a solid sorbent (activated charcoal or 
silica gél) followed by extraction of the NMP with an organic solvent (either a methylene 
chloride solution in methanol, pure methanol or a potassium hydroxide solution in 
methanol). The NMP-containing extract can be then be analysed by gas chromatography 
(GC), using either fiamé ionisation (FID), nitrogen-phosphorus (NPD) or mass 
spectrometry (MS) detection, each technique with its limit of quantification (LOQ) and 
characteristics (see Table 5).
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Table 5: OverView of sampling and analytical methods fór monitoring NMP at the 
workplace

Method Sorbent Desorption 
solution

Analysis Recovery 
(%)

LOQ Relatív 
e 
standa 
rd 
deviati 
on

Concentration 
rangé

References

NIOSH 
method

Activated 
charcoal

methylene 
chloride 
solution in 
methanol 
(95:5)

GC-NPD 98.8 0.02 pg/ 
sample

5 % 0.063-25.8

pg/sample

NIOSH, 
1998

1302 Activated 
charcoal

methylene 
chloride 
solution in 
methanol 
(95:5)

GC-FID 98.8 0.3 pg/ 
sample

1% 0.662-2066 
pg/sample

MÁK 
method 
1*

Silica gél potassium 
hydroxide 
solution in 
methanol

GC-NPD 99 Absolute: 
1.6 ng

Relatíve: 
0.1 
mg/m3

2.3-
5.8%

9-130 mg/m3 Breuer et 
al., 2014

MÁK 
method 
2*

Silica gél methanol GC-MS 92 Absolute: 
0.3 ng

Relatíve:
0.15mg/ 
m3

4% 2.5-15 mg/m3 Rosenberge 
r et al., 
2014

* This method can be used to detect 0.1 times up to 2 times the limit value fór 
workplace air (MÁK value) proposed by the Deutsche Forschungsgemeinschaft (DFG).

The proposed method 1302 by NIOSH (1998) is considered to be an improvement of the 
OSHA in-house method from 1991, because of their higher sensitivity and recovery at 
lower sample levels.

Alternatively to the above discontinuous methods, airborne NMP can be analysed on a 
continuous basis by photoacoustic IR spectrometry (INNOVA, 1412 Photo Acoustic Field 
Gas-Monitor) with a detection limit of 0.16-1.24 mg/m3 depending on the optical filter 
used (calculated based on the equation and list of detection limits mentioned in 
Lumasense, Denmark (2015) (Ákesson and Paulsson 1997; Jönsson and Ákesson, 2003; 
Bader et al., 2007). There appears to be no appropriate methodological approach fór 
NMP at the moment using passive air sampling.

Regarding biomonitoring of NMP, Bader et al. (2008b) describes a method fór 
measurement of 5-HNMP and 2-HMSI in urine using GC/MS. The method is based on 
work by Jönsson and Ákesson (1997a). The method involves addition of deuterium- 
labeled 5-HNMP and 2-HMSI to the samples, as internál standards. Solid phase 
extraction (SPE) is then applied to separate the metabolites from the mátrix, which is 
followed by elution with an ethyl acetate-methanol solution. The method has been 
evaluated by the MÁK Commission, and the evaluation results are summarized in 
Table 6.
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Table 6: Evaluation of the MÁK method fór the determination of 5-HNMP and 2-HMSI in 
urine

5-Hydroxy-N-methyl-2-pyrrolidon (5-HNMP)

Precisíon (series) Standard deviation (rel):

Confidence interval:

in the concentration rangé from 
liter urine where n=10 determina

s = 0.9% - 1.2%

u = 2.0%- 2.7%

7.5-75 mg 5-HNMP per 
tions

Precision (day to day) Standard deviation (rel): s = 1.3% - 2.3%

Confidence interval: u = 2.9% - 5.1%

in the concentration rangé from 7.5-75 mg 5-HNMP 
liter urine where /?=10 determinations

per

Recovery r =97% at 150 mg/l

Detection limit 1 mg 5-HNMP per liter urine

2-Hydroxy-N-methylsuccinimide (2-HMSI)

Precision (series) Standard deviation (rel): s = 1.4% - 1.7%

Confidence interval: u = 3.1%- 3.8%

in the concentration rangé from 7.5-75 mg 2-HMSI 
liter urine where /7=10 determinations

per

Precision (day to day) Standard deviation (rel): s = 3.7% - 4.1%

Confidence interval: u = 8.3% - 9.1%

in the concentration rangé from 5-75 mg 2-HMSI per liter 
urine where n=10 determinations

Recovery r =101% at 75 mg/l

Detection limit 1 mg 2-HMSI per liter urine

Ákesson and Jönsson (2000c) and Carnerup et al. (2006) proposed, as an alternative to 
the MÁK method, a concept using liquid chromatography-electrospray tandem mass 
spectrometry. Alsó several concepts involving minor modifications of the basic 
approaches by Jönsson and Ákesson (1997a) and Bader et al. (2008b), such as 
replacement of solid phase extraction (SPE) by liquid-liquid extraction (LLE) are applied 
by different authors. An overview of such concepts is provided in Table 7.
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Table 7: OverView of NMP bio-monitoring concepts applied

Ákesson 
and 
Paulsson 
(1997)

NMP (p + u) To 2 ml of plasma or urine, 2 ml toluene and 4 ml 12 M 
potassium hydroxide (KOH), containing 0-25% ammónia 
were added. After shaking fór 10 minutes the toluene 
phase was transferred intő glass vials with PFTE screw 
caps. The analyses of NMP were performed by gas liquid 
chromatography (GLC) (Varian 3700; autosampler 8035) 
with a nitrogén phosphorus detector (NPD; Varian TSD).

Jönsson 
and 
Ákesson 
(1997a)

5-HNMP and Simultaneous determination of 5-hydroxy-N-
2-HMSI (u) methylpyrrolidone (5-HNMP) and 2-hydroxy-N-

methylsuccinimide (2-HMSI) in urine involving purification 
from urine by adsorption to a C8 solid-phase extraction 
column and then elution by ethyl acetate-methanol 
(80:20). After evaporation, the samples were derivatised 
at 100 degrees C fór 1 h by
bis(trimethylsilyl)trifluoroacet- amidé. Ethyl acetate was 
then added and the samples were analysed by gas 
chromatography-mass spectrometry in the electron 
impact mode.

Jönsson 
and 
Ákesson 
(1997b)

MSI and 2- A method fór determination of N-methylsuccinimide (MSI) 
HMSI (u+p) and 2-hydroxy-N-methylsuccinimide (2-HMSI) in humán 

urine and of MSI in humán plasma was developed 
involving purification from urine and plasma by C8 solid- 
phase extraction and analysed by gas chromatography- 
mass spectrometry in the negative-ion Chemical ionisation 
mode

Ákesson 
and 
Jönsson 
(2000c)

5-HNMP Blood and urine were sampled before, during, and up to
(u+p) 40 hours after exposure were purified, derivatised, and

analysed fór 5-HNMP on a gas chromatograph/mass 
spectrometer in the electron impact mode.

Carnerup 
et al.
(2001)

5-HNMP and Simultaneous determination of 5-hydroxy-N-methyl-2- 
2-HMSI pyrrolidone (5-HNMP) and 2-hydroxy-N-
(u+p) methylsuccinimide (2-HMSI) was developed involving

purification from plasma and urine by solid-phase 
extraction using Isolute ENV+ columns, and analysis by 
liquid chromatography coupled to a mass spectrometer 
fitted with an atmospheric pressure turbó ion spray 
ionisation interface in the positive ion mode.

Ligocka et 
al. (2002)

5-HNMP (u) Different solvents and alternative methods of extraction 
including liquid-liquid extraction (LLE) on Chem Elüt and 
solid-phase extraction (SPE) on Oasis HLB columns were 
tested.

Page 22 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Ákesson 
et al. 
(2004)

NMP (u+p)

MSI (u+p)

NMP was measured in plasma and urine using the method 
described by Ákesson and Paulsson (1997).

MSI in plasma and urine was measured using the 
measured described by Jönsson and Ákesson (1997).

________
Carnerup NMP,5- Liquid chromatography with tandem mass spectrometry
et al. HNMP, 2- (LC-MS/MS).
(2006) HMSI, MSI 

and 2-
Pyrrolidone 
(2-P) (u+p)

Bader et NMP, 5- Urinary NMP and its metabolites 5-HNMP and 2-HMSI 
al. (2007) HNMP and were measured according to Ákesson and Paulsson 

2-HMSI (u) (1997).

Kubota et NMP, MSI 
al. (2007) and 2-HMSI

(u)

Combination of solid-phase extraction (SPE) and gas 
chromatography with a fiamé thermionic detector 
(GC/FTD) was developed fór determination of N-methyl-2- 
pyrrolidone (NMP), N-methylsuccinimide (MSI), and 2- 
hydroxy-N-methylsuccinimide (2-HMSI) in humán urine.

Suzuki et NMP, 5- 
al. (2009) HNMP, MSI

and 2-HMSI
(u)

Urinary concentrations of NMP and its metabolites 5- 
hydoxy-N-methyl-2-pyrrolidone (5-HNMP), N-methyl- 
succinimide (MSI), and 2-hydroxy-N-methylsuccinimide 
(2-HMSI) were determined. Development of a HPLC-ESI- 
MS/MS method that excluded using SPE, bút included the 
use of deuterium-labeled compounds to directly correct 
the remaining mátrix effect fór electrospray ionization 
(ESI) detection.

Meier et 5-HNMP and 5-Hydroxy-N-methyl-2-pyrrolidone (5-HNMP) and 2- 
al. (2013) 2-HMSI (u) hydroxy-N-methyl-succinimide (2-HMSI were analyzed in 

urine based on Bader et al. (2008b)

Haufroid 5-HNMP and Urinary 5-HNMP and 2-HMSI were determined using liquid 
et al. 2-HMSI (u) chromatography with tandem mass spectrometry.
(2014)

p: plasma, u: urine
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7, Health effects

7.1. Toxicokinetics (absporption, distribution, metabolism, excretion)

7.1.1. Humán data

Humán volunteer studies have shown that NMP is rapidly absorbed following exposure by 
the inhalation, dermal or órai route (Ursin et al., 1995; Ákesson and Paulsson, 1997; 
Ákesson and Jönsson, 1997; Ákesson and Jönsson, 2000b,c; Akrill et al., 2002; Jönsson 
and Ákesson, 2003; Ákesson et al., 2004; Bader et al., 2008a). A study involving 
exposure of six healthy male volunteers to NMP in an exposure chamber fór 8 h at 
concentrations of 10, 25 and 50 mg/m3 showed rapid uptake following inhalation, with 
metabolism to the mono-hydroxy metabolite 5-hydroxy-N-methyl-2-pyrrolidone 
(5-HNMP), which was further metabolised to N-methylsuccinimide (MSI) and then to 
2-hydroxy-N-methylsuccinimide (2-HMSI) (Ákesson and Paulsson, 1997; Ákesson and 
Jönsson, 2000c, Jönsson and Ákesson, 2003). The half-lives of NMP, HNMP, MSI and 
2-HMSI following inhalation of NMP were 4, 6, 8 and 16 h, respectively, with 100% 
urinary excretion, and the relative proportions of NMP and its metabolites in urine were 
2% NMP, 60% 5-HNMP, 0.1% MSI and 37% 2-HMSI (Ákesson and Paulsson, 1997). 
Carnerup and co-workers have identified 2-pyrrolidone (2-P) as a minor metabolite in 
both humans and in rats (Carnerup et al., 2005, 2006). 2-P has been reported to be a 
developmental toxicant and may possibly be responsible fór the reproductive effects seen 
in animal studies with NMP (Carnerup et al., 2005, 2006).

Bader and co-workers have confirmed 5-HNMP, 2-HMSI and free NMP as the major 
urinary metabolites following inhalation exposure of 16 male volunteers to concentrations 
of 10, 40, 80 and 25/160 mg/m3 NMP (Bader et al., 2008a). The relative proportions of 
these urinary metabolites were approximately 68:31:1 at the exposure level of 40 mg/m3 
NMP under resting conditions. Half-lives of 3.9, 7.5 and 28 hours fór NMP, 5-HNMP and 
2-HMSI respectively at the exposure level of 40 mg/m3 NMP under resting conditions 
were reported by Bader et al. (2008a). Bader and co-workers alsó reported delayed 
elimination of NMP following dermal-only exposure to NMP vapour, with peak times fór 
free NMP, 5-HNMP and 2-HMSI being delayed by approximately 4 hours (Bader et al., 
2007, 2008a).

Xiaofei and co-workers studied the pharmacokinetics of NMP in four workers exposed to 
0.46 - 2.84 mg/m3 fór 12 hours per day fór a 5 day working week and five volunteers 
who observed the work processes fór a single 8 hour day and were exposed to a mean 
concentration of 1.15 mg/m3 (Xiaofei et al., 2000). NMP levels in plasma and urine were 
monitored in both workers and volunteers and the data used to dérivé a pharmacokinetic 
model fór NMP. Metabolic saturation was nőt predicted at concentrations below 
approximately 40 mg/m3. The predictability of the model was demonstrated by 
monitoring of NMP levels in plasma and urine in a second set of workers.

After órai administration of 100 mg NMP to three healthy male volunteers, 65% of the 
administered dose was recovered in urine, comprising 2% NMP, 67% 5-HNMP, 0.1% MSI 
and 31% 2-HMSI (Ákesson and Jönsson, 1997). One third of the órai dose of NMP was 
nőt found as any of these metabolites, the lack of mass balance possibly indicating 
incomplete absorption from the gastrointestinal tract or the presence of unidentified 
metabolites (Ákesson and Jönsson, 1997).

A 6-h topical study in male and female volunteers using a single dose of 300 mg 
undiluted NMP showed peak plasma concentrations of NMP three hours after application. 
A fraction of 22 to 24% of the totál dose was recovered in the urine fór females and 
males respectively (Ákesson and Jönsson, 2000b). Mean peak plasma levels of 5-HNMP 
were observed after 4 hours in females and after 6 in males, while plasma MSI and 2- 
HMSI peaked after 8 hours and 24 hours respectively (Ákesson et al., 2004). The authors 
compared the pharmacokinetics of 50% aqueous dermally applied NMP in a group of 6 
male volunteers with the results obtained with undiluted NMP and showed peak levels of 
NMP 8 hours after application, MSI after 12 hours and 2-HMSI after 24 - 30 hours 
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(Ákesson et al., 2004). The results indicated delayed absorption of NMP in aqueous 
formulations, a result alsó found in animal studies.

Akrill and co-workers examined the excretion of 5-HNMP in 2 volunteers exposed fór 
15 minutes to aqueous NMP Solutions (5 - 25%: one hand) followed by urine collection 
fór 48 hours (Akrill et al., 2002). They found that urinary levels of 5-HNMP were at a 
maximum after about 10 h and excretion continued fór 48 h after exposure. The half-life 
of 5-HNMP was approximately 11 h, confirming the delayed absorption of NMP and 
prolonged half life of NMP and its metabolites observed by Ákesson and co-workers 
following dermal exposure compared with inhalation, particularly fór aqueous Solutions of 
NMP. It can be estimated from these data that 15 minutes exposure to 15% aqueous 
NMP is equivalent to inhalation of 10 mg/m3 NMP with respect to absorption and 
elimination profile (Akrill et al., 2002).

A permeability rate through humán skin of 171 + 59 g/m3 has been derived fór NMP 
(Ursin et al., 1995). Ligocka and co-workers demonstrated a mean 67.9% absorption of 
NMP through the skin in 12 humán volunteers exposed to 300 mg NMP via a skin patch 
(Ligocka et al., 2003). Of the totál dose 12.6% was excreted as 5-HNMP, 6-12 hours 
after exposure, while 2-HMSI peaked at 2 time periods, 12-24 hours after exposure 
(3.3% of dose) and 36-48 hours after exposure (3.2% of dose). The authors alsó 
demonstrated a significant relationship between CYP2E1 mRNA content in peripheral 
blood lymphocytes and levels of 5-HNMP and 2-HMSI excreted in urine within 24 hours 
and suggested that the activity of this enzyme in an individual should be taken intő 
account when interpreting the results of biological monitoring of exposure to NMP 
(Ligocka et al., 2003).

7.1.2. Animal data

Toxicokinetic studies have been carried out in rats using the dermal, inhalation, órai or 
intravenous routes, with similar results. As in humans, NMP was rapidly absorbed and 
distributed, with 80 - 90% excretion in urine within 24 h (Wells and Digenis, 1988; RTI, 
1990, cited in IPCS, 2001); Midgley et al., 1992; Ravn-Jonsen et al., 1992; Payan et al., 
2003). Faecal excretion was 2 - 4% of totál dose, and there was very limited excretion 
as CO2 (0.9 - 1.7%) or volatile organic compounds. A distribution study following 
intravenous administration of radio-labelled NMP showed distribution to all tissues, with 
highest levels of radioactivity being observed in the liver, bile and small intestine, 
kidneys, stomach and testis (Wells and Digenis, 1988).

Following topical administration of NMP radio-labelled with 14C on the C2atom to rat skin 
at doses of 0.2, 2 and 20 mg/cm2, applied to an area of 12 cm2, there was 50% 
absorption of the 2 lower doses while 75% of the 20 mg/cm2 dose was absorbed, 
suggesting that NMP promotes its own absorption. Maximum blood levels were observed 
approximately 8 hours after application (RTI, 1990, cited in IPCS, 2001). A percutaneous 
absorption study applying NMP as the pure substance, as a 30% solution in water and as 
a 30% solution in limonene, showed uptakes of 31%, 3.5% and 72% respectively, 
suggesting that the use and natúré of the vehicle alsó influences uptake (Huntingdon Life 
Sciences, 1998, cited in IPCS, 2001). Payan and co-workers demonstrated that 
percutaneous absorption flux in rats was proportional to the concentration of NMP applied 
and was dependent on skin thickness, suggesting a passive diffusion process (Payan et 
al., 2003). Maximum absorption fluxes of 10 and 20 mg/cm2 NMP were determined fór 
20 pl/cm2 and 40 pl/cm2 respectively. Absorption decreased when neat NMP was diluted.

