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Chapter 14 

Introduction 

In this discussion, the focus will be on practical and regulatory implications of the 

research findings on slow desorption described in this dissertation. Three aspects will 

be particularly elaborated on: i) potential implications for soil/sediment quality 

objectives and risk assessment of hydrophobic organic compounds, ii) effects on 

leaching of organic contaminants from river sediments and/or sediment landfills into 

groundwater and porewater, and iii) implications for biological cleanup of 

contaminated sediments. 

1. Sediment quality objectives and risk assessment 

Present situation 

Quality objectives are basically derived from toxicity data, like NOECs (No Observed 

Effect Concentrations), EC50 (concentration where 50% of test organisms is 

affected), or LC50 (concentration lethal for 50% of the test organisms). For risk 

assessment, MPC values (Maximum Permissible Concentration) are derived from 

these toxicity data; the MPC is used to evaluate whether adverse ecosystem or human 

health effects can be expected. A second risk limit, the NC (Negligible Concentration, 

a concentrations where adverse ecosystem effects are supposed to be negligible), is 

also used; this limit is set at 1 % of the MPC levels. Also, standards exist for the 

decision whether or not a contaminated dredged sediment can be spread (testing 

values), and for the requirement for the clean-up of a contaminated site (intervention 

values). 

MPC values are obtained from toxicity data through the use of a so-called 

"extrapolation factor". This extrapolation factor usually varies from 10 to 1000, 

dependent on the number of toxicity studies used for the derivation of the MPC, as 

well as on the number of chronic and acute toxicity studies involved (preliminary 

method). In the case where sufficient data are available, a statistical extrapolation 

method is used to obtain MPC values (refined method). 

If soil toxicity studies are available, the MPC for soil is directly derived from these 

toxicity data, as described above. In most cases (especially for sediments), however, 

no toxicity data for benthic or sediment organisms are available. In those cases, 

sediment and soil standards have to be derived from aquatic ones. For hydrophobic 

organic compounds (HOCs), this is done by assuming equilibrium partitioning. The 

equation used is 
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MPC , =MPC K (1) 
se Qxment aquatic p * ' 

where MPC^^^, is the MPC derived for sediment, MPCaquatlc is the MPC derived for 

the aqueous phase (from toxicity data), and Kp is the sediment/water equilibrium 

partition coefficient. In cases where both aquatic and sediment toxicity data are 

available, eq. (1) is used to compare M P C ^ ^ and MPCaqualK, in order to avoid the 

situation that one MPC is exceeded in a certain ecosystem whereas the other is not 

(harmonization). The lowest MPC is selected to obtain maximum protection. For 

example, in the case of benzo[a]pyrene a factor of 10 difference is observed between 

MPC«,,, calculated through eq. (1) and MPC^, directly derived from soil toxicity values. 

Possible influences of slow desorption 

Two important assumptions underlie eq. (1): i) the sensitivities of sediment and 

aquatic species are comparable, and ii) the uptake of HOCs is through the pore water. 

The porewater content is possibly influenced by slow desorption. In chapter 11 of this 

thesis, it has been shown that slowly and very slowly desorbing fractions (see chapter 

4 for the definition of these fractions) probably do not contribute to HOC porewater 

contents. This means that a (slow + very slow) fraction of 90% implies that porewater 

contents are a factor of 10 lower than expected on the basis of equilibrium 

partitioning. 

In Table 1, (slow + very slow) fractions are given that have been measured in the 

present study for field-contaminated sediments. It is observed that the (slow + very 

slow) fractions encountered in field-contaminated sediments show a large variation 

(Table 1). Therefore, potential reduction factors in HOC concentrations in the 

porewater can also show a large variation among chemicals and sediments. From 

Table 1 it is observed that potential reduction factors in porewater contents due to 

slow desorption are generally below 10, although in some cases they can be as high 

as 20-50. 

Most potential reduction factors, however, are still smaller than the extrapolation 

factors (10-1000) used to derive MPCs from toxicity data. Moreover, in some cases 

an extra harmonization factor is introduced, when MPCs directly derived from 

soil/sediment toxicity data differ from the ones calculated with equilibrium 

partitioning. Therefore in some cases (PCBs, organophosphate pesticides) the possible 

effect of slow desorption on sediment quality objectives is relatively small compared 
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to the use of extra safety factors in their derivation. In other cases - PAHs, chlorinated 

benzenes, chlorinated pesticides - the objectives are supported by a relatively broad 

set of toxicity data. 

