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IDENTIFICATION  Chemical Name:  Sulfuric Acid    CAS#: 7664-93-9

SUMMARY AND RECOMMENDATION

The recommended PEL for sulfuric acid is 100 μg/m3 (total particle mass) as an 8-hour time-weighted average airborne concentration, to protect against non-cancer respiratory system effects, based on Alarie et al. (1973) (Ref. 28), where:

LOAEL: structural lung changes at 380 μg/m3 (continuous for 78 weeks)

LOAEL-to-NOAEL: 2 (weight of evidence; dose-spacing considerations; modest adverse effects observed)

Subchronic-to-chronic: 1 (78 weeks is long enough)

Interspecies: 3 (monkey-to-human)

Intraspecies: 3 (asthmatics may be more sensitive than non-asthmatics by factor up to around 5) 

Time adjustment: Multiply by factor of 4.2 (to accommodate for 40-hour workweek)

PEL: 88.7 μg/m3 

Rounded to: 100 μg/m3 (total particle mass)

The recommended PEL is intended to be protective of workers who may be more sensitive to sulfuric acid, such as atopic individuals or those with upper/lower respiratory inflammatory disease.  The recommended PEL does not address sulfuric acid’s carcinogenicity potential and recommends a “carcinogen” designation for “strong inorganic acid mists containing sulfuric acid” to alert stakeholders of its cancer risk potential.  

No STEL is recommended for sulfuric acid.  

As the available studies for sulfuric acid are unlikely to have been based on the “thoracic particle mass” but on total particle mass, it is recommended that the sulfuric acid PEL be based on total particle mass.  As the sulfuric acid particles in the workplace tend to be small, the difference between collecting thoracic particle mass IH samples and total particle mass IH samples is likely to be small.

While studies in humans are preferred for setting PELs, the studies of workers are limited by limitations in both exposure data and health effects data and hence the difficulty in trying to associate exposure to health effects.  Studies of humans in controlled exposure environments are limited by short exposure durations.  Nevertheless, the dose-response relationships in animals and humans are generally supportive of one another, providing greater confidence for using Alarie et al. (1973).
SEE ADDENDUM DATED 10/23/08 AT END OF DOCUMENT FOR ADDITIONAL INFORMATION
PHYSICAL-CHEMICAL PROPERTIES

Appearance: Dense, oily, colorless, odorless liquid

Molecular Formula: H2SO4

Molecular Weight:  98.08

Specific Gravity:  1.84 g/cm3 at 15°C

Melting Point:  10.3°C

Boiling Point:  338°C

Vapor Pressure: <0.001 torr at 20°C
Solubility: Soluble in water

MAJOR USES AND SOURCES

Produced by contact process where SO2 is mixed with O2 or air and passed over vanadium catalyst where SO2 is rapidly converted to sulfur trioxide (SO3); SO3 is then dissolved in water to make sulfuric acid (ACGIH, 2004).

Used in the production of storage batteries, detergents, fertilizers, explosives, pharmaceuticals, petroleum, steel, paper products, textiles (ACGIH, 2004).  Used as an intermediate in linear alkylbenzene sulfonation surfactants used in dyes, petroleum refining, nitration of explosives, nitrocellulose manufacture, caprolactam manufacture, electrolyte in lead-acid batteries, drying agent for chlorine and nitric acid (OEHHA, 2001).

WORKPLACE LIMITS

CalOSHA: PEL – 1000 μg/m3; STEL – 3000 μg/m3
U.S.OSHA: PEL – 1000 μg/m3
ACGIH:  TLV – 200 μg/m3 (thoracic particulate mass); A2 – Suspected Human Carcinogen (when contained in strong inorganic acid mists)

NIOSH:  REL – 1000 μg/m3; IDLH – 15,000 μg/m3
PUBLIC HEALTH LIMITS

OEHHA:  chronic REL – 1 μg/m3 (continuous exposure limit) (December 2001)

OEHHA:  acute REL – 120 μg/m3 (1-hour exposure limit) (March 1999)

State of California Proposition 65: Strong inorganic acid mists containing sulfuric acid is listed as cancer-causing agent 
CONVERSION FACTOR at 25°C and 760 torr:

1 mg/m3 = 0.25 ppm

1 ppm = 4.01 mg/m3
PRODUCTION INFORMATION

(not researched)

IH MEASUREMENT INFORMATION

(not researched)

See attachment (Appendix D in ACGIH, 2001 – Particle Size-Selective Sampling Criteria for Airborne Particulate Matter).  
ORGANIZATIONAL SOURCES AND BASES FOR LIMITS

CalOSHA: 1000 μg/m3 PEL and 3000 μg/m3 STEL (likely based on previous ACGIH TLV and STEL)
U.S. OSHA: 1000 μg/m3 PEL (likely based on 1968 ACGIH TLV)

NIOSH: 1000 μg/m3 REL (likely based on 1968 ACGIH TLV)

ACGIH:  200 μg/m3 (thoracic particulate mass) TLV – revised in 2004 from 1000 μg/m3 TLV and 3000 μg/m3 STEL
Initial effort: 

(1) Reviewed ACGIH TLV documentation, OEHHA’s acute REL and chronic REL, ATSDR Toxicology Profile reference list, and on-line search for more recent articles.
(2) Segregated effort into cancer vs. non-cancer endpoint.
(2) Submitted reprint request to CalOSHA for retrieval.

