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Substance name:  N-Methyl-2-pyrrolidone


CAS #:  
872-50-4


MW:  99.13 
Synonyms:  NMP; 1-Methyl-2-pyrrolidone; n-Methyl pyrrolidinone; m-Pyrol(
Molecular formula:  C5H9NO 

Structural formula:  [image: image1.png]H,C.
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ppm to mg/m3 conversion at 25 oC and 760 mm/Hg:  1 ppm = 4 mg/m3; 

mg/m3 to ppm conversion:  1 mg/m3 = 0.25ppm
Physical characteristics at room temp:  Colorless or light yellow liquid with a mild amine odor
Special physical characteristics if any:  High boiling point; low vapor pressure.  

Boiling Point:  202°C at 760 torr.  Vapor Pressure:  0.29 torr at 20°C 

Completely miscible in water and conventional organic solvents

Flammability and other hazards: Flash Point:  93°C closed cup; 96°C open cup.

Combustible when exposed to heat, open flame, or powerful oxidizers.  

Major commercial forms 

Based on a review of MSDSs, commercial forms include: liquids, sprays, pastes, semi-pastes, gels, and aerosols as indicated by products below.  See Hazard Evaluation System & Information Service (HESIS) NMP Health Hazard Advisory available at http://www.dhs.ca.gov/ohb/HESIS/nmp.pdf for additional information.

Lyodell N-Methyl-2-Pyrollidone Electronic Grade (liquid) 
Baycor( 300 Fungicide Spray 

Biostrip (semi-paste) ▪
Enviro Klean Enviro Strip NMC (paste) 
Soy Clean( Graffiti Remover (spray) 
D10e Degreasing Solvent Aerosol 
X-GAL-IPTG Solution 
Soy-Gel( Professional Stripper 
United 572 (liquid) 
Hercules Multipurpose Plastic Pipe Cement

Uses/Applications:  Diverse and growing uses/applications, which include: paint stripping; cleaning in the electronics industry and other industries; graffiti removal; carrier for pesticides; removal of polyurethane foam 

deposits from mixer heads, troughs, conveyors, and moulds; adhesive, dye, and pigment applications; speciality coatings; and manufacture of other chemicals.

Current Occupational Exposure Limits (TWAs)

	Organization/Country
	TWA

(ppm)

	Notations/Other Info

	AIHA
	10

(1998)
	Skin

	HESIS
	< 5ppm

(2006)
	Skin; recommended OEL, HESIS NMP Health Hazard Advisory (2006)

	Cal/OSHA
	none


	

	ACGIH
	none
	BEI 100 mg/L (5-hydroxy-N-methyl-2-pyrrolidone in urine).  Developed using volunteer studies as a guide if workers were exposed to NMP for 8 hours at the AIHA WEEL (10 ppm). 2007.  Document attached. 

	NIOSH
	none


	

	UK HSE
	25
	Skin

	Germany
	20
	Skin (vapor exposure).  Pregnancy Risk Group C [There is no reason to fear damage to the embryo or foetus when MAK and BAT values are observed].  There is no NMP BAT value..

	Australia:
	25
	Skin

	Canada-Ontario
	100
	

	Finland 


	25
	

	Ireland
	25
	Skin

	Japan 
	1
	Skin



	Netherlands
	20
	

	New Zealand
	25
	Skin

	Norway
	5
	Skin

	Poland
	30
	Skin

	South Africa
	100
	

	Spain
	25
	Skin

	Sweden
	50
	

	United Kingdom
	25
	Skin


Organizational Sources and Recommendations 

	Organization/Date
	Findings/Conclusions
	Discussion and Assessment

	AIHA WEEL 

10 ppm TWA

Skin

1998

(Document Attached) 

Organization / Date

(cont’d)
AIHA WEEL 

10 ppm TWA

Skin

(1998)


	NMP is not acutely toxic, is noncarcinogenic and does not bioaccumulate.  No available data on skin irritation or skin sensitization.  NOAEL = approx. 400 mg/m3 (100 ppm) NMP for inhalation exposure in rats based on four developmental/reproductive studies.

(1) Pregnant rats exposed to 150 ppm NMP 6 hr/day on gestation days (gd) 7-20.  No maternal toxicity.  Difficult tasks were impaired in exposed offspring.  (Hass et al., 1994)

(2) Pregnant rats exposed 6 hr/day on gd 
Findings / Conclusions (cont’d)

4-20 to 165 ppm NMP.  No evidence of
 maternal toxicity at sacrifice.  Increase in preimplantation loss in exposed animals.  Fetuses had delayed ossification of skeleton and lower mean body wt. after adjusting for litter size (Hass et al., 1995)

(3). Pregnant rats exposed 6 hr/day on gestation days 6-15 to 100 mg/m3 (25 ppm) and 360 mg/m3 (90 ppm) NMP.  Periodic lethargy and irregular respiration during first 3 days among some dams.  No other effects.  (Lee et al. 1987)

(4) Rats were exposed via inhalation to 0 and 115 ppm (460 mg/m3) NMP from d 34 of age, through premating (12 wk), mating (2 wk), and 21 d gestation (females).  Decrease fetal weight at 12 wk premating.  No maternal toxicity.  

In the developmental phase of same study: male and female were exposed by inhalation to 0, 10.3, 50.8, and 116 ppm NMP 6hr/day, 7 days/wk from 34 d of age until end of mating; females exposed until gd 20.  Females exposed until d 21 postpartum.  Decreased response to sound and significant reduction in fetal weight at 116 ppm. (Solomon et al., 1995).

This description of the developmental phase of Solomon et al., 1995 is taken from the WEEL Guide (1998) and is incorrect.  Rats were only exposed to 116 ppm during this phase of the study.  

(5) Chronic/carcinogenicity Study.  Rats exposed to NMP vapor at concentrations of 0, 40 and 400 mg/m3 6 hr/day, 5 days/wk for 2 years.  No observable effects at 0 or 40 mg/m3; slightly reduced mean body weight in male rats exposed to 400mg/m3 (Lee et al. 1987) 

	The document does not specify how the reviewed studies were used to identify the recommended WEEL of 10 ppm.  For example, it is not clear whether the WEEL is based on the NOAEL of 10 ppm observed in the chronic inhalation study (see study # 5, Findings /Conclusions), or on a safety factor applied to the 100 ppm NOAEL AIHA identified from the four reproductive/developmental studies summarized in the WEEL document (see studies  # 1-4, Findings /Conclusions).  

Based on a NOAEL of 10 ppm, applying a 

cumulative uncertainty or  safety factor of 18

 (6 for interspecies and 3 for intraspecies) 

Discussion and Assessment (cont’d)
would produce a WEEL of 0.6 ppm.  

