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Appendix G 

Chemical-specific Soil Half-life 

G.1 Metals 

Biodegradation as such is not expected to occur with metals and other elements 
because of their elemental nature. Therefore, as a default estimate the metal content of 
soil is assumed to decay with a half-life of 108 days unless site-specific information is 
presented showing that soil conditions will result in the loss of soil metal content (such as 
from leaching or weathering). Metals and other elements for which this soil half-life 
applies include arsenic, beryllium, cadmium, chromium (VI), lead and mercury. 

Hexavalent chromium (CrVI) undergoes reduction to a less toxic species (CrIII). 
Characterizing the reduction of chromium (VI) to chromium (III), however, is complex 
and “it is not possible to predict how chromium compounds will behave in soil until the 
soil environment has been adequately characterized” (Cohen et al., 1994, citing Gochfeld 
and Whitmer, 1991).  Several tests have been suggested for evaluating the reducing 
capacity of soils and may be considered in the development of site-specific information 
(Cohen et al., 1994, citing Bartlett and James, 1988; Walkley and Black, 1934).  These 
tests are described as follows: 

“(1) Total Cr(VI) Reducing Capacity. Use the Walkley-Black (1934) soil 
organic matter determination in which carbon oxidizable by K2Cr2O7 

is measured by titrating the Cr(VI) not reduced by a soil sample (in 
suspension with concentrated H2SO4) with Fe(NH4)2(SO4)2. 

(2) Available Reducing Capacity. Shake 2.5 cm3 of moist soil 18 hours 
with 25 mL of 0.1 to 10mM chromium as K2Cr2O7 in 10mM H3PO4, 
filter or centrifuge, and determine Cr(VI) not reduced in the extract by 
the s-diphenylcarbazide method. 

(3) Reducing Intensity. The procedure is the same as that used in (2) 
above except that 10mM KH2PO4 should be used in the matrix 
solution in place of H3PO4.” 
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G.2 Organics 

G.2.1 Creosotes 

Creosotes are of concern primarily because of the polycyclic aromatic hydrocarbon 
content. Therefore, in terms of soil half-life of this complex mixture, OEHHA 
recommends using the half-life for benzo(a)pyrene (see below). 

G.2.2 Diethylhexylphthalate 

Howard et al (1991) estimated a soil half-life base don the biodegradation rate of 
bis(2-ethylhexyl)phthalate. No measurements of soil half-life could be located. Based 
on the physical properties, this compound is expected to bind to soil tightly and to leach 
appreciably (Howard et al, 1991). Howard et al (1991) present both a low estimate and a 
high estimate. OEHHA recommends the average of the low and high estimates for soil 
half-life, 23 days, based on aqueous aerobic biodegradation measurements. 

G.2.3 Hexachlorobenzene 

A soil half-life estimate for hexachlorobenzene was made based upon sampling of 
unacclimated aerobic soil (Beck and Hansen, 1974; Howard et al., 1991).  Results 
showed a soil half-life of 969-2089 days. The arithmetic mean of the limits of the range 
(1529 days) is recommended as the default half-life value for hexachlorobenzene. 

G.2.4 Hexachlorocyclohexanes 

Howard et al present high and low estimates for each hexachlorocyclohexane (alpha, 
beta, delta, and gamma). The low estimates are all 13.8 days and are based on hydrolysis 
half-life as measured by Ellington et al (1987). The high estimates range from 100 to 135 
days and are based on aerobic soil die-away studies of Macrae et al (1984). OEHHA 
recommends using the average of the high and low estimates, 67 days, as the soil half-life 
for hexachlorocyclohexanes. 

G.2.5 4,4’-Methylenedianiline 

Howard et al present low (1 day) and high (7 days) estimates of the soil half-life for 
4,4’-methylenedianiline based upon unacclimated aqueous aerobic biodegradation half-
life. OEHHA recommends using the average of the two estimates, 4 days, as the soil 
half-life. 