(3) Commenced review in earnest after receipt of most articles.

Issues that required attention included:

(1) Animal vs. human studies

(2) Controlled environment vs. workplace exposure studies

(3) Asthmatic vs. Non-asthmatic subjects
(4) Deposition location and dose issues

Thoracic particle mass vs. total particle mass
 
Particle size


Relative humidity and temperature


Air concentration


Work vs. rest inhalation rate


Concomitant exposures to other chemicals

(5) Risk assessment issues


Short-term vs. long-term safety factor


Interspecies extrapolation safety factor


Intraspecies extrapolation safety factor


Cancer vs. non-cancer endpoint

Animal vs. Human Studies

Based on review and in particular of studies described below, not much difference in response, especially at the lower concentrations tested.  A factor of 2 or 3 is likely to be sufficient for animal-to-human extrapolation if animal studies are used.  Recommend using human studies if possible.

Controlled Environment vs. Work Environment Studies

Workplace studies preferred although controlled environment studies can assess specific parameters better (e.g., concentration, particle size, relative humidity, temperature, physical activity levels, types of test subjects).  Controlled environment studies shorter, better to compare animals and humans, fewer confounding.  For this review, not much difference in response between controlled environment and workplace environment studies.

Asthmatic vs. Non-Asthmatic Subjects

Asthmatics more sensitive to sulfuric acid.  There are differences in severity of asthma in asthmatic subjects.  Studies in controlled environments only.  Recommend using studies of asthmatics.  A factor of 3-5 is likely to be sufficient to accommodate for human-to-human variability in response.  

Deposition Location and Dose

No obvious differences in response across species or in controlled environment studies.  Physical activity tended to exacerbate pulmonary effects.

Risk Assessment Issues

Short-term (<8hr) to long-term (working lifetime) adjustment factor is likely to be less than 3-5.  

Interspecies extrapolation from sensitive non-human species is likely to be less than 3.

Intraspecies variability is likely to be less than 3-5.  

LOAEL-to-NOAEL extrapolation from reliable studies is likely to be less than 3.

From studies in asthmatics, NOAEL is likely to be between 50 and 500 μg/m3.
Cancer Endpoint
IARC - Group 1 for strong inorganic acid mists containing sulfuric acid

 (looked only at human studies) (Ref. 2) – 
(1) Did not review individual cancer studies cited in IARC or ACGIH for this meeting.

(2) Considered exposures were to mixture and thus difficult to propose acceptable limit for sulfuric acid specifically.

(3) OEHHA and other organizations have not set an acceptable limit for cancer for sulfuric acid.  

(4) Mechanism of carcinogenicity not well understood.
Prop. 65: NSRL for cancer not available, and unlikely in foreseeable future (on 3rd priority for NSRL development; 77 compounds in 1st priority, 57 compounds in 2nd priority, 68 compounds in 3rd priority, 47 compounds in 4th priority; in Proposition 65 Safe Harbor Levels document, October 2007)
Sathiakumar et al. (1997) (Ref. 77) – reviewed epidemiological data
Authors concluded:

(1) Epid. studies suggest moderate association between occupational exposure to MSA and larynx cancer.

(2) Suggest possible dose-response relationship.

(3) Biological plausibility and mechanism of action uncertain.

(4) Possible that association due to some correlate with MSA exposure rather than MSA.

(5) Current epid. studies alone do not warrant classifying MSA as a definite human carcinogen.

Swenberg and Beauchamp (1997) (Ref. 85) – reviewed animal data

Authors concluded:

 “No evidence of carcinogenic potential was found in these studies, although the investigations were compromised due to inadequate design and reporting.  Research on possible mechanisms of action was also not conclusive.”
Recommendation to HEAC members regarding carcinogenicity of sulfuric acid: Even if sulfuric acid were the causative agent for larynx cancer, do not have the means to estimate an acceptable exposure limit in the workplace.  The lower end could be bounded by airborne levels in environmental epidemiological studies of polluted areas if the incidence rate of larynx cancers is not elevated.  Recommend a cancer designation like ACGIH but no quantitative limit for cancer.

Non-Cancer Endpoint
ACGIH TLV: 200 μg/m3 (thoracic particulate mass)

(In 2002, proposal was for 100 μg/m3 as inhalable particulate fraction; in 2003, proposal was changed to 200 μg/m3 as thoracic particulate fraction)

· TLV of 200 μg/m3 to minimize the potential for decrements in pulmonary function in individuals with pre-existing respiratory disease and minimize mucociliary clearance alterations.  