In a study in which rats were exposed to 618 mg/m3 NMP (whole body) fór 6 h, NMP 
crossed the placental barrier, with an equilibrium being reached between foetal and 
maternal blood. Elimination of NMP was slower in pregnant than non-pregnant rats 
(Ravn-Jonsen et al., 1992).
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As alsó observed in the humán volunteer studies reported by Ákesson and co-workers, 
the main urinary metabolite in rats was 5-HNMP, amounting to 70 - 75% of administered 
dose following intravenous administration (Wells et al., 1992) and 60% after an órai dose 
of 500 mg/kg (RTI, 1990 cited in IPCS, 2001). In the latter study, a further 10 - 15% 
was a metabolite of 5-HNMP and 5% was unchanged NMP. At the lower órai dose of 
5 mg/kg, NMP was completely metabolised and at least 4 urinary metabolites were 
detected, indicating that metabolic pathways may become saturated at higher dose 
levels. The study did nőt identify the 2-HMSI metabolite demonstrated in humans 
(Ákesson and Paulsson, 1997). Ligocka and co-workers alsó demonstrated that the main 
metabolite in rats following dermal administration of NMP was 5-HNMP (Ligocka et al. 
2003). Excretion of this metabolite was significantly reduced in rats pre-treated with the 
CYP2E1 inhibitor diethyldithiocarbamate, confirming that CYP2E1 is involved in the 
metabolism of NMP (Ligocka et al. 2003; see alsó 7.1.1.).

7.1.3. In vitro data

A study by Dick et al (2001) has been assessed by the Swedish Criteria Group fór 
Occupational Standards (Johanson and Rauma 2008, Montelius 2014) as being suitable 
fór an estimation of dermal absorption of NMP by humán skin in vitro. The rate of 
absorption of undiluted NMP was calculated as 10 mg/cm2 per hour. Extrapolation of data 
to 2000 cm2 skin (equivalent to both hands and forearms) and 1 hour of exposure gave a 
dermal absorption of 20,000 mg (20 g). This uptake was estimated to be about 10 times 
higher than the uptake within 8 h of inhalation at the Swedish OEL of 50 ppm 
[200 mg/m3].

7.1.4. Toxicokinetic modelling

Poet and coworkers (2010) applied PBPK- and benchmark dose modelling to calculate the 
point of departure (POD) as the area under the blood concentration-time curve (AUC) fór 
NMP in blood. The application focussed on two experimental inhalation studies on 
developmental toxicity in rats (Saillenfait et al 2003, Solomon et al 1995; see 7.8.2). 
Since in utero exposures were of concern, the models considered major physiological 
changes occurring in the dam or mother over the course of gestation. The rat PBPK 
model was used to determine the relationship between NMP concentrations in maternal 
blood and decrements in foetal/pup body weights following exposures to NMP vapour. 
Body weight decrements seen after vapour exposures occurred at lower NMP blood levels 
than those observed after órai and dermal exposures. Benchmark dose modelling was 
used to define a point of departure (POD) fór foetal/pup body weight changes based on 
dose-response information from two inhalation studies in rats. In this analysis, dose- 
response models were used to predict from the experimental data of both Solomon et al. 
and Saillenfait et al. the benchmark concentrations (BMC) resulting in a decrease in 
mean body weight (foetal/pup) corresponding to 1 SD (BMC1SD) and its 95% lower 
confidence limit (BMCL1SD). The calculated humán equivalent concentration (HEC, fór 
8h/d and 5d/wk) fór BMC1SD was 700 ppm and fór BMCL1SD 480 ppm. Although there 
are uncertainties related to these PBPK modelling, these modelling results basically 
suggest that the effective concentrations in humans would be higher as compared to 
rats.

Fór the U.S. Environmental Protection Agency (EPA), this PBPK model was further 
optimised by Poet (2013, as cited in Lumpkin and Gentry 2013; Schlosser 2013). In the 
following evaluation by EPA, it was noted that the model generally produced very similar 
simulations (compared to the originally published version) following i.v. and dermal 
exposures in rats and fór inhalation and dermal exposures in humans. Alsó, the modified 
model code was considered to be capable of predicting parent compound and metabolite 
profiles from multiple data sets, providing blood and urine measurements in rodents and 
humans exposed to NMP by multiple routes of exposure (/.v., dermal and inhalation).
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EPA especially recognised that the model described well the urinary clearance of 5-HNMP 
after a rangé of i.v. and inhalation exposures (Lumpkin and Gentry 2013; Schlosser 
2013).

7.1.5. Biological monitoring

Studies in both humans and animals show that NMP is readily absorbed through the skin 
(RTI, 1990, cited in IPCS, 2001; Midgely et al, 1992; Ákesson and Jönsson, 2000b). 
Bader and co-workers have measured dermal absorption of NMP from the vapour phase, 
equivalent to approximately ~ 30 % of the totál inhalation dose in an experimental study 
in humán volunteers, the design of which included a phase, in which uptake through 
inhalation was prevented by face shields and absorption of NMP vapour was likely to have 
occurred mainly through the exposed skin areas of the hands, arms and lower neck 
(Bader et al., 2008a). Dermal absorption can therefore contribute significantly to body 
burden. Measurement of non-metabolised NMP in plasma or urine has been proposed as 
a biological monitor, reflecting exposure from both the inhalation and dermal routes 
(Ákesson and Paulsson, 1997; Xiaofei et al., 2000), bút has several disadvantages, 
including the comparatively short half-life of NMP and the low concentrations in urine.

The metabolites of NMP are more appropriate biological indicators of exposure, and 
measurement of the major metabolite 5-HNMP, with a half-life of 6-7 hours. in urine or 
plasma has been proposed as a suitable method fór biological monitoring (Ákesson and 
Jönsson, 2000c; Jönsson and Ákesson, 2003). The same group has alsó suggested 
measurement of MSI, given the readily available analytical method fór this metabolite 
(Jönsson and Ákesson, 2001). However MSI has a somewhat larger volume of 
distribution and levels in urine are low.

In an 8-hour inhalation study in male volunteers exposed to NMP at concentrations of 10, 
25 and 50 mg/m3, Ákesson and Jönsson reported an excellent correlation between NMP 
air levels and plasma or urinary 5-HNMP (Ákesson and Jönsson, 2000c). An 8-hour 
exposure to an air concentration of 10 mg/m3 NMP resulted in a level of 22 mmol 
5-HNMP/mol creatinine in urinary samples collected during the last 2 hours of exposure, 
while exposure to 50 mg/m3 NMP resulted in a level of 110 mmol/mol creatinine. The 
same group alsó proposed 2-HMSI in urine as an appropriate biological marker fór NMP 
exposure, as sensitive analytical methods were available (Carnerup et al, 2001; Jönsson 
and Ákesson, 2003; Carnerup et al., 2005, 2006). Given the long half-life of 2-HMSI, this 
metabolite may be advantageous over 5-HNMP as a biological marker, particularly in 
situations where workers may be exposed topically to aqueous Solutions of NMP. In such 
situations, dermal absorption of NMP is delayed (Ákesson et al., 2004), bút the impact of 
this on peak levels of 2-HMSI is much less marked than fór 5-HNMP.

A comprehensive study in 16 humán volunteers (see section 7.1.1 fór methodological 
details of this study), Bader and co-workers have confirmed that levels of urinary NMP, 
5-HNMP and 2-HMSI show close correlations to airborne NMP. In this study, the authors 
considered that 5-HNMP and 2-HMSI were preferable biomarkers fór workplace 
surveillance (Bader et al., 2008a). The delayed peak maximum of 16-24 h post- 
exposure and the long biological half-life makes urinary HMSI especially suitable fór the 
surveillance of accumulative effects during a working week (Bader et al. 2008a). The 
results of Bader and co-workers indicate that the optimum sampling time fór 5-HNMP is 
2-4 h post-exposure, while in the case of 2-HMSI, a urine collection 16 h post-exposure 
(i.e. on the morning after an 8 h work-shift) is indicated. Although Ákesson and co- 
workers have proposed that results of biological monitoring should be expressed as 
absolute urinary concentrations of 2-HMSI or 5-HNMP, adjusted fór urine density, rather 
than relatíve to urinary creatinine levels (Ákesson et al., 2004), Bader and co-workers 
corrected both parameters fór urinary creatinine to compensate fór diuretic variations 
(Bader et al., 2007, 2008a).
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Linear regression analysis of NMP in air and of post-exposure 5-HNMP in urine in the 
above study indicated an average concentration of approximately 60 mg/g creatinine 
(post exposure) fór an exposure of 40 mg/m3 NMP without workload and approximately 
75 mg/g creatinine in a work scenario with moderate workload [six 10 minute periods of 
exercise during the 8-hour exposure period, on a bicycle ergometer (75 Watt)] (Bader et 
al., 2008a). The regression curve reported by Ákesson and Jönsson (2000c) fór a series 
of 8 h exposures to 10, 25 and 50 mg/m3 NMP was considerably steeper than the curve 
calculated in the Bader and co-workers study, and provided an estimate of 90 mg/g 
creatinine fór urinary 5-HNMP after an 8 h exposure to 40 mg/m3 NMP. Similarly, 
regression analyses between NMP in air and urinary 2-HMSI peak values (16 - 24 h post- 
exposure) in the Bader et al. study pointed to an average concentration of 16 mg/g 
creatinine (without workload) and to 22 mg/g creatinine (moderate workload) fór a 
whole-body exposure at 20 mg/m3 NMP. Comparable to the situation with 5-HNMP, the 
results from an inhalation study by Jönsson and Ákesson (2003) point to higher urinary 
2-HMSI concentrations than in the Bader and co-workers study, with an estimated level 
of 40 mg 2-HMSI/g creatinine at 40 mg/m3 NMP. These differences may be due to 
methodological differences between the two studies although Bader and co-workers alsó 
suggest that differences in the dermal absorption of NMP are likely to have contributed to 
the discrepancies between the studies (Bader et al., 2007, 2008a).

Meier et al (2013) reported on a study investigating current exposures to NMP in the 
spraying department of an automobilé plánt using biological monitoring. 5-HNMP and 
2-HMSI were analysed in 69 urine samples of 14 workers exposed to NMP and of 9 non- 
exposed Controls. Measurements of airborne exposure levels were nőt included. Three 
different working tasks ('loading' and 'cleaning' of the sprayer system and 
'wiping/packing' of the sprayed materials) and three sampling times (pre-shift, post-shift, 
and pre-shift of the following day) were studied in exposed workers. Medián levels of 
5-HNMP and 2-HMSI in post-shift urine of exposed workers were 0.91 and 0.52 mg/g 
creatinine, respectively, whereas médián levels in Controls were below the limit of 
detection. Decreased levels of 5-HNMP were observed in pre-shift urine samples on the 
following day (0.39 mg/g creatinine) in exposed workers, while the concentration of 
2-HMSI did nőt change (0.49 mg/g creatinine). Highest exposures occurred during 
sprayer cleaning with a maximum level of 8.31 mg/g creatinine of 5-HNMP in post-shift 
urine. In contrast to ’wipers/packers1, no decrease in 5-HNMP could be observed in pre- 
shift urine samples on day 2 of the 'loaders' and 'cleaners'. Overall, exposure in terms of 
5-HNMP post-shift and 2-HMSI pre-shift of the following day were well below existing 
biological limit values of the European Union (70 and 20 mg/g creatinine, respectively). 
The authors suggested that the analysis of 5-HNMP in pre-shift samples alsó provided 
essential Information, particularly in situations involving direct handling of liquid NMP- 
containing formulations.

Haufroid et al (2014) conducted a field study to examine the value of urinary 5-HNMP 
and 2-HMSI in workers exposed to N-methyl-2-pyrrolidone (NMP) and to look fór health 
effects of exposure. Airborne NMP was determined according to the NIOSH method. 
Urinary 5-HNMP and 2-HMSI (after and before next shift) were determined by liquid 
chromatography with tandem mass spectrometry. Outcomes were effects on lung, 
kidney, skin and mucous membranes, nervous system, haematopoiesis and liver 
determined by clinical examination and laboratory measurements. Univariate statistical 
methods and multiple regressions were used to analyse results. Skin absorption, smoking 
and other potential confounders were taken intő account. Three-hundred-twenty-seven 
workers were eligible out of which 207 workers (63%) participated. Ninety-one of these 
worked with NMP. Occupational exposure to NMP did often nőt occur daily and ranged 
from non-detectable to 25.8 mg/m3 (médián = 0.18). Urinary 2-HMSI (mg/l; before next 
shift) was the best biomarker of exposure to NMP, explaining about 70% of the variance, 
bút most likelihood ratios did nőt allow fór ruling exposure in or out, at these low levels 
of exposure. Creatinine adjustment did nőt improve the results clearly. No clear and 
consistent health effects could be associated with NMP exposure. No indication fór a bias 
due to non-participation was found. It was concluded by the authors that biological 
monitoring, primarily urinary 2-HMSI (before next shift), is of value to estimate exposure 
to NMP, even when exposure is irregular and low. No irritant or other health effects were 
found.
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7.2. Acute toxicity

7.2.1. Humán data

No information is available on the acute toxicity of NMP in humans, bút the substance is 
of low acute toxicity in animals.

7.2.2. Animál data

Órai LD50 values in rats, mice, rabbits and guinea pigs are reported to lie in the rangé 
3500 - 7900 mg/kg bw (Bartsch et al., 1976; Ansell and Fowler, 1988) while dermal 
LD50 in rats and rabbits are in the rangé 4000 - 10,000 mg/kg bw (Bartsch et al., 1976; 
Weisbrod, 1981; Clark, 1984, cited in Greim, 1998). No deaths occurred in an acute 
inhalation study in rats exposed nose-only to a 5100 mg/m3 vapour/ aerosol mixture with 
a mass médián aerodynamic diameter (MMAD) of 4.6 pm (respirable fraction 87%), the 
LC50 was >5100 mg/m3 (BASF, 1988, cited in IPCS, 2001). LC50s in the rangé of 3100 - 
8800 mg/m3 were determined in another study alsó involving exposure to an aerosol (du 
Pont, 1988, cited in Greim, 1998). Effects seen following órai or inhalational exposure 
included mucosal irritancy, narcosis and non-specific symptoms of toxicity (BASF, 1988, 
cited in IPCS, 2001; Ansell and Fowler, 1988).

7.3. Spécific Target Organ Toxicity/Repeated Exposure

7.3.1. Humán data

In a humán volunteer study, involving six subjects exposed to 10, 25, or 50 mg/m3 [2.5, 
6.25 or 12.5 ppm] NMP over an 8 hour period, there were no acute changes in the nasal 
cavity as assessed by continuous acoustic rhinometry, and no significant differences were 
observed in FEV1 (forced expiratory volume in 1 s), vitai capacity or forced expiratory 
capacity, measured by spirometry (Ákesson and Paulsson, 1997). Two volunteers 
reported detecting an odour at 50 mg/m3 [12.5 ppm]. The subjects did nőt experience 
any symptoms of eye or respiratory tract irritation, or other symptoms such as 
headache, dizziness, and nausea.

Workers exposed to up to 280 mg/m3 [70 ppm] NMP in working areas in the 
microelectronics fabrication industry where warm NMP (80 °C) was being handled 
reported severe eye irritation and headache (Beaulieu and Schmerber, 1991). Due to 
methodological deficiencies, an exposure - response relationship could nőt be established 
in this study.

In a study of 38 graffiti removers, working 8 hour shifts in the Stockholm underground 
system and exposed to a mixture of solvents including NMP, there was a significantly 
higher prevalence of tiredness, headaches and symptoms affecting airways, eyes and 
skin than population Controls (Langworth et al., 2001). Eight-hour exposures (TWA) 
were below 20% of the Swedish Permissible Exposure Limit fór all solvents measured, 
bút short-term exposures occasionally exceeded the short-term exposure limits. Mean 
short-term exposure to NMP over 15 minutes was 4.71 + 6.17 mg/m3 (AM), with a rangé 
of 0.01 - 24.61. The relationship between the different exposure measurements and 
reported symptoms were generally weak, and no specific relationship with NMP exposure 
could be identified.

A comprehensive study in 15 healthy young male volunteers has been undertaken, in 
order to investigate possible chemosensory effects of NMP under workplace conditions 
(van Thriel et al., 2007). One subject, out of 16 subjects initially, dropped out of the 
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study at an early stage fór reasons unrelated to NMP exposure. Exposure scenarios used 
in the study were 10 mg/m3, 40 mg/m3, 80 mg/m3 and 25/160 mg/m3, the latter 
including peak exposures up to 160 mg/m3. The 10 mg/m3 condition was defined as a 
non-irritating odorous control condition. The subjects were exposed fór an 8-hour (typical 
shift) period once a week over an 8 week period, with an exposure-free period of 1 week 
between two subsequent sessions, i.e. a totál of 4 exposures during the experimental 
period. All four inhalational conditions were investigated with and without additional 
physical workload. The physical workload consisted of six 10 minute periods of exercise 
during the 8-hour exposure period on a bicycle ergometer (75 Watt). [The toxicokinetic 
aspects of this study are discussed in 7.1.1, the biomonitoring aspects in 7.1.5.] 
Chemosensory effects of NMP were assessed using the following measures: (1) eye blink 
rates, based on EMG recordings, (2) nasal air flow, assessed by anterior 
rhinomanometry, (3) breathing rates, based on electrophysiological measurements, (4) 
neurobehavioral/psychological tests of attentional functions (chemosensory mediated 
distraction), (5) subjective acute symptoms (including acute symptoms of odour and 
trigeminally mediated health effects) according to the Swedish Performance Evaluation 
System (SPES), (6) intensity of chemosensory sensations (e.g. odour intensity, intensity 
of eye irritations) based on ratings assessed with the la belied magnitude scale (LMS) and 
(7) odour threshold shifts measured by flow-olfactometry (self- and cross-adaptation). 
The study included a dermal-only exposure phase in which inhalational uptake was 
prevented by face shields, in order to measure dermal uptake of NMP from the vapour 
phase, and urine samples were taken in order to investigate the absorption and 
elimination of NMP in humans under workplace-oriented conditions. The results showed 
that NMP could be smelled by the subjects (odour intensity, showing somé adaption over 
the 8 hour exposure period) and it was reported to be slightly annoying. However other 
symptomology indicative of an irritant potential, especially trigeminal sensations, were 
nőt elicited by NMP. Medián intensity ratings of annoyance only reached "moderate" 
intensities. The odour intensity was rated slightly higher than annoyance, bút the ratings 
exceeded "moderate" only during exposure peaks. The peak concentrations were 
mirrored by the ratings of odour intensity and annoyance. However, neither nasal flow 
values (AAR), nor eye blink rates, and breathing rates showed any dose-related 
response, even at the peak exposure of 160 mg/m3. Nőne of the neuropsychological tests 
revealed any NMP-related effect with respect to cognitive abilities of the subjects during 
the exposures. The authors of the study concluded that NMP can be characterised as an 
odorous substance without irritant potency even during peak exposures of 160 mg/m3 
(van Thriel et al., 2007).