G.2.6 Pentachlorophenol 

Estimates of soil half-life for pentachlorophenol in an aerobic unacclimated 
environment were reported to range from 23 to 178 days (Howard et al., 1991).  Increased 
content of organic matter in the soil has also been reported to increase the half-life of 
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pentachlorophenol in soil by decreasing the bioavailability of the compound (ATSDR, 
1994).  Flooded soils and paddy soils have half-lives on the order of 10 to 120 days 
(ATSDR, 1994; Ide et al., 1972; Kuwatsuka and Igarashi, 1975).  The arithmetic mean of 
the limits of the range (100 days) is recommended as the default half-life for 
pentachlorophenol. 

G.2.7 Polychlorinated Biphenyls (PCBs) 

Polychlorinated biphenyls are a mixture of chlorinated biphenyls. As such an overall 
soil half-life for PCBs is difficult to ascertain. A half life of 940 days for Aroclor 1254 
was derived by Hsieh et al. (1994). This value is used by the Department of Toxic 
Substances Control in CalTOX. OEHHA proposes to use this value for all Aroclors. 

G.2.8 Polycyclic Aromatic Hydrocarbons (PAHs) 

There are a variety of polycyclic aromatic hydrocarbons emitted from combustion 
sources. The structures vary by number and placement of benzene rings and functional 
groups on those rings. The prototype PAH from a toxicological perspective is 
benzo(a)pyrene. However, it may not be the best prototype when it comes to soil half-
life. The average of low and high estimates of soil half-lives presented in Howard et al 
(1991) for various PAHs ranges from 24 to 1524 days. These are based largely on the 
studies of Coover and Sims (1987), Groenewegen and Stolp (1976), and Sims (1990). 
The average of all estimates is 570 days. Given that the PAHs are usually reported under 
the Air Toxics Hot Spots program as total PAHs and when speciated only usually include 
6 or so specific PAHs, it seemed reasonable to use this average value for a soil half-life 
for PAHs. Therefore, OEHHA is recommending that the half-life for PAHs be set at 570 
days. 

G.2.9 Polychlorinated Dibenzo-p-dioxins and Dibenzofurans (PCDD/F) 

The compound of primary concern in the dioxin and furan family of compounds is 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Sampling of 32 sites in Seveso, Italy, 
produced an initial calculated regression half-life of one year (365 days) (Di Domenico et 
al., 1980).  Experimental application of TCDD to two different soil types (loamy sand and 
silty clay loam) for 350 days produced calculated half-life values ranging from 394 to 708 
days (Kearney et al., 1972; Kearney et al., 1973).  Soil half-life estimates ranging from 10 
to 12 years (3650-4380 days) were reported based upon experimental measured soil 
concentrations of TCDD from a contaminated site at an Air Force base in Florida (Young, 
1981).  Soil half-life estimates of 10 to 100 years (3650-36500 days) were reported, 
depending on the depth of the contamination, with deeper soil having reduced 
biodegradation rates (Nauman and Schaum, 1987).  An estimated soil half-life of 3609 
days has also been reported (calculated from a soil reaction rate constant of 8 ´ 10-6 hr-1) 
(Mackay et al., 1985). 
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Several other half-life estimates have also been identified and summarized (Cohen et 
al., 1994).  Soil samples showing loss of TCDD content by volatilization produced 
estimated half-lives of 7-24 days (Nash and Beall, 1980).  TCDD measure in soils from 
the contaminated site in Seveso, Italy, produced a half-life estimate of 9.1 years (3322 
days) (Cerlesi et al., 1989).  A half-life estimate of 3 days was made based on loss of 
TCDD content from soil by both photodecomposition and volatilization (Di Domenico et 
al., 1982). 

The arithmetic mean of the twelve reported values (4720 days) is recommended as the 
estimated soil half-life of TCDD (Hsieh et al, 1994). 

TableG-1. Soil Half-life Values (Days). 

Compound Soil Half-life (days) 
Arsenic 1.0 E+08 
Beryllium 1.0 E+08 
Cadmium 1.0 E+08 
Chromium 1.0 E+08 
Creosotes 5.7 E+02 
Diethylhexylphthalate 2.3 E+01 
Hexachlorobenzene 1.53 E+03 
Hexachlorocyclohexanes 6.7 E+01 
Lead 1.0 E+08 
Mercury 1.0 E+08 
4,4’-methylenedianiline 4.0 E+00 
PAHs 5.7 E+02 
PCBs 9.4 E+02 
PCDD/F 4.72 E+03 
Pentachlorophenol 1.0 E+02 
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