· Thoracic particulate fraction designation based on lead acid battery plant studies finding sulfuric acid aerosols generally being less than 10 μm.  

· A2 (Suspected Human Carcinogen) designation based to studies suggesting an increase in laryngeal cancer when exposed to sulfuric acid contained in strong inorganic acid mists.  

Per ACGIH TLV Recommendation section, no one study was used to recommend the TLV of 200 μg/m3 for sulfuric acid.  Histologic and functional changes occurred in non-human primates chronically exposed to 500 to 2400 μg/m3 (Ref. 28).  Clearance alterations occurred in rabbits, donkeys, and humans at exposures as low as 50 μg/m3 for 4 hours (Ref. 15, 22, 56, 57, 58, 59, 60).  Pulmonary function changes occurred in adult asthmatics (more susceptible subpopulation) after acute exposure to 300 to 450 μg/m3 (Ref. 34, 48, 51).  Effects can be reduced and eliminated if exposure kept below 250 μg/m3.  There was likely reliance on other references not specifically cited in this section (Ref. 25, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59).  Therefore, TLV of 200 μg/m3 (thoracic particulate mass) is recommended.

OEHHA: acute REL - 120 μg/m3 (1-hour exposure)

Based on Utell et al. (1984)(Ref. 43)

LOAEL: airway function changes in human asthmatics at 1000 μg/m3; 16 min

NOAEL: 


450 μg/m3
Extrapolated 1-hour conc: 
120 μg/m3 (450 μg/m3 x 16/60)

LOAEL-to-NOAEL:

1

Interspecies:


1

Intraspecies:


1

Cumulative uncertainty:
1

Acute REL:


120 μg/m3
OEHHA: chronic REL - 1 μg/m3 (continuous exposure)

Based on Alarie et al. (1973) (Ref. 28)

LOAEL: structural lung changes at 380 μg/m3 (continuous for 78 weeks)

LOAEL-to-NOAEL:

3

Subchronic-to-chronic:
3

Interspecies:


3

Intraspecies:


10

Cumulative uncertainty:
300

Chronic REL:


1 μg/m3
Recommend changing:

LOAEL-to-NOAEL to 2 (weight of evidence; dose spacing considerations; modest adverse effects observed)

Subchronic-to-chronic to 1 (78 weeks is long enough)

Interspecies to 3 (no change)

Intraspecies to 3 (asthmatics may be more sensitive than non-asthmatics by factor of up to around 5) 

Multiply by factor of 4.2 (to accommodate for 40-hour workweek)

PEL of 88.7 μg/m3 

Rounded to 100 μg/m3
REFERENCES (REVIEWED)
ACGIH. TLV Documentation for Sulfuric Acid. 2004.

(28) Alarie, Y. et al. (1973). Long-term continuous exposure to sulfuric acid mist in cynomolgus monkeys and guinea pigs. Arch. Environ. Health 27:16-24.

Mechanical properties of lung consisted of:

· Total respiratory system flow resistance during inspiration

· Total respiratory system flow resistance during expiration

· Tidal volume

· Respiratory rate

· Minute volume

· Dynamic compliance of the lung

· Pulmonary flow resistance

· Work of breathing during inspiration

· Work of breathing during expiration

Distribution of ventilation

Diffusing capacity of lung

Arterial blood gas

Hematologic findings and clinical chemistry analyses

Monkeys, 9/group, 18 months continuous

Group 1 - control

Group 2 – 380 ug/m3 (low), MMD (mass medium diameter) 2.15 um (large): less pronounced or absent than high concentration

Group 3 – 2430 ug/m3 (high), MMD 3.60 um (large): deleterious effects on structure and function

Group 4 – 480 ug/m3 (low), MMD 0.54 um (small): less pronounced or absent than high concentration

Group 5 – 4790 ug/m3 (high), MMD 0.73 um (small): deleterious effects on structure and function

(See Table 2 for summary).

Guinea pigs, 100/group, 12 months continuous

Group 6 – control

Group 7 – 100 ug/m3 (low), MMD 2.78 um (large): no deleterious effects

Group 8 – 80 ug/m3 (low), MMD 0.84 um (small): no deleterious effects

(Reviewer) Conclusion: 

LOAEL/NOAEL at ~400 ug/m3 in monkeys

NOAEL >100 ug/m3 in guinea pigs

Authors’ cited consistency with Amdur (1961)’s conclusion of NOAEL in humans of ~250 ug/m3 (after acute or subacute exposure).

(As summarized in Swenberg, 1997)

Monkey exposure in the moderate and high exposure groups of later epid. studies.

