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Development of Soil-Earthworm BAF for PCBs 

A review of available published literature on earthworm accumulation of polychlorinated 
biphenyls (PCBs) from soil produced the list of studies shown below.  The following criteria 
were used in selecting studies for developing the soil-earthworm BAF for PCBs: 

• studies from the peer-reviewed literature were included;  

• studies with terrestrial earthworms were included; 

• studies that presented both soil and worm data, not just the BAFs; and, 

• studies that presented “total” concentrations in soil and worm samples were 
included. 

Studies presented in Sample et al (1998) were reviewed and included in this BAF calculation 
unless they did not meet the above criteria.  Efroymson et al. (1996) and Jones et al. (1996) were 
the only two studies that were included in Sample et al. (1998) but not included in this BAF 
calculation.  These studies were not included because they were not in peer-reviewed literature 
and PCB concentrations were not presented as total PCBs.  Had those studies been included, a 
lower BAF would have resulted (this information can provided upon request).  In addition, 
tabulation errors of the PCB concentrations in soil and worms for the Kreis et al. (1987) study 
were found in Sample et al., (1998).  The values listed in Appendix B of Sample et al. (1998) for 
Kreis et al. (1987) were lower than reported by Kreis et al. (1987) by three orders of magnitude, 
which would have resulted in a lower BAF had those values been used. 

The relevant data from Sample et al. (1998) and studies that we identified in the literature were 
compiled (see plot and table below) and a regression was computed of the form: 

]log[10]log[ soilBBbiota ×+=  

where: 

 log[biota]  = base 10 log of the chemical concentration in plant, soil 
invertebrate, or aquatic prey tissue (dry weight) 

 B0 and B1  = empirically derived, chemical specific constants 

 log[soil]  = base 10 log of the chemical concentration in soil (dry weight) 

The final relationship developed was as follows: 

Wet weight worm concentration: ]log[0347.11352.0]log[ soilbiota ×+=  

Worms were assumed to have an average moisture content of 84 percent (from U.S. EPA 1993), 
resulting in the following dry weight-corrected equation: 
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Dry weight worm concentration:  6.25 ( ]log[0347.11352.0]log[ soilbiota ×+= ) 

Summary statistics of the regression are also shown below. 

List of Studies 

Wågman et al. (1999), Environ. Tox. Chem. 18:1157–1163 

• Examined PCB levels in three household composts and in worms (Eisenia 
foetida) naturally occurring in the composts (i.e., worms had potentially 
different resident times). 

• Worms depurated for 48 hours before analysis. 

• Measured PCB concentrations on a congener-specific and total-PCB basis.  
Total PCB concentrations (compost = dry weight, worms = wet weight): 

− 32 ng/g in Compost 1; 23 ng/g in worms 

− 120 ng/g in Compost 2; 129 ng/g in worms 

− 444 ng/g in Compost 3; 291 ng/g in worms. 

• On a lipid and organic matter normalized basis, worms contained 
approximately 23 times more PCBs than compost. 

− Bioaccumulation factors (BAFs) were reported for six congeners (52, 
101, 118, 138, 153, 180).  Values ranged between 8 and 24 on a lipid 
and organic matter normalized basis. 

 

Belfroid et al. (1995), Environ. Tox. Chem. 14:605–612 

• Examined PCB levels in topsoil from a household waste dump and in 
earthworms (Eisenia andrei) exposed to that soil for 5−120 days. 

• Worms depurated for 24 hours before analysis. 

• Analyzed seven PCB congeners (101, 118, 138, 153, 156, 167, 180).  
Concentrations in soil ranged from 19.8 to 629 µg/kg, dry weight. 
Concentrations in worms ranged from 5.6 to 197 µg/kg (not specified as wet 
or dry weight). 