AIHA’s identification of a 100 ppm NOAEL based on the four reproductive/developmental studies reviewed in the WEEL document does not appear to be accurate.  Based on the data presented, a NOAEL of 90 ppm can be identified from study #3 (Findings /Conclusions), and a NOAEL of 50 ppm can be identified from study # 4 (Findings /Conclusions).  Studies #1 and 2 identify LOAELs of 150 ppm and 165 ppm, respectively.  

Based on an evaluation by EPA, it may not be appropriate to identify a NOAEL from study #3 (Lee et al. 1987).  EPA concluded that the results of study were compromised “because there was an aberrantly low number of corpora lutea in the animals of the low dose group” (EPA, 1990).  

Using the 50 ppm NOAEL identified in study #4, applying a cumulative uncertainty factor of 18 (6 for interspecies and 3 for intraspecies) would produce a WEEL of  2.8  ppm.  

Applying an intraspecies uncertainty factor of 10 instead of 3 to account for the developmental toxicity of NMP would result in a cumulative uncertainty factor of 60 and produce a WEEL of 0.8 ppm.
NMP Carcinogenicity

EPA deemed the Lee et al., 1987 study inadequate for the evaluation of carcinogenic potential since (1) only one animal species was used; (2) the maximum tolerated dose might not have been reached; and (3) detailed carcinogenicity data were not reported.  (EPA, 1990).  



	Organization/Date

Cal/EPA OEHHA

Maximum Allowable Dose Level (MADL) for Reproductive (Developmental) Toxicity

3, 200 µg/day (inhalation) 

17,000 µg/day (dermal)

2003

Document Attached

Organization/Date

Cont’d
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	Findings / Conclusions
A NOAEL of 50 ppm (56 mg/kg/day) identified from a rat inhalation study (Staples, 1990) was used to derive the NMP inhalation MADL (OEHHA 2003). 
Another rat inhalation study (Saillenfait et al. 2003) reviewed by OEHHA, provided support for the LOAEL and NOAEL from Staples (1990).  

The Staples 1990 study (see References) was not available for review.  In the MADL document, OEHHA reported that the Staples 1990 study was published as Solomon et al. 1995 (same as study #4 in the AIHA WEEL review).  Review of Solomon et al. 1995 (described below) indicates that the findings are the same as Staples 1990 study summarized in the MADL document.

Staples et al. 1990

According to OEHHA (OEHHA 2003), in the postnatal evaluation study, P0 male and female Sprague Dawley (SD) rats were administered 10, 50, and 116 ppm NMP vapor for 6 hours/day 12 weeks prior to mating; females gestational day 0-20, and postnatal days 4-21.  The F1 
Rats were not directly exposed to NMP.  The postnatal study included air monitoring data and contained a NOAEL as well as a LOAEL.  A decrease in pup weight (F1 rats) was seen at 116 ppm on postnatal days 1-21.  There was no parental toxicity.

In the prenatal evaluation study, male and female SD rats were exposed to 116 ppm NMP vapor 6 hours/day for 12 weeks prior to mating; females were exposed on gestational days 0-20.  There was a decrease in fetal weight at 116 ppm (the only dose administered), with no maternal toxicity.

E.I. Dupont de Nemours & Company 

Findings / Conclusions (Cont’d)
submitted information to EPA under Section 8(e) of TSCA regarding an NMP rat inhalation study which appears to be the Staples 1990 study (EPA 1992).

Study Title:

Initial Submission: Reproductive and Developmental Toxicity of 1-Methyl-2-Pyrrolidone in the Rat with Cover Letter Dated 10/01/92.

Summary/Abstract:

In an inhalation, development and reproduction study at 116 ppm, reduced fetal and pup weight occurred.  50 ppm was the NOAEL.

Solomon et al. 1995 (see References)

In the reproductive phase of the study, groups of Crl:CD((SD)BR male and female rats (designated P0) were exposed to 0, 10, 50, and 116 ppm NMP for 6 hours/day, 7 days/week.  Males were exposed during pre-mating and mating (minimum of 100 days).  Females were exposed during pre-mating, mating, gestation, and lactation (minimum of 106 days).  In the developmental phase, additional male and female P0 rats were exposed to 0 and 116 ppm NMP.  Females were euthanized on Day 21 of gestation and the fetuses were examined.

When the rats reached 119 days of age, each male was placed in a cage with two females from the same treatment group.  Mating was verified by detecting spermatozoa in the vaginal lavage (Day 0 of gestation or Day 0 G).  Females that apparently did not mate after 5 days were placed with a different male from the same treatment group for a second 5-day period.  If mating was not detected, the female was placed with a third male for 5 days.  Females that showed no signs of mating after 15 days of cohabitation were separated from males and treated in the same manner as presumed-pregnant females.

Three days before delivery, presumed-pregnant females were housed singly.  The females were not exposed to NMP 

from Day 20 of gestation to Day 4 

postpartum to prevent deliveries in the exposure chambers.  The offspring were designated F1 generation.  The F1 rats 

Findings / Conclusions (Cont’d)
were not directly exposed to NMP.

The body weights of the F1 rats from the 116 ppm NMP exposed group were significantly reduced (P<0.05) compared to control rats in the reproductive phase of the study.  

The exposure-related reduction, which persisted until Day 21 postpartum, preferentially affected the F1 females.  There were no dose-related changes in the body weights of the P0 male or female rats.

In the developmental phase, the body weight of fetuses from parents that had inhaled 116 ppm NMP was significantly reduced from the control value (P<0.05).  The body weight of females exposed to NMP was not adversely affected.

The authors concluded that the NMP-induced effect on fetal and pup weight was probably real, since it occurred after exposure to NMP at 116 ppm, or more, in three studies, in two rat strains, and in the absence of significant maternal toxicity.

There were no reported adverse, exposure-related effects on the reproductive performance of rats (P0) following repeated inhalation exposure up to 116 ppm.  No significant differenes were observed between control and NMP-exposed groups with respect to mating performance, male and female fertility, gestation length, and the number of offspring delivered and carried through the lactation period.  The reproductive function of F1 rats was not affected.
NMP Vapor Concentration 

Solomon et al. noted that the target exposure level for the high dose group was 130 ppm.  However, the concentration was lowered to 116 ppm to 

prevent condensation on the chamber walls (which occurred at 130 ppm) and to 

avoid the possibility of inhalation of aerosols rather than vapors.  In another study, Saillenfait et al. (Saillenfait et al. 2003) evaluated the presence of liquid particles in the exposure chambers of rats exposed to 120 ppm NMP.  The evaluation showed no difference in 

Findings / Conclusions
particle counts between clean filtered air (control) and vapor-laden air in the exposure chamber.  Preliminary level-setting studies indicated that 120-140 ppm NMP was the highest reliable vapor concentration technically feasible.  In the MADL document (OEHHA 2003), OEHHA notes that 150 ppm is the maximum concentration for NMP in the vapor phase at room temperature.
OEHHA identified 10 animal inhalation reproduction studies (including the 4 reviewed by AIHA) as being relevant for evaluation.  No relevant human reproduction studies were identified.  California regulations (22 CCR 12803(a)(7)) specify that “the NOAEL shall be based on the most sensitive study deemed to be of sufficient quality”.  (OEHHA, 2003).