Guinea pig exposure in the low exposure group of epid. studies.
Alarie, Y. et al. (1975). Long-term exposure to sulfur dioxide, sulfuric acid mist, fly ash, and their mixtures. Arch. Environ. Health 30:254-

(As summarized in Swenberg, 1997)

Guinea pigs

0.08-0.9 mg/m3

Up to 52 weeks

No exposure-related toxicity

Monkeys

0.88-0.99 mg/m3

78 weeks

Lung lesions( focal epithelial hypertrophy and hyperplasia, erosion, thinning, squamous metaplasia of bronchiolar epithelium)

No effects at 0.09 to 0.11 mg/m3

(42) Amdur, M.O. et al. (1952). Inhalation of sulfuric acid mist by human subjects. Ind. Hyg. Occup. Med. 6:305-313.

Normal adults

Face mask

At rest 350 to 5000 mg/m3 

5 to 15 minutes

MMD = 1 um

1000 ug/m3 could not be detected by odor, taste, or irritation

3000 ug/m3 noticed by all

5000 ug/m3 very objectionable to some

N = 15 @ ~0.35-0.5 mg/m3 resulted in increase in respiration rate, decrease in max inspiratory air flow and maximum expiratory air flow; thought to be a reflex protective mechanism to decrease the retention of particles

LOEL = 350 ug/m3
(53) Aris, R. et al. (1991). Lack of bronchoconstrictor response to sulfuric acid aerosols and fogs. Am. Rev. Respir. Dis. 143:744-750.

N = 11 asthmatics

Mouthpiece

2.8 mg/m3 VMD = 6.1 um (large particle) vs. 0.4 (small particle)

24.3°C

Rest

16 minutes

No difference in airway resistance or symptom score

N = 9 asthmatics

Mouthpiece

3.02 mg/m3 large particle and high RH vs. 3.37 mg/m3 small particle and low RH

22-23°C

Rest

16 minutes

No difference

N = 6 asthmatics

Mouthpiece

2.97 mg/m3 small particle, low RH, working vs. NaCl control

16 minutes

No difference

N = 10

Chamber study (fog)

~1 mg/m3 large particle, low liquid water content vs. high liquid water content

60 minutes

No difference

Cited positive findings in Utell et al. (1983) (Ref. 50), Koenig et al. (1983) (Ref. 47), Spektor et al. (1985) (Ref. 55) and negative findings in Linn et al. (1989), Sackner et al. (1978), Linn et al. (1986), Avol et al. (1988).

(Supported in part by CARB)
ATSDR. Toxicological Profile for Sulfur Trioxide and Sulfuric Acid. Section 7, Regulations and Advisories and Section 8, References. 

(45) Avol, E.L. et al. (1979). Controlled exposures of human volunteers to sulfate aerosols.  Am. Rev. Respir. Dis. 123: 319-327.

N = 6 normal adults

N = 6 asthmatic adults

MMD = 0.50-0.59 um

100 ug/m3

RH = 40%

120 minutes

No exposure related changes in normals

No significant lung function changes in asthmatics although 2 showed possibly meaningful changes in respiratory resistance

NOEL > 100 ug/m3
(52) Frampton, M.W. et al. (1992). Sulfuric acid aerosol exposure in humans assessed by bronchoalveolar lavage. Am. Rev. Respir. Dis. 146:626-632.

N = 12 normal adults

1000 ug/m3

120 minutes

Exercycle for 10 min every half hour

Assessment 18 hours post-exposure found:

No changes in alveolar inflammation, influx of plasma proteins into alveolar space, or alterations in selected antiviral functions of alveolar macrophages

3 experienced cough and 4 experienced irritation during exposure

No changes in FVC, FEV1, or SGaw (specific airway conductance) immediately following or 18 hours after exposure

LOAEL = 1000 ug/m3 (cough, irritation)
(40) Gamble, J. et al. (1984). Epidemiological-environmental study of lead acid battery workers. II. Acute effects of sulfuric acid on the respiratory system. Environ. Res. 35:11-29.

N = 225 workers

Personal samples of <1000 ug/m3

MMD = 2.6-10 um

Per questionnaire, workers with a higher exposure to acid did not have an increased rate of acute work-related symptoms

Pulmonary function changes over the shift were not related to airborne levels

No evidence of acute symptoms or pulmonary function changes over the shift in acclimated workers exposed to levels <1000 ug/m3

See Table 1, Appendix 1 and Appendix 2

(41) Gamble, J. et al. (1984). Epidemiological-environmental study of lead acid battery workers. III. Chronic effects of sulfuric acid on the respiratory system and teeth. Environ. Res. 35:30-52.

N = 248 workers

Cough, phlegm, dyspnea, wheezing not associated with cumulative acid exposure, per questionnaire

No statistically significant association of reduced FEV1, peak flow, FEF50, FEF75 with acid exposure although the higher exposed group had lower mean values.

FVC decreased in higher exposed group vs. lower exposed group.

Average airborne level in plants A, B, C, D, E were 70, 140, 70, 270, and 140 ug/m3

“High” exposure defined as >15 mg/kg (mg/m3 x months) vs. “low” exposure defined as <7 mg/m3 (mg/m3 x months)
(37) Goldman, A. and Hill, W.T. (1953). Chronic bronchopulmonary disease due to inhalation of sulfuric acid fumes. Arch. Ind. Hyg. Occup. Med. 8:205-211.