A Japanese study of 15 workers, who cleaned components with an NMP solution (>90%), 
examined clinical effects (urine and blood status) and effects on motor and cognitive 
functions. Exposure, which was mainly by inhalation, was measured at about 0.13 - 0.25 
ppm [0.6 - 1 mg/m3] (8 h TWA, 5 days). The authors reported no effects when 
compared with a control group (Nishimura et al 2009).

7.3.2. Animál data

7.3.2.1. Inhalation

A series of subacute, subchronic and chronic inhalation toxicity studies have been carried 
out in rats involving exposure to NMF as an aerosol or as a vapour. Of these, the studies 
of Lee and co-workers (Lee et al., 1987) and the 1992-1995 studies carried out by BASF 
are considered to be the most reliable fór determining a No-Adverse-Effect-Level 
(NOAEL).

Lee and co-workers exposed rats to 100, 500, or 1000 mg/m3 NMP fór 6 h/day, 
5 days/week, fór 4 weeks, using whole-body exposure (Lee et al., 1987). Exposure was 
predominantly to an aerosol, with >95% of droplets <10 pm. Deaths were seen at 
1000 mg/m3 NMP, accompanied by boné marrow hypoplasia and evidence of toxicity in 
lymphoid tissue (thymus, spleen, and lymph nodes) Concentration-related lethargy and 
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irregular respiration were observed at all dose levels, reversible within 30 - 45 min of 
exposure at the 100 and 500 mg/m3 exposure levels. No treatment-related 
histopathological changes were reported at these dose levels.

Irritation of the nasal passages at levels of 1000 mg/m3 and above was observed in 
inhalational toxicity studies carried out using exposure levels of between 10 and 
10,000 mg/m3 NMP as a liquid aerosol, head-only exposure, 6 h/day, 5 days/week fór 2, 
4 or 13 weeks (BASF, 1992, 1993b, 1993c, 1994, cited in Greim, 1998). Deaths were 
seen at 7000 mg/m3 NMP and above, with female rats being more sensitive than males, 
while exposure to 3000 mg/m3 fór 13 weeks or to 4000 mg/m3 and above fór 14 days 
caused respiratory tract, decreased testis weights associated with histopathological 
changes including cell loss in the germinal cell epithelium and evidence of mild systemic 
toxicity, comprising body weight loss, mild hepatotoxicity and treatment-related changes 
in haematological parameters. In the 13-week study, 3000 mg/m3 NMP aerosol 
(6h/working day) caused clinical symptoms of upper respiratory tract irritation, generál 
unspecific systemic toxicity, and in somé male animals cellular depletion of the germinal 
epithelium of the testes. Whereas the symptoms of generál toxicity were mostly 
reversible during a 4-week recovery period, the testes damage persisted. The NOAEC fór 
systemic toxicity was 1000 mg/m3, bút there were slight signs of local nasal irritation at 
1000 mg/m3 without histopathological correlate. Therefore, the NOAEC fór local effects to 
the upper respiratory tract was judged to be 500 mg/m3 [125 ppm] (BASF 1994). Yellow 
discoloration of the urine noted at levels of 100 mg/m3 and higher may be due to a 
coloured unidentified metabolite or to hepatic dysfunction (IPCS, 2001). In a series of 
whole-body inhalation studies in rats, comparing fine aerosols with coarse aerosols and 
varying humidity conditions, toxicity was more marked when exposure was to coarse 
droplets and high relatíve humidity (BASF, 1995a , b, c, d, e, f, g, cited in IPCS, 2001).

Exposure of rats to NMP vapour at a level of 1750 mg/m3 fór 6 h/day, 5 days/week fór 
6 weeks caused only slight irritation of nasal passages (BASF, 1983, cited in Greim, 
1998), while repeated exposure to 6600 mg/m3 was lethal to mice bút without effect on 
rats, guinea pigs, rabbits or cats (BASF, 1964a, cited in Greim, 1998).

In a 2-year inhalation study, CD-I rats (120 per sex per dose level) were exposed to 
NMP as a vapour at levels of 0, 40, or 400 mg/m3 fór 6 h/day, 5 days/week, whole body 
exposure (Lee et al., 1987). Ten rats per sex were subjected to haematology and blood 
and urine chemistry analysis after 1, 3, 6, 12, and 18 months of exposure and ten rats 
per sex were sacrificed after 3, 12, and 18 months. All surviving rats were killed at the 
end of 24 months of exposure. Lee et al noted "alveolitis, acute, focal" in 2/84 male and 
in 13/84 female Controls, and in 10/85 and 12/85 male and female 400 mg/m3 rats. 
There was "alveolar cell hyperplasia/aggregated macrophages" in 0/84 male and 
4/85 female Controls and in 4/84 and 9/84 male and female 400 mg/m3 rats. Other 
histological lung effects were nőt observed. Male rats exposed to 400 mg/m3 fór 
18 months showed slight body weight loss, higher haematocrit and higher alkaline 
phosphatase levels in serum than were observed in the control group. There was no such 
difference after 24 months of exposure. At the 400 mg/m3 exposure level, male rats 
excreted larger urine volumes, and both males and females excreted dark yellow urine.

7.3.2.2. Órai exposure

Repeat-dose órai toxicity studies have been carried out in rats, mice, rabbits, guinea 
pigs, dogs, and cats (BASF 1964b, 1978a, cited in Greim, 1998; Meleschtschenko, 1970; 
Becci et al., 1983; GAF, 1990, cited in Greim, 1998; Malek et al., 1997); Malley et al., 
1999, 2001). Of these, only the BASF (1978a) gavage study in rats and the 28-day, 90- 
day and 18-month/2 year dietary studies of Malek, Malley and co-workers provide 
adequate detail about methodology and results obtained.

In a 28-day study in rats administered 0, 257, 514, 1028, or 2060 mg/kg bw/day NMP 
fór 5 days/week by órai gavage (BASF, 1978a, cited in Greim, 1998), dose-related
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changes included tremor, restlessness, ruffled fúr, and defensive reactions, decreases in 
body weight gain and increases in relatíve liver and kidney weights. Relatíve and 
absolute testis weights were decreased in males receiving 2060 mg/kg bw/day, 
accompanied by histological changes in the testis. The NOAEL in this study was 514 mg 
NMP/kg bw (BASF, 1978a, cited in Greim, 1998).

The feeding studies in rats carried out more recently by the NMP Producers Group (Malek 
et al.,1997; Malley et al., 1999, 2001) at dietary dose levels up to 30,000 mg NMP/kg fór 
28 days, 18,000 mg NMP/kg fór 90 days and 15,000 mg NMP/kg fór 2 years showed 
sedative effects and consistent decreases in body weight and body weight gain at higher 
dose levels, accompanied by lower food consumption. Centrilobular hypertrophy 
accompanied by increases in liver weight was reported in high dose females in the 90- 
day study, while increases in kidney weight in both sexes were nőt associated with 
histopathological changes. At 2 years, male rats at the highest dose level showed a 
significantly increased incidence of severe Progressive nephropathy, accompanied by 
decreased survival. In addition, top dose males showed increased incidences of 
polyarteritis in the caecum, mesenteric lymph node and testis and accumulation of 
pigment-containing macrophages in the spleen. While the kidney was concluded to be the 
main target organ in male rats, testicular degeneration and atrophy in top dose males 
was alsó a consistent finding. Top dose females showed lymphoid depletion of the 
mesenteric lymph node and accumulation of pigment-containing macrophages in the 
spleen at 2 years. Although there were dose-related trends in the incidence of a number 
of these changes in lower dose groups, nőne were statistically significant. The NOAEL in 
the 90-day study was 3000 mg/kg diet, equivalent to 169 mg/kg bw/day in male rats 
and 217 mg/kg bw/day in female rats, and in the 2-year study was reported to be 
5000 mg/kg, equivalent to 207 mg/kg bw/day in male rats and 283 mg/kg bw/day in 
female rats (Malley et al., 1999, 2001).

In 28-day, 90-day and 18-month studies in mice (Malek et al., 1997; Malley et al., 1999, 
2001), effects on body weight change and food consumption were less marked than 
those seen in rats. Centrilobular hypertrophy accompanied by increases in liver weight 
were seen in male and female B6C3F1 mice administered NMP at levels of 7500 mg/kg in 
the diet fór 90 days or 2 years (equivalent to 1931 mg/kg bw/day) and at 1200 mg/kg in 
the diet (males only) fór 2 years, while histological changes were reported in the kidneys 
of mice receiving 2030 mg/kg diet and above fór 28 days. The NOAEL in the 90-day 
study was 1000 mg/kg diet, equivalent to 277 mg/kg bw/day, and in the 18-month study 
was 600 mg/kg in male mice (equivalent to 89 mg/kg bw/day) and 1200 mg/kg in 
female mice (equivalent to 115 mg/kg bw/day) (Malley et al., 1999, 2001).

7.3.2.3. Dermal exposure

Summary details only of a repeat-dose dermal toxicity study in rabbits are provided in 
the 1990 report of GAF (GAF, 1990, cited in Greim, 1998). Undiluted NMF applied to the 
intact or abraded skin of rabbits at levels of 0, 411, 822 or 1645 mg/kg/'day fór 20 days 
produced local irritancy bút there were no signs of systemic toxicity although one animal 
treated with 1645 mg/kg/day (abraded skin) died.

7.3.3. In vitro data

There are no in vitro toxicity data, which are relevant fór the current evaluation.

7.4. Irritancy and corrosivity

7.4.1. Humán data

Leira and co-workers reported development of skin irritancy and contact dermatitis in 
10/12 workers exposed to NMP 8 hours a day fór 2 days (Leira et al., 1992). Ákesson & 
Jönsson observed redness, swelling and thickening and vesiculation of the skin in
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workers in the paint-stripping industry coming intő contact with NMP (Ákesson & 
Jönsson, 2000a), while irritant contact dermatitis was seen in three workers newly 
exposed to NMP; this was attributed to a hygroscopic effect of the solvent on the stratum 
corneum (Jungbauer et al. 2001).

7.4.2. Animál data

7.4.2.1. Skin

Several skin irritation studies in rabbits involving a single application of 0.5 ml NMP under 
an occlusive dressing have shown a low potential fór irritancy (Draize et al., 1944; Ansell 
& Fowler, 1988). In contrast, severe erythema and subsequent scaling at the application 
site was reported in a study in rabbits carried out by BASF (BASF, 1963, cited in Greim, 
1998). Repeated daily dermal administration of 450 mg/kg body weight to rabbits 
caused painful and severe haemorrhage and eschar formation after four doses; the 
reaction to a dose of 150 mg/kg body weight per day was less marked (BASF, 1993a, 
cited in IPCS (2001). Application of 20 daily doses of undiluted NMF at dose levels up to 
1645 mg/kg bw/day to the intact or abraded skin of rabbits caused only mild irritation 
(GAF, 1990, cited in Greim, 1998).

7.4.2.2. Eyes

Following instillation of 0.1 ml NMP intő the eyes of New Zealand White marked 
conjunctival irritancy including corneal opacity, iritis, and conjunctivitis was observed 
(Draize et al., 1944). The effects were reversible within the 21 day observation period of 
the study. Moderate to marked eye irritancy was alsó reported in studies carried out in 
rabbits by BASF (1951, 1963, cited in Greim, 1998), Ansell and Fowler (1988) and GAF 
(GAF, 1990, cited in Greim, 1998).

7.4.3. In vitro data

No data found.

7.5. Sensitisation

7.5.1. Humán data

There are no reports of sensitisation in workers following dermal contact with NMP. NMP 
produced no signs of contact sensitisation in a repeated-insult patch test in humán 
subjects, although minorto moderate transient irritation was observed (Lee et al., 1987).

7.5.2. Animál data

In a modified Draize test in guinea pigs, repeated application of a 5% NMP solution did 
nőt produce any signs of sensitisation (Lee et al., 1987). No further details were 
provided. Similarly, no evidence of sensitisation was observed in an intradermal 
sensitisation potential test involving 4 intradermal injections of 0.1 ml of 1% NMP in 
saline in Guinea pigs, followed by application of a 5% or a 50% aqueous solution of NMP 
and examination after 24 and 48 h (du Pont, 1976a, cited in IARC, 2001). The 50% 
solution produced slight irritancy at the application site.

7.5.3. In vitro data

Shortt et al (2014) described antineoplastic and immune-modulatory activity in a cMYC 
driven myeloma model in vitro. The authors challenged the use of NMP as an "Inért" 
drug-delivery vehicle.
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7.6. Genotoxicity

7.6.1. Humán data

There are no humán studies known on genotoxicity of NMP.

7.6.2. Animal data

No evidence of clastogenicity or aneugenicity was seen in a micronucleus test in which 
male and female NMRI mice were administered single órai doses (by gavage) of 950, 
1900, or 3800 mg NMP/kg body weight. The animals showed signs of systemic toxicity as 
evidenced by irregular respiration, coloured urine, and generál poor health (Engelhardt 
and Fleig, 1993). Similarly, no evidence of clastogenicity or aneugenicity was seen in a 
boné marrow chromosomal aberration study in which male and female Chinese hamsters 
were administered single órai doses of 1900 or 3800 mg NMP/kg body weight, dose 
levels which produced signs of systemic toxicity (Engelhardt and Fleig, 1993).

Significantly increased post-implantation losses were observed compared with Controls in 
a dominant lethal test in male NMRI mice given 391 mg NMP/kg body weight 
intraperitoneally once per week fór 8 consecutive weeks (BASF, 1976a, cited in Greim, 
1998). In a micronucleus test in male and female Chinese hamsters exposed fór 6 weeks 
(6 h/day, 5 days/week) to 3300 mg NMP/m3 a slight bút non-significant increase in 
structural chromosomal aberrations in the boné marrow was reported (BASF, 1976b, 
cited in Greim, 1998). Nőne of the studies was performed according to current 
regulatory standards, and therefore they are nőt adequate fór the purposes of evaluation 
of the mutagenicity of NMP.

7.6.3. In vitro

A number of bacterial mutagenicity studies have been carried out, using tester strains TA 
97, 98, 100, 102, 104, 1535, 1537 and NMP dose levels in the rangé of 0.01-1000 
pmol/plate, equivalent to 0.99 pg/plate to 99 mg/plate, with cytotoxicity being evident at 
the highest dose levels (BASF, 1978b, cited in Greim, 1998; Maron et al., 1981; 
Mortelmans et al., 1986; Wells et al., 1988). All tests gave negative results with and 
without metabolic activation. Negative results were alsó obtained in mammalian cells, in 
the L5178Y mouse lymphoma test (du Pont, 1976b, cited in IPCS, 2001), in the HPRT 
(hypoxanthine guanine phosphoribosyl transferase) test in CHO cells and in the UDS 
(unscheduled DNA synthesis) assay in rat primary hepatocyte cultures (GAF, 1990, cited 
in Greim, 1998). NMP at high concentrations of 77 230 mmol/l, equivalent to 7.6-23 g/l, 
has however been reported to induce aneuploidy in Saccharomyces cerevisiae strain D61 
(Mayer et al., 1986, 1988; Mayer and Goin, 1988; Zimmermann et al., 1988).

7.7. Carcinogenicity

7.7.1. Humán data

There are no epidemiological studies known on carcinogenicity of NMP.

7.7.2. Animal data

In a 2-year inhalation study, groups of 120 male and 120 female Charles River CD rats 
were exposed to NMP as a vapour at levels of 0, 40, or 400 mg/m3 fór 6 h/day, 
5 days/week, whole body exposure, as already detailed in section 7.3.2 (Lee et al., 
1987). Male rats exposed to 400 mg/m3 showed slight body weight loss, higher 
haematocrit and higher alkaline phosphatase levels in serum and they excreted larger 
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urine volumes than did the control group. Both males and females excreted dark yellow 
urine. Minimál inflammation in the lung was observed at the highest exposure level of 
400 mg/m3. There were no significant differences in morbidity or mortality and no 
evidence of carcinogenic effects of NMP in this study.

Carcinogenicity studies in rats and mice commissioned by the NMP Producers Group 
showed no evidence of a carcinogenic effect in rats at dietary concentrations of 15000 
mg/kg and below (Malley et al., 2001). Male B6C3F1 mice receiving NMP at levels of 
7200 mg/kg in the diet (equivalent to 1089 mg/kg bw/day) showed a significant increase 
in hepatocellular carcinoma (13/50 compared with 4/50 in the control group) (Malley et 
al., 2001). Female mice in this dose group alsó showed a significant increase in 
hepatocellular carcinoma (3/50 compared with 0/50 in the control group), however the 
incidence feli within the historical control. Hepatocellular adenomas were alsó increased 
in both male and female mice. The authors considered that these tumours were produced 
by a non-genotoxic mechanism, due to enhanced cell proliferation in the liver (Párod et 
al., 2001).

7.8. Reproductive toxicity

7.8.1. Humán data

A 23-year old laboratory technician was occupationally exposed to NMP during her first 
20 weeks of pregnancy, in particular due to an NMP spill in week 16 of pregnancy. She 
experienced malaise, headache, and nausea during the 4 days following the spill, and at 
week 25, signs of delayed foetal development were observed. A stillborn foetus was 
delivered at week 31. No information on the mother's level of exposure to NMP is 
available, and it was concluded that it was impossible to establish if exposure to NMP was 
the causative factor (Solomon et al., 1996; Bower, 1997).

7.8.2. Animál data

7.7.2.1. Fertility

The repeat dose toxicity studies summarised in section 7.3.2 indicate that exposure of 
male rats to high levels of NMP is associated with decreased testicular weight and 
histopathological changes including cell loss in the germinal cell epithelium (BASF, 1978a, 
cited in Greim, 1998, 1992, cited in IPCS, 2001, 1993b, 1993c, 1994, cited in Greim, 
1998; Malek et al., 1997). A toxicokinetic study in rats with radio-labelled NMP showed 
highest levels of radioactivity in the testis, liver, bile, small intestine, kidneys and 
stomach, with 0.9% of the administered dose being recovered in the testis (Wells and 
Digenis, 1988).

