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TOXICOKINETICS FROM AQUEOUS AND SEDIMENT EXPOSURES FOR
DIPOREIA SPP.

Peter F. Landrum

ABSTRACT.  This report contains a summary of the toxicokinetics
data for the amphipod Diporeia spp. from the last 13 years.  Data are
from both aqueous and sediment exposures and are focused primarily
on selected polycyclic aromatic hydrocarbons and polychlorinated
biphenyls.

1.  INTRODUCTION

The toxicokinetics of contaminants in the amphipod Diporeia spp. and the factors that affect
those kinetics have been under investigation (1) to understand the importance of benthic organ-
isms as pathways for reintroducing sediment-associated contaminants to the food chain, and (2)
to develop methods for assessing the hazards of sediment-associated contaminants.  Diporeia
spp., formerly Pontoporeia hoyi (Bousfield, 1989), was chosen for study because it is the pre-
dominant macrobenthic organism in the Great Lakes (Mozley and Howmiller, 1977; Nalepa et
al., 1985).  Diporeia spp. is also recognized as a major prey item for Great Lakes fish (Mozley
and Howmiller, 1977), for some diving ducks (Peterson and Ellarson, 1978), and for Mysis
relicta (Parker, 1980).  In addition to its ecological importance, Diporeia is thought to be sensi-
tive to toxic environmental contamination  (Nalepa and Landrum, 1988).

The accumulation of selected contaminants has been measured for Diporeia from both
aqueous and sediment exposures.  This accumulation is described as an uptake clearance.  The
uptake clearance is the amount of contaminant cleared from the source compartment per mass of
organism per time.  The elimination is defined in terms of the elimination rate constant, which is
the fractional change in organism concentration per time.  These coefficients are presumed to be
constant over the time course of the experiments from which they were determined.  However,
the coefficients are recognized as conditional for the conditions of exposure and testing.  The
uptake clearances from aqueous exposure vary with organism size and temperature (Landrum,
1988).  The uptake clearance also depends on the extent of binding to dissolved organism matter
for aqueous exposures (Landrum et al., 1985) and the strength of binding to sediment for sedi-
ment exposures (Landrum, 1989; Landrum and Faust, 1994).  The elimination is also subject to
factors such as organism size and lipid content that influence the physiology of the Diporeia
(Landrum, 1988).

This report provides a referable review of data that is in the published literature and of
data that has yet to be published.  Analysis of this data will be useful to understand the role of
Diporeia in its interactions with important Great Lakes contaminants.
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Temperature Mass Error ku Error ke Error  Reference
oC mg sd ml g-1h-1 se h-1 se

4 6.9 2.4 97.9 7.1   Landrum 1986
4 5.0 2.0 122.8 12.3   Landrum 1986
4 5.0 2.0 155.8 8.5   Landrum 1986
4 7.2 1.7 81.8 9.6 0.0044 0.001   Landrum 1986
4 5.9 1.8 85.1 5.7   Landrum 1986
4 5.6 0.6 117.1 15.5 0.0041 0.0009   Landrum 1986
4 6.9 3.1 141.4 19.9 0.0015 0.0011   Landrum 1986
4 6.2 2.2 201.2 18.3 0.0036 0.001   Landrum 1986
4 7.7 2.3 82.8 13.7 0.0011 0.0005   Landrum 1986
4 8.6 1.6 128.6 12.6 0.0014 0.0005   Landrum 1986
4 7.6 3.3 141.3 8.3 0.0034 0.0009   Landrum 1986
4 8.1 2.6 100.3 15.3 0.0024 0.0007   Landrum 1986
4 9.2 1.9 171.8 10.7 0.0037 0.0004   Landrum 1986
4 6.8 2.0 131.2 14.6 0.0028 0.0009   Landrum 1986
4 3.6 2.3 207.3 12.4 0.008 0.001   Landrum 1986

  

7 5.0 0.9 148.1 9.5 0.0076 0.0013   Landrum 1986
7 6.2 2.2 205.4 21.5 0.0038 0.0015   Landrum 1986
10 6.2 1.5 176.9 11.5 0.009 0.0009   Landrum 1986
10 6.2 2.2 205.2 22.1 0.0086 0.0007   Landrum 1986
15 6.0 1.7 235.1 14.6 0.02 0.002   Landrum 1986

Temperature Mass Error ku Error ke Error Reference
oC mg sd ml g-1 h-1 sd h-1 sd
4 5.3 2.3 123.9 26.5 0.001 0.0005 Landrum 1986
4 6.6 2.8 97.5 24.5 Landrum 1986
4 6.3 2.4 140.8 18.1 0.0033 0.00012 Landrum 1986
4 6.3 1.7 162.6 32.1 Landrum 1986
4 7.5 3.0 137.6 25.4 Landrum 1986
4 7.5 1.7 169.3 23.7 Landrum 1986

Table 2.--Benz(a)anthracene Uptake Clearance from Aqueous Exposures and
Elimination Rate Constant.