Table 1: (Slow + very slow) fractions for in situ contaminations in the Dutch 
sediments studied within the framework of this research, as well as potential reduction 
factors in porewater concentrations due to slow desorption. 

Chapter Location compounds (Slow + very slow) potential reduction factor in 
fractions porewater contents 

4,9 Lake Ketelmeer, Flevoland PCBs 60-87 2.5-8 
chlorobenzenes 67-97 3-30 

10,12 Petroleum Harbor, 
Amsterdam 

PAHs 4-72 1.04-4 

10 Voorwetering, Nieuwkoop PAHs 20-90 1.25-10 
10 Overschie, Rotterdam PAHs 45-90 1.8-10 
11 Harbor, Delfzijl dichlorobenzenes 36-76 1.6-4 

hexachlorobenzene 47-98 2-50 
12 Wemeldinge, Zeeland PAHs 62-93 2.6-14 
-, a Harbor, Middelburg PAHs 70-97 3-33 
-, a Canal Cent-Terneuzen, 

Zeeland 
PAHs 30-80 1.4-5 

-. b Hollands Diep, PAHs 27-91 1.4-11 
Zuid-Holland PCBs 33-80 1.5-5 

chlorobenzenes 82-98 6-50 
-, c IJzendoorn, Waal, PAHs 50-95 2-20 

Gelderland chlorobenzenes 80-95 5-20 
PCBs 27-68 1.4-3 

-: results not in this thesis. 
a: in J.M. van Steenwijk: "Veld Koc waarden in Zeeuws sediment: poriewateronderzoek voor het 
vaststellen van veld-partitie coëfficiënten gerelateerd aan ouderdom van sediment voor de MER 
speciedepot Koegorspolder", RIZA werkdocument 97.039, Lelystad, juni 1997. 
b: in H. Rigterink: " Desorpfjekinetiek van organische micro's: labexperimenten met 
veldgecontamineerd Hollands-Diep sediment", RIZA werkdocument 98.010X, Lelystad, mei 1998. 
c: in A.C. Belfroid, C. Ubbels, I. Burgers, K. Swart, J.W.M. Wegener en B. van Hattum: "Sorptie van 
microverontreinigingen in sedimentboorkernen", IVM-rapport R98/07, Vrije Universiteit, Amsterdam, 
juli 1998. 

Incorporation of the effects of slow desorption into risk evaluation could be 

worthwhile for the cases where standards are not obscured by large uncertainties 

(generally PAHs and chlorinated benzenes/pesticides). This is especially true for those 

sediments that exhibit large (slow + very slow) fractions, such as the sediments from 

Lake Ketelmeer, Middelburg Harbour, Delfzijl Harbour, and Overschie, Rotterdam. 

Therefore, it is explained how the effects of slow desorption on porewater 

concentrations could be incorporated in MPCs. Equation (1) could then be extended 

with a desorption term: 
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MPC 
MPC d = **" (2) 

sed .corrected jp 
rapid 

where MPC^,.,,,^^ is the sediment MPC corrected for effects of slow desorption, 

MPCEqP is the conventional MPC^ derived with equilibrium partitioning (eq. 1), and 

Frapid 's t n e rapidly desorbing fraction (which is 1 - F ^ - Fveryslow). The measurement of 

Frapkj would then be necessary, as no simple prediction method for this quantity is yet 

available (chapter 6). Frap (and F ^ + f^^J can easily and quickly be estimated by 

shaking 0.5 g of sediment with 1 g of Tenax in water for 24 h, followed by analysis of 

the amount released from the sediment and scavenged by the Tenax (for the Tenax 

desorption method, see chapter 2). The reliability of these one-point measurements 

f ° r Frapkj stil' has to be proved, because in the present research only desorption kinetics 

(10 or more points) have been measured. However, we think that such one-point Frap 

measurements are reliable within -10% of Frap (on the basis of the results in chapters 

2,4 and 6). The procedure sketched above for sediments can also be applied to soils, 

because the slow sorption processes occurring in soils and sediments are principally 

the same (chapter 6). 

Alternatively, porewater concentrations can be measured, and the in situ Kp be 

applied in equation 1. Then the corrected MPC^^,,, can be derived in one step. 

It may be best to use the procedure such as described above in cases where further 

investigations are required to evaluate the urgency of sanitation. Such a further 

investigation is required when a site has been qualified as "polluted" by means of the 

MPCs (class 4). An evaluation of the effects of slow desorption on the actual risk 

levels (using eq. 2) could be appropriate for such more refined risk evaluations. 