However, Fries and co-workers reported no effect on testis or sperm morphology and 
sperm count in 24 male Wistar rats exposed to NMP vapour at a level of 618 mg/m3 (150 
ml/ m3) fór 90 days (Fries et al. 1992, cited in Greim, 1998).

7.7.2.2. Developmental toxicity

NMP has been shown to cross the placental barrier, with an equilibrium between foetal 
and maternal blood (Ravn-Jonsen et al., 1992).
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7.7.2.3. Inhalation

In a two-generation reproduction study in rats 10 males and 20 females per dose level 
were exposed whole body to 0, 10, 51 or 116 ppm [0, 41, 206, or 478 mg/m3] of NMP 
vapour (relative humidity 40-60%) fór 6 h/day, 7 days/week, fór a minimum of 
14 weeks (Solomon et al., 1995). Animals were mated after a 12-week exposure period 
and both parents and offspring were examined fór adverse effects on reproduction. No 
effects on reproductive ability were recorded. However, a very slight bút statistically 
significant reduced body weight gain was evident in the FI pups whose parents had been 
exposed to 116 ppm [478 mg/m3]. P0 dams showed reduced sensitivity to nőise. The 
NOAEL fór both reproductive and maternal toxicity was reported to be 51 ppm [206 
mg/m3] (Solomon et al., 1995).

A developmental toxicity study by the inhalation route, at exposure levels of 0, 10, 51 or 
116 ppm [0, 41, 206, or 478 mg/m3] of NMP vapour, was carried out in rats by Solomon 
and co-workers as part of the two-generation reproductive toxicity study reported above 
(Solomon et al., 1995). No effects on pregnancy rate, numbers of viable litters, corpora 
lutea, implantations, foetal deaths, resorptions, litter size, or incidence of foetal 
malformations or variations were reported, although the mean foetal weight was slightly, 
bút statistically significantly decreased in the highest dose group.

NMP was reported to have no embryotoxic, foetotoxic or teratogenic effects in pregnant 
rats exposed whole body to 0, 100, or 360 mg /m3 [0, 25 or 90 ppm] fór 6 h/day on days 
6-15 of gestation (Lee et al., 1987). Maternal toxicity was nőt observed in this study.

Whole body exposure of pregnant rats to 680 mg/m3 [170 ppm] NMP vapour fór 6 h/day 
on days 4-20 of gestation resulted in increased pre-implantation loss compared with the 
control group, there was no significant effect on the number of implantations per dam or 
on number of live foetuses (Fries et al., 1992, cited in Greim, 1998; Hass et al., 1995). 
Delayed ossification of the skull, cervical vertebrae, sternebrae, and metatarsal and 
digital bones was alsó observed, in the absence of clinical signs of maternal toxicity, 
malformations were nőt increased.

In a study conducted by Saillenfait and co-workers, pregnant rats were exposed whole 
body to NMP vapour at concentrations of 0, 30, 60 and 120 ppm [0, 125, 250, 500 
mg/m3] fór 6 h/day, on days 6 - 20 of gestation (Saillenfait et al., 2003). Significant 
decreases in maternal body weight gain and food consumption were seen at 120 ppm, 
with somé slight decrease in body weight gain alsó being evident at 60 ppm. There were 
no adverse effects on embryo/foetal viability or evidence of teratogenicity at any 
concentration tested. A marginal foetal toxicity was indicated by reduced foetal weight at 
120 ppm (5.52 ± 0.4 g vs. 5.81 ± 0.39 g in Controls). No maternal or developmental 
toxicity was recorded at 30 and 60 ppm [125 and 250 mg/m3], respectively.

In a neurobehavioural teratology study in pregnant rats exposed whole body to 
622 mg/m3 [156 ppm] NMP vapour fór 6 h/day on days 7-20 of gestation, most of the 
behavioural tests gave similar results fór the exposed and control animals (Hass et al., 
1994). An occasionally increased latency in Morris swimming maze and a statistically 
borderline impairment in operant behaviour with delayed spatial alternation were 
however noted among the exposed offspring. Pups had a somewhat lower body weight 
and slight delay in achieving somé developmental milestones in the pre-weaning period.

Pregnant rabbits were exposed head only fór 6 h/day to 0, 200, 500, or 1000 mg/m3 [50, 
125 or 250 ppm] NMP (vapour/aerosol; MMAD 2.7-3.5 pm) on days 7-19 post- 
insemination. Slight developmental toxicity in the absence of maternal toxicity was 
manifest as an increased occurrence of supernumerary 13th ribs in the 1000 mg/m3 
[250 ppm] group (BASF, 1993d, cited in IPCS, 2001). No malformations were observed. 
The NOAEL fór developmental and maternal toxicity was 500 mg/m3 [125 ppm].
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7.7.2.4. Órai

In a multi-generation reproduction study by the órai route, in which rats were exposed in 
the diet to NMP at doses of 50, 160, or 500 mg/kg bw/day, the highest dose level caused 
an increased incidence of stillbirths, decreased parental body weight and food 
consumption, slightly lower male fertility and female fecundity (Exxon, 1991, cited in 
IPCS, 2001). Because of púp toxicity at the 500 mg/kg bw level, the dose was decreased 
to 350 mg/kg bw. fór the remainder of the study. There was a concomitant reduction in 
survival and growth rates in the FI generation and testis weights were reduced in the 
male pups. No effect was seen in the 50 and 160 mg/kg bw per day groups. When the 
dose was reduced to 350 mg/kg bw/day, NMP did nőt cause maternal toxicity or reduced 
púp survival. The NOEL fór parental and reproductive effects was 350 mg/kg bw/day and 
that fór growth and development of the offspring was 160 mg/kg bw/day.

Pregnant rats were given daily NMP doses of 0, 40, 125, or 400 mg/kg bw/day by órai 
gavage on days 6-15 of gestation. Maternal and foetotoxicity were observed at the 
highest dose level compared with control, as evidenced by decreases in maternal body 
weight gain decrement, reduced foetal body weights and increased incidence of foetal 
stunting (EXXON, 1992, cited in IPCS, 2001). Órai gavage administration of 997 mg/kg 
bw/day to rats on days 6-15 of gestation caused increased resorptions (95%) and 
malformations in 8 out of 15 surviving foetuses, accompanied by foetal mortality, 
reduced placental and foetal weights, and reduced foetal lengths (BASF, 1971, cited in 
Greim, 1998). Insufficient detail was provided on maternal toxicity in this study. In an 
órai developmental toxicity study in Sprague Dawley rats, using dose levels of 0, 125, 
250, 500 and 750 mg/kg body weight by gavage, significant impairments in maternal 
body weight gain and food consumption were noted at doses of 500 mg/kg body weight 
and above (Saillenfait et al. 2002). At the 250 mg/kg dose, effects on body weight gain 
(day 6 - 21) and absolute weight gain were about 10% below control and associated 
with a reduction in foetal weight at this dose level. Only the latter gained statistical 
significance. Foetal body weight was dose dependently decreased at 250 mg/kg (10%) 
and 500 (30%) or 750 mg/kg (47% less than control) as was maternal body weight gain. 
A significant increase (p 0.01 or 0.05) in malformations was observed at 500 and 
750 mg/kg and consisted of external (anasarca, anal atresia, the latter considered nőt to 
be dose-related), soft tissue (persistent truncus arteriosus) and skeletal findings (fusion 
or absence of cervical arches were most prominent).

In rabbits, gavage administration of 55, 175 or 540 mg/kg bw/day NMP on days 6-18 of 
gestation caused developmental toxicity as evidenced by post-implantation loss, altered 
foetal morphology, and increased incidences of cardiovascular and skull malformations at 
540 mg/kg body weight per day (GAF, 1991). The NOAEL fór developmental toxicity was 
175 mg/kg bw/day. Maternal toxicity as evidenced by decreased body weight gain was 
apparent at 175 and 540 mg/kg bw/day.

In mice, órai doses of 0, 1055, or 2637 mg/kg bw/day on days 11-15 of gestation 
caused an increase in resorptions, increased incidence of runts, diminished foetal weight 
and length, and an increased rate of malformations including as cleft palate at the 
highest dose level (BASF, 1970, cited in Greim, 1998). The lower dose level caused no 
apparent foetotoxicity, however insufficient detail was provided on maternal toxicity in 
this study.

7.7.2.5. Dermal

Pregnant rats were administered daily dermal doses of 0, 75, 237, or 750 mg/kg bw/day 
NMP on days 6-15 of gestation (Becci et al., 1982). Maternal and developmental toxicity 
were evident at the highest dose level, evidenced by decreased maternal body weight 
gain, increased resorptions and decreased foetal body weight, skeletal abnormalities 
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including missing sternebrae and fused/split/extra ribs, incomplete closing of the skull, 
incomplete ossification of vertebrae, fused atlas and occipital bones, and reduced or 
incomplete hyoid boné on day 20 of gestation. There was no increase in the incidence of 
soft tissue anomalies. The NOAEL fór maternal and developmental toxicity was 237 
mg/kg body weight per day.

In rabbits dermally exposed to 0, 100, 300, or 1000 mg/kg bw/day NMP as a 40% 
aqueous solution fór 6 h/day on days 7-19 post-insemination, slight foetal toxicity as 
evidenced by an increased occurrence of supernumerary 13th ribs was apparent at 1000 
mg/kg bw/day (BASF, 1993a, cited in IPCS, 2001). There were no signs of maternal 
toxicity. The NOAEL fór maternal and developmental toxicity was 300 mg/kg body weight 
per day.

7.7.2.6. Other routes

Intraperitoneal studies in mice have shown evidence of developmental toxicity of NMP, 
evidenced by exencephaly, open eyelids, microphthalmia, cleft palate, oligodactyly, 
shortened or kinked tails, fusions and curvature of neck and chest vertebrae, and fusion 
of sternebrae and ribs (BASF, 1970, cited in Greim, 1998; Schmidt, 1976). Conclusions 
cannot be drawn from these studies, due to the inappropriate method of exposure and 
lack of detail on maternal toxicity.

7.8.3. In vitro data

Flick and coworkers (Flick et al., 2009) studied the toxicity of NMP and 3 metabolites 
(5-HNMP, MSI, 2-HMSI) in an in vitro culture system comprising whole rat embryos. The 
embryos were exposed to up to 0.06% NMP, equivalent to 0.006 mol/l in the médium, 
and up to 0.44% 5-HNMP, MSI or 2-HMSI on days 9.5-11.5 of pregnancy. The results 
showed that exposure to NMP (>0.03% or 0.003 mol/l) and 5-HNMP (>0.10%) cause 
foetal injuries comprising abnormalities of the cranium, abnormal development of the 
second visceral arch and delayed anterior neuropore closure. On this basis the authors 
concluded that NMP and 5-HNMP could be classified as weak teratogens, and that 2-HMSI 
and MSI have no teratogenic effects. [Note: The extremely high NMP concentrations used 
in this study should be recognised, 0.003 mol/l equalling 300 mg/l. In the humán 
biomonitoring study of Xiaofei et al. (2000), an 8 h TWA exposure to 0.5 ppm resulted in 
a plasma concentration of 0.1 mg NMP per litre. Upon linear extrapolation, a humán 
exposure (8 h TWA) to the proposed OEL of 10 ppm would therefore result in a plasma 
NMP concentration of only 2 mg/l. Therefore, the findings of this study cannot be related 
to any humán exposure condition.]

7.9. Mode of action and adverse outcome pathway considerations

NMP is an aprotic solvent miscible with both water and lipophilic solvents. Owing to these 
properties, it has a high potential to penetrate the humán skin barrier and to act 
system ica Ily.

NMP has a characteristic amine-like "fishy" odour. In terms of criteria of the current 
SCOEL "Methodology fór the Derivation of Occupational Exposure Limits" (version 7, June 
2013; chapter 3.1) this effect in humans is very slight, leading to an awareness of 
exposure. Such an effect is nőt considered as being adverse fór workers.

The key toxicity observed in humans is local irritation, based on data both in humans 
(upper airways) and in experimental animals (lung). Workers exposed to up to 
280 mg/m3 NMP at 80 °C reported severe eye irritation and headache (Beaulieu and 
Schmerber, 1991), although an exposure-response relationship could nőt be established.
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A carefully designed humán volunteer study (van Thriel et al., 2007) has indicated the 
absence of irritation at mean airborne concentrations up to 80 mg/m3 [20 ppm] (with 
15 min peaks of 160 mg/m3 [40 ppm]).

Experimentally, there are a number of animal studies by the inhalation route, which is 
the generally preferred exposure route to dérivé an OEL (SCOEL Methodology, chapter 
3.3.2). A common effect across most of these studies is slight retardation in body weight 
gain. Considering this effect (among others), in a 90-day rat inhalation study (BASF 
1994, cited in Greim, 1998; 7.3.2) the NOAEC was assessed to be 500 mg/m3 [125 
ppm].

Upon a 2 years inhalation study in rats (Lee et al., 1987) there was minimál inflammation 
in the lung at the highest exposure level of 400 mg/m3 (100 ppm). This effect appears 
generally compatible with the local irritating properties of NMP. Alsó, at this highest 
concentration male rats showed slight reduction in mean body weight. It must be noted 
that there was a wide dose-spacing in the study of the 2-years study of Lee et al, with 
the next lower concentration (with no such effect) at 40 mg/m3 [10 ppm].

The Central studies are three rat developmental toxicity studies upon inhalation. Slight 
retardation in foetal and púp weight gain was reported in two studies (Solomon et al., 
1995; Saillenfait et al., 2003; 7.8.2), bút nőt in a third study (Lee et al., 1987):

(1) Saillenfait et al. (2003) reported on reduced food consumption, reduced maternal 
body weight gain, and reduced foetal weight at 120 ppm [480 mg/m3]. At 60 ppm 
[240 mg/m3] there was only a slight reduction in maternal body weight gain on days 
6-13 of gestation, bút no significant later reduction on days 13-21.

(2) Solomon et al. (1995) reported a very slight decrease in foetal weight in the FI 
offspring at 116 ppm [464 mg/m3], with NOAEC being 51 ppm [204 mg/m3]. This 
slight effect alsó appeared at birth among the pups of the reproductive phase where 
it persisted fór 21 days after birth, when NMP inhalation of the mother ceased. 
Thereafter, the body weight of the offspring was within the rangé of the control 
values. [A low palatability of the mother's milk might be a factor contributing to this 
effect.] Again, no developmental effects appeared in the 10 ppm [41 mg/m3] or 51 
ppm [210 mg/m3] groups.

(3) In the rat developmental toxicity study by Lee et al. (1987) exposure to 100 [24 
ppm] or 360 mg/m3 [87 ppm] (6 h/d on days 6 through 15 of gestation) did nőt 
affect either the outcome of pregnancy or the embryonal growth rate.

Thus, the results of all these three developmental toxicity studies show only very slight 
or no effects at doses up to 120 ppm. Considering the overall weight of evidence, there 
might be a tentative, borderline and transient and reversible effect on the púp weight, 
with a NOAEC of 51 ppm, based on the study of Solomon et al. (1995). However, if such 
an effect would be assumed to exist, the degree of adversity fór humans appears to be 
very low, as the effect is slight/borderline and fully reversible. It is nőt supported by all 
inhalation studies performed. In the study by Saillenfait et al, there was somé decrease 
in foetal BW at 120 ppm, bút in the presence of reduced maternal food consumption and 
small reductions in maternal body weight. As the studies by Lee et al (1987) and by 
Solomon et al (1995) were performed at the same laboratory, one would expect no 
relevant methodological differences between these studies.

In summary, fór local irritancy in humans a NOAEC of 20 ppm (highest concentration 
tested, with peak concentrations of 40 ppm, van Thriel et al., 2007) is well established. 
Experimentally, a NOAEC of 51 ppm is only related to a borderline, transient and 
reversible effect on púp weight, with a very low toxicological significance fór workers and 
humans in generál.
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7.10. Lack of spécifíc scientifíc information

Overall, fór NMP, a very well investigated Chemical substance. The specific scientifíc 
information currently available is considered to be adequate fór the recommendation of 
an OEL.

8. Groups at Extra Risk

NMP is largely metabolised via CYP2E1 (7.1.1; 7.1.2), an isoform that displays somé 
metabolic variability in humans (Bolt et al., 2003). However, the biological relevance of 
this phenomenon fór solvent metabolism in workers, if any, is controversial (Lucas et al., 
2001; Haufroid et al., 2002). Therefore, no practical conclusions can be drawn, as far as 
specific individual situations of a potential metabolic hyper-susceptibility to NMP are 
concerned.

Page 40 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

9. References

AIHA (2013) Workplace Environmental Exposure Limit (WEEL). WEEL® Values 
2011. American Industrial Hygiene Association Guideline Foundation (accessed on August 
20, 2012).

https://www. aiha.org/getinvolved/AIHAGuidelineFoundation/WEELs/Documents/2011WE 
ELValues.pdf

ACGIH(2012)

Ákesson, B. (1994). Nordic Expert Group fór Criteria Documentation of Health Risks 
from Chemicals, No. 115. N-methyl-2-pyrrolidone (NMP). Arbetsmiljöinstitutet & 
Författarna 1994, Arbetsmiljöinstitutet, 171 84 Solna, Sweden.

Ákesson, B., Jönsson, B. (1997). Major metabolic pathway fór N-methyl-2- 
pyrrolidone in humans. Drug Metabolism and Disposition, 25, 267-269

Ákesson, B., Paulsson, K. (1997). Experimental exposure of male volunteers to N- 
methyl-2-pyrrolidone (NMP): acute effects and pharmacokinetics of NMP in plasma and 
urine. Occupational and Environmental Medicine, 54, 236-240

Ákesson, B., Jönsson, B. (2000a) Occupational study in paint stripping workers. 
Lund, University Hospital, Department of Occupational & Environmental Health. 
Unpublished report, cited in IPCS (2001)

Ákesson, B., Jönsson, B (2000b). Dermal absorption study on N-methyl-2- 
pyrrolidine in male and female volunteers. In: 26th International Congress on 
Occupational Health, Singapore (Abstract OT1390).