Describes accidental exposure incident to one worker.
(44) Horvath, L.J. et al. (1981). Effect of Sulfuric Acid Mist Exposure on Pulmonary Function. EPA-600/S1-81-044. July 1981. (Summary Only)

N = 11 non-smokers

120 minutes - 20 min exercise/20 minute rest x3

233, 418, 939 ug/m3

MMD = 0.91-0.93 um

22°C, RH 55% vs. 35°C, RH 85%

No changes in pulmonary function except significant decrease in FEV1 between pre- and post-exposure; magnitude of decrease not considered of physiological significance.

At highest concentration, throat irritation, dryness, cough frequently noted

LOAEL = 1000 ug/m3 (irritation)
Hyde, D. et al. (1978). Morphometric and morphologic evaluation of pulmonary lesions in beagle dogs chronically exposed to high ambient levels of air pollutants. Lab. Invest. 38:455+.

(Summarized in Swenberg, 1997)

N=8-11

Dogs

Automotive exhaust containing 0.09-0.11 mg/m3 sulfuric acid

16 hr/day for 68 months

Enlargement of air spaces in proximal acinar regions, hyperplasia of nonciliated bronchiolar cells
(2) IARC. Occupational Exposures to Mists and Vapours from Strong Inorganic Acids (Group 1). 54:41-119.

Strong inorganic acids: 
Sulfuric acid





Hydrochloric acid





Nitric acid





Phosphoric acid

Occupations:


Isopropanol mfr





Synthetic ethanol mfr





Pickling and other acid treatment of metals





Sulfuric acid mfr





Soap and detergent mfr





Nitric acid mfr





Phosphate fertilizer mfr





Lead battery mfr

IH monitoring data limited.

Levels appear to be higher in the 1950’s and 1960’s than in the 1970’s and 1980’s.

As stated in IARC (1992), 

“Sulfuric acid is the most widely used of the strong inorganic acids.  Average exposures to sulfuric acid mists in pickling, electroplating and other acid treatment of metals are frequently above 0.5 mg/m3, while lower levels are usually found in the manufacture of lead-acid batteries and phosphate fertilizer production.”

While not described in IARC (1992), it appears that in the cancer studies summarized, exposure was likely stratified based on job category and duration of employment.

“An early study of isopropanol manufacture in the USA using the strong-acid process demonstrated an excess of nasal sinus cancer.  Studies of one US cohort of workers in pickling operations within the steel industry showed excesses of laryngeal and lung cancer after smoking and other potential confounding variables had been controlled for.  A Swedish study of a cohort of workers in steel pickling also showed an excess risk for laryngeal cancer.  A nested case-control study of workers in a US petrochemical plant showed an elevated risk for laryngeal cancer among workers exposed to sulfuric acid.  Of two population-based case-control studies in Canada, one of laryngeal cancer showed an increased risk for exposure to sulfuric acid, and one of lung cancer suggested an excess risk; the latter also suggested a risk associated with exposure to mixed inorganic acids.  In all of these studies, sulfuric acid mists were the commonest exposure, and positive exposure-response relationships were seen in two of the studies.  Additional supporting evidence was provided by one cohort study in the soap manufacturing industry in Italy, which showed an increased risk for laryngeal cancer.  Studies of three US cohorts and one Swedish cohort in the phosphate fertilizer manufacturing industry showed excess lung cancer, but there was potential confounding from exposure to radon decay products in some cohorts.”
ITER. Sulfuric Acid. In: http://toxnet.nlm.nih.gov. (Accessed November 28, 2007) 

(39) Jones, W. and Gamble, J. (1984). Epidemiological-environmental study of lead acid battery workers. I. Environmental study of five lead acid battery plants. Environ. Res. 35:1-10.

180 ug/m3 average of all personal samples

MMD = 5 um

Average lead value was 0.072 mg/m3 (above OSHA limit of 0.05 mg/m3)

Other chemicals found included stibine, arsine, and arsenic
(46) Kerr, H.D. et al. (1981). Effects of sulfuric acid aerosol on pulmonary function in human subjects: an environmental chamber study. Environ. Res. 26:42-50.

N = 28 – 14 smokers, 14 non-smokers

100 ug/m3

MMD = 0.1-0.3 um

4 hour in environmental chamber

Pulmonary function measured at 2 hr into exposure, at end of exposure, 2- and 24-hour post-exposure; repeated in same subjects with clean air.

No subjective complaints of symptoms

No pulmonary function effects

NOAEL >100 ug/m3

(47) Koenig, J.Q. et al. (1983). The effects of inhaled sulfuric acid on pulmonary function in adolescent asthmatics. Am. Rev. Respir. Dis. 128:221-225.