One more note on these issues seems appropriate. In chapter 7 of this thesis, it is 

described that the (slow + very slow) sediment compartments possess a limited 

sorption capacity (the Q ^ ) . Therefore, highly contaminated sediments, such as the 

one from Petroleum Harbour, generally show small (slow + very slow) fractions, 

because the slow and very slow sediment compartments are saturated. Therefore the 

effects of slow desorption are expected to be the least pronounced for the sediments 

with the highest contamination levels. 

At the moment, uptake is assumed to occur through the aqueous phase. However, it 

is possible that this assumption is invalidated. This is when benthic organisms are able 

to take up contaminations by direct ingestion of contaminated sediments. In that 

case, they may be able to take up slow and very slow fractions because the whole 
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sediment structure is disrupted by digestive processes, so that also the slow and very 

slow fractions become available for uptake. If the process of sediment digestion and 

uptake of slow fractions is significant under the pertinent site conditions, the potential 

reduction factors in Table 1 would become lower, reducing the potential effect of 

slow desorption on MPCs. Research is necessary to evaluate the effects of digestion 

on the possibility to take up slow and very slow contaminant fractions. 

Within the constraint of the assumption that all uptake occurs through the water, and 

thus in accordance with current practice, risk evaluation can in some cases be 

improved by using the correction according to equation (2). 

2. Leaching to groundwater 

The estimation of contaminant groundwater fluxes is important to assess the leaching 

of chemicals from contaminated sediments into the groundwater and surface water, 

as well as the proliferation risks of chemicals in contaminated sediments deposited in 

landfills. It is also important for the decision on isolation measures required for a 

contaminated sediment landfill. The estimation of porewater and groundwater 

contents is usually carried out by the application of equilibrium partitioning theory, 

and therefore the discussion on leaching to groundwater is largely along the same 

lines as the discussion on standards and risk assessment in section 1 of this chapter. 

As stated in section 1, porewater contents are determined by the rapidly desorbing 

fractions, and not by slow and very slow ones (chapter 11 of this thesis). Therefore, 

the potential reduction factors in porewater concentrations due to slow desorption 

(Table 1 in section 1 of the present chapter) could be applicable. These reduction 

factors are highly variable, generally ranging from 2 to 10; in some cases they are as 

low as 1.04 or as high as 20-50. For the incorporation of slow desorption effects in 

the estimation of fluxes, the used sediment-water partition coefficients (equilibrium 

partitioning) could be multiplied by this factor (i.e. divided by the rapidly desorbing 

fraction, FrapkJ): 

K d = KoCMP (3) 
OL „corrected j-i 

rapid 

where KOCcorrectK) is the Koc corrected for slow desorption, and Koc EqP is the K^ 

measured by short-term "equilibrium" partitioning. 
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Alternatively, porewater concentrations could be measured and Kjnsitu values used in 

the modeling instead of short-term laboratory Koc values. The freely dissolved 

porewater contents can be different from the total porewater content, however, 

because of the presence of chemical bound to colloidal and dissolved organic matter. 

Before anything can be said on the influence of slow desorption rates on contaminant 

fluxes, it must be realized why large (slow + very slow) fractions result in lower 

porewater concentrations. The low porewater contents (and elevated Kj"Mu values) 

observed when (slow + very slow) fractions are large, can be due to two reasons 

(chapter 13). First, it may be that exchange between water and the slow/very slow 

sediment compartments is such a slow process that hardly any release to the water 

from these compartments takes place. However, this is not very likely because rate 

constants of slow and very slow desorption (around 103 h"1 and 105-10"4 h"\ 

respectively; half-lives several weeks and several months/years, respectively) are still 

so large that release would still occur in field situations where time scales far longer 

than weeks are encountered. Second, the elevated Kx
msitu values in case of large slow 

fractions could be due to a difference in sorption process between rapid and 

slow/very slow fractions, slow sorption being stronger than rapid sorption and thus 

resulting in lower porewater concentrations. The distinction between the two 

reasonings is important because in the first one (kinetically limited exchange), 

groundwater flow rates and slow desorption rates would influence the release of the 

chemicals from sediment to porewater. Then the extent to which slow desorption 

influences contaminant leaching through the groundwater also depends on slow 

desorption rates. In the second reasoning (stronger sorption), however, it would not. 