Ákesson, B., Jönsson, B. (2000c). Biological monitoring of N-methyl-2-pyrrolidine 
using 5-hydroxy-N-methyl-2-pyrrolidine in plasma and urine as the biomarker. Scan. J. 
Work Env. Health 26, 213-218

Ákesson, B., Carnerup, M.A, Jönsson, B.A.G. (2004). Evaluation of exposure 
markers from percutaneous absorption of N-methyl-2-pyrrolidine. Scan. J. Work Env. 
Health 30, 306-312.

Akrill, P., Cocker, J., Dixon, S. (2002). Dermal exposure to aqueous Solutions of N- 
methyl pyrrolidone. Toxicol Lett. 13, 265-269

Andersson, B., Andersson, K. (1991). Determination of heterocyclic tertiary amines 
in air. Appl. Occup. Env. Hyg. 6, 40-43

Ansell J.M., Fowler J.A. (1988). The acute órai toxicity and primary ocular and dermal 
irritation of selected N-alkyl-2-pyrrolidones. Food Chem. Toxicol. 26, 475-479

Anundi, H., Lind, M-L., Friis, L., Itkes, N., Langworth, S., Edling, C. (1993). High 
exposures to organic solvents among graffiti removers. Int. Arch. Occup. Env. Health 65, 
47-251

Anundi, H., Langworth, S., Johanson, G., Lind, M-L., Ákesson, B., Friis, L., Itkes, N., 
Söderman, E., Jonsson, B.A., Edling, C. (2000). Air and biological monitoring of solvent 
exposure during graffiti removal. Int. Arch. Occup. Env. Health 73, 561-569

Page 41 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Bader, M., Wrbitzky, R., Blaszkewicz, M., van Thriel, C. (2007). Humán experimental 
exposure study on the uptake and urinary elimination of N -methyl-2-pyrrolidone (NMP) 
during simulated workplace conditions. Arch.Toxicol. 81(5), 335-346

Bader M., Wrbitzky R., Blaszkewicz M., Scháper M., van Thriel C. (2008a). Humán 
volunteer study on the inhalational and dermal absorption of N-methyl-2-pyrrolidone 
(NMP) from the vapour phase. Arch. Toxicol. 82, 13-20

Bader, M., Rosenberger, W., Will, W. (2008b) 5-Hydroxy-N-methyl-2-pyrrolidone (5- 
HNMP) and 2-hydroxy-N-methylsuccinimide (2-HMSI). In: Angerer, J., Hartwig, A., eds. 
The MÁK Collection Part IV: Biomonitoring methods, Vol. 11; pp. 97-114; Wiley-VCH, 
Weinheim.

http://onlinelibrarv.wilev.com/store/10.1002/352760Q418.bi87250e0011/asset/bi87250e 
0011.pdf?v=l&t=iqh5ep24&s=aed4163dbf0af57bd6234dddl56913944ffca84a

Bartsch W., Sponer G., Dietmann K., Fuchs G. (1976). Acute toxicity of various 
solvents in the mouse and rat. Arzneimittel-Forschung 26, 1581-1583

BASF (1951). Vorláufiger Bericht über die biologische Prüfung von Methylpyrrolidon. 
Ludwigshafen, BASF Aktiengesellschaft. Unpublished report, cited in Greim (1998)

BASF (1963). Bericht über die acute Toxizitat von N-Methylpyrrolidon dest. 
Ludwigshafen, BASF Aktiengesellschaft., Unpublished report, cited in Greim (1998)

BASF (1964a). Bericht über die Prüfung dér akutén inhalationstoxizitát von N- 
Methylpyrrolidon., BASF Aktiengesellschaft. Unpublished report, cited in Greim (1998)

BASF (1964b). Bericht über die akuté und subakute Toxizitat von NMP für 
Meerschweinchen, Kaninchen und Katzen. Unpublished report, cited in Greim (1998)

BASF (1970). Bericht über die Prüfung von N-Methylpyrrolidon auf etwaige teratogene 
Wirkung an dér Maus. Unpublished report, cited in Greim (1998)

BASF (1971). Bericht über die Prüfung von N-Methylpyrrolidon auf etwaige teratogene 
Wirkung an dér Ratte bei peroraler Applikation. Unpublished report, cited in Greim 
(1998).

BASF (1976a). Bericht über die Prüfung von N-Methylpyrrolidon auf mutagene 
Wirkung an dér mánnlichen Maus nach einmaliger intraperitonealer Applikation. 
Ludwigshafen, BASF Aktiengesellschaft. Unpublished report, cited in Greim (1998).

BASF (1976b) Bericht über die Prüfung von N-Methylpyrrolidon auf mutagene Wirkung 
am chinesischen Streifenhamster nach 6-wöchiger Inhalation. Ludwigshafen, BASF 
Aktiengesellschaft (Report No. 1581-5). Unpublished report, cited in Greim (1998).

BASF (1978a). Evaluation of the toxicity of N-methylpyrrolidone in the rat by the 4 
week órai intubation test. Ludwigshafen, BASF Aktiengesellschaft (XXV/436). 
Unpublished report, cited in Greim (1998).

BASF (1978b). Ames-test fór N-methylpyrrolidone. Ludwigshafen, BASF
Aktiengesellschaft (Report No. 77/585). Unpublished report, cited in Greim (1998)

BASF (1983). Bericht über die orientierende Prüfung dér subakuten 
Inhalationstoxizitát von N-Methylpyrrolidon für Sprague-Dawley-Ratten. Ludwigshafen, 
BASF Aktiengesellschaft. Unpublished report, cited in Greim (1998)

Page 42 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

BASF (1988). Prüfung dér akutén Inhalationstoxizitát LC50 von N-Methylpyrrolidon als 
Flüssigkeitsaerosol an Ratten. Exposition über 4 Stunden. Ludwigshafen, BASF 
Aktiengesellschaft (Project No. 1310548/877054). Unpublished report, cited in IPCS 
(2001)

BASF (1992). Brief Report. Study on the inhalation toxicity of N-methylpyrrolidone in 
rats. 14-day study. Head-nose exposure to a liquid aerosol. Ludwigshafen, BASF 
Aktiengesellschaft (Project No. 3610794/87088). Unpublished report, cited in IPCS 
(2001)

BASF (1993a). Study of the prenatal toxicity of N-methylpyrrolidone in rabbits after 
dermal application. Ludwigshafen, BASF Aktiengesellschaft (Project No. 44R0544/90078). 
Unpublished report, cited in IPCS (2001)

BASF (1993b). Brief Report. Study on the inhalation toxicity of an aqueous solution of 
N-methylpyrrolidone as a liquid aerosol in rats (14-day study). Ludwigshafen, BASF 
Aktiengesellschaft (Project No. 5010544/90061). Unpublished report, cited in Greim 
(1998)

BASF (1993c). Brief Report. Study on the inhalation toxicity of an aqueous solution of 
N-methylpyrrolidone as a liquid aerosol in rats (28-day study). Ludwigshafen, BASF 
Aktiengesellschaft (Project No. 5010544/90058). Unpublished report, cited in Greim 
(1998)

BASF (1993d). Study of the prenatal toxicity of N-methylpyrrolidone in rabbits after 
inhalation of vapor-aerosol mixtures. Ludwigshafen, BASF Aktiengesellschaft (Project No. 
41R0544/90100). Unpublished report, cited in IPCS (2001)

BASF (1994). Study on the inhalation toxicity of an aqueous solution of N- 
methylpyrrolidone as a liquid aerosol in rats (90-day study). Ludwigshafen, BASF 
Aktiengesellschaft (Project No. 5010544/90067). Unpublished report, cited in Greim 
(1998)

BASF (1995a). Respiration measurement during 2-week inhalation of N- 
methylpyrrolidone as a liquid aerosol/vapour in rats. Whole body exposure 
(fine/generation mode). Ludwigshafen, BASF Aktiengesellschaft (Project No. 
3610587/89054). Unpublished report, cited in IPCS (2001)

BASF (1995b). Study on the inhalation toxicity of N-methylpyrrolidone as a 
liquid/aerosol/vapour in rats. 4 week test whole body exposure (coarse/dry mode). 
Ludwigshafen, BASF Aktiengesellschaft (Project No. 3610587/89023). Unpublished report, 
cited in IPCS (2001)

BASF (1995c). Study on the inhalation toxicity of N-methylpyrrolidone as a 
liquid/aerosol/vapour in rats. 2 week test whole body exposure (fine/dry generation 
mode). Ludwigshafen, BASF Aktiengesellschaft (Project No. 3610587/89042). 
Unpublished report, cited in IPCS (2001)

BASF (1995d). Study on the inhalation toxicity of N-methylpyrrolidone as a 
liquid/aerosol/vapour in rats. 2 week test whole body exposure (coarse/wet mode). 
Ludwigshafen, BASF Aktiengesellschaft (Project No. 3610587/89044). Unpublished report, 
cited in IPCS (2001)

BASF (1995e). Study on the inhalation toxicity of N-methylpyrrolidone as a 
liquid/aerosol/vapour in rats. 2 week test whole body exposure (fine/wet generation 
mode). Ludwigshafen, BASF Aktiengesellschaft (Project No. 3610587/89045). 
Unpublished report, cited in IPCS (2001)

Page 43 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

BASF (1995f). Study on the inhalation toxicity of N-methylpyrrolidone (25% aqueous 
solution) as a liquid/aerosol/vapour in rats. 2 week test whole body exposure 
(coarse/wet generation mode). Ludwigshafen, BASF Aktiengesellschaft (Project No. 
3610587/89070). Unpublished report, cited in IPCS (2001)

BASF (1995g). Study on the inhalation toxicity of N-methylpyrrolidone as a liquid 
aerosol vapour in rats. 2 week test. Comparison between whole-body and head-nose 
exposure (coarse/wet generation mode). Ludwigshafen, BASF Aktiengesellschaft (Project 
No. 3610587/89069). Unpublished report, cited in IPCS (2001)

BAUA [Bundesanstalt für Arbeitsschutz und Arbeitsmedizin] (2006). TRGS 900 
Arbeitsplatzgrenzwerte. 
http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/TRGS-900.html

Beaulieu, H.J., Schmerber, K.R.(1991). M-pyrol (NMP) use in the microelectronics 
industry. Appl. Occup. Environ. Hyg. 6, 874-880

Becci, P.J., Knickerbocker, M.J., Reagan, E.L., Parent, R.A., Llewellyn, W.B. (1982). 
Teratogenicity study of N-methylpyrrolidone after dermal application to Sprague-Dawley 
rats. Fund. Appl. Toxicol. 2, 73-76

Becci, P.J., Gephart, L.A., Koschier, F.J., Johnson, W.D., Burnette, L.W. (1983). 
Subchronic feeding study in beagle dogs on N-methylpyrrolidone. J. Appl. Toxicol. 3, 83- 
86

BEK (2011). Bekendtgprelse om aendring af bekendtgorelse om graensevaerdier fór 
stoffer og materialer. BEK nr 1134 af 01/12/2011 (Gaeldende). Ministerium: 
Beskaeftigelsesministeriet, Journalnummer: Beskaeftigelsesmin., Arbejdstilsynet, j.nr. 
2011007144.
https://www.retsinformation.dk/pdfPrint.aspx7id = 139131

Belgium (2014). Koninklijk besluit van 11 maart 2002 betreffende de bescherming van 
de gezondheid en de veiligheid van de werknemers tegen de risico's van chemische 
agenda op hét werk. Revised version valid fór after July 2014 [In Dutch].

https://www.google.it/?gfe_rd=cr&ei=2v00Vb7xC6fD8ges7oHQAw&gws_rd=ssl#q=Konin 
klijk+besluit+van+ll+maart+2002+betreffende+de-i-bescherming+van+de+gezondheid 
+en+de+veiligheid+van+de+werknemers+tegen+de+risico%E2%80%99s+van+chemis 
che+agentia+op+het+werk

Blome, H., Hennig, M. (1984). Messung ausgewáhlter aliphatischer und aromatischer 
Amine in dér Luft von Arbeitsbereichen. Staub-Reinhaltung dér Luft, 44, 27-32.

Bolt, H.M., Roos, P., Thier, R. (2003). The cytochrome P-450 isoenzyme CYP2E1 in the 
biological Processing of industrial Chemicals: consequences fór occupational and 
environmental medicine. Int. Arch. Occup. Environ. Health 76, 174-185

Bower, D.B. (1997). Letters to the editor: Stillbirth after occupational exposure to N- 
methyl-2-pyrrolidone. J. Occup. Env. Med. 39, 393-394.

Brüning, T., Bartsch, R., Bolt, H.M., Desel, H., Drexler, H., Gundert-Remy, U., 
Hartwig, A., Jáckh, R., Leibold, E., Pallapies, D., Rettenmeier, A.W., Schlüter, G., Stropp, 
G., Sucker, K., Triebig, G., Westphal, G., van Thriel, C. (2014). Sensory irritation as a 
basis fór setting occupational exposure limits. Arch. Toxicol. 88, 1855-1879

Carnerup, M.A., Ákesson, B., Jönsson, B.A.G. (2001). Determination of 5-hydroxy-N- 
methyl-2-pyrrolidone and 2-hydroxy-N-methylsuccinimide in humán plasma and urine 
using liquid chromatography electrospray tandem mass spectrometry. J. Chromat. B. 
Biomed. Sci. Appl. 761, 107 - 113

Page 44 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Carnerup M.A., Saillenfait, A.M., Jönsson, B.A.G. (2005). Concentrations of N- 
methylpyrrolidone (NMP) and its metabolites in plasma and urine following órai 
administration of NMP to rats. Food. Chem. Toxicol. 43, 1441-1447

Carnerup M.A., Spanne, M., Jönsson, B.A.G. (2006). Levels of N-methylpyrrolidone 
(NMP) and its metabolites in plasma and urine from volunteers after experimental 
exposure to NMP in dry and humid air. Toxicol. Lett. 162, 139-145.

Clark, B., Furlong, JW, Ladner A, Slovak AJM (1984) Dermal toxicity of dimethyl 
acetylene dicarboxylate, N-methyl pyrrolidone, triethylene glycol dimethyl ether, dioxane 
and tetralin in the rat (as cited in Greim, 1998)

Danish EPA (2014). Survey of l-methyl-2- pyrrolidone. Part of the LOUS review. 
Public consulation version November 2014.

http://eng.mst.dk/media/130178/35-survey-of-nmp_lous-2014-final.pdf

Dick IP, Bounds SVJ, Párod RJ, Banton MI, Griffiths JR (2001) In vitro dermal 
absorption of N-methyl-2-pyrrolidone (NMP) through humán and rat skin. Society of 
Toxicology 40th Annual Meeting, San Francisco, USA (as cited by Montelius, 2014)

DFG (2015). List of MÁK and BAT Values 2015: Maximum Concentrations and 
Biological Tolerance Values at the Workplace. Chapter II List of Substances. 
http ://onlinelibrarv. wilev.com/store/10.1002/9783527695539.eh 2/asset/ch2,pdf?v=l&t= 
Íqh5ifcp&s=7bd4385afefl698767cda58bld3a2c885fe86ba8

Draize, J.H., Woodward. G., Calvery. H.O. (1944). Methods fór the study of irritation 
and toxicity of substances applied topically to the skin and mucous membranes. J. 
Pharmacol. Exp. Ther. 82, 377-390

du Pont (1976a). Primary skin irritation and sensitization test on guinea pigs (Haskell 
Laboratory Report No. 307-776). Unpublished report, cited in IPCS (2001)

du Pont (1976b). Mutagenicity in the mouse lymphoma L5178Y cell line (Haskell 
Laboratory Report No. 677-76). Unpublished report, cited in IPCS (2001)

du Pont (1988). Four-hour inhalation approximate lethal concentration (ALC) in rats 
exposed to N-Methyl-2-Pyrrolidone supplied by GAF and BASF. Haskell Laboratory 
Report NO. 772-88. Unpublished report, cited in Greim (1998)

ECHA (2011a). Member State committee support document fór Identification of 1- 
methyl-2-pyrrolidone as a substance of very high concern because of its cmr properties, 
Adopted on May 20, 2011.

http://echa.europa.eu/documents/10162/88a09054-cdf6-4629-9745-f0b5562d224a

ECHA (2011b).l-Methyl-2-pyrrolidone. Inclusion of Substances of Very High Concern in 
the Candidate List (Decision of the European Chemicals Agency). DOC: ED/31/2011. 
Helsinki, June 2011.

http://echa.europa.eu/documents/10162/b6b72fb4-fff0-43dd-be25-963428f8f726

ECHA (2014a). Committee fór Risk Assessment (RÁC), Committee fór Socio-economic 
Analysis (SEAC). Background document to the Opinion on the Annex XV dossier 
proposing restrictions on l-methyl-2-pyrrolidone (NMP). ECHA/RAC/RES-0-0000005316- 
76-01/F. ECHA/SEAC/[Opinion No (same as opinion number)]. EC Number 212-828-1. 
CAS Number 872-50-4. Date: 10-09-2014.