N = 10 adolescent asthmatics 12-17 years old

100 ug/m3

75% RH

22°C

MMD = 0.6 um

30 min + 10 min treadmill

No significant differences between baseline and after exposure if subjects at rest only

Decreased FEV1 by 8% from baseline and after exposure if subjects also exercised

Vmax50 reduced 21%

Vmax75 reduced 29%

RT increased 40%

FRC increased 13% but not significant

Conclusion: statistically significant pulmonary function changes in adolescent asthmatics

Cited adult asthmatic studies (one abstract by Utell; one abstract by Sackner; Ref. 45) summarized in Table 6 suggesting NOAEL at 100 ug/m3 and LOAEL at 500 ug/m3.
(48) Koenig, J.Q. et al. (1985). The effects of sulfur oxides on nasal and lung function in adolescents with extrinsic asthma. J. Allergy Clin. Immunol. 76:813-818.

N = 10 adolescent asthmatics ages 14-18
100 ug/m3

MMD = 0.6 um

Intermittent rest and exercise over 140 min period

Mouthpiece w noseclips vs face mask without noseclips

Conclusion:

Statistically significant changes in RT, FEV1, Vmax50 and Vmax75

No difference between Mouthpiece w noseclips vs face mask without noseclips

LOAEL <100 ug/m3 (pulmonary function in asthmatics)
(49) Koenig, J.Q. et al. (1989). Effects of inhalation of acidic compounds on pulmonary function in allergic adolescent subjects. Environ. Health Perspect. 79:173-178.

68 ug/m3 (actual – slightly lower)

65% RH

25°C

Rubber mouthpiece w noseclip

MMD = 0.6 um

30 min rest + 10 min treadmill

FEV1 decreased 6% (from baseline to Postexposure)

Total respiratory resistance increased 12%, but not statistically significant

Conclusion: 

Marginal changes in pulmonary function in allergic subjects

Cited earlier studies (Ref. 47 and 48) where exposure was to 100 ug/m3 and where significant pulmonary function changes were elicited and were characterized as very close to the threshold concentration.

NOAEL ~68 ug/m3 (pulmonary function; asthmatics)
Lewis, T.R. et al. (1973). Toxicity of long-term exposure to oxides of sulfur. Arch. Environ. Health. 26:16+.

(As summarized in Swenberg, 1997)

Dogs

N=8

0.9 mg/m3 21 h/day for 620 days

Pulmonary function impaired; no exposure-related histopath.

Exposures comparable to high-exposure group in epid. Studies and exposure duration was 3X longer

LOAEL <900 ug/m3 (pulmonary function; almost continuous exposure)
(54) Linn, W.S. et al. (1994). Effects of prolonged, repeated exposure to ozone, sulfuric acid, and their combination in healthy and asthmatic volunteers. Am. J. Respir. Crit. Care Med. 150:431-440.

N = 45 adults (15 normal; 30 asthmatic)

100 ug/m3 “respirable” (MMD ~ 0.5 um)

6.5 hr/day x2; mostly exercising

Lung function and symptoms determined pre-exposure, every hour during exposure, and bronchial reactivity to methacholine challenge post-exposure.

No significant changes determined.

NOAEL >100 ug/m3 (pulmonary function; asthmatics)

LOLI®. Sulfuric Acid. In: http://csi.micromedex.com. (Accessed January 6, 2008)
(38) Malcolm, D. and Paul, E. (1961). Erosion of the teeth due to sulphuric acid in the battery industry. Brit. J. Ind. Med. 18:63-69.

Forming Department – 3 to 16.6 mg/m3 on “dry” day; levels higher on humid days

Charging Department - <08. mg/m3 to 2.5 mg/m3

Obvious dose-related increase of erosion of teeth.
National Toxicology Program. (NTP). Strong inorganic acid mists containing sulfuric acid, 11th Report on Carcinogens. 

(61) Newhouse, M.T. et al. (1978). Effect of TLV levels of SO2 and H2SO4 on bronchial clearance in exercising man. Arch. Environ. Health 33:24-32.

N = 20 (10 control; 10 exposed)

1000 ug/m3

Bolus delivery

MMD = 3 um

Clearance faster after acid exposure

Maximum mid-expiratory flow rate not significantly reduced

Faster clearance thought to be associated with irritant effect of acid.

LOAEL <1000 ug/m3 (increased bronchial clearance rate)
OEHHA. Acute REL for Sulfuric Acid and Oleum. March 1999.

OEHHA. Chronic REL for Sulfuric Acid. December 2001.

(25) Sackner, M.A. et al. (1978). Effects of sulfuric acid aerosol on cardiopulmonary function of dogs, sheep, and humans. Am. Rev. Respir. Dis. 118:497-510.

MMD of 0.1 um particles used
Dogs, anesthetized

N=5
1, 8 mg/m3

7.5 min

No effects on resp. resistance, static lung compliance, functional residual capacity

N=5

4 mg/m3

4 hr

No effects on breathing mechanics, functional residual capacity, bp, CO, HR, arterial blood gas tensions

Sheep, conscious

N=6

4 mg/m3 

4 hr

No effects on tracheal mucosal velocity

N=?

