Definition of “Volatile Substance

Definition of a volatile substance

CTDEP is proposing to use a new definition of volatile substance.  According to the proposed definition, DEP would like to define volatile substances as any substance with Molecular Weight < 200 AMU and a Henry’s Law Constant > 0.00001 atm-m3/mole. This will result in some changes to the list of volatile chemicals including additional 47 substances with volatilization criteria.  Most of these new "proposed volatile substances" are constituents of heating oil and diese'.  New "proposed volatile substances" include:

· Acenaphthylene

· Acrylonitrile

· Anthracene

· Bis(2-chloroethyl)ether

· 2-Chlorophenol

· cis-1,2-Dicholoroethylene

· trans-1,2-Dichloroethylene

· Fluorene

· Naphthalene

· Phenanthrene

· Polychlorinated Biphenyls
The CTDEP proposed definition of a volatile substance originates from a misinterpretation of Risk Assessment Guidance for Superfund (RAGS, 1991) Vol. 1 Part B, Page 20, section 3.1.1, which can be found at:

http://www.epa.gov/oswer/riskassessment/ragsb/pdf/chapt3.pdf 

The quote from RAGS is:

At scoping, risk from indoor inhalation of volatiles is assumed to be relevant only for chemicals that easily volatilize.  Thus, the risk equation incorporates a water-air concentration relationship that is applicable only to chemicals with a Henry's Law constant of greater than 1 x 10-5 atm-m3/mole and a molecular weight of less than 200 g/mole.

From BC Environmental Laboratory Quality Assurance Advisory Committee http://www.sabcs.chem.uvic.ca/A%20Soil%20Vapour%20Forum%20BCELQAAC%20Vapour%20Testing%20Recommendations.pdf

MOE needs a simple physical / chemical definition of “volatile substance”.

· Required to finalize new Schedule 11 Vapor Stds list.

· “Volatile” substances from Schedules 4,5,6,9,10 to be added to ACC list

Starting point: EPA Region 9 definition:

· Henry’s Law constant > 1.0 x 10-5atm-m3/mol

· Molecular weight < 200 g/mol

BCELQAAC proposed definition:

1. Henry’s Law constant > 1.0 x 10-5atm-m3/mol

· Hpc= Partial Pressure / Water Solubility.

· Related to the tendency of a substance to volatilize from aqueous solution.

· Best single predictor of volatility under typical environmental conditions.

· However, because Hpc is a ratio, an absolute vapor pressure cutoff is also necessary.

2. Vapor Pressure > 0.05 Torr @ 25C

· Vapor Pressure > 0.05 Torr @ 25C

· VP at 25C is the best measure of absolute volatility under typical environmental conditions.

· M.Wt. and B.Pt. have been suggested as alternatives, but both correlate only loosely with ambient vapor pressure.

· 0.1 Torr ~ the limit for the TO-15 method.

· 0.05 Torr includes naphthalene + methyl-naphthalenes, but excludes heavier PAHs.

· 0.05 Torr ~ VP of nC13.

· Anecdotally, the least volatile substances found in air samples have VP ~ equal to nC16 (0.0014 Torr @ 25C).

Physical Constants for Example Substances

SUBSTANCE
B.Pt. 

(C)
VP, 25C 

(Torr)
M.Wt. 

(g/mol)
Henry's Law 

(atm-m3/mol)
Volatile by Def'inition?

High Molecular Weight Volatiles:






dibromochloromethane (DBCM)
120
15.6
208.3
7.8E-04
yes

bromoform (tribromomethane)
149
5.4
252.7
5.4E-04
yes

1,2-dibromo-3-chloropropane (DBCP)
196
0.58
236.3
1.5E-04
yes

1,3-hexachlorobutadiene
215
0.22
260.8
1.0E-02
yes

hexachloroethane
154
0.21
236.7
3.9E-03
yes

hexachlorocyclopentadiene
239
0.06
272.8
2.7E-02
yes

Hydrocarbons:






nC10
174
1.3
142.3
4.7E+00
yes

nC11
196
0.41
156.3
1.9E+00
yes

nC12
216
0.14
170.3
8.2E+00
yes

nC13
235
0.056
184.4
2.9E+00
yes

nC14
254
0.012
198.4
9.2E+00
no -VP

nC15
271
0.0034
212.4
1.3E+01
no -VP

nC16
287
0.0014
226.5
4.7E-01
no -VP

PAHs:






naphthalene
218
0.085
128.2
4.4E-04
yes

2-methylnaphthalene
241
0.055
142.2
5.2E-04
yes

acenaphthylene
280
0.0067
152.2
1.3E-04
no -VP

acenaphthene
279
0.0025
154.2
1.8E-04
no -VP

fluorene
295
0.0084
166.2
9.6E-05
no -VP

pyrene
404
4.5E-06
202.5
1.2E-05
no -VP

Water Soluble Substances:






formaldehyde
-19
3890
30.03
3.4E-07
no -H

acetone
56
231
58.08
4.0E-05
yes

methanol
65
127
32.04
4.6E-06
no -H

PCBs:






Polychlorinated Biphenyls


268.4
4.20E-4


Table 8: Typical ranges of vapor pressure [Schwarzenbach et al. 1992]
Class of Compounds 
Vapor Pressure at 25°C 


(atm)
(torr)

Halogenated C1 and C2 hydrocarbons 
10-2 -1
7.6 - 760

Alkylbenzenes (butylbenzene-benzene) 
10-4 -10-1
0.076 - 76

Chlorobenzenes 
10-8 -10-2
0.00001 - 7.6

Phthalate esters
10-7 -10-4
0.00008 - 0.076

Polycyclic aromatic hydrocarbons (PAH)
10-11 -10-3 
0.00000 - 0.76

Aliphatic hydrocarbons (C18-C5)
10-7 -1
0.00008 -  760

PCB 
10-12 -10-4
.00000000 - 0.076
Table 9: Vapor pressure of selected PCBs (atm); A= Dunnivant & Elzerman 1988; B= Murphy et al. 1987; C= Burkhard et al. 1984; D= Foreman & Bidleman 1985

Substitution
A
B
C
D


Torr
Subcooled Liquid





atm
Torr
Torr
Torr
Torr

2,2'
0.00138
0.00312
0.00114
0.00318
0.00252

2,4
0.00136
0.00075
0.00131
0.00159


2,5
0.00147
0.00148
0.00174
0.00000


3,3'
0.00025
0.00031
0.00048
0.00069


3,4
0.00001
0.00001
0.00040
0.00059


4,4'
0.00002
0.00041
0.00038
0.00056


2,2',5
0.00057
0.00087
0.00027
0.00068
0.00058

2,3',5
0.00024
0.00034
0.00014
0.00026
0.00031

2,4,4'
0.00011
0.00023
0.00011
0.00021
0.00025

2,4,6
0.00048
0.00114
0.00071
0.00083


2,2',3,3'
0.00001
0.00007
0.00003
0.00008
0.00007

2,2',5,5'
0.00010
0.00041
0.00068
0.00014
0.00014

2,2',5,6'
0.00005
0.00030
0.00008
0.00027
0.00020

2,2',6,6'
0.00002
0.00088
0.00049
0.00042


3,3',4,4'
0.00000
0.00000
0.00001
0.00002


2,2',4,5,5'
0.00000
0.00001
0.00001
0.00003
0.00003

2,2',4,6,6'
0.00003





2,2',3,3',4,4'
0.00000



0.00000

2,2'4,4',5,5'
0.00000
0.00000
0.00000
0.00005
0.00005

2,2',4,4',6,6'
0.00000
0.00000
0.00003



Henry's Law Coefficient: 3.3x10-4 to 5x10-5 atm-cu m/mole at 20 deg C

From http://www.epa.gov/OGWDW/dwh/t-soc/pcbs.html 

Henry’s Constant (H) is an important parameter to describe environmental behavior of atmospheric pollutants. Henry’s Constant gives the ratio between vapor pressure (saturated) and the solubility of the compound in water.

Table 10: Ranges of Henry’s constant for some organic environmental pollutants

Class of Compounds       




Henry's Constant 

                                        




(atm·L/mol)                

Halogenated C1 and C2 hydrocarbons                           
0.5-50    

Alkylbenzenes (butylbenzene-benzene)                          
1-10            

Chlorobenzenes (hexachlorobenzene-monochlorobenzene)
0.5-10           

Phthalate esters                                                

0.001-0.002         

Polycyclic aromatic hydrocarbons (PAH)                      
0.005-1           

Aliphatic hydrocarbons  (C18-C5)                             

10-10000          

PCB                                                                       

0.01-1           

Environmental constants for Polychlorinated biphenyls (PCBs)


Chemical Abstract Service Number (CAS#)
1336363

Oral Reference Dose (RfD)
2E-5

Oral Slope Factor (SF)
2.0E+0

Chronic Inhalation Reference Concentration (RfC)
NA

Inhalation Unit Risk Factor (IURF)
6.0E-4

Occupational Short Term Exposure Level (STEL)
NA

Relative Source Contribution for Drinking Water (RSC)
0.2

Ingestion Absorption Efficiency (AEi)
0.5

Dermal Absorption Efficiency (AEd)
0.14

Relative Source Contribution for Soil (RSC)
1.0

Log Octanol-Water Partition Coefficient (Log Kow)
5.58

Soil Organic Carbon-Water Partition Coefficients for Organic Compounds (Koc)
3.06E+5

Soil Koc for Ionizing Organic Compounds at pH=6.8
NR

Soil-Water Distribution Coefficients for Inorganic Compounds at pH=6.8

(Kd)
NR

Henry's Law Constant at 250C (HLC)
4.20E-4

Air Diffusivity (Di or Da or Dair)
0.08

Water Diffusivity (Dw)
8.0E-6

Lower Explosive Limit in Air (LEL)
NA

Flash Point (FP)
NA

Water Solubility (S)
44.7

Physical State at Standard Temperature & Pressure
Solid

Molecular Weight (MW)
268.4