Page 45 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

http://echa.europa.eu/documents/10162/a3e8fbl7-d794-493c-a5ac-8cce41def0c7

ECHA (2014b) Committee fór Risk Assessment (RÁC). Opinion on an Annex XV dossier 
proposing restrictions onl-Methyl-2-pyrrolidone, ECHA/RAC/RES-0-0000005316-76- 
01/F, Adopted, 5 June 2014.

http://echa.europa.eu/documents/10162/13641/adQDted rác opinion nmp dh001322- 
70 en.pdf

ECHA (2014b) "Background document to the Opinion on the Annex XV dossier 
proposing restrictions on l-methyl-2-pyrrolidone (NMP), RAC/SEAC, Revision 2, 
12/05/2014.

http://echa.europa.eu/documents/10162/a3e8fbl7-d794-493c-a5ac-8cce41def0c7

Engelhardt, G., Fleig, H. (1993). l-Methyl-2-pyrrolidone (NMP) does nőt induce 
structural and numerical chromosomal aberrations in vivő. Mutat. Res.z 298,149-155

EU (2009). Commission Directive 2009/161/EU of the European Parliament and of the 
council of 17 December 2009 establishing a third list of indicative occupational exposure 
limit values in implementation of Council Directive 98/24/EC and amending Commission 
Directive 2000/39/EC.

http ://eur-lex.europa.eu/LexUriServ/LexllriServ.do?uri=QJ:L: 2009:338:0087:0089 :EN:P 
DF

EXXON (1991). Multigeneration rat reproduction study with N-methylpyrrolidone. 
Biomedical Science, Inc.; Study fór GAF Corp. (USA), Project No. 236535. Unpublished 
report, cited in IPCS (2001)

EXXON (1992). Developmental toxicity study in rats with N-methylpyrrolidone. EXXON 
Biomedical Science, Inc.; Study fór GAF Corp. (USA), Project No. 136534. Unpublished 
report, cited in IPCS (2001)

Finland (2012). HTP-várden 2012.Koncentrationer som befunnits skadliga. Social- och 
hálso vardsministeriets, publikationer 2012:6, Helsingfors.

http://www.ttk.fi/files/2610/STM_2012_6_HTP_SWE_web.pdf

Flick, B., Talsness, C.E., Jáckh, R., Buesen, R.z Klug, S. (2009) Embryotoxic potential 
of N-methyl-2-pyrrolidone (NMP) and three of its metabolites using the rat whole embryo 
culture svstem. Toxicol. Appl. Pharmacol. 237, 154-167

Fries, A.S., Hass, U., Jakobsen, B.M., Jelnes, J.E., Lund, S.P., Simonsen, L. (1992). 
Toxic effects of N-methylpyrrolidone on foetal development, the Central nervous system, 
testes and semen in rats. Copenhagen, Arbeijdsmiljofondet (Report 790037). Cited in 
Greim (1998)

GAF (1990). M-Pyrol® (N-Methylpyrrolidone). Summary of toxicity information. GAF 
Chemical Corporation, Wayne, USA. Unpublished report, cited in Greim (1998)

GAF (1991). Developmental toxicity study in New Zealand White rabbits. Prepared by 
GAF Chemicals Corporation, Wayne, NJ, fór the International Research and Development 
Corporation. Unpublished report, cited in Greim (1998)

GESTIS (2015) GESTIS database on hazardous substances. IFA Institut für 
Arbeitssicherheit dér Deutschen Gesetzlichen Unfallversicherung, Germany (accessed July 
2015) httD://www.dquv.de/ifa/GESTIS/GESTIS-Stoffdatenbank/index-2.isD

Page 46 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

GKV [Grenzwerteverordnung] (2011). BGBI. II Nr. 429/2011. Verordnung des 
Bundesministers für Arbeit, Soziales und Konsumentenschutz über Grenzwerte für 
Arbeitsstoffe sowie über krebserzeugende und über fortpflanzungsgefáhrdende 
(reproduktionstoxische) Arbeitsstoffe.

http://www.arbeitsinspektion.gv.at/NR/rdonlyres/F173280B-D4FB-44D2-8269- 
8DB2CBlD2078/0/GKV2011.pdf

Greim, H., ed. (1998) N-Methyl-2-pyrrolidone (vapour). In: The MÁK Collection Part I: 
MÁK Value Documentations, Vol. 10; pp. 147-170; Wiley-VCH, Weinheim.

http ://onlinelibra rv.wiley.com/store/10.1002/3527600418. mb87250dame0010/asset/mb 
87250dame0010.pdf?v=l&t=iqh5n53x&s=5d3fc0e9677401fe318d0a9767a69a0de2591e 
le

Hartwig, A. (2011) N-Methyl-2-pyrrolidine (vapour). In: The MÁK Collection Part I: 
MÁK Value Documentations, Vol. 26; pp. 257-285; Wiley-VCH, Weinheim.

http://onlinelibrarv.wilev.eom/store/10.1002/3527600418.mb87250dame0026b/asset/m 
b87250dame0026b.pdf?v=l&t=iqh5p657&s=33d7aecdbeb2d992df4fl7473c35a99df5256 
ele

Harreus A.L., B. R., Eichler O.L., Feuehake R., Jakel C., Manh U., Pinkos R., Vogelsang 
R. (2011). 2-Pyrrolidone. Ullmann Encyclopedia of Industrial Chemistry.

Hass, U., Jakobsen, B.M., Lund, S.P. (1994). Effects of prenatal exposure to N- 
methylpyrrolidone on postnatal developmental in rat. Pharmacol. Toxicol. 76, 406-409

Hass, U., Lund, S.P., Elsner. J. (1995). Developmental toxicity of inhaled N- 
methylpyrrolidone in the rat. Neurotoxicol. Teratol. 16, 241-249

Haufroid, V., Buchet, J.-P., Gardinal, S., Lison, D. (2002). Cytochrome P4502E1 
phenotyping by the measurement of chlorzoxazone metabolic ratio: assessment of its 
usefulness in workers exposed to styrene. Int. Arch. Occup. Environ. Health 75, 453-458

Haufroid, V., Jaeger, V.K., Jeggli, S., Eisenegger, R., Bemard, A., Friedli, D., Lison, D., 
Hotz, P. (2014). Biological monitoring and health effects of low-level exposure to N- 
methyl-2-pyrrolidone: a cross-sectional study. Int. Arch. Occup. Environ. Health 87(6), 
663-74

HSA [Health and Safety Authority] (2011). 2011 Code of Practice fór the Safety, 
Health and Welfare at Work (Chemical Agents) Regulations 2001 (S.I. No. 619 of 2001). 
Ireland.

HS [Health and Safety] (2013). Workplace Exposure Standards and Biological 
Exposure Indices Effective from February 2013 7th Edition. The Ministry of Business, 
Innovation and Employment. New Zealand.

http://www.business.govt.nz/worksafe/information-guidance/all-guidance- 
items/workplace-exposure-standards-and-biological-exposure-indices/workplace- 
exposure-standards-and-biological-indices-2013.pdf

HSE [Health and Safety Executive] (1997). N-Methyl-2-Pyrrolidone: Risk assessment 
document EH72/10, HSE Books, Sudbury, Suffolk, UK.

HSE [Health and Safety Executive] (2011) EH40 (Second edition, published 2011). 
United Kingdom.

Page 47 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

http://www.hse.gov.uk/pUbns/priced/eh40.pdf

HSL [Health and Safety Laboratory] (2007). Protective glove selection fór workers using 
NMP containing products - Graffiti removal. Health and Safety Laboratory, UK.

http://www.hse.gov.uk/research/hsl_pdf/2007/hsl0741.pdf

Huntingdon Life Sciences (1998). [14C]-N-Methylpyrrolidone: Topical application: 
dermal absorption study in the rat. Huntingdon, Cambridgeshire, Huntingdon Life 
Sciences. Unpublished report, cited in IPCS (2001).

IPCS [International Programme on Chemical Safety] (2001) Concise International 
Chemical Assessment Document No. 35, N-Methyl-2-Pyrrolidone. Inter-Organization 
Programme fór the Sound Managment of Chemicals (IOMC), World Health Organization, 
Geneva, CH.

INRS [Institut National de Recherche et de Securite] (2012). Valeurs limites 
d'exposition professi önnel le aux agents chimiques en Francé.

http://www.inrs.fr/media.html?refINRS=ED%20984

INSHT [Instituto Nációnál de Seguridad e Higiéné en el Trabajo] (2010). Limites de 
Exposicion profesional para agentes.

http://www.insht.es/InshtWeb/Contenidos/Documentacion/TextosOnline/Valores_Limite/ 
Limites2010/LEP%202010%20ActualizadoMayo(l).pdf

Italy (2004). Limit values Italy: Decreto Legislativo dél Governo n.277, 15/08/1991 
Decreto Legislativo n.66, 25/02/2000, Decreto Ministeriale 26/02/2004.

Johanson G, Rauma M (2008). Dermal penetration data fór substances on the Swedish 
OEL list. Arbete och Hálsa 2008; 42(2)

Jönsson, B. A., B. Ákesson (1997a) Determination of 5-hydroxy-N-methylpyrrolidone 
and 2-hydroxy-N-methylsuccinimide in humán urine. J Chromatogr B Biomed Sci Appl 
694(2), 351-357

Jönsson, B. A., B. Ákesson (1997b). Determination of N-methylsuccinimide and 2- 
hydroxy-N-methylsuccinimide in humán urine and plasma." J Chromatogr B Biomed Sci 
Appl 704(1-2), 151-158

Jönsson, B.A., Ákesson, B= (2001). N-methylsuccinimide in plasma and urine as a 
biomarker of exposure to N-methyl-2-pyrrolidone. Int. Arch. Occup. Environ. Health. 74, 
289-294

Jönsson, B.A., Ákesson, B. (2003). Humán experimental exposure to N-methyl-2- 
pyrrolidone (NMP): toxicokinetics of NMP, 5-hydroxy- N-methyl-2-pyrrolidone, N- 
methylsuccinimide and 2-hydroxy- N-methylsuccinimide (2-HMSI), and biological 
monitoring using 2-HMSI as a biomarker. Int. Arch. Occup. Environ. Health. 76, 267-74

Jouyban, A., M. A. Fakhree, et al. (2010). Review of pharmaceutical applications of N- 
methyl-2-pyrrolidone. J Pharm Pharm Sci 13(4), 524-535

JSOH [Japan Society fór Occupational Health] (2002) Recommendation of occupatio­
nal exposure limits, Japan Society fór Occupational Health. Saneishi 44, 170-4 (in 
Japanese; cited in Nishimura et al. 2009).

Page 48 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Jungbauer, F.H., Coenraads, P.J., Kardaun, S.H. (2001). Toxic hygroscopic contact 
reaction to N-methyl-2-pyrrolidone. Contact Dermatitis, 45, 303-304.

Kubota, R., Y. Endo, et al. (2007). SPE-GC/FTD determination of N-methyl-2- 
pyrrolidone and its metabolites in urine. J Chromatogr B Analyt Technoi Biomed Life Sci 
854(1-2), 204-210

Langworth, S., Anundi, H., Friis, L., Johanson, G., Söderman, E., Ákesson, B. (2001). 
Acute health effects common during graffiti removal. Int. Arch. Occup. Environ. Health. 
74,213-218

Lee, K.P., Chromey, N.C., Culik, R., Barnes, J.R., Schneider, P.W. (1987). Toxicity of 
N-methyl-2-pyrrolidone (NMP): teratogenic, subchronic and two-year inhalation studies. 
Fund. Appl. Toxicol. 9,222-235

Leira, H.L., Tilitnes, A., Svendsen, K., Vetlesen. L. (1992). Irritant cutaneous reactions 
to N-methyl-2-pyrrolidone (NMP). Contact Dermatitis 27, 148-150

Ligocka, D., D. Lison, et al. (2002). Quantitative determination of 5-hydroxy-N- 
methylpyrrolidone in urine fór biological monitoring of N-methylpyrrolidone exposure. J 
Chromatogr B Analyt Technoi Biomed Life Sci 778(1-2), 223-230

Ligocka, D., Lison, D., Haufroid, V. (2003). Contribution of CYP2E1 to N-methyl-2- 
pyrrolidone metabolism. Arch Toxicol. 77, 261-266

Lucas, D., Ferrara, R., Gonzales, E., Albores, A., Manno, M., Berthou, F. (2001). 
Cytochrome CYP2E1 phenotyping and genotyping in the evaluation of health risks from 
exposure to polluted environments. Toxicol. Lett. 124, 71-81

Lumasense Denmark (2015). Gas detection limits fór INNOVA, 1412 Photo Acoustic 
Field Gas-Monitor. (accessed August 2015).

http://www.lumasenseinc.com/uploads/Solutions/pdf/TechnicaLLiterature/English/Luma 
sense-gas-detection-limits_Wall-Chart.pdf

Lumpkin, H.M., Gentry, P.R. (2013). A PK/PBPK model quality assurance fór the TSCA 
workplan risk assessment of N-methylpyrrolidone. Battelle Memóriái Institute, Columbus, 
OH, USA.

http://www.epa.gov/oppt/existingchemicals/pubs/TSCA_Workplan_Chemical_Risk_Asses 
sment_of_NMP.pdf (accessed 13 June 2015)

Breuer, D., Henning, M., Moritz, A. (2011a). Method 2. N-Methyl-2-pyrrolidon. In: 
Parlar, H., Brock, TH., Hartwig, A., eds. The MÁK Collection Part III: Air monitoring 
methods, Vol. 12; pp. 121-131; Wiley-VCH, Weinheim.

http://onlinelibrarv.wilev.com/store/10.1002/3527600418.am87250e0Q12b/asset/am87 
250e0012b.pdf?v=l&t=iqh63srn&s=5ba59b75ddclad7017e549b7c3c775264453e3b8

Rosenberger, W., Bader, M. (2011b). Method 3. N-Methyl-2-pyrrolidon. In: Parlar, H., 
Brock, TH., Hartwig, A., eds. The MÁK Collection Part III: Air monitoring methods, Vol. 
12; pp. 133-144; Wiley-VCH, Weinheim.

http://onlinelibrarv.wilev.eom/store/10.1002/3527600418.am87250e0012b/asset/am87 
250e0012b.pdf?v=l&t=iqh63srn&s=5ba59b75ddclad7017e549b7c3c775264453e3b8

Page 49 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Breuer, D., Ehmann, E., Rosenberger, W. (2014a). Methode 1. N-Alkyl-2-pyrrolidone 
(N-Methyl-2-pyrrolidon, N-Ethyl-2-pyrrolidon), Dámpfe. In: Parlar, H., Hartwig, A., eds. 
The MÁK Collection Part III: Air monitoring methods in Germán language, 18. Lieferung; 
Wiley-VCH, Weinheim.

httD://onlinelibrarv.wiley.com/store/10.1002/3527600418.am87250d0018a/asset/am87 
250d0018a.Ddf?v=l&t=iqh653n5&s=62504b4b0c953da6872fdffldal29eef9cdd5e5c

Rosenberger, W., Breuer, D. (2014b). Methode 2. N-Alkyl-2-pyrrolidone (N-Methyl-2- 
pyrrolidon, N-Ethyl-2-pyrrolidon), Dámpfe. In: Parlar, H., Hartwig, A., eds. The MÁK 
Collection Part III: Air monitoring methods in Germán language, 18. Lieferung; Wiley- 
VCH, Weinheim.

http://onlinelibrary.wiley.com/store/10.1002/3527600418.am87250d0018b/asset/am87 
250d0018b.pdf?v=l&t=igh679r7&s=cl756630a57041dce2d6a26aa4413442b5fc7a28

Malek, D.E., Malley, L.A., Slone, T.W., Elliot, G.S., Kennedy, G.L., Mellért, W., 
Deckardt, K., Gembardt, C., Hildebrand, B., Murphy, S.R., Bower, D.B., Wright, G.A. 
(1997). Repeated dose toxicity study (28 days) in rats and mice with N- 
methylpyrrolidone (NMP). Drug Chem. Tox. 20, 63-67

Malley, L.A., Kennedy, G.L., Elliot, G.S., Slone, T.W., Mellért, W., Deckardt, K., 
Gembardt, C., Hildebrand, B., Párod, R. J., McCarthy, T.J., Griffiths, J.C. (1999). 90-Day 
subchronic toxicity study in rats and mice fed N-methylpyrrolidone (NMP) including 
neurotoxieity evaluation in rats. Drug Chem. Tox. 22, 455-480

Malley, L.A., Kennedy, G.L., Elliot, G.S., Slone, T.W., Mellért, W., Deckardt, K., 
Kuttler, K., Hildebrand, B., Banton, M. I., Párod, R. J., Griffiths, J.C. (2001). Chronic 
toxicity and oncogenicity of N-methylpyrrolidone (NMP) in rats and mice by dietary 
administration. Drug Chem. Tox. 24, 315-338

Maron, D., Katzenellenbogen, J., Ames, B.N. (1981). Compatibility of organic solvents 
with the Salmonella/microsome test. Mutat. Rés. 88, 343-350

Mayer, V.W., Goin, C.J., Taylor-Mayer, R.E. (1986). 2-Pyrrolidinone and l-methyl-2- 
pyrrolidinone induce aneuploidy induction in Saccharomyces cerevisiae. Environ. 
Mutagen. 8, Suppl. 6, 53

Mayer, V.W., Goin, C.J., Taylor-Mayer, R.E. (1988). Aneuploidy induction in 
Saccharomyces cerevisiae by two solvent compounds, l-methyl-2-pyrrolidinone and 2- 
pyrrolidinone. Environ. Mól. Mutagen. 11, 31-40

Mayer, V.W., Goin, C.J. (1988). Investigations of aneuploidy-inducing Chemical 
combination in Saccharomyces cerevisiae. Mutat. Rés. 201, 413-421

Meier, S., Schindler, B.K., Koslitz, S., Koch, H.M., Weiss, T., Káfferlein, H.U., Brüning, 
T. (2013). Biomonitoring of exposure to N-methyl-2-pyrrolidone in workers of the 
automobilé industry. Ann. Occup. Hyg. 57(6), 766-73

Meleschtschenko, K.F. (1970). The hygienic properties of methylpyrrolidone as a 
pollutant of water reservoirs (in Russian). Gig. i Sanit. 35, 84-85

Midgley, I., Hood, A.J., Chasseud, L.F., Brindley, C.J., Baughman, S., Allan. G. (1992). 
Percutaneous absorption of co-administered N-methyl-2-[14C]pyrrolidone and 2- 
[14C]pyrrolidone fór rats. Food Chem. Toxicol. 30, 57-64

Montelius , J, ed. (2014) Scientifíc basis fór Swedish occupational standards XXXIII: 
N-methl-2-pyrrolidone, crystalline silica, quartz, epichlorohydrine. Arbete och Hálsa, 
vetenskaplig skriftserie N4. 2014, 48(3)

Page 50 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolídone

Mortelmans, K., Haworth, S., Lawlor, T., Speck, W., Tainer, B., Zeiger, E. (1986). 
Salmonella mutagenicity tests: II. Results from the testing of 270 Chemicals. Environ. 
Mutag. 8, 1-119

NED (2007). Limit values The Netherlands: Dutch legal public limit values (Nationale 
wettelijke publieke grenswaarden). Dutch law on labour conditions.

http://www.ser.nl/nl/themas/grenswaarden/procedure%20tot%202007.aspx

NIOSH [National Institute fór Occupational Safety and Health] (2007). Pocket guide to 
Chemical hazards department of health and humán Services. Centers fór Disease Control 
and Prevention. National Institute fór Occupational Safety and Health.