• Biota-sediment accumulation factor (BSAF) values were calculated for each 
congener and reported three ways: 



 

7/2/2007 

G:\COMMON\64410\RFI Ph II Report\June 07 Erratta\64410_00361022_RFI_Appendix H Errata Text-Final.doc H-3

− BSAF (g soil/g worm) ranged from 0.26 to 0.37 

− BSAF (g organic matter/g lipid) ranged from 5.3 to 7.4 (note that 
these values are much lower than Wågman reported for the same 
congeners) 

− BSAF (g OC/g lipid) ranged from 3.1 to 4.3. 

• Since total PCB data were not presented, data from this study were not used 
to develop BAF for total PCBs. 

 
 

Hendriks et al. (1995), Arch. Environ. Contam. Toxicol. 29:115–127 

• Measured PCBs in the floodplain soils at two sites in the Rhine-Delta and in 
earthworms (Lumbriculus rubellus) collected at the same sites.  Shrews, 
Sorex araneus, were also trapped and analyzed. 

• Worms depurated for 24 hours before analysis. 

• Measured PCB concentrations on a congener-specific and total-PCB basis.  
Total PCB concentrations (soil = dry weight, worms = lipid normalized): 

− Ochten:  200 µg/kg in soil; 3,900 µg/kg in worms 

− Gelderse Port:  1,000 µg/kg in soil; 1,000 µg/kg in worms. 

• PCB residues in fat were on average 0.76 times greater than levels in organic 
matter.  For congeners 52, 101, 138, and 153, the BAFs range between 0.66 
and 1.2 at one site and 0.34 and 0.59 at the other site when normalized to 
lipid and organic matter.  (Note that these values are much lower still than 
values that Belfroid and Wågman reported for the same congeners in their 
studies.) 

 

Larsen et al. (1992), Intern. J. Environ. Anal. Chem. 46:149–162 

• Prepared Askarel-spiked soil (150 µg/g) and measured PCBs in earthworms 
(Lumbriculus rubellus) exposed to the soil for 48 hours and in worms 
subsequently exposed to low-contaminated soil (1.5 µg/g) for 60 days. 

• Worms depurated for 48 hours before analysis. 

• Study measured 17 PCB congeners in soils and worms, and calculated 
equilibrium soil-to-earthworm bioconcentration factors (BCFs) for each 
congener.  The study reports that BCFs ranged from 4 to 20, but it is not clear 
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from the write-up or tables what basis was used for measuring PCB 
concentrations in soil or in worms (dry weight, wet weight, lipid-normalized). 
Therefore, this study was not used to develop BAF for total PCBs. 

 

Beyer and Stafford (1993), Environ. Monitor. Assess. 24:151–165 

• Collected 18 co-located soil and worm (multiple species) samples from nine 
Great Lakes confined disposal facilities. 

• Worms were not depurated before analysis. 

• Total PCBs, estimated as Aroclor 1254, were below detection limits (0.4−0.6 
ppm, dry weight) in worms at 15 sites, and ranged from 0.66 to 1.8 ppm at 
the other three sites.  For these three sites, the PCB accumulation factor was 
about 1.8−3.4 based on a simple worm:soil dry-weight ratio. 

 

Diercxsens et al. (1985), Chemosphere 14:511–522 

• Compared PCB concentrations in soil and worms at a nature reserve and a 
vineyard amended with compost. Total PCB concentrations estimated from a 
comparison of each sample to a standard composed of a mix of Aroclors. 

• Worms depurated prior to analysis, gut contents analyzed separately. 

• PCB concentrations in nature reserve soils ranged from 8 to 12.5 mg/kg, dry 
weight, and concentrations in worms ranged from 9.4 to 15.2 mg/kg, wet 
weight, giving accumulation factors of 1.2–1.7. 

• PCB concentrations in vineyard soils ranged from 55 to 139 mg/kg, dry 
weight, and concentrations in worms ranged from 330 to 685 mg/kg, wet 
weight, giving accumulation factors of 2.3–11.5 (two depuration methods 
were used, producing slightly different final concentrations in worms). 

• PCBs in the digestive tracts of worms from the vineyard were 2.9 to 8.1 times 
greater than concentrations in soil (dry weight:dry weight basis).  The authors 
think this indicates that earthworms choose to ingest soil fractions with a high 
organic carbon content and thus higher PCB concentrations. 