The attached OEHHA MADL document (OEHHA 2003) provides a concise summary of selected rat inhalation studies, including NOAELs and LOAELs, and the endpoints affected at the LOAELs.    


	Discussion and Assessment
The NOAEL of 50 ppm (basis for the OEHHA NMP MADL) can be used to develop a PEL that protects against developmental toxicity using a methodology consistent with the OEHHA report, Occupational Health Hazard Risk Assessment Project for California: Identification of Chemicals of Concern, Possible Risk Assessment Methods, and Examples of Health Protective Occupational Air Concentrations (OEHHA 2007) and with OEHHA’s risk assessment guidelines for determining noncancer chronic Reference Exposure Levels (OEHHA 2008). 
Key Study               Solomon et al. 1995

Study population     Rats

Exposure method    Discontinuous inhalation

Critical effects        Decreased fetal weight       & decreased pup weight

LOAEL                    116 ppm

NOAEL                    50 ppm

Exposure continuity   6 hours/day, 7 days/wk

Exposure duration      Age 34 days until weaning in females (interrupted Day 20 gestation to Day 4 postpartum) and from age 34 days until end of mating period for males

Avg. experimental        12.5 ppm for 

exposure                     NOAEL group (50 ppm

x 6 hours/24 hours)

Human equivalent      50 ppm (gas with 

concentration             systemic effects, based on RGDR (regional gas dose ratio) = 1 using default assumption that lambda (a) = lambda (h) (OEHHA 2000)
Discussion and Assessment (Cont’d)
LOAEL uncertainty    1

factor

Subchronic                  1

uncertainty factor

Interspecies                 6 (OEHHA 2008)

Intraspecies                10 (OSHA 1993)
uncertainty factor

Cummulative              60
uncertainty factor

NMP PEL                  0.8 ppm
The following comments by Federal OSHA during the glycol ethers proposed rulemaking (OSHA 1993) provides support for using an intraspecies uncertainty factor of 10 to derive an NMP PEL to protect against developmental toxicity.

“The 100-fold uncertainty factor used by OSHA in this risk assessment is comprised of two factors: a ten-fold factor to account for interspecies variability (i.e., varying sensitivity across species) and a ten-fold factor to account to account for intraspecies variability (i.e., varying sensitivity among members of a population).  By making these adjustments, we increase the certainty that the ADI represents an exposure level below which adverse effects are unlikely”.

“The ten-fold factor for intraspecies variability is also necessary, and use of this factor does not result in reducing insignificant risk.  Worker populations exposed to glycol ethers are not as homogeneous as the animal populations used in experimental studies.  Furthermore, even if workers are healthier than the general population, it does not necessarily follow that this “healthy worker effect” will be conferred upon a developing fetus.  In addition, both parents of the fetus need not necessarily be “healthy workers”, and the fetus may inherit the genetic traits of either parent.”
Discussion and Assessment (Cont’d)
Alternative NMP OELs can be calculated consistent with the OEHHA Report, Occupational Health Risk Assessment Project for California (OEHHA 2007).

Method 1.  NOAEL of 50 ppm adjusted for continuous exposure and for occupational exposure:

50 ppm x 6 hours/24 hours x 20 m3/10 m3 x 7 days / 5 days = 35 ppm

Applying a UF of 18 (6 for interspecies and 3 for intraspecies) = 35 ppm / 18 = 1.9 ppm
Applying an UF of 60 (6 for interspecies and 10 for intraspecies (developmental toxicant) =35 ppm / 60 = 0.6 ppm
Method 2.  NOAEL of 50 ppm adjusted for continuous exposure; no adjustment for occupational exposure

50 ppm x 6 hours/24 hours = 12.5 ppm

Applying a UF of 18

 = 12.5 ppm / 18=0.7 ppm

Applying a UF of 60

 = 12.5 ppm / 60= 0.2 ppm

Method 3.  NOAEL of 50 ppm with no adjustment for continuous exposure and no adjustment for occupational exposure

Applying a UF of 18=50 ppm/18= 2.8 ppm

Applying a UF of 60 = 50 ppm/30 =0.8  ppm
OSHA used Method 3 in developing the proposed glycol ether PEL (OSHA 1993).

See the OEHHA Report (OEHHA 2007) for more information.
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	Cal/EPA OEHHA

NMP listed under Proposition 65 (the Safe Drinking Water and Toxic Enforcement Act of 1986) as known to the state to cause reproductive (developmental) toxicity 

2001

Organization / Date
(Cont’d)
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	The Proposition 65 listing of NMP was based on the formal identification by the US Environmental Protection Agency (US EPA, 1994a, US EPA, 1994b) of NMP as causing developmental toxicity.  US EPA is an authoritative body under Proposition 65 for identification of chemicals as causing reproductive toxicity (Title 22, California Code of Regulations, Section 12306).


	OEHHA listed NMP as a developmental toxicant under Proposition 65.  The HEAC Response to Comments document (March 13, 2008) includes correspondence from OEHHA which indicates that evaluation of NMP as a reproductive toxicant for listing under Proposition 65 was not completed.  The “Notice of Intent to List” (OEHHA 1999) has the following information (based on EPA’s evaluation) which indicates that NMP is a male and female reproductive toxicant in addition to being a developmental toxicant: 

Male reproductive toxicity has been manifested as reductions in the male fertility index in a multigeneration study in rats.

Discussion and Assessment (Cont’d)
Female reproductive toxicity has been manifested as reductions in the female fecundity index in a multigeneration study in rats.

Developmental toxicity has been manifested as resorptions, malformations, reduced litter size, reduced postnatal survival and reduced pup weight in experimental animals.  