http://www.cdc.gov/niosh/docs/2005-149/pdfs/2005-149.pdf

NIOSH [National Institute fór Occupational Safety and Health] (1998). Manual of 
analytical methods (NMAM) fourth edition. N-methyl-2-pyrrolidinone 1302.

http://www.cdc.gov/niosh/docs/2003-154/pdfs/1302.pdf

NICNAS [National Industrial Chemicals Notification and Assessment Scheme] (2013). 
Humán Health Tier Ii Assessment fór 2-Pyrrolidinone, 1-Methyl, CAS Number 872-50-4. 
Department of Health, National Industrial Chemicals Notification and Assessment Scheme 
(Australia).

http://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessment- 
details?assessment_id=91

Nishimura S., Yasui H., Miyauchi H., Kikuchi Y., Kondo N., Takebayashi T., Tanaka S., 
Mikoshiba Y., Omae K., Nomiyama T. (2009). A cross-sectional observation of effect of 
exposure to N-methyl2-pyrrolidone (NMP) on workers' health. Ind. Health 47, 355-362

OECD (2007). l-Methyl-2-pyrrolidone. SIDS Initial Assessment Report fór SIAM 24, 
April 2014.

http://webnet.oecd.org/hpv/ui/SIDS_Details.aspx?id=996f9cea-4b30-4e70-9e54- 
8def28e023eb

Ontario Ministry of Labour (2013). Current Occupational Exposure Limits fór Ontario 
workplaces Required under Regulation 833.

http 7/www Jabour.gov.on.ca/english/hs/pdf/ontario_oels.pdf

OSHA (1991). [Occupational Safety and Health Administration] N-Methyl-2- 
Pyrrolidinone. Method number PV2043.

https://www.osha.gov/dts/sltc/methods/partial/pv2043/2043.html

Párod, R. J., Kaufmann, W., Deckardt, K., Mellért, W., Banton, M. I., Griffiths, J.C., 
Bahnemann, R. (2001). Liver tumours in mice - N-methylpyrrolidone (NMP) acts via 
enhanced cell proliferation. The Toxicologist 60, 1360 - 1365

Payan, J.P., Boudry, I., Beydon, D., Fabry, J.P., Grandclaude, M.C., Ferrari, E., Andre, 
J.C. (2003). Toxicokinetics and metabolism of N-[(14)C]N-methyl-2-pyrrolidone in male 
Sprague-Dawley rats: in vivő and in vitro percutaneous absorption. Drug Metab. Dispos. 
31, 659-669

Page 51 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Poet, T.S., Kirman, C.R., Bader, M., van Thriel, C., Gargas, M.L., Hinderliter, P.M. 
(2010). Quantitative risk analysis fór N-methyl pyrrolidone using physiologically based 
pharmacokinetic and benchmark dose modelling. Toxicol. Sci. 113, 468-482

Poet, T.S. (2013). Internál dose, as derived from updated PBPK model, should be 
basis fór NMP toxicity assessment. Battelle Memóriái Institute Pacific Northwest Division. 
Unpublished, as cited by Lumpkin and Gentry (2013) and Schlosser (2013)

Poland (2002). The Ordinance of the Minister of Labour and Social Policy on the 
Maximum Admissible Concentrations and Intensities of Harmful to Health Agents in the 
Working Environment. Rozporzridzenie ministra pracy i polityki spoJecznej Z dnia 29 
listopada 2002 r.

http://www.ilo.org/wcmsp5/groups/public/—ed_protect/—protrav/— 
safework/documents/legaldocument/wcms_151572.pdf

Radhika G, et al. (2007). N-methylpyrrolidone: Isolation and characterization of the 
compound from the maríné sponge Clathria frondifera (eláss: Demospongiae). Indián J 
Mar Sci 36, 235-238

Ravn-Jonsen, A., Edelflors, S., Hass, U., Lund, S.P. (1992). The kinetics of N-methyl- 
2-pyrrolidone in pregnant rats and their foetuses compared with non-pregnant rats. 
Toxicol. Lett (Suppl. 136), Abstract P5/P8

RIVM [National Institute fór Public Health and the Environment] (2013). l-Methyl-2- 
pyrrolidone. CLH report. Proposal fór harmonised classification and labelling. Based on 
Reguládon (EC) No 1272/2008 CLP Reguládon Annex VI, Part 2. Version 2 August 2013.

RTI [Research Triangle Institute] (1990) Absorption, distribution, metabolism and 
elimination of N-methyl-2-pyrrolidone in rats after órai and dermal administration. 
Research Triangle Park, NC, Research Triangle Institute (Report RTI/3662/00-13P). 
Unpublished report, cited in Greim (1998)

RTI [Research Triangle Institute] (2001) N-Methylpyrrolidone (NMP), in Solvent 
alternative guide, Research Triangle Institute (as cited in HSL, 2007)

Saillenfait, A. M., Gallissot, F., Langonne, I., Sabate, J. P., Morei, G. (2002). 
Developmental toxicity of N-methyl-2-pyrrolidone administered orally to rats. Food 
Chem. Toxicol. 40, 1705-1712

Saillenfait, A. M., Gallissot, F., Morei, G. (2003). Developmental toxicity of N-methyl- 
2-pyrrolidone in rats following inhalation exposure. Food Chem. Toxicol. 41(4), 583 - 588

Safe Work Australia (2011). Workplace exposure standards fór airborne contaminants 
date of effect: 22 december 2011.

http://www.safeworkaustralia.gov.au/sites/SWA/about/Publications/Documents/639/Wor 
kplace_Exposure_Standards_for_Airborne_Contaminants.pdf

SCCS [Scientific Committee on Consumer Safety] (2011). Opinion on N- 
Methylpyrrolidone (NMP), Scientific Committee on Consumer Safety, European 
Commission, SCCS/1413/11

http://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs_o_050.pdf

Schlosser, P. (2013) Preface to: A PK/PBPK model quality assurance fór the TSCA 
workplan risk assessment of N-methylpyrrolidone. US EPA.

Page 52 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

http://www.epa.gov/oppt/existingchemicals/pubs/TSCA_Workplan_Chemical_Risk_Asses 
sment_of_NMP.pdf (accessed 13 June 2015)

Schmidt, R. (1976). Tierexperimentelle Untersuchungen zűr embryotoxischen und 
teratogenen Wirkung von N-Methyl-Pyrrolidon (NMP). Biologische Rundschau 14, 38-41

SCOEL (2007). SCOEL/SUM/119; August 2007. Recommendation from the Scientific 
Committee on Occupational Exposure Limits fór N-Methyl-2-Pyrrolidone.

Shortt, J., Hsu, A.K., Martin, B.P., et al. (2014) The drug vehicle and solvent N- 
methylpyrrolidone is an immunomodulator and antimyeloma compound. Cell Rep. 7(4), 
1009-1019

Solomon, H.M., Burgess, B.A., Kennedy, G.L. Jr, Staples, R.E. (1995). l-Methyl-2- 
pyrrolidone (NMP): Reproductive and developmental toxicity study by inhalation in the 
rat. Drug Chem.Toxicol. 18, 271-293

Solomon, G.M., Morse, E.P., Garbó, M.J., Milton, D.K. (1996). Stillbirth after 
occupational exposure to N-methyl-2-pyrrolidone. J. Occup.Env.Med. 38, 705-713

Suzuki, Y., Endo, Y., et al. (2009). Direct determination of N-methyl-2-pyrrolidone 
metabolites in urine by HPLC-electrospray ionization-MS/MS using deuterium-labeled 
compounds as internál standard. J Chromatogr B Analyt Technoi Biomed Life Sci 877(29), 
3743-3747

SUVA [Schweizerische Unfallversicherungsanstalt] (2015). Grenzwerte am Arbeitsplatz 
2015. MAK-Werte, BAT-Werte, Grenzwerte für physikalische Einwirkungen.

https://extra.suva.ch/suva/b2c/b2c/start.do;jsessionid=lSNHbj- 
0PppEIAFvO7Ks0eUouc2-TQFykRoe_SAPdq5f-
GW926vKwRXNGAkQrfkO;saplb_*=(J2EE505057620)505057650

SWEA [Swedish Work Environment Authority] (2011). The Swedish Work Environment 
Authority’s provisions and generál recommendatlons on occupational exposure limit 
values.

http://www.av.se/dokument/inenglish/legislations/englll8.pdf

Van Thriel, C., Blaszkewicz, M., Scháper, M., Jurán, S.A., Kleinbeck, S., Kiesswetter, 
E., Wrbitzky, R., Stache, J., Golka, K., Bader, M. (2007). Chemosensory effects during 
acute exposure to N-methyl-2-pyrrolidone (NMP). Toxicol. Lett. 175, 44-56

Ursin, C., Hansen, C.M., Van Dyk, J.W., Jensen, P.O., Christensen, I.J., Ebbehoej, J. 
(1995). Permeability of commercial solvents through living humán skin. Am. Ind. Hyg. 
Assoc. Journ. 56, 651-660

US EPA (2015) TSCA Work Plán Chemical Risk Assessment N-Methylpyrrolidone: Paint 
Stripper Use.

http://www.epa.gov/oppt/existingchemicals/pubs/nmp_ra_3_23_15_final.pdf

Wells, D., Thomas, H., Digenis, G.A. (1988). Mutagenicity and cytotoxicity of N- 
methyl-2-pyrrolidone and 4-(methylamino) butanoic acid in the Salmonella microsome 
assay. J. Appl. Toxicol. 8, 135-139

Wells, D., Digenis, G.A. (1988). Disposition and metabolism of double-labelled [3H 
and 14C] N-methyl-2-pyrrolidone in the rat. Drug Metab. Disp. 16, 243-249

Page 53 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

Wells, D., Hawi, A.A., Digenis, G.A. (1992). Isolation and identification of the major 
urinary metabolite of N-methylpyrrolidone in the rat. Drug Metab. Disp. 20, 124-126

Weisbrod, D. (1981). Praktische Erfahrungen bei dér Bestimmung dér acuten Toxizitát 
(LD50). Akad. Landwirtsch. Wiss. DDR 1987, 213-217.

Xiaofei, E., Wada, Y., Nozaki, J., Miyauchi, H., Tanaka, S., Seki, Y., Koizumi, A. 
(2000). A linear pharmacokinetic model predicts usefulness of N-methyl-2-pyrrolidone 
(NMP) in plasma or urine as a biomarker fór biological monitoring fór NMP exposure. J. 
Occup. Health 42, 321-327

Zimmermann, F.K., Holzwarth, U.L.I., Scheel, I., Resnick, M.A. (1988). Aprotoic polar 
solvents that affect brain tubulin aggregation in vitro induce aneuploidy in yeast cells 
growing at low temperatures. Mutat. Rés. 201, 431-442

Page 54 of 56



SCOEL/REC/119 N-Methyl-2-Pyrrolidone

HOW TO OBTAIN EU PUBLICATIONS

Free publications:

• one copy:
via EU Bookshop (http://bookshop.europa.eu);

• more than one copy or posters/maps:
from the European Union's representations (http://ec.europa.eu/represent_en.htm); 
from the delegations in non-EU countries
(http: //eeas. eu ropa. eu/del egations/i ndex_en. htm);
by contacting the Europe Direct service (http://europa.eu/europedirect/index_en.htm) 
or calling 00 800 6 7 8 9 10 11 (freephone number from anywhere in the EU) (*).

(*) The information given is free, as are most calls (though somé operators, phone boxes or hotels may 
charge you).

Priced publications:

• via EU Bookshop (http://bookshop.europa.eu).

Priced subscriptions:

• via one of the sales agents of the Publications Office of the European Union 
(http://publications.europa.eu/others/agents/index_en.htm).

Page 55 of 56



K
E-01-15-882-EN

-N

■ Publicatíons Office dói: 10.2767/255384



NECHA
EUROPEAN CHEMICALS AGENCY

A REACH 71. sz. korlátozásának 
teljesítése - útmutató NMP (i-metil-2- 
pirrolidon) felhasználók számára

2019. július



A REACH 71. sz. korlátozásának teljesítése - útmutató NMP-felhasználók számára 2

Jogi nyilatkozat

A dokumentum célja a felhasználók támogatása a REACH-rendelet szerinti kötelezettségeik 
teljesítésében. Felhívjuk azonban a felhasználók figyelmét arra, hogy a REACH-rendelet 
szövege jelenti az egyetlen hiteles jogforrást, és az e dokumentumban foglalt információk nem 
minősülnek jogi tanácsadásnak. A dokumentum egyes részei hivatkoznak az uniós és nemzeti 
munkahelyi biztonsági és egészségvédelmi jogszabályokban foglalt kötelezettségekre. A 
munkahelyi biztonsági és egészségvédelmi uniós irányelvek nemzeti szintű végrehajtása 
azonban eltérhet az ebben a dokumentumban említett példáktól. Az információ felhasználása 
kizárólag a felhasználó felelőssége. Az Európai Vegyianyag-ügynökség nem vállal felelősséget 
az ebben a dokumentumban foglalt információk bármilyen jellegű fel használásáért.

Módosítások

Köszönet nyilvánítás

Az ECHA szeretné kifejezni köszönetét az alábbi szervezeteknek az útmutató kidolgozásához 
nyújtott támogatásukért és közreműködésükért: Petrochemicals Europe (a Cefic ágazati 
szerve), BASF SE, NXP Semiconductors, Farmak, LyondellBasell, MicroQuartz, Saft Batteries, 
Schwering & Hasse Elektrodraht, Teijin Aramid, ESIA (Európai Félvezetőipari Szövetség), 
valamint Europacable (európai huzal- és kábelgyártók szövetsége).

Cím: A REACH 71. sz. korlátozásának teljesítése - útmutató NMP (l-metil-2- 
pirrolidon) felhasználók számára

Hivatkozási szám: ECHA-19-H-07-HU
ISBN: 978-92-9481-235-3
Kát. szám: ED-01-19-554-HU-N
DÓI: 10.2823/517001
A közzététel dátuma: 2019. július
Nyelv: HU

© Európai Vegyianyag-ügynökség, 2019
Címlap © Európai Vegyianyag-ügynökség

Ha kérdései vagy észrevételei vannak ezzel a dokumentummal kapcsolatban, kérjük, (a 
hivatkozási szám és a dátum feltüntetésével) az információigénylő lapon nyújtsa be azokat. Az 
információigénylő lap az ECHA Kapcsolatfelvétel weboldalán keresztül érhető el, amely a 
következő címen található:
httD://echa.euroDa.eu/contact

Európai Vegyianyag-ügynökség

Levelezési cím: P.O. Box 400, FI-00121 Helsinki, Finnország
Elérhetőség: Annankatu 18, Helsinki, Finnország



A REACH 71. sz. korlátozásának teljesítése - útmutató NMP-felhasználók számára 3

Tartalomjegyzék

1. BEVEZETÉS...........................................................................................................4

1.1 Kinek szól ez az útmutató?...........................................  4
1.2 A korlátozás...............................................................................................................5
1.3 Mi az az NMP?...............................................................................................  6
1.4 Veszélyek...................................................................................................................6
1.5 Mik azok a DNEL-ek?..................................................................................................8

2. A KOCKÁZATOK MEGFELELŐ ELLENŐRZÉSÉHEZ SZÜKSÉGES TEENDŐK..............11

2.1 Annak ellenőrzése, hogy felhasználására kiterjed-e az átvett expozíciós forgatókönyv .11
2.2 A felhasználására kiterjed az átvett expozíciós forgatókönyv......................................13
2.3 A felhasználására NEM terjed ki az átvett expozíciós forgatókönyv............................ 13
2.4 A felhasználás ellenőrzése: Keverékre vonatkozó biztonsági adatlap........................... 14
2.5 A (kibővített) biztonsági adatlap hogyan támogatja a munkahelyi kockázatértékelést?. 15

3. AZ EXPOZÍCIÓ ELLENŐRZÉSÉRE SZOLGÁLÓ BEVÁLT GYAKORLATOK PÉLDÁI.... 17

3.1 Példák képpel...........................................................................................................18

3.1.1 Töltés és ürítés......................................................................................................................... 19
3.1.2 Áttöltési műveletek................................................................................................................... 20
3.1.3 Áttöltés kis tartályba................................................................................................................21
3.1.4 Tárolás.................. 23
3.1.5 Mintavétel....................................................................................... .........................................23
3.1.6 A karbantartás előkészítése..................................................................................................... 24
3.1.7 Berendezés tisztítása NMP használatával.................................................................................25
3.1.8 Huzaltekercselés, ágazati példa................................................................................................25
3.1.9 További bevált gyakorlatokat bemutató anyagok..................................................................... 30

4. A MEGFELELÉS NYOMON KÖVETÉSE ÉS ELLENŐRZÉSE.....................  31

5. A SZÁLLÍTÓVAL VALÓ KAPCSOLATFELVÉTEL OKA ÉS IDŐPONTJA.................... 33

6. HIVATKOZÁSOK ÉS ÁTTEKINTÉSRE JAVASOLT TOVÁBBI DOKUMENTUMOK..... 35

7. FÜGGELÉKEK..............................................  36

7.1 1. függelék A REACH-rendelet és a vegyi anyagokról szóló irányelv közötti kapcsolatot
bemutató folyamatábra...................................................................................................36
7.2 2. függelék Lehetséges analitikai módszerek............................................................. 37
7.3 3. függelék Az NMP felhasználási helyei: ágazatok és jellemző felhasználások.............40

Táblázatjegyzék
1. táblázat: Az l-metil-2-pirrolidon közhasználatú nevei és főbb tulajdonságai...........................................6

2. táblázat: Az NMP harmonizált osztályozása...............................................................................................7
3. táblázat: Az expozíció ellenőrzésére szolgáló bevált gyakorlatok példái.................................................17
4. táblázat: Lehetséges analitikai módszerek a munkahelyi expozíció (levegő) monitorozására...............37
5. táblázat: Lehetséges analitikai módszerek biológiai monitorozásra.......................................................39
6. táblázat: Az expozíció ellenőrzésére szolgáló jelenlegi európai értékek................................................40
7. táblázat: Az NMP-t használó iparágak áttekintése................................................................................. 40



A REACH 71. sz. korlátozásának teljesítése - útmutató NMP-felhasználók számára 4

1.Bevezetés

1.1 Kinek szól ez az útmutató?

A dokumentum célja az l-metil-2-pirrolidont (NMP) vagy NMP-t (0,3 % vagy nagyobb 
koncentrációban) tartalmazó keverékeket használók támogatása a REACH-rendelet szerinti 
korlátozási előírások teljesítése során. Ezen túlmenően az útmutató segítséget nyújthat a 
hatóságoknak az elvárások megismerésében, valamint a korlátozás teljesítésének helyszíni 
ellenőrzése során.