Because we think that the second reasoning is more likely (because in most cases 

sediment-groundwater contact times are longer than times required for significant 

slow desorption, as explained above), it is not expected that the rates of groundwater 

flow and slow desorption are important for the effect of slow desorption on 

groundwater contaminant fluxes. Instead, it is mostly the distribution among rapid 

and slow/very slow (i.e. Frapkj) which is important (eq. 3). 

In Table 1, the magnitude of the potential reduction factors in contaminant 

concentrations in porewater (relative to equilibrium partitioning) are given for the 

field-contaminated sediments studied in the present project. These factors are in the 

range of 3-10 for most sediments (as high as 50 in some cases). Therefore it could be 

important in some cases to incorporate slow desorption in models to assess 

groundwater fluxes. The contaminant fluxes may be smaller than expected on the 

basis of equilibrium partitioning, by the mentioned reduction factors of generally 3-
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10. This could have implications, e.g. for the proliferation risks of a chemical from a 

contaminated site, or for the isolation measures required for a landfill. 

For the assessment of the potential reduction factor in porewater concentrations for a 

certain case, it is necessary to measure rapidly and (slowly + very slowly) desorbing 

fractions. For an easy estimation of these fractions, a short one-point Tenax extraction 

as described in section 1 can be carried out (shaking 0.5 g of sediment with 1 g of 

Tenax for 24 h, followed by analysis of the amount released from the sediment and 

scavenged by the Tenax). 

On the other hand, prognoses on contaminant fluxes are usually carried out over very 

long time scales, up to 10,000 years. It then has to be noted that the slow and very 

slow fractions are not necessarily constant over such a long time period. In addition, 

the sediment properties in the deeper layers where contaminants are transported may 

differ from those where the contaminants have become sorbed. Therefore the slow 

fraction measured at the location where a contaminant is currently sorbed may not be 

representative of the whole route that a contaminant will cover. 

3. Bioremediation 

During bioremediation, it is often observed that a fraction of the intrinsically 

degradable present hydrophobic organic chemicals (HOCs) is not degraded within 

reasonable time spans. These residual fractions are due to limited bioavailability of the 

slowly and very slowly desorbing HOCs, as shown in chapter 12 of this thesis. The 

extent of degradability is highly variable among soils and sediments, so it is 

worthwhile to have a method to assess cleanup possibilities before carrying out a long 

and expensive bioremediation. A strong variation among soils and sediments is also 

observed for slowly and very slowly desorbing fractions (Table 1 in section 1 of this 

chapter). 

In chapter 12, it has been shown that the extent of possible bioremediation can be 

estimated from the rapidly desorbing fractions (because the latter fractions are the 

ones that can be degraded by the microorganisms), provided that the compound in 

question is degradable by the microorganisms present. Therefore the following 

recommendation is only applicable in the case of contaminations that can be 

degraded by the microorganisms present. 

An easy and quick determination of the rapid and (slow + very slow) fractions in a 

sediment can be obtained in - 24 h, by the one-point Tenax extraction as described in 

section 1 of this chapter. 
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For degradation of the residual fractions on the long term, the slow desorption rate 

constants are probably important, provided that aqueous contaminant levels do not 

become insufficient for the maintenance of bacterial processes of the degrading 

microorganisms during the slow degradation phase (i.e. they fall below threshold 

values for bacterial processes). This could occur after the depletion of the rapidly 

desorbing fractions, when aqueous contaminant levels fall to very low levels because 

of the stronger sorption of the slow and very slow fractions relative to the rapid ones 

(chapter 11 and section 2 of this chapter). Even if the microorganisms do not suffer 

from below-threshold concentrations, it cannot be said from the present research 

(chapter 12) how rates of slow desorption can be "translated" into rates of biological 

degradation on the long term. 

The reasons for limited microbial degradation and for porewater concentrations below 

equilibrium values are thus probably the same: slow desorption. Therefore, the 

residual HOCs still present after bioremediation are probably the ones that do not 

contribute to porewater concentrations (i.e. they are in the slow + very slow 

fractions). Therefore, rapidly desorbing fractions will be very low for those residues, so 
MPCs«i,cofr«ted after bioremediation will be significantly higher than before (equation 2 

in section 1). In other words: the residues observed in biological degradation can 

hardly be taken up by organisms, since HOC fractions not bioavailable to 

microorganisms are probably not bioavailable to other organisms either. This 

reasoning holds under the conditions that i) benthic organisms cannot disrupt the 

whole sediment microstructure or take up and digest sediment, leading to the 

availability of slowly and very slowly desorbing contaminants for themselves or for 

other organisms, and ii) a "new" rapid fraction is not formed after bioremediation has 

been finished. 
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