Table 1.--Anthracene Uptake Clearance From Aqueous Exposures and
Elimination Constant.
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Temperature Mass Error ku Error ke Error Reference
oC mg sd ml g-1 h-1 sd h-1

3.3 4.2 2.7 183.4 38.2 0.0002 0.0006   Landrum, 1986  
4 5.8 1.4 200 13 0.0035 0.001   Landrum, 1986  
4 6.2 2.2 259.5 33.4   Landrum, 1986  
4 6.2 2.2 164.4 64.2   Landrum, 1986  
4 8.0 2.6 72.2 10.6 0.0021 0.0009   Landrum, 1986  
4 8.3 1.8 101.3 9.7 0.0006 0.0004   Landrum, 1986  
4 9.0 2.7 111.6 21.7   Landrum, 1986  
4 9.2 2.7 104.8 11.7 0.0009 0.0004   Landrum, 1986  
4 9.2 1.9 114.4 18.4 0.0006 0.0003   Landrum, 1986  
4 7.5 2.5 119.7 21.4   Landrum, 1986  
4 3.3 2.3 173 17 0.0014 0.0004   Landrum, 1986  
4 5.3 2.2 181.8 26.6 0.0021 0.0006   Landrum, 1986  
4 6.7 2.4 200.9 55.8 0.0011 0.0002   Landrum, 1986  
4 6.5 2.2 108 19.4 0.0013 0.0007   Landrum, 1986  
4 6.8 2.4 164.4 19.1 0.0019 0.0008   Landrum, 1986  
4 7.5 1.7 134.7 11   Landrum, 1986  
4 6.3 4.3 107 18.3 0.0009 0.0006   Landrum, 1986  
4 6.5 2.5 165 26.4 0.0019 0.0007   Landrum, 1986  
4 6.4 2.5 215.1 20.3 0.0024 0.0005   Landrum, 1986  
4 4.2 2.7 86.2 11.3 0.0015 0.0006   Landrum, 1986  
4 6.7 2.0 106.8 11.7 0.0008 0.0005   Landrum, 1986  
4 5.8 1.8 146.4 16.3 0.0007 0.0007   Landrum, 1986  
4 6.6 1.2 131.4 17.9 0.0016 0.001   Landrum, 1986  
4 5.9 1.3 90.6 5.3 0.0007 0.0005   Landrum, 1986  
4 7.2 1.6 77.5 10.2 0.0009 0.0006   Landrum, 1986  
4 8.0 3.2 59.4 6.7 0.0005 0.0005   Landrum, 1986  
4 6.9 2.3 92.2 6.8 0.0014 0.0005   Landrum, 1986  
4 5.3 3.5 71.4 12.6 0.0043 0.00085   Landrum, 1986  
4 5.3 3.4 68.6 11.7 0.0043 0.00085   Landrum, 1986  
4 5.6 1.8 85.2 15.7 0.0032 0.0006   Landrum, 1986  
4 4.1 1.4 143.8 20.2 0.0027 0.0004   Landrum, 1986  
4 4.1 1.4 176.2 25.9   Landrum, 1986  
4 4.1 1.4 171.4 17.2   Landrum, 1986  
4 9.2 1.4 75.2 15.4 0.0013 0.0004   Landrum, 1986  
4 6.5 2.7 112.3 24.8 0.0023 0.0006   Landrum, 1986  
4 8.8 1.8 84.1 8.9 0.0013 0.0005   Landrum, 1986  
4 6.8 2.0 103.8 9.6 0.0009 0.00033   Landrum, 1986  
4 7.1 1.0 0.0022 0.0003   Landrum and Faust 1991
4 7.3 1.4 0.0031 0.0009   Landrum and Faust 1991
4 7.4 1.8 0.0018 0.0003   Landrum and Faust 1991
4 7.5 1.4 0.0025 0.0006   Landrum and Faust 1991
4 5.4 122.64   Landrum and Stubblefield 1991
4 5.2 162.91   Landrum and Stubblefield 1991
4 4.4 57   Landrum and Stubblefield 1991
4 8.1 105.5   Landrum and Stubblefield 1991
4 2.4 161.6   Landrum and Stubblefield 1991
4 11.2 78.8   Landrum and Stubblefield 1991
4 10.8 94.6   Landrum and Stubblefield 1991
4 10.6 89.5   Landrum and Stubblefield 1991
4 10.2 61.6   Landrum and Stubblefield 1991
4 11.3 66.9   Landrum and Stubblefield 1991
4 14.0 39.8   Landrum and Stubblefield 1991
4 8.9 197.2   Landrum and Stubblefield 1991
4 9.0 208.2   Landrum and Stubblefield 1991
4 3.0 266   Landrum and Stubblefield 1991
4 3.7 243   Landrum and Stubblefield 1991
4 3.7 213.6   Landrum and Stubblefield 1991
4 11.5 86.1   Landrum and Stubblefield 1991