See attached document and the US EPA section below.
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	US EPA

NMP listed under the Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA) Section 313(d)(2)(B)

1994

Organization /Date
(Cont’d)
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1994
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(Cont’d)
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1994
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NMP Producers Group

1999

NMP Reproduction Toxicity Studies

BASF AG  (1999)

&

Huntingdon Laboratories (1999)

Organization / Date

Cont’d

NMP Producers Group

1999

NMP Reproduction Toxicity Studies

BASF AG  (1999)

&

Huntingdon Laboratories (1999)


	The US Environmental Protection Agency concluded that, “…there is sufficient evidence for listing N-methylpyrrolidone on EPCR section 313 pursuant to EPCRA section 313(d)(2)(B) based on the available developmental and reproductive toxicity data for this chemical.” (OEHHA 1999, US EPA 1994b)
In the proposal for adding NMP to the EPCR 313 list (EPA 1994a), EPA stated: 

“In a two–generation reproductive study [in rats], there was evidence of reproductive toxicity in the F1 generation after exposure to 50 mg/kg/day (LOAEL; no NOAEL was established).  Exposure to 50 mg/kg/day or more resulted in significant reductions in male fertility index and in female fecundity index.  In addition (EPA’s emphasis), exposure to 500 mg/kg/day resulted in an increased incidence of dams with decreased corpora lutea.  There was also evidence of developmental toxicity in both generations after exposure to 500 mg/kg/day as demonstrated by reduced litter size, reduced postnatal survival, and reduced pup weight.”

“Maternal toxicity (significant reduction

Findings /Conclusions (Cont’d)
in mean body weight gain) was observed in rabbits receiving 175 mg/kg by gavage on days 6 through 18 of gestation (the NOAEL was 55 mg/kg/day).  Exposure to 540 mg/kg/day (LOAEL) resulted in developmental toxicity as demonstrated by a significant increase in resorptions, and malformations 

 (misshapen skull bone and cardiovascular malformations).  The NOAEL for developmental toxicity was 175 mg/kg/day.”  

As indicated on page 7, the studies cited by EPA in listing NMP under EPCRA were reviewed and evaluated by OEHHA when NMP was added to the Proposition 65 List.  The  results of the evaluation are described in more detail in the HEAC Response to Comments document dated March 13, 2008.  

If the two-generation rat study is an inhalation study, it would be technically feasible to administer 50 mg/kg/day NMP 

as a vapor without concern regarding NMP condensation within the exposure chamber (and possible dermal exposure) or inhalation of NMP aerosols (see above discussion under Solomon et al.).  The 500 mg/kg/day (~450 ppm) dose level exceeds the maximum NMP concentration (140-150 ppm) in the vapor phase at room temperature and potentially could result in dermal exposure (from NMP condensation within the chamber) and inhalation of NMP aerosols.

Section 313 of EPCRA requires certain facilities manufacturing, processing, or otherwise using listed toxic chemicals to report their environmental releases of such chemicals annually.  Beginning with the 1991 reporting year, such facilities also must report pollution prevention and recycling data for such chemicals, pursuant to section 6607 of the Pollution Prevention Act, 42 U.S.C. 13106. (US EPA 1994b).

Under section 313(d) (2) (B) the effect

Findings /Conclusions (Cont’d)
must be either cancer or tetratogenicity, or some other “serious or irreversible” chronic health effect.  (EPA 1994b).

Findings/Conclusions

In two rat oral reproduction toxicity studies (NMP Producers Group 1999a, 1999b), NMP had no adverse effects on reproductive performance or fertility of the F0 or F1 parental animals of all substance-treated groups.  All F0 and F1 parental rats proved to be fertile at least after one of the two mating intervals (F0 parents: F1a and F1b; F1 parents: F2a and F2b) as demonstrated by the clinical and histopathological examinations.  

Developmental toxicity, as evidenced by increased pup mortality and reduced body weight gain, including corresponding effects in the investigated organs, was observed in pups treated at 500/350 mg/kg bw/day.  Thus the NOAEL for reproductive performance/fertility was 350 mg/kg bw/day.  The NOAEL for systemic (parental) and developmental toxicity was 160 mg/kg bw/day.  

Groups of 30 Sprague-Dawley and 25 Wistar rats per sex were given NMP via the diet at initial dose levels of 0, 50, 160, 500 mg/kg bw/day for 10 weeks prior to premating, during matting, gestation and lactation as well as during the rest period between pregnancies. Due to severe pup mortality in the first litter (F1a) in both strains, the highest dose level was reduced to 350 mg/kg bw/day for the remainder of the study.

Each generation gave birth to two litters.  The parental animals for the second generation were selected from pups of the second litter (F1b).  The animals were raised and treated according to theprevious procedure.  Apart from general clinical parameters, particular attention was given to reproductive performance, fertility, including estrus cyclicity and spermatology, as well as developmental toxicity including sexual maturation.  In addition, the 

Findings/Conclusions

Cont’d
parental animals underwent a comprehensive histopathological examination with special emphasis on the reproductive organs.

Note:  The two reproduction studies described above are unpublished and were not available for review.  This description based on information in the draft NMP OECD SIDS on NMP

In an email response to J. Quint dated August 26, 2008, Mark Townsend of EPA confirmed EPA’s original assessment that NMP is a reproductive toxicant in addition to being a developmental toxicant.
	IBM, American Automobile Manufacturers Association, and NMP Producers Group objected to the listing of NMP on the EPCRA section 313 list.  The NMP Producers Group contended that the 2-generation reproductive study and the rabbit gavage developmental study cited in the proposed rule were flawed.  The NMP Producers Group further contended that the 

author of the 2-generation rat reproductive study and an independent reviewer reached similar conclusions (EPA 1994b).

In response, EPA stated:

“In reviewing the material submitted by the commenter, EPA failed to find a statement from the author that the study was flawed.  The review of the 2-generation rat reproductive study by an independent reviewer did not find fault with the entire study but stated that it should not be used for risk assessment purposes.  EPA agrees with this judgment but is not using this study for risk assessment purposes but rather as an indication of human health hazard.  The Agency believes that the adverse effects seen in these studies are of sufficient seriousness to warrant listing under EPCRA section 313 (d) (2) (B).” (EPA 1994b).  

Additional EPA responses to the NMP Producers Group’s comments.

Discussion and Assessment (Cont’d)
NMP Producers Group comment:  When the 2-generation reproductive study is evaluated taking into account the genetic fertility problem in the strain of male rats, the study  establishes a NOAEL of 160 mg/kg rather than the NOAEL of 50 mg/kg cited in the proposed rule.  The commenters also believe the study should not be considered because the variability in male fertility was not dose-dependent. 

EPA’s Response:  EPA does not agree that the NOAEL should be adjusted for the fertility problem of the strain of male rats used in the study.  During the first mating on which EPA based its concern level (F2a) the high-dose male group exhibited a 24 percent reduction in the mating index.  In addition, there was a statistically significant, dose-related reduction in the male fertility index; thus, the index was 93.1, 72.4, 72.4, and 46.7 in the control, low-, mid-, and high-dose 

groups, respectively.  The control value in this study is 93.1 percent, well within acceptable limits for any reproductive effects study and, as seen, the reduction in mating 

index is dose-related being 72.4 percent in the low- and mid-dose groups and 46.7 percent in the high-dose group.  With a control value of 93.1 percent and using the concurrent controls as an index of mating performance for the males in this study, the Agency feels that there is no reason to adjust the NOAEL of 50 mg/kg to account for 

reduced fertility in the test animals.  During the second mating (F2b), the male high-dose group exhibited a 31 percent reduction in the mating index, and again, there was a statistically significant, dose-related reduction in the male fertility index (83.3, 69.0, 60.0, and 34.5 in the control, low-, mid-, and high-dose groups, respectively).

