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ABSTRACT
Sorption on sediment regulates the fate and bioavai lability 
of contaminants in the aquatic environment.  A comm on 
way to measure adsorption capacity of organic 
compounds in soil or sediment is to use the batch 
equilibration – solvent extraction method in which t he solid 
and aqueous phases are separated by centrifugation and 
the aqueous phase concentration Cw is determined after 
exhaustive solvent extraction. However, this method  may 
give artificially depressed Kd for strongly adsorbing 
compounds such as pyrethroids, as small colloidal 
particles and dissolved organic matter are not elim inated 
from the aqueous phase and contribute to the measur ed 
Cw. Solid phase microextraction (SPME) selectively de tects 
the freely dissolved concentration and thus may be used to 
improve Kd measurement.  Kd values for four pyrethroid 
insecticides were determined using both solvent ext raction 
(SEM) and SPME to measure Cw.  Kd obtained with SPME 
was 2 - 34 times greater than that with the solvent 
extraction method. For instance, Kd values for 
cypermethrin measured by SPME and SEM were 1.86 ×104 L 
kg -1 and 2.32×103 L kg -1, respectively.  The difference was 
more significant for sediments with higher organic matter 
content.  The latter objective will be to estimate effect of 
the solution-to-solid ratio and centrifugation spee d on the 
Kd measurement using both SPME and SEM . Kd measured 
with SPME is expected to be useful for predicting t he 
bioavailability or toxicity of sediment-borne pyret hroids, as 
it correlates with the free or bioavailable concent ration.

INTRODUCTION

MATERIALS AND METHODS
Chemicals: Bifenthrin (98.8%), cyfluthrin (95.2%), cypermethri n 
(95.1%), esfenvalerate (98%)

Sediments: San Diego Creek sediment (C-org – 0.91%); marine 
sediment (C-org – 7.40%)

RESULTS

Synthetic pyrethroids (SP) are widely used in both 
agricultural and urban regions for insect control.  SP are 
poorly soluble in water and strongly  retained by o rganic 
matter, and a major portion is consequently present  in soil 
and sediment. The determination of the partitioning  of SPs
between water and solid phase is therefore crucial for the 
understanding and correct modeling of the distribut ion, 
transport, bioavailability and toxicity of these ch emicals. 
The partition coefficient ( Kd) of organic compounds in soil 
or sediment is usually obtained using standard batc h 
equilibration – centrifugation method, in which the 
aqueous-phase concentration Cw is measured by liquid-
liquid extraction. However, this method may give 
unrealistically small Kd for strongly adsorbing compounds 
such as synthetic pyrethroids. This may be due to t he fact 
that centrifugation does not completely separate co lloidal 
particles and/or dissolved organic matter from the 
aqueous phase, and that the pesticide adsorbed to t he 
colloidal particles and dissolved organic matter le ads to an 
artificially elevated Cw. This approach may result in an 
underestimation of Kd. A method that can selectively 
detect the freely dissolved phase concentration wil l 
overcome this potential artifact and give improved Kd

measurements. A substantial number of studies have been 
devoted to develop approaches to measure dissolved 
phase concentration. One such method is solid phase  
microextraction (SPME) in which the analyte is enri ched 
onto a polymer fiber via diffusion and analyzed by GC. 
SPME measures only the freely dissolved concentrati on. 
However, the measurement of Kd values for hydrophobic 
compounds presumably depend on conditions such as 
solid-to-solution ratio and centrifugation speed. I t also 
likely depends on the age and properties  of the se diment. 

� There are great differences in  Kd values measured by SPME  
and SEM. The differences were observed for all synt hetic 
pyrethroids (Figures 1-4). 

� The degree of underestimation was found to be great er  for 
1:4 solid-to-solution ratio than for 1:100 solid-to -solution ratio. 
Such underestimation was observed more for San Dieg o Creek 
sediment than for the marine sediment (Figures 1, 2 ). 

� The degree of underestimation was found to be great er  for 
lower centrifugation speed than for higher centrifu gation speed
(Figures 3,4).

� No differences were observed between  KDOC and K OC for  San 
Diego Creek sediment, but KDOC values were consistently 
smaller than KOC for the marine sediment  (Table 1).
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� Measure and compare adsorption coefficient Kd of a range of SPs on 
sediments by using the conventional batch equilibra tion – solvent 
extraction method and the modified batch equilibrat ion – SPME 
method

� Estimate effect of solid-to-solution ratio on Kd measurement using 
SMPE and SEM

� Estimate effect of centrifugation speed on Kd measurement by SMPE 
and SEM

� Estimate effect of sediment properties on Kd measurement by SMPE 
and SEM

OBJECTIVE

Cw is freely dissolved concentration
C¢¢¢¢w is total concentration

Kd/K¢¢¢¢d represents the degree of underestimation caused by the lack of
phase separation and nonselective analysis

Effect of solid-to-solution ratio on Kd measurement
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Figure 1. Effect of solid-to-solution ratio on Kd measurement by 
SMPE and SEM for San Diego Creek Sediment
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Table 1. Adsorption Coefficients for KDOC and KOC (L/kg) for Synthetic 
Pyrethroids Estimated by SPME

2.5 × 1050.5 × 1052.5 × 1053.1 × 105Esfenvalerate

2.0 × 1050.8 × 1052.4 × 1053.8 × 105Cyfluthrin

5.7 × 1051.3 × 1052.9 × 1053.5 × 105Cypermethrin

6.8 × 1053.6 × 1052. 8× 1053.6 × 105Bifenthrin

KOCKDOCKOCKDOC

Marine SedimentSan Diego Creek Sediment

Figure 2. Effect of solid-to-solution ratio on Kd measurement by 
SMPE and SEM for a marine sediment

Figure 3. Effect of centrifugation speed on Kd measurement by 
SMPE and SEM for San Diego Creek Sediment

Figure 4. Effect of centrifugation speed on Kd measurement by 
SMPE and SEM for a marine sediment
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Effect of centrifugation speed on Kd measurement