Az NMP harmonizált osztályozással rendelkezik: reprodukciót károsító anyag (az 1B. 
kategóriába besorolt reprodukciót károsító anyag), valamint légúti, bőr- és szemirritáló hatású.
Az NMP a REACH XVII. mellékletének 71. sz. korlátozása alá tartozik Európában. Ha NMP-t 
használnak a munkahelyén, védelmet kell nyújtani mindazoknak, akik ki vannak téve az anyag 
hatásainak. Az útmutató célja, hogy segítsen Önnek megismerni, mit kell tennie annak 
érdekében, hogy betartsa ezt a korlátozást közvetlenül, valamint a hatályos munkahelyi 
biztonsági és egészségvédelmi kötelezettségei fényében.

A jelen útmutatóban ismertetett általános módszert alkalmazhatjuk más, az NMP-hez hasonló 
aprotikus oldószerek (például DMF és DMAC) esetében is, ha hasonló REACH-korlátozásokat 
vezetnek be más aprotikus oldószerek tekintetében. Az útmutató bizonyos részei (pl. bevált 
gyakorlatok példái, monitorozási módszerek, felhasználások leírása stb.) kifejezetten az NMP- 
re vonatkoznak, ezért közvetlenül nem alkalmazhatók más anyagokra.

Az útmutató hatályának egyértelművé tétele érdekében érdemes tisztázni a dokumentumban 
használt egyes kifejezések jelentését.

Felhasználás: a REACH-rendeletben meghatározottak szerint bármely feldolgozás, 
összeállítás, fogyasztás, tárolás, tartás, kezelés, tartályokba való töltés, egyik tartályból egy 
másikba való áttöltés, keverés, árucikk előállítása és minden egyéb felhasználás.

NMP felhasználója: a jelen útmutató alkalmazásában „felhasználó" a „végfelhasználó", azaz 
minden olyan szereplő, aki NMP-t vagy NMP-t tartalmazó keveréket használ ipari vagy 
foglalkozásszerű tevékenységei során, de nem értékesíti azt tovább.

NMP szállítója: minden olyan szereplő, aki NMP-t vagy NMP-t tartalmazó keveréket értékesít 
más szereplőknek. Az NMP szállítója lehet

• az NMP regisztrálója (gyártó vagy importáló)
• NMP-t értékesítő továbbfelhasználó (pl. áttöltést végző)
• NMP forgalmazója

NMP-t tartalmazó keverék szállítója lehet
• NMP-t tartalmazó keveréket összeállító és értékesítő regisztráló
• NMP-t tartalmazó keveréket összeállító és értékesítő továbbfelhasználó
• NMP-t tartalmazó keverék forgalmazója.

Munkavállaló: A jelen útmutató alkalmazásában „munkavállaló" a munkáltató által 
foglalkoztatott bármely személy, beleértve a gyakornokokat és a tanulószerződéses tanulókat 
is, a háztartási alkalmazottak1 (lásd: ILO C189) és a vállalkozók (pl. önálló vállalkozók) 
kivételével.

1 Lásd: ILO C189
httDs://www.ilo.ora/dvn/normlex/en/f?D=NORMLEXPUB:12100:0::NQ::P12100 INSTRUMENT ID:2551460
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1.2 A korlátozás

Veszélyes tulajdonságai miatt az Európai Bizottság 2018 áprilisában korlátozta az NMP 
felhasználását. A REACH-rendelet XVII. mellékletének 71. sz. korlátozása alkalmazandó az 
NMP gyártására, forgalomba hozatalára és felhasználására, és az alábbi előírásokat 
tartalmazza:

1. 2020. május 9. után nem hozható forgalomba anyagként önmagában vagy keverékben, 
ha koncentrációja 0,3 % vagy nagyobb, kivéve, ha a gyártók, az importőrök, illetve a 
továbbfelhasználók feltüntették a vonatkozó kémiai biztonsági jelentésekben és 
biztonsági adatlapokban a munkavállalók expozíciójára vonatkozó származtatott 
hatásmentes szinteket (DNEL-ek), amelyek értéke belégzéses expozíció esetében 14,4 
mg/m3, bőrön keresztüli expozíció esetében pedig 4,8 mg/kg/nap.

Gyakorlatilag az 1. pont azt írja elő az NMP vagy NMP-t (0,3 % vagy nagyobb 
koncentrációban) tartalmazó keverékek szállítói részére, hogy végezzenek kémiai 
biztonsági értékelést a munkavállalókra vonatkozó kötelező DNEL-ek alkalmazásával, 
amelyek értéke belégzéses expozíció esetében 14,4 mg/m3, bőrön keresztüli expozíció 
esetében pedig 4,8 mg/kg/nap. A szállítóknak jelentésben kell dokumentálniuk ezt az 
értékelést, és az értékelés eredményeit (a megfelelő felhasználási feltételeket és a 
kockázatkezelési intézkedéseket) közölniük kell a vevőiknek átadott biztonsági 
adatlapon. A kötelező DNEL-eket - a mennyiségtől függetlenül - közölni kell a 
biztonsági adatlapon. Az NMP szállítói 2020. május 9-től kötelesek betartani ezt az 
előírást.

2. 2020. május 9. után nem gyártható és nem használható fel anyagként önmagában 
vagy keverékben, ha koncentrációja 0,3 % vagy nagyobb, kivéve, ha a gyártók, illetve 
a továbbfelhasználók megfelelő kockázatkezelési intézkedéseket alkalmaznak és 
gondoskodnak a megfelelő üzemi feltételek meglétéről annak biztosítása érdekében, 
hogy a munkavállalók expozíciójának mértéke ne érje el az 1. pontban meghatározott 
származtatott hatásmentes szinteket.

Gyakorlatilag a 2. pont azt írja elő az NMP gyártói, szállítói és felhasználói részére, 
hogy úgy használjanak NMP-t vagy NMP-t (0,3 % vagy nagyobb koncentrációban) 
tartalmazó keveréket, hogy a munkavállalók ne legyenek kitéve az NMP hatásainak a 
korlátozást előíró rendelkezésben meghatározott DNEL-értékek felett. Az NMP gyártói 
és felhasználói 2020. május 9-től kötelesek betartani ezt az előírást.

3. Az 1. és a 2. ponttól eltérve az azokban foglalt kötelezettségek 2024. május 9-tői 
alkalmazandók a huzalok bevonatolása során oldószerként vagy reagensként való 
felhasználás, illetve az ilyen felhasználás céljából történő forgalomba hozatal 
tekintetében.

Gyakorlatilag a 3. pont hosszabb időt biztosíthat a huzalok bevonatolása során 
oldószerként vagy reagensként felhasznált NMP szállítói és felhasználói részére a 
korlátozásnak való megfelelésre. Az említett szállítók és felhasználók 2024. május 9-től 
kötelesek betartani az 1. és 2. pontot.
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A korlátozást közzétették az Európai Unió Hivatalos Lapjában.2 A korlátozásra vonatkozó 
dokumentációval kapcsolatos további információk az ECHA honlapján találhatók.3

2 A vegyi anyagok regisztrálásáról, értékeléséről, engedélyezéséről és korlátozásáról (REACH) szóló 1907/2006/EK 
európai parlamenti és tanácsi rendelet XVII. mellékletének az l-metil-2-pirrolidon tekintetében történő módosításáról 
szóló, 2018. április 18-i (EU) 2018/588 bizottsági rendelet https://eur-lex.europa.eu/leqal- 
content/EN/TXT/?urí=uriserv:OJ.L .2018.099.01.0003.01.ENG&toc=OJ:L:2018:099:TQC
3 Korlátozásra vonatkozó dokumentáció az ECHA honlapján https://echa.europa.eu/previous-consultations-on- 
restriction-proDOsalsZ-Zsubstance-
rev/1899/term? viewsubstances WAR echarevsubstanceportlet SEARCH CRITERIA EC NUMBER=212-828-
1& viewsubstances WAR echarevsubstanceportlet DISS=true

A jelen útmutató tárgya a korlátozás 2. pontjának a felhasználó általi betartása. Az NMP- 
felhasználók helyzete eltér a REACH szerinti anyagok vagy keverékek felhasználóinak szokásos 
helyzetétől, mivel az NMP-re vonatkozó DNEL-értékek minden szereplő számára kötelezőek, és 
a megfelelés határidejét meghatározza a korlátozást előíró rendelkezés.

1.3 Mi az az NMP?

Az NMP egy szerves vegyi összetétel, EK-száma 212-828-1, CAS-száma 872-50-4, 
molekulaképlete C5H9NO. Az NMP-t nagy - 2017-2018-ban évi 20 000-30 000 
tonna - mennyiségben importálják és gyártják Európában. Általában oldószerként 
használják különféle iparágakban, például a petrolkémiai, a felületkezelési és a 
gyógyszeriparban. A felhasználásokról további információt tartalmaz a 7.3, 
függelék.

9H3

1. táblázat: Az l-metil-2-pirrolidon közhasználatú nevei és főbb tulajdonságai.

Tulajdonság Érték

Közhasználatú nevek NMP, N-metil-2-pirrolidon, metil-pirrolidon, 1- 
metil-pirrolidon és N-metil-pirrolidon

Megjelenés Szobahőmérsékleten cseppfolyós

Szín Színtelen

Szag Enyhe amin- (hal-) szag

Olvadáspont/fagyáspont -24,2 °C 101 325 Pa-on

Forráspont 204,1 °C 101 325 Pa-on

Sűrűség 1,03 g/cm3 25 °C-on

Gőznyomás 32 Pa 20 °C-on

Vízben való oldhatóság Vízzel oldódik: 1000 g/l 20 °C-on

Lobbanáspont 91 °C 101 325 Pa-on

Biológiai lebomlás vízben Biológiailag könnyen lebontható (100%)

1.4 Veszélyek

Az NMP reprodukciót károsító anyag (károsíthatja a születendő gyermeket), súlyos 
szemirritációt okoz, bőrirritáló hatású, valamint légúti irritációt okozhat. Az Európai Unió 
felismerte ezeket a veszélyes tulajdonságokat, és harmonizált osztályozást (és címkézést) 
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fogadott el az osztályozásról, címkézésről és csomagolásról szóló (CLP) rendelet alapján. Az 
NMP 2018. március 1. óta a 2. táblázatban ismertetett osztályozással rendelkezik.

Munkahelyi környezetben az NMP az anyag gőzének (vagy aeroszoljainak) belélegzésével vagy 
bőrön keresztül fröccsenés vagy cseppenés révén, szennyezett egyéni védőeszközzel, valamint 
szennyezett felületek megérintésével juthat be a szervezetbe. A levegőben gőzként jelen lévő 
NMP a bőrön keresztül is bejuthat a szervezetbe.

2. táblázat: Az NMP harmonizált osztályozása.

Az NMP (CLPOO, ATP09, indexszám: 606-021-00-7) harmonizált osztályozása

Veszélyességi osztály és 
kategória

Repr. 1B

Eye Irrit. 2

Skin Irrit. 2

STOT SE 3

Figyelmeztető mondat és kódja

H360D***

H319

H315

H335

Reprodukciós toxicitás, károsíthatja a születendő 
gyermeket

Súlyos szemirritáció, súlyos szemirritációt okoz

Bőrirritáció, bőrirritáló hatású

célszervi toxicitás - egyszeri expozíció, légúti irritációt 
okozhat

A H360D kód melletti *** azt jelenti, hogy a Repr.lB besorolást a korábbi jogszabályból4 emelték át 
anélkül, hogy a CLP alapján újból megvizsgálták volna. A korlátozásra vonatkozó dokumentáció 
azonban megerősítette a Repr.lB besorolást.

4 1967-ben fogadták el a veszélyes anyagokról szóló tanácsi irányelvet (DSD) a közegészség, különösen a veszélyes 
anyagokat használó munkavállalók egészségének védelme érdekében. 2009. január 20-tól egy új jogszabály, az 
anyagok és keverékek osztályozásáról, címkézéséről és csomagolásáról szóló (CLP) rendelet váltotta fel az irányelvet.

Megjegyzés:
• A Repr. 1B - H360D*** besorolás tekintetében az általános koncentrációs határérték (0,3 % 

vagy nagyobb koncentráció) alkalmazandó. E koncentráció alatt nem alkalmazandó a Repr. 1B - 
H360D*** besorolás.

• A STOT SE 3 - H335 besorolás tekintetében egyedi koncentrációs határérték (10 % vagy nagyobb 
koncentráció) alkalmazandó. E koncentráció alatt nem alkalmazandó a STOT SE 3 - H335 
besorolás.

• Az Eye Irrit. 2 - H319 besorolás tekintetében az általános koncentrációs határérték (10 % vagy 
nagyobb koncentráció) alkalmazandó. E koncentráció alatt nem alkalmazandó az Eye Irrit. 2 - 
H319 besorolás.

• A Skin Irrit. 2 - H315 besorolás tekintetében az általános koncentrációs határérték (10 % vagy 
nagyobb koncentráció) alkalmazandó. E koncentráció alatt nem alkalmazandó a Skin Irrit. 2 - 
H315 besorolás.

A következő elemeknek jól láthatónak kell lenniük az NMP tartályához/csomagolásához 
rögzített címkén:

Veszély!

Figyelmeztetés
Egészségi veszély 
(GHS08) Felkiáltójel (GHS07)
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Az osztályozási, címkézési és csomagolási követelményekkel kapcsolatos további 
információkért lásd az 1272/2008/EK rendelet szerinti címkézésről és csomagolásról szóló 
útmutatót.5

5 Útmutató a címkézéshez és csomagoláshoz 
httDs://echa.euroDa.eu/documents/10162/23036412/clD labelling en.pdf/
6A szisztémás hatás az egészségre gyakorolt olyan káros hatás, amikor az anyag felszívódik a szervezetbe, eloszlik, és 
az érintkezés helyétől távol lévő szervekre hatást gyakorol.
7Az üzemi feltételek a munkavállalóknak az érintett folyamatokhoz kapcsolódó tevékenységei, valamint az anyagnak 
való kitettségük időtartama és gyakorisága.
84 kockázatkezelési intézkedések olyan intézkedések, amelyek célja a munkavállalók közvetlen vagy közvetett 
expozíciójának csökkentése vagy elkerülése.

1.5 Mik azok a DNEL-ek?

A származtatott hatásmentes szint (DNEL) az anyagnak való expozíció azon szintje, amely 
alatt az embereknél várhatóan nem lép fel káros egészségügyi hatás. Ezt az értéket az anyag 
REACH szerinti regisztrálása céljából előállított és gyűjtött, a veszélyekre vonatkozó 
információk alapján számítják ki, és referenciaértékként szolgál a kémiai biztonsági értékelés 
során. A regisztrálók, azaz az anyag gyártói és importőrei határozzák meg ezeket a 
hatásmentes szinteket a veszélyes anyagok REACH szerinti regisztrálása keretében. A REACH 
szerinti bizonyos esetekben a DNEL-értékeket a hatóságok (korlátozással kapcsolatos 
eljárásban) is meghatározhatják, vagy arra az ECHA Kockázatértékelési Bizottsága 
(engedélyezési eljárásban) is tehet javaslatot.

Egy anyag vonatkozásában több DNEL is meghatározható, mivel az expozíciós útvonalak és 
hatások szempontjából eltérő lehet a DNEL. Ilyen esetekben az együttes kockázatot is 
figyelembe kell venni, ha többféle útvonal is alkalmazható. A hosszú távú/krónikus szisztémás6 
DNEL-eket az egész műszakon át tartó expozíció esetében számítják. Ezért a kockázatok 
értékeléséhez kell használni ezeket az értékeket az átlagosan napi 8 órányi expozíció miatt.

Amikor egy anyag esetében kémiai biztonsági értékelést végeznek a REACH alapján, a DNEL- 
értékeket referenciaértékként használják az üzemi feltételek7 és a megfelelő kockázatkezelési 
intézkedések8 meghatározására és azonosítására. A DNEL-eket összehasonlítják a 
munkavállalói expozícióval (mért vagy modellezett adatok alapján) az NMP megfelelő 
kockázatkezelési intézkedések mellett végzett adott felhasználása vagy felhasználásai során. 
Ha az expozíciós szint nem haladja meg a DNEL-értéket, akkor a felhasználási feltételek 
elegendőnek minősülnek a kockázatok megfelelő ellenőrzéséhez. Amennyiben nem, akkor az 
üzemi feltételeket és a kockázatkezelési intézkedéseket módosítani kell, hogy az expozíciós 
szint ne haladja meg a DNEL-értéket. Ha több expozíciós útvonal is létezik (és több DNEL, mint 
az NMP esetében), akkor a kockázatértékelés során figyelembe kell venni az összes útvonal 
együttes expozícióját is.

Általában a regisztráló vagy a szállító végzi a kémiai biztonsági értékelést. Gyakorlati okokból a 
regisztráló gyakran expozíciós modellekkel becsüli meg az expozíciós szintet. A kibővített 
biztonsági adatlap tartalmazza a biztonságos felhasználás feltételeire vonatkozó tájékoztatást.

Az NMP esetében a hatóságok határozták meg a belélegzéses és bőrön keresztüli expozícióra 
vonatkozó DNEL-értékeket a REACH szerinti korlátozásokkal kapcsolatos eljárásban. A 
munkavállalók belélegzéses és bőrön keresztüli expozíciójára vonatkozó egyedi és kötelező 
DNEL-értékeket a gyártóknak, az importőröknek és a (tovább-) felhasználóknak - szükség 
esetén - alkalmazni kell a kémiai biztonsági értékelés során, és a korlátozás feltételeinek 
megfelelően kell felhasználniuk az anyagot.

Az NMP esetében a belélegzéses expozícióra vonatkozó DNEL alacsonyabb, mint a jelenleg 
javasolt európai foglalkozási expozíciós határérték (míg az előbbi 14,4 mg/m3, az utóbbi 40 
mg/m3). A reprodukciós (fejlődési) toxicitás és a légzőszervi irritáció egymástól eltérő, 
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