 

Kreis et al. (1987), Pedobiologia 30:379–388 

• Compared PCB concentrations in soil and worms (Nicodrilus caliginosus) 
from two fields, one treated with liquid sewage sludge and one untreated, 
with five co-located samples per location. 
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• Worms were depurated 48 hours before analysis. 

• Total PCB concentrations in surface soils at the untreated field ranged from 1 
to 3 µg/kg and worm concentrations ranged from 11 to 31 µg/kg (all values 
dry weight), resulting in accumulation factors of 4.3–11.0. 

• Total PCB concentrations in surface soils at the treated field ranged from 4 to 
13 µg/kg and worm concentrations ranged from 22 to 174 µg/kg (all values 
dry weight), resulting in accumulation factors of 5.5−13.4. 
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Soil-worm PCB Bioaccumulation
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Table 1. Data Used to Develop the Soil-Worm PCB Bioaccumulation Model 

Soil Worm Worm  
(mg/kg dry wt) (mg/kg wet wt) (mg/kg dry wt) Reference 

0.032 0.023 0.14375 Wagman et al. 1999 
0.12 0.129 0.80625 Wagman et al. 1999 
0.444 0.291 1.81875 Wagman et al. 1999 

0.2 0.04641 0.2900625 Hendriks et al. 1995 
1 0.06273 0.3920625 Hendriks et al. 1995 

12.5 15.2 95 Diercxsens et al. 1985 
8 9.4 58.75 Diercxsens et al. 1985 

8.5 14 87.5 Diercxsens et al. 1985 
55 632 3950 Diercxsens et al. 1985 

137 609 3806.25 Diercxsens et al. 1985 
139 685 4281.25 Diercxsens et al. 1985 

0.001 0.00176 0.011 Kreis et al. 1987 
0.003 0.00208 0.013 Kreis et al. 1987 
0.003 0.00304 0.019 Kreis et al. 1987 
0.003 0.00352 0.022 Kreis et al. 1987 
0.003 0.00496 0.031 Kreis et al. 1987 
0.004 0.00352 0.022 Kreis et al. 1987 
0.005 0.00912 0.057 Kreis et al. 1987 
0.006 0.00976 0.061 Kreis et al. 1987 
0.006 0.01216 0.076 Kreis et al. 1987 
0.013 0.02784 0.174 Kreis et al. 1987 

0.1 0.1056 0.66 Beyer and Stafford 1993 
0.5 0.272 1.7 Beyer and Stafford 1993 
1 0.288 1.8 Beyer and Stafford 1993 
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***********************Linear Regression Analysis Results*********************** 

         
Variables:   X = "Log_Soil",  Y = "Log_worm"    
 Equation: Log_worm = 0.1352 + 1.0347*Log_Soil    
         
        Variable       N        Mean         Variance     
     ---------------+-----+---------------+---------------  
        Log_Soil        24         -0.8308          2.7054  
        Log_worm        24         -0.7244          3.1013  
     ---------------+-----+---------------+---------------  
         
           Regression Coefficient    = 1.034725    
           Standard Error of B       = 0.058650    
              Y-Intercept            = 0.135222    
               R-Squared             = 0.933983    
           Adjusted R-Squared        = 0.930983    
        Standard Error of Estimate   = 0.462652    
         
  The 95.0% confidence limits for the slope are: [0.913092, 1.15636] 

         
         
                       Analysis of Variance Table   
                   -----------------------------------   
         
         Source       DF       SS        MS          F          P 

     ---------------+-----+----------+----------+----------+---------- 

          Linear         1    66.6219    66.6219   311.2500 1.801E-014 

         Deviation      22     4.7090     0.2140   
     ---------------+-----+----------+----------+----------+---------- 

          Total         23    71.3310     3.1013   
         
         
Goodness of Fit Statistics ...      
  Coefficient of Determination: 0.933983499    
       Correlation Coefficient: 0.966428217    
     Model Selection Criterion: 2.551183881    
         