The female high-dose group exhibited a 28 percent reduction in the fertility index, and again, there was a statistically significant, dose-related reduction in the fecundity index (92.6, 74.1, 64.3, and 50.0 in the control, low-, mid-, and high-dose groups, respectively).  Again, the Agency does not feel that a control value of 83.3 percent fertility index in the control animals is abnormal and is more concerned with the dose-related decrease in fertility as an indication that NMP is a reproductive toxicant.  EPA is also concerned with the decrease in fecundity index in the females

Discussion and Assessment (Cont’d)
and does not feel that the control value of 92.6 percent warrants any adjustment of NOAEL for reduced fertility or mating ability among males in the study.  

The Agency also disagrees with NMP Producers Group’s contention that decreases in male fertility observed are not dose dependent.  The data presented above clearly show a correlation between dose and decreased fertility.

NMP Producers Group claims that the effects of NMP administration manifested only in the second generation of the animals.

EPA disagrees and believes that effects were manifested in the first generation.  There was a reduction in fertility in the F1 generation, histological evidence of reproductive effects including hypospermia and significant systemic toxicity in the F1 generation.  In addition, EPA does not believe that it is unusual to see increased severity in the second generation since animals have either been treated for 2 generations or are the offspring of treated animals and cumulative effects or effects on the reproductive system of the first generation animals may manifest in the second generation.  

 (See EPA 1994b for EPA’s response to comments regarding the developmental toxicity of NMP).

OEHHA (OEHHA 1999) reviewed the studies cited by US EPA in adding NMP to the EPCRA list and found that the evidence for Developmental and Reproductive Toxicant (DART) effects met the criteria of 22 CCR 12306 with regard to the following:

1.Adequacy of the experimental design; 

2. Route of administration

3. The frequency and duration of exposure

4. The numbers of test animals

5. The choice of species

6. The choice of dosage levels

7. Maternal toxicity

See (OEHHA 1999) for additional information. 

Discussion and Assessment

These reproductive toxicity studies were submitted to OEHHA in response to the listing of NMP under Proposition 65.  It was the industry’s position that the studies refuted the findings of the Exxon study that EPA used as a basis for identifying NMP as a reproductive toxicant under EPCRA. 

OEHHA’s written  response included the following information: 
…The issue is whether these studies, completed in 1999, refute the findings of an earlier multigeneration study (Exxon 1991) used by the authoritative body (U.S. EPA) in its determination regarding the reproductive toxicity of NMP.  The Exxon 1991 multigeneration study was cited by U.S. EPA as the basis for identification of reproductive toxicity and as part of the basis for identification of NMP causing developmental toxicity.  U.S. EPA identified effects on male fertility and female fecundity in the 1991 study.  The high dose group differed significantly from controls in the F2a and b generations.  A significant dose-response trend prevented identification of a NOAEL.  The Exxon 1991 study also showed developmental toxicity demonstrated by reduced litter size, reduced postnatal survival and reduced pup weight.  

…The two new studies (Huntingdon Laboratories 1999 and BASF AG 1999) are similar to the Exxon study in that they are rat two-generation studies in which NMP was administered in feed.  All three studies are of good quality and well-performed.  All three studies were also planned to use the same target doses, but the high dose was reduced after initiation of the Huntingdon and BASF studies.

The new studies provide strong additional data supporting the NMP effects on early pup loss seen in the Exxon study.  At the 500 mg/kg/day dose in the F1A litter, early pup loss (pups dead at birth or dying within 4 

Discussion and Assessment (Cont’d)
days of birth) was 38% in the Exxon 

study, 59% in the Huntingdon study, and 83% in the BASF study.  This extensive offspring mortality led to modifications in the protocols of all three studies.  Doses were reduced in the Huntingdon and BASF studies, while mating procedures were altered in the Exxon study.  Because the new studies differ substantially in dosing and mating procedures from the Exxon study, different findings in the newer studies cannot be considered to refute the findings of the Exxon study.

…In addition to reproductive performance, female reproductive organs were affected by NMP in the Exxon study.  Smaller ovaries and an apparent dose related decrease in number of corpora lutea in the ovary were noted in the 500 mg/kg group.  Ovarian follicle counts were conducted in the BASF and Huntingdon studies, but no NMP effects were found.

The effects on reproduction of the 500 mg/kg F2 parents in the Exxon study were striking.  Of 30 females bred for the F2A litter, seven did not show indications of mating (sperm positive), nine mated but did not deliver, and five lost all pups during lactation.  Of 30 females bred for the F2B litters, nine did not mate, eleven were pregnant but did not deliver live pups, and eight lost all pups during lactation.  Without a direct refutation of these findings, they cannot be dismissed as a basis for hazard identification of reproductive toxicity by U.S. EPA.  The new multigeneration studies are not able to refute these findings, since they did not use the same high dose and the same mating protocols as the Exxon study.



	
	
	

	Organization /Date
Hazard Evaluation System & Information Service (HESIS)

CA Dept. of Public Health

NMP Health Hazard Advisory

< 5 ppm Recommended OEL

2006


	Findings /Conclusions
▪NMP is toxic to developing fetus when tested in pregnant animals.  

▪It is toxic to the reproductive system of male and female animals.

▪ NMP should be treated as a potential human reproductive hazard.