Table 3.--Benz(a)pyrene Uptake Clearance from Aqueous Exposures and
Elimination Rate Constant.
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Table 4.--Phenanthrene Uptake Clearance from Aqueous Exposures and
Elimination Rate Constant.

Temperature Mass Error ku Error ke Error Reference
oC mg sd ml g-1 h-1 sd h-1

3.3 4.2 2.7 87.7 12.3 0.003 0.0009   Landrum 1986
4 5.7 3.1 65.4 19.6 0.0026 0.0012   Landrum 1986
4 5.6 1.9 122.5 39 0.0027 0.002   Landrum 1986
4 6.7 2.4 119 11.9 0.0016 0.0028   Landrum 1986
4 5.8 1.5 172.8 12.4 0.0062 0.0009   Landrum 1986
4 6.8 2.4 126.3 15.8 0.0026 0.0006   Landrum 1986
4 7.9 1.7 157.9 17.6 0.00021 0.0003   Landrum 1986
4 6.5 2.5 167.6 20 0.007 0.001   Landrum 1986
4 6.4 2.5 78.1 11.4 0.0038 0.0006   Landrum 1986
4 4.2 2.7 137.2 14.6 0.0058 0.0007   Landrum 1986
4 6.5 2.5 174.3 21.7   Landrum 1986
4 6.7 2.0 181.1 30.1 0.0029 0.0006   Landrum 1986
4 5.8 1.8 137.2 19.2 0.0026 0.0006   Landrum 1986
4 6.6 1.2 72.6 15.2 0.0008 0.0007   Landrum 1986
4 5.9 1.3 170.9 12.4 0.0036 0.0005   Landrum 1986
4 7.2 1.6 142.1 7.3 0.002 0.0005   Landrum 1986
4 8.0 3.2 127.7 21.2 0.0081 0.0023   Landrum 1986
4 6.9 2.3 122.7 11 0.0026 0.0004   Landrum 1986
4 8.0 3.2 126.5 17.4 0.0031 0.0008   Landrum 1986
4 5.3 3.5 92.5 19.5 0.0078 0.0007   Landrum 1986
4 5.3 3.5 140.8 12.9 0.0078 0.0007   Landrum 1986
4 5.6 1.8 94 13.1 0.0085 0.0004   Landrum 1986
4 4.1 1.4 129.1 11.1 0.0086 0.0006   Landrum 1986
4 4.1 1.4 150.1 10.9   Landrum 1986
4 4.1 1.4 139.5 16.9   Landrum 1986
4 9.2 1.4 124.2 16.8 0.005 0.0007   Landrum 1986
4 6.5 2.7 167.5 28.6 0.0044 0.0005   Landrum 1986
4 8.8 1.8 89 7.6 0.009 0.0005   Landrum 1986
4 6.8 2.0 120.3 27.8 0.0055 0.0007   Landrum 1986
4 6.1 0.5 0.008 0.004   Landrum 1986
4 6.1 0.5 0.018 0.007   Landrum 1986
4 6.1 0.5 0.008 0.002   Landrum 1986
4 6.1 0.5 0.008 0.002   Landrum 1986
4 5.6 157.5   Landrum and Stubblefield 1991
4 5.3 149.9   Landrum and Stubblefield 1991
4 2.3 102.1   Landrum and Stubblefield 1991
4 3.2 64.6   Landrum and Stubblefield 1991
4 2.2 146.3   Landrum and Stubblefield 1991
4 4.2 177.7   Landrum and Stubblefield 1991
4 3.5 84.4   Landrum and Stubblefield 1991
4 2.9 124.8   Landrum and Stubblefield 1991
4 2.0 74.4   Landrum and Stubblefield 1991
4 1.7 68   Landrum and Stubblefield 1991
4 3.1 157.6   Landrum and Stubblefield 1991