1, 14 mg/m3

20 min

No effects

Humans

5 asthmatics/5 normal
10, 100, 1000 ug/m3

10 min

No effects

6 asthmatics/6 normal

1000 ug/m3

10 min

No effects

Conclusion: Did not produce immediate or delayed adverse effect on cardiopulmonary function in anesthetized dogs, conscious sheep, normal and asthmatic adults.
(77) Sathiakumar, N. et al. (1997). Epidemiologic evidence on the relationship between mists containing sulfuric acid and respiratory tract cancer. Crit. Rev. Toxicol. 27:233-251.

(62) Schlesinger, R.B. (1985). Effects of inhaled acids on respiratory tract defense mechanisms. Environ. Health Perspect. 63:25-38.

Review paper (see Table 2, 3, 4)

Cited 2 references on tracheal clearance [Leikauf et al. (1981) (Ref. 58) and Leikauf et al. (1984) (Ref. 59)] in humans exposed to sulfuric acid of 100 to 1000 ug/m3 for 60 minutes (MMD = 0.5 um); no effect

Cited 3 references on bronchial clearance [2 above plus Newhouse et al. (1978) (Ref. 61)] in humans.  Reported an increase or decrease in bronchial clearance depending on concentration from Leikauf et al. (1981, 1984).  Reported an increase in bronchial clearance at 1000 ug/m3 for 2.5 hr (MMD = 0.5 um) from Newhouse et al. (1978).

Reviewed bacterial infectivity in mice after sulfuric acid exposure: reported increased mortality at 300 mg/m3 for 3 hr but no effect at 150 mg/m3 for 3 hr (Coffin, 1972).
Schlesinger, R.B. et al. (1992). Long-term intermittent exposure to sulfuric acid aerosol, ozone, and their combination: alterations in tracheobronchial mucociliary clearance and epithelial secretory cells. Exp. Lung Res. 18:505+.

(as summarized in Swenberg, 1997)

N=20

Rabbits

0.125 mg/m3

2 hr/day, 5 day/wk for up to 12 months

Increased secretory cell density in small airways; possible increase in focal epithelial hyperplasia; both effects reversible

Similar to earlier studies (Gearhart et al., 1988, 1989) at 

0.25 mg/m3

1 hr/day for up to 1 year

Moderate exposure groups in epid. studies.

(55) Spektor, D.M. et al. (1985). Effects of submicrometer sulfuric acid aerosols on mucociliary transport and respiratory mechanics in asymptomatic asthmatics. Environ. Res. 37:174-191.

N = 6 + 4 (asthmatics using/not using medication during study)

100, 300, 1000 ug/m3

MMD = 0.5 um

60 minutes

Pulmonary function measured pre- and 15- and 180-min post-exposure

Mucociliary clearance time increased at 1000 ug/m3; decrements in sGaw, FEV1/FVC, MMEF, V25.

LOAEL <1000 ug/m3 (asthmatics; pulmonary function, mucociliary clearance)
(60) Spektor, D.M. et al. (1989). Effect of concentration and cumulative exposure of inhaled sulfuric acid on tracheobronchial particle clearance in healthy humans. Environ. Health Perspect. 79:167-172.

N = 10 normal

100 ug/m3

1 hr vs. 2 hr

MMD = 0.5 um

Pulmonary function not significantly affected.

Mucociliary clearance increased after 1 hr, and more increased after 2 hr

LOAEL <100 ug/m3 (normal; increased mucociliary clearance time)
(85) Swenberg, J.A. and Beauchamps, Jr., R.O. (1997). A review of the chronic toxicity, carcinogenicity, and possible mechanisms of action of inorganic acid mists in animals. Crit. Rev. Toxicol. 27:253-259.

Ichinose and Sagai (1992)

Promoting or cocarcinogenic effects

rats

1 mg/m3 and 0.4 ppm NO2 – no lung tomors

Laskin and Sellakumar (1978)

Initiation-promotion effect

Syrian golden hamster

N=60

100 mg/m3

6 hr/day, 5 day/wk for lifetime

No tumors of respiratory tract; laryngeal and tracheal hyperplasia increased

100X higher than high exposure groups in epid studies.

Laskin and Sellakumar (1978)

Cocarcinogenesis effect

Syrian golden hamsters

N=60

100 mg/m3

Duration same? (not stated)

No tumors of respiratory tract; no consistent differences in hyperplasia of upper or lower resp. tract.

Conclusion: no evidence of carcinogenic potential although studies were compromised.

Mechanism of action inconclusive, may be due to lower pH

(Funded in part by CMA)
 (50) Utell, M.J. et al. (1983). Airway responses to sulfate and sulfuric acid aerosols in asthmatics. Am. Rev. Respir. Dis. 128:444-450.