▪ Overexposure to NMP irritates eyes, skin, nose, and throat; depresses the central nervous system or brain.
▪It is easily absorbed through intact skin

▪ Measurements of NMP and its metabolites in urine and blood correlate well with air measurements of NMP

▪ Recommends keeping inhalation exposures below 5 ppm TWA; avoiding exposures to skin and mucous membranes; using water-based & other safer substitutes 

▪ Recommended a “Skin” notation
	Discussion and Assessment
HESIS’ recommended OEL of 5 ppm is based on:  

NOAEL of 50 ppm from Solomon et al., 1995 that was used by OEHHA in deriving the MADL 

Cumulative uncertainty factor of 10 (3 interpecies and 3 intraspecies)

Adjustment for occupational exposure using 6 hours/8 hours x 7days/5 days 

[50 ppm/10 x 6/8 x 7/5 = 5 ppm]




Summary of NMP Derived PELs From Key Animal Studies

	Study
	NOAEL

(ppm)
	UF (Total)
	BMCLSD (ppm)

(NMP Producers’

Group)
	UF (Total)
	BMCL (ppm)

(OEHHA)
	UF (Total)
	PEL 

(ppm)



	Saillenfait, et al., 2003, 
	60
	60

6 interspecies1 

10 intraspecies2
	
	-
	
	
	1

	
	60
	100

10 interspecies3 

10 intraspecies
	
	
	
	
	0.6

	Saillenfait et al., 2003
	
	
	102
	60

6 interspecies 

10 intraspecies

	
	
	1.7

	
	
	
	102
	100

10 interspecies 

10 intraspecies
	
	
	1

	Saillenfait et al., 2003
	
	
	
	
	74
	60

6 interspecies 

10 intraspecies
	1.2

	
	
	
	
	
	74
	100

10 interspecies 

10  intraspecies
	0.7

	Staples 1990; 

Solomon et al, 2005
	50
	60

6 interspecies 

10 intraspecies
	
	
	
	
	0.8

	
	50
	100

10 interspecies 

10 intraspecies
	
	
	
	
	0.5

	Staples 1990
	
	
	
	
	43
	60

6 interspecies 

10 intraspecies
	0.7

	
	
	
	
	
	43
	100

10 interspecies 

10 intraspecies
	0.4


1Based on OEHHA 2008 noncancer risk assessment guidelines  (OEHHA 2008)

2Consistent with UF applied by OSHA for developmental toxicity in glycol ether risk assessment (OSHA 1993) and with data on UFs for developmental toxicity applied by other agencies/countries that was researched and presented by Sara Hoover, OEHHA at the December 2008 HEAC meeting

3Consistent with the interspecies UF OSHA used in the glycol ether risk assessment (OSHA 1993).  Also consistent with the UF applied by the previous Cal/OSHA 5155 Advisory committee (2001-2004) in deriving proposed PELs for four substances that were forwarded by Cal/OSHA and heard by the Occupational Safety and Health Standards Board on March 19, 2009.
Additional Peer-Reviewed Journal Articles and Other Studies 
	Citation (author/ journal/date)
	Study type
	Results/Conclusions
	Discussion and Assessment

	1. Saillenfait et al., J Appl Toxicol 2007 Mar 16 (E pub ahead of print

2. Saillenfait et al.  J Appl Toxicol 2007; 27(5): 491-7

3. Kubota et al.  J Chromatogr B Analyt Technol Biomed Life Sci.  2007; 854(1-2):204

4. Bader et al., Int Arch Occup Environ Health 2006; 79(5):357
5. Bader et al., Arch Toxicol 2007; Aug 25; [Epub ahead of print]

Citation (author/ journal/date)
6. Carnerup et al., Toxicol Lett. 2006; 162(2-3):139-45

7. Sitarek K, Kilanowicz A 2006; Int J Occup Med Environ Health; 19(2):142-8

8. Keener et al. 2006; Int Arch Occup Environ Health; 80(4):327-34
9. Carnerup et al. 2005 Food Chem Toxicol; 43(9): 1441-7

Citation (author/ journal/date)
10. Akesson et al. 2004 Scand J Work Environ Health; 30(4):306-12

11. Ligocka et al. 2003; Arch Toxicol 77(5):261-6

Citation (author/ journal/date)
12. Payan et al. 2003 Drug Metab Dispos; 31(5):659-69

13. Jonsson BA and Akesson B.  2003. Int Arch Occup Environ Health; 76(4):267-74

Citation (author/ journal/date)

14. Saillenfait et al. 2002. Food Chem Toxicol; 40(11):1705-12 

15. Malley  et al. 2001. Drug Chem Toxicol; 24(4):315-38
	Develop. tox of NMP metabolites in rats—oral admin. of 5-HNMP, MSI, 2-HMSI 
Develop. tox of NEP in rats—oral admin.

Analytical.  Determination of NMP & metabolites in urine—combination of solid-phase extraction and gas chromatography with flame thermionic detector
Human (industrial hygiene)—ambient and biol. monitoring of workers and study examiners
Human (industrial hygiene)—inhal and dermal absorption of NMP from vapor phase in volunteers

Study type
NMP uptake in volunteers in dry and humid air

Distribution /excretion of NMP in rats—C14 NMP measured in tissue and blood 
Human volunteers--NMP metabolism—exposure duration and dilution of dermally applied NMP

NMP metabolism in rats—oral administration

Study type
Human study evaluating exposure biomarkers from dermal absorption of NMP

Human, in vitro, and rat study of cytochrome P450 (CYP2E1) contribution to NMP metabolism

Study type
Rat NMP toxicokinetics and metabolism study—in vivo and in vitro percutaneous absorption

Human NMP toxicokinetics and biological monitoring – inhalation (chamber exposure)

Study type
Rat developmental toxicity study—oral (gavage) administration

Chronic toxicity and cancer study in 
rats and mice—admin in diet

	NMP embryotoxic and tetratogenic effects not due to metabolites.

NEP is embryotoxic and tetratogenic at maternally toxic doses

Recoveries (%): NMP (98), MSI (101), and 2-HMSI (67)

LOD (mg/L): NMP (0.04); MSI (0.02); 2-HMSI (0.06)

NMP in an adhesive bonding compound & glue production facility.  Personal & stationary samples; NMP & metabolites in pre- and post-shift spot urines; info collected on acute health effects. 

Low overall exposure to NMP in the facility.  Increased uptake occurred only during extensive manual vessel cleaning.  Health complaints in one case might be related to dermal exposure.

16 volunteers exposed to 80 mg/m3 NMP for 8 h under either whole body (inhal + dermal) or dermal-only conditions.  Influence of moderate physical workload on uptake of NMP studied.  
Percutaneous uptake delayed the elimination peak times and apparent biological half-lives of NMP and 5-HNMP.  Dermal absorption from the vapor may contribute significantly to the uptake of NMP.  Concentration of airborne NMP does not reflect body dose.  Biological monitoring should be conducted for surveillance purposes.

Results/Conclusions
Chamber exposure to 0 and 20 mg NMP/m3 in dry and humid air.  Blood and urine sampled.   
Results do not support a significantly higher absorption of NMP in humid air vs. dry air.  Large individual differences support the use of biological monitoring for assessment of NMP exposure.

No significant difference in distribution between male and female rats.  Absorption from peritoneal cavity is rapid, disappearance from plasma monophasic, and kidneys are main route of excretion.  Ability to accumulate in testes and seminal vesicles may be reason for observed fertility impairment.

4 male volunteers exposed with varying exposure times and NMP concentrations; pre- and post-exposure urine metabolite measurements.  