6 5.0 2.3 125.9 15 0.0066 0.0016   Landrum 1986
7 7.2 1.5 158.5 10.3 0.0034 0.0005   Landrum 1986
8 7.2 2.0 143.4 19.9 0.011 0.002   Landrum 1986
8 6.1 1.4 152.3 22.7 0.0027 0.0006   Landrum 1986
10 4.5 1.1 124.9 11.1 0.019 0.002   Landrum 1986
10 6.0 1.2 164.7 13.95 0.0047 0.0005   Landrum 1986
10 8.0 3.2 181.3 17.1 0.0045 0.0006   Landrum 1986
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Temperature Mass Error ku Error ke Error Reference
oC mg sd ml g-1 h-1 sd h-1

4 6.7 2.4 208 32.8 0.0012 0.0005   Landrum 1986
4 5.8 1.5 205.1 31.4 0.0018 0.0009   Landrum 1986
4 6.8 2.4 148.4 24.9   Landrum 1986
4 7.5 1.7 235.3 14.6 0.0006 0.0001   Landrum 1986
4 7.1 1.3 0.0028 0.0001   Landrum and Faust 1991
4 7.8 1.6 0.0025 0.0006   Landrum and Faust 1991
4 7.2 1.7 0.0026 0.0003   Landrum and Faust 1991
4 7.3 1.9 0.0025 0.0004   Landrum and Faust 1991
4 6.1 0.7 0.002 0.0007   Landrum et al. 1994
4 6.1 0.7 0.0023 0.0009   Landrum et al. 1994
4 6.1 0.7 0.0031 0.0006   Landrum et al. 1994
4 6.1 0.7 0.002 0.0008   Landrum et al. 1994
4 7.2 1.0 0.0016 0.002   Landrum et al. 1994
4 6.9 1.2 0.0012 0.0003   Landrum et al. 1994
4 6.9 0.8 0.0022 0.0002   Landrum et al. 1994

10 7.7 2.1 49.51 8.3   Harkey et al. 1994
10 8.6 2.1 63.8 4.82   Harkey et al. 1994

Table 5.--Pyrene Uptake Clearance from Aqueous Exposures and
Elimination Rate Constant.

Table 6.--Biphenyl Uptake Clearance from Aqueous Exposures and
Elimination Rate Constant.

Temperature Mass Error ku Error ke Error Reference
oC mg sd ml g-1 h-1 sd h-1 sd

4 7.8 2.2 83.8 5.6 0.019 0.0015   Landrum 1986
4 9.2 1.9 83 8.4 0.013 0.001   Landrum 1986
4 9.2 1.9 82.8 7 0.013 0.001   Landrum 1986
4 9.0 3.0 120 13.7 0.008 0.001   Landrum 1986
4 8.3 1.8 147 22.5 0.0091 0.0011   Landrum 1986
4 7.1 2.4 108.7 6.5 0.009 0.0016   Landrum 1986
4 6.9 3.0 107 6.3 0.01 0.002   Landrum 1986
4 5.7 1.0 52.4 14 0.01 0.002   Landrum 1986
4 3.3 2.3 73.5 10 0.021 0.002   Landrum 1986

  Landrum 1986
7 6.2 2.2 93.9 7.7 0.017 0.0014   Landrum 1986

10 6.2 2.2 106 7.7 0.019 0.002   Landrum 1986
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Temperature Mass Error ku Error ke Error Reference
oC mg sd ml g-1h-1 sd h-1 sd

4 5.7 1.0 153 44.2   Landrum 1986
4 6.9 3.0 124.3 12.7   Landrum 1986
4 9.0 2.5 109.7 12.7   Landrum 1986
4 8.3 1.8 145.2 11.1   Landrum 1986
4 9.0 3.0 134.7 10.7   Landrum 1986
4 9.2 1.9 123.9 18.3   Landrum 1986
4 9.2 1.9 132.6 13.1   Landrum 1986
4 7.8 2.2 140.8 24.6   Landrum 1986
4 3.3 2.3 149.5 15.9   Landrum 1986
4 7.1 1.3 0.0013 0.0002   Landrum and Faust 1991
4 7.8 1.6 0.0009 0.0003   Landrum and Faust 1991
4 7.2 1.7 0.0011 0.0002   Landrum and Faust 1991
4 7.3 1.9 0.0006 0.0002   Landrum and Faust 1991

7 6.2 2.2 163.8 15.7   Landrum 1986
10 6.2 2.2 198 15.6   Landrum 1986

Table 7.--2,2',5,5'-Tetrachlorobiphenyl Uptake Clearance from Aqueous Exposures
and Elimination Rate Constant.
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Table 8.--2,2',4,4',5,5'-Hexachlorobiphenyl Uptake Clearance from Aqueous
 Exposures and Elimination Rate Constant.