N = 17 asthmatics

1000 ug/m3

16 minutes

MMD = 0.6 – 1.0 um

No symptoms

Decrease in SGaw

Decrease in FEV1; Decrease in Vmax at 60% TLC; Decrease in Vmax at 40% TLC on MEFV and 60 and 40% TLC on PEFV

No effects after 8 minute exposure

N = 13 asthmatics

450 ug/m3

16 minutes

Decrease in SGaw

No other effects

No effects after 8 minute exposure

N = 16 asthmatics

100 ug/m3

16 minutes

No effects

OEHHA considered 450 ug/m3 for 16 minute as NOAEL for aREL derivation.
(43) Utell, M.J. et al. (1984). Airway reactivity to sulfate and sulfuric acid aerosols in normal and asthmatic subjects. J. Air Pollut. Control Assoc. 34:931-935.

Citing Utell et al. (1982) and Utell et al. (1983) (Ref. 50), 

1000 ug/m3

Decreased specific airway conductance

Decreased FEV1 compared to pre-exposure values

450 ug/m3

Decreased specific airway conductance

100 ug/m3

No significant change

Current study:

N = 14 normal

1000 ug/m3 or 100 ug/m3

16 min

No change in specific airway conductance, FEV1, or Vmax at 60% TLC compared to baseline

Prior 1000 ug/m3 exposure potentiated carbachol induced bronchoconstriction 

N = 17 asthmatics

Prior 1000 ug/m3 exposure potentiated carbachol induced bronchoconstriction

N= 13 asthmatics

Prior 450 ug/m3 exposure potentiated carbachol induced bronchoconstriction

N = 16 asthmatics

Prior 100 ug/m3 exposure did not potentiate carbachol induced bronchoconstriction 

Addendum 10/23/08

Based on comments and discussions on sulfuric acid at the September 5, 2008 HEAC meeting, two issues required further support and/or clarification: (1) whether the proposed limit should be based on thoracic particulate fraction or total particulate fraction and (2) whether the proposed subchronic-to-chronic adjustment factor of 1 can be better justified.

The ACGIH TLV for sulfuric acid was 1000 μg/m3 from 1948-2003.  In 2004, the ACGIH TLV for sulfuric acid was revised to 200 μg/m3 as the thoracic particulate fraction.  The rationale for ACGIH’s change to using the thoracic particulate fraction could not be determined.  

1) It is likely (and expected) that airborne particulates of sulfuric acid in the various work environments where they may be encountered will not be limited to particulates that are of thoracic particulate in size (>50% capture efficiency for particulates with an aerodynamic diameter of <10 μm; for comparison: inhalable particulates - >50% capture efficiency for particulates with an aerodynamic diameter of <100 μm; respirable particulates – >50% capture efficiency for particulates with an aerodynamic diameter of <4 μm) (ACGIH, 2001).  Additionally, studies in workers of non-cancer and cancer effects of sulfuric acid-containing strong organic acid mists were typically reported for total particulate fraction and not for the thoracic particulate fraction.  Therefore, it was not possible to recommend a limit for sulfuric acid based on a thoracic particulate fraction.  The recommendation continues to be to use total particulate fraction. 

2) The previous recommendation for a sulfuric acid limit used an adjustment factor of 1 for subchronic-to-chronic exposure duration.  OEHHA apparently has a recommendation of using an adjustment factor of 10 if the duration of exposure is around 10% of the animal’s life span.  The chronic Reference Exposure Limit (cREL) chose to use an adjustment factor of 3.  However, the rationale for this was not determined.  

For the irritation effects of sulfuric acid (which may lead to histopathological changes in the respiratory tract after prolonged periods of exposure), the standard default factors of 10 are overly conservative and unnecessary.  For most, if not all of the irritant chemicals for which CalOSHA has set a limit, it is unlikely that a factor of 10 for duration of exposure was even considered as irritation is considered an effect upon acute exposure.  Hence, by default, the adjustment factor was 1.

In the study that is under consideration by Alarie et al. (1973), monkeys were exposed 24 hours per day for 78 weeks.  While it is true that 78 weeks in a monkey does not meet the “definition” of “chronic”, exposure was continuous, and not for 8 hours per day, 5 days 
per week.  The animals had no recovery time.  While this was accommodated by a different adjustment factor, it should be pointed out that adjustment factors are not necessarily independent of one another.  The intent is to always think about the underlying biology.  Since the proposed sulfuric acid limit is not intended to protect against the potential of sulfuric acid-containing strong acid mists to cause cancer, the endpoint for consideration is really irritation (and its associated effects) and Alarie et al. (1973) is more than adequate without having to adjust for duration of exposure with a value greater than 1.  

Lastly, it should be noted that sulfuric acid is not a new chemical.  There is a lot of information on health effects that is known.  It also is known that the ACGIH TLV for sulfuric acid was 1000 μg/m3 for over 50 years.  The current recommendation is 10 times lower than that historical limit, or 100 μg/m3.
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