Urinary metabolites increased rapidly after 2h exposure to undiluted NMP.  Aqueous NMP resulted in a delayed peak time of 5HNMP of approx. 6 hours c.  NMP is rapidly absorbed across the skin.  Biomonitoring of workers is essential for occup. Medicine surveillance 

Non-pregnant female rats given single oral dose of non-toxic dose of 125 NMP/kg or developmentally toxic dose of 500 mg/kg.  Urine and plasma levels of NMP and metabolites measured.  Same metabolites were found in rats as in humans and the biological levels were reported.

Results/Conclusions
Differences in toxicokinetics between men and women and between pure and water-mixed NMP were evaluated after dermal absorption.  Samples of blood and urine were collected before, during, and up to 9 days after exposure.

The time to reach maximal concentration of 5-HNMP was different for pure NMP and 50% NMP in water.  No such differences were seen with 2-HMSI.  The differences in kinetics between male and female volunteers were small.  Preferably, 2-HMSI should be used as the biomarker of exposure to NMP.

Dermal administration of 40 mg/kg NMP to rat; dermal application of 300 mg/kg NMP to 12 volunteers; 15mM NMP incubated with human liver microsomes.  

CYP2E1 inhibition led to a statistically significant inhibition of 5HNMP in urine of rats; increased CYP2E1 activity in fasted rats correlated with increased NMP metabolites; in vitro formation of 5-HNMP was inhibited by a monoclonal antibody to CYP2E1; there was a significant relationship between CYP2E1 mRNA content in the peripheral blood lymphocytes of volunteers administered NMP and metabolites excreted in the urine. 

CYP2E1 is involved in the first steps of NMP metabolism in the rat and, to a lesser extent, in 

humans.  Since large variations in CYP2EI activity exist in the population (at least 5-fold range), it seems justified to take into account the activity of this enzyme in an individual for an accurate interpretation of biological monitoring of exposure to NMP. 

Results/Conclusions
Neat NMP rapidly penetrated into rat skin after in vivo and in vitro topical application.  No steady state at the two topical doses tested in vivo.  In vitro results were similar.  The maximum percutaneous absorption and the time to reach it increased as the dose increased.   Occlusion did not affect the percutaneous absorption flux of neat NMP. The skin did not metabolize NMP Findings suggest a passive diffusion of NMP through the skin.

Six male volunteers exposed for 8 hours to 10, 25, and 50 mg/m3 NMP; 3 of 6 exposed a second time at 50 mg/m3.  Air levels monitored using Amberlite XAD-7 sampling and gas chromatography (GC) analysis.  NMP and metabolites in plasma and urine analyzed by GC or GC with mass spectrometry detection.  
Plasma and urine 2-HMSI rose during exposure and reached a peak ~15 h at end of exposure.  Decay was according to a one-compartment model with a half- time of ~18 h.  NMP air levels correlated closely with plasma and creatinine-adjusted urinary levels of 2-HMNSI.  The apparent volumes of distribution were 41, 28, 120 and 281 for NMP, 5-HNMP, MSI and 2-HMSI, respectively.

Toxicokinetics parameters for NMP, 5-HNMP, MSI and 2-HMSI were estimated.  2-HMSI is applicable as a biomarker of exposure to NMP, and the levels in plasma and urine may be used to indicate an exposure over 3 days.

Results/Conclusions
Pregnant rats given NMP at 0 (distilled water), 125, 250, 500, and 750 mg/kg/day, by gavage, on gestational days (GD) 6 – 20.  

▪Significant decreases in maternal body weight gain and food consumption during treatment & reduction in absolute weight gain at 500 & 750 mg/kg.  

▪Resorptions/litter significantly higher than control at 500 mg/kg & rose to 91% at 750 mg/kg.

▪Incidence of malformed fetuses/litter and litters with malformed fetuses significantly increased at 500 & 750 mg/kg; one similarly malformed fetus at 250 mg/kg

▪Dose-related decrease in fetal body weights (male, female, total)—statistically significant at 250 mg/kg.

▪NOAEL=250 mg/kg/day  (maternal toxicity)
NOAEL=125 mg/kg/day

(developmental toxicity)
Groups of 62 male and female rats administered diets containing 0, 1600, 5000, or 15,000 ppm of NMP for 2 years.  Groups of 50 male & female mice administered 0, 600, 1200, or 7200 ppm NMP for ~18 months. 
▪Increased incidence of
hepatocellular carcinoma in male mice & increased incidence of heptocellular hypertrophy at 7200 ppm.  

▪Liver weight and hepatocellular hypertrophy also increased in 1200 ppm males.
▪Increased incidence of hepatocellular carcinoma in female mice fell within the historical control range.

▪Not carcinogenic in male or female rats at 15,000 ppm (highest dose level) or below. 
▪NMP -related increase in the incidence of severe chronic progressive nephropathy at 15,000 ppm in male rats.

▪NOAELs (ppm) =5000 (male and female rats; 600 (male mice), 1200 (female mice).
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	Citation (author/ journal/date)


	Study type
	Results/Conclusions

	Discussion and Assessment

	16. Akesson B and Paulsson K.  1997. Occup Environ Med;

54(4):236-40
 
	Human (volunteers) --acute effects and metabolism of NMP
	Six male volunteers exposed 8 hours on four different days to 0, 10, 25, and 50 mg/m3 NMP.  Plasma collected and urine sampled during and after exposure.  Acoustic rhinometry and spirometry used to measure changes in nasal volume and airway resistance, respectively.

▪8-hour exposure did not induce discomfort to eyes or upper airways.  No acute changes in nasal volume, and no changes in spirometric data.

▪Unmetabolized NMP found in urine samples collected during exposure and subsequently at 44 hours corresponded to about 2% of the calculated absorbed dose.

▪Close correlation between exposures and plasma concentration and urinary excretion of NMP at end of exposure.

▪NMP was absorbed through the respiratory tract and readily eliminated from the body, mainly by biotransformation to other compounds.  

▪Exposures at 50 mg/m3 (highest concentration tested) did not cause nose, eye, or airway irritation.  

▪NMP is a mild irritant

	

	17. Akesson B and Jonsson BA.  1997.  Drug Metab Dispos; 25(2):267-9


	Human (volunteers)—NMP metabolism via oral administration
	Three males administered 100 mg NMP orally.  Urine metabolites were identified and quantified by gas chromatography/mass spectrometry (GC/MS).  

▪Mean excreted fractions (%) for NMP, 5-HNMP, MSI, and 2-HMSI were 0.8, 44, 0.4, and 20, respectively.

▪One third of the orally dosed NMP was not recovered in urine as either NMP, 5-HMNP, MSI, or 2-HMSI.