Parameter Statistics       
95.00% Confidence Intervals      
 Parameter a: 0.135222295      
 StdDev: 0.106267794       
   Univariate ...       
    LOW: -0.085163621       
   HIGH: 0.355608210       
 Supporting Plane:        
    LOW: -0.143651486       
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***********************Linear Regression Analysis Results*********************** 

   HIGH: 0.414096076       
 Parameter b: 1.034725187      
 StdDev: 0.058650313       
   Univariate ...       
    LOW: 0.913091883       
   HIGH: 1.156358490       
 Supporting Plane:        
    LOW: 0.880811816       
   HIGH: 1.188638557       
 

 

 



Site Photographs 
 
 



 
 

Photograph 1.  Factory 81 Area. 
 
 

 
 

Photograph 2.  Filled-in former wastewater aeration lagoon. 



 
 

Photograph 3.  Wastewater aeration lagoon. 
 

 
 

Photograph 4.  Vegetation at wastewater aeration lagoon. 
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Features Inventory 

P.O. Box 30444 
Lansing, MI 
48909-7944 

(517) 373-1552 
FAX:  (517) 373-9566 

 
 
 
 
 

Michigan State University 
Extension programs and materials 

are open to all without regard to 
race, color, national origin, gender, 

religion, age, disability, political 
beliefs, sexual orientation, marital 

status, or family status. 

MSU is an affirmative-action, 
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Enclosed is the data requested from Michigan Natural Features Inventory (MNFI). This information 
is a list of Element Occurrences (EO) at the section level. The sections contain the centroid of the EO. 
In some cases, the extent of an animal's range or a community type may extend past the section 
containing the centroid. 
 
This information is the best available regarding elements tracked by MNFI. This list, however, is not 
a definitive statement on the presence, absence, or condition of the natural features in any given 
locality. Plant and animal populations and natural communities change with time. Also, not every site 
has been specifically surveyed. Therefore, the information provided should not be regarded as a 
complete statement on the occurrence of special natural features of the area in question. 
 
The recipient(s) of the information services understand that state endangered and threatened species 
are protected under state law (Act 451 of 1994, the Natural Resources and Environmental Protection 
Act, Part 365, Endangered Species Protection).  Any questions, observations, new findings, violations 
or clearance of project activities should be conducted with the Michigan Department of Natural 
Resources, Wildlife Division. Contact Lori Sargent or Pat Lederle at (517) 373-1263.  The 
recipient(s) of the information services understand that federally endangered and threatened species 
are protected under federal law (Endangered Species Act of 1973). Any questions, observations, new 
findings, violations or clearance of project activities should be conducted with the U.S. Fish and 
Wildlife Service in East Lansing.  Their phone number is (517) 351-2555.  Recipients of the 
information are responsible for ensuring the protection of protected species and obtaining proper 
clearance before project activities begin. 
 
This information is used to guide conservation and land management activities. Some of the element 
records are historical. While this information may not be important for regulatory purposes, it is  
important for management and restoration purposes and for scientific use.  

 
The following codes are used for the Federal and State status: 
Federal Status: 

C = Candidate - species being considered for federal status  
LE = Listed endangered  
LT = Listed threatened  
LELT = Listed endangered in part of the range, threatened in a different part.  
PE = Proposed endangered  
PT = Proposed threatened  
PS = Partial status - status in only a portion of the range 

State status: 
E = Endangered (Legally protected)  
T = Threatened (Legally protected)  
SC = Special Concern (Rare or status uncertain; not legally protected)  
X = Presumed extirpated (Legally threatened if rediscovered)  

 
For questions about MNFI and the data, contact Ed Schools, MNFI, (517) 373-0798, or 
schoolse@michigan.gov 
 

 



Scientific Name State Common Name Federal Status State Status Last Observation Date Element Category Town Range Section
Jeffersonia diphylla Twinleaf SC Plant 08N 06E 36

1
Michigan Natural Features Inventory

November 25, 2003
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