Temperature Mass Error Ku Error Ke Error Reference
oC mg sd ml g-1 h-1 sd h-1 sd

4 7.1 1.0 0.0007 0.0003   Landrum and Faust 1991
4 7.3 1.4 0.0018 0.0008   Landrum and Faust 1991
4 7.4 1.8 0.0006 0.0005   Landrum and Faust 1991
4 7.5 1.4 0.0005 0.0003   Landrum and Faust 1991
4 8.7 88.53   Landrum and Stubblefield 1991
4 5.2 152.7   Landrum and Stubblefield 1991
4 3.9 136.1   Landrum and Stubblefield 1991
4 8.1 70.3   Landrum and Stubblefield 1991
4 3.6 147.6   Landrum and Stubblefield 1991
4 9.8 51.5   Landrum and Stubblefield 1991
4 10.8 64.5   Landrum and Stubblefield 1991
4 10.7 83.7   Landrum and Stubblefield 1991
4 10.2 62.4   Landrum and Stubblefield 1991
4 11.5 56.4   Landrum and Stubblefield 1991
4 14 36.1   Landrum and Stubblefield 1991
4 8.7 112.6   Landrum and Stubblefield 1991
4 9.0 95.8   Landrum and Stubblefield 1991
4 6.3 102.6   Landrum and Stubblefield 1991
4 3.7 184.7   Landrum and Stubblefield 1991
4 3.8 149.2   Landrum and Stubblefield 1991
4 14.9 50.2   Landrum and Stubblefield 1991
4 13.5 49.8   Landrum and Stubblefield 1991
4 12 85.8   Landrum and Stubblefield 1991
4 11.5 99.2   Landrum and Stubblefield 1991
4 15 82.3   Landrum and Stubblefield 1991
4 7.0 82.4   Landrum and Stubblefield 1991
4 6.6 167.5   Landrum and Stubblefield 1991
4 3.6 183.3   Landrum and Stubblefield 1991
4 3.7 62.5   Landrum and Stubblefield 1991
4 3.3 179   Landrum and Stubblefield 1991
4 2.1 92.8   Landrum and Stubblefield 1991
4 10.9 29   Landrum and Stubblefield 1991
4 10.4 33.4   Landrum and Stubblefield 1991
4 8.1 50.3   Landrum and Stubblefield 1991
4 10.5 30.1   Landrum and Stubblefield 1991
4 7.9 119.6   Landrum and Stubblefield 1991
4 15.5 14.4   Landrum and Stubblefield 1991
4 6.8 113   Landrum and Stubblefield 1991
4 5.2 199   Landrum and Stubblefield 1991
4 3.2 250   Landrum and Stubblefield 1991
4 6.4 127.8   Landrum and Stubblefield 1991
4 3.1 190.9   Landrum and Stubblefield 1991
4 3.0 278.4   Landrum and Stubblefield 1991
4 3.3 405.6   Landrum and Stubblefield 1991
4 3.1 172   Landrum and Stubblefield 1991
4 2.5 122.5   Landrum and Stubblefield 1991
4 2.4 89.5   Landrum and Stubblefield 1991
4 1.6 305.1   Landrum and Stubblefield 1991
4 2.4 111.9   Landrum and Stubblefield 1991
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Compound Temperature Mass Error Ku Error Ke Error Reference
oC mg sd ml g-1 h-1 sd h-1 sd

Trans-Chlordane 10 6.7 3.6 70.24 0.8   Harkey et al. 1994
10 5.2 1.6 66.67 4.43   Harkey et al. 1994

Carbaryl 4 3.74 0.63 0.0002 0.00016   Landrum and Dupuis 1990

Pentachlorophenol 4 3.1 0.9 0.0033 0.0014   Landrum and Dupuis 1990

Table 9.--Uptake Clearance from Aqueous Exposures and Elimination Rate
Constants for other Compounds.
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Table 10.--Uptake Clearance of Sediment-Associated Pyrene.
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Table 11.--Uptake Clearance of Sediment-Associated Benzo(a)pyrene.
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Table 12.--Uptake Clearance of Other Sediment-Associated Polycyclic Aromatic
Hydrocarbons.
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Table 12 (cont).--Uptake Clearance of Other Sediment-Associated Polycyclic
 Aromatic Hydrocarbons.
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Table 13.--Uptake Clearance of Sediment-Associated Tetrachlorobiphenyl.
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Table 14.--Uptake Clearance of Sediment-Associated Hexachlorobiphenyl
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Table 15.--Uptake Clearance of Other Sediment-Associated
Chlorinated Hydrocarbons
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