▪Half-lives for 5-HNMP, MSI, and 2-HMSI in urine were approximately 4, 8, and 17 hours, respectively.
	


	Citation (author/ journal/date)
	Study type
	Results/Conclusions
	Discussion and Assessment

	18. Solomon et al.  1996.  J Occup Environ Med; 38(7):705-13
	Human case report of stillbirth and exposure to NMP
	Intrauterine growth retardation followed by fetal demise at 31 week gestation.

Mother was laboratory worker with no other apparent risk factors who was exposed to NMP throughout the first trimester of pregnancy.  


	

	19. Leira et al. 1992.  Contact Dermatitis; 27(3):148-50
	Human case report of skin irritation among workers exposed to NMP 
	10 of 12 workers in a small electrotechnical company in Norway experienced acute irritant contact dermatitis after 2 days of work with NMP.  The company had switched to NMP due to concern about the health risk of commonly-used solvents.  

NMP seems to be more of an irritant to the human skin than reported thus far.
	


HEAC Health-based Assessment and PEL Recommendation

A PEL of 1 ppm (rounded from 0.7 ppm) (TWA) with a Skin notation and required biological monitoring is recommended to protect against developmental toxicity and other adverse health effects of 

N-methylpyrrolidone (NMP).  

Well-documented and consistent health hazard information, coupled with scientific evaluation of the relevant data by Cal/EPA OEHHA, has established that inhalation and dermal exposure to NMP can pose a significant risk of developmental damage.  

The 1 ppm proposed PEL is based on a benchmark concentration and its 95% lower confidence limit (BMCL) of 43 ppm derived by OEHHA (OEHHA 2009a) based on data  from a rat inhalation reproductive toxicity study 

reported by Staples (Staples 1990).  The BMCL of 43 ppm instead of the previous 50 ppm (OEHHA 2009) takes into account two adjustments that were suggested by the NMP Producers Group (via the Sapphire Group): use of measured concentrations and incorporation of a second concurrent control group.  OEHHA had previously documented the basis for selecting Staples 1990 versus Sallenfait et al. 2003 as the principal developmental toxicity study upon which to base the proposed PEL (OEHHA 2009).  Staples 1990 was published in part as Solomon et al. 1995, and is also the basis for the OEHHA NMP MADL which addresses developmental toxicity (OEHHA 2003). 
Based on their review of the physiologically based pharmacokinetic data submitted by the NMP Producers Group 

(NMP Producers Group 2009), OEHHA concluded that the rat PBPK model did not provide a benefit over using the applied NMP concentrations.  Due to several limitations and uncertainties of the human PBPK model, OEHHA recommended against using it in the assessment of the health-based exposure limits for NMP (OEHHA 2009b).
Derivation of the recommended PEL using quantitative risk assessment methodology is consistent with a recent OEHHA Report (OEHHA 2007) and published Cal/EPA guidelines for determining noncancer chronic reference exposure levels (OEHHA 2008).  An intraspecies uncertainty factor (UF) of 10 was applied in deriving the recommended PEL to protect against the developmental effects of NMP.  This is consistent with Federal OSHA’s use of an intraspecies UF of 10 in deriving a proposed PEL to protect against the developmental effects of glycol ethers.  OSHA defended the use of a UF of 10 based on two factors:  (a) worker populations are not as homogeneous as the animal populations used in experimental studies; and (b) even if workers are healthier than the general population, it does not necessarily follow the “healthy worker effect” will be conferred upon a developing fetus.  In addition, both parents of the fetus need not necessarily be “healthy workers”, and the fetus may inherit the genetic traits of either parent.” (OSHA 1993).  Individual variation in the uptake of NMP (Carnerup et al. 2006) and genetic differences which can affect NMP toxicokinetics (Ligocka et al. 2003) also support the use of an intraspecies uncertainty factor of 10.

As the table of derived NMP PELs on page 14 shows, the recommended PEL of 1 ppm is consistent with the average of 0.86 ppm of all of the derived PELs.  It is also consistent with possible exposure limits derived by OEHHA (OEHHA 2009b) based on benchmark concentration analyses of both the Staples 1990 and Sallenfait et al. 2003 studies.
The recommended requirement for biological monitoring is based on substantial documentation of the high dermal absorption of NMP (Bader et al., 2007; Keener et al., 2007; Akesson et al., 2004; Ligocka et al., 2003), well-defined NMP toxicokinetics (Sitarek and Kilanowicz, 2006; Payan et al., 2003; Jonsson and Akesson, 2003), demonstrated correlations between NMP metabolite measurements and NMP exposure (Akesson and Paulsson, 1997; Akesson and Jonsson, 1997; Carnerup et al., 2005), and the availability of an NMP Biological Exposure Index (BEI) (ACGIH 2007). 
Production/Import & Facility Usage/Release Information
▪ Produced in the US by two manufacturers at three plant sites:  BASF Wyandotte Corporation in Geismar, LA   and GAF Corporation in Calvert City, KY and Texas City, TX (EPA 1990).
▪ NMP Producers Group:  BASF Corporation, International Specialty Products, Lyondell Chemical Worldwide (EPA 1999)
▪ 1989 production estimates = 55 million pounds with annual market growth rates of 4 to 5 percent (US EPA 1989) 

▪ California industrial sectors (2-digit SIC) with 2002 reported total environmental releases (Scorecard 2007).

	Rank

	Industrial Sector
	NMP (Pounds )

	1
	Petroleum and coal products
	109,821

	2
	Electronic & other electric equipment
	15,972

	3
	Industrial machinery & equipment
	3,200

	4
	Instruments and related products
	1,398

	5
	Rubber & misc. plastic products
	831

	6
	Misc. manufacturing industries
	745

	7
	Electric, gas, and sanitary services
	500

	8
	Chemicals and allied products
	401

	9
	Business services
	349

	10
	Wholesale trade
	1


▪ California facilities with reported total environmental releases in 2002 (Scorecard 2007).
	Rank
	Facility
	NMP (Pounds)

	1
	Chevron USA Inc.  Chevron Prod. Co.

Div., El Segundo
	98,125

	2
	Headway Techs. Inc., Milpitas
	11,901

	3
	San Joaquin Refining Co. Inc, Bakersfield
	11,696

	4
	IBM, San Jose
	   3,200

	5
	Skyworks Solutions Inc., Newbury Park
	   1,598

	6
	Signet Armorlite Inc., San Marcos
	   1,398

	7
	Northrop Grumman Space Tech., Manhattan Beach
	      883

	8
	Arlon Materials for Electronics Div., Rancho Cucamonga
	      831

	9
	Onyx Environmental Services L.L.C., Azusa
	      500

	10
	Hydranautics, Oceanside
	      484


Measurement information
See references in attached ACGIH NMP BEI. 
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