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A b stract— A ssessm en t o f  the environm ental risk  o f  d ischarges, con tain ing  both  chem icals and suspended solids (e.g., d rilling 
d ischarges to  the  m arine  environm ent), requires an evaluation  o f  th e  effects o f  both  toxic  and n on tox ic  pollu tants. To date, a 
s tructu red  ev aluation  schem e th a t can be used  fo r p rognostic  risk  assessm ents fo r nontoxic  stress is lack ing . In  th e  p resen t study 
w e challenge  th is lack  o f  inform ation  by the developm ent o f  m arine  species sensitiv ity  d istributions (SSD s) fo r th ree  nontoxic 
s tressors: suspended  clays, buria l by  sedim ent, and change in  sed im ent g ra in  size. T hrough a lite ra tu re  study, e ffec t levels were 
ob ta ined  fo r  suspended clays, as w ell as fo r burial o f  biota. In fo rm ation  on  th e  species p reference range fo r m edian  g ra in  size was 
used  to  assess the  sensitiv ity  o f m arine  species to  changes in  grain  size. T h e  50%  hazardous concen trations (HC50) fo r suspended 
barite  and  ben ton ite  based  on  50%  effect concentrations (E C 50s) w ere  3,010 and 1,830 m g/L, respectively . F o r buria l the  50%  
hazardous leve l (H L50) was 5 .4  cm. F o r change in m edian  g ra in  size , tw o SSD s w ere constructed; one fo r  reducing  and  one fo r 
increasing  th e  m edian  grain  size. T he H L50 fo r reducing  th e  m edian g ra in  size was 17.8 |xm. F o r increasing  the  m ed ian  grain size 
th is value w as 305 p.m. T he SSD s have been constructed  b y  using  in fo rm ation  re la ted  to o ffshore  oil- and  gas-related  activities. 
N evertheless, th e  resu lts  o f the p resen t study m ay have b roader im plications. T he hypothesis o f  the  p resen t study is  that th e  SSD 
m ethodo logy  developed  fo r  th e  evaluation  o f toxic stress can a lso b e  applied  to  evaluate nontoxic  stressors, facilita ting  the  incor­
poration  o f non tox ic  stressors in prognostic risk  assessm ent tools.

K eyw ords— Species sensitiv ity  distributions N ontoxic  stressors M arine  sedim ents D rilling  activities

IN T R O D U C T IO N

A s a result o f  risk-m itigating measures, the chem ical state 
o f the  N orth Sea has substantially improved over the last 20 
years [1]. O ther nonchem ical, nontoxic stressors, however, can 
also affect the ecological status o f  w ater bodies. D ischarges 
w ith high particula te  m atter concentrations, for instance, can 
cause adverse effects in  the receiving w ater environm ent due 
to elevated concentrations o f  suspended particulate matter, rap ­
id deposition o f solids in  sedim ents, and changes in physical 
or chem ical properties o f the sediments [2,3]. These discharges 
arise, for instance, at oil well drilling and dredging activities.

Drilling oil and gas wells requires use o f drilling fluids 
(mud). This process generates large volumes of drill cuttings 
[4], w hich may b e  discharged to the sea from offshore drilling 
platform s. Currently, there are tw o prim ary types o f drilling 
fluids in  use: water-based m uds and muds with oil or a syn­
thetic fluid as the m ain constituent [2,5]. Because o f their 
potential environm ental harm, discharging drilling m uds (and 
associated cuttings) other than water-based is no longer al­
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low ed in the region falling under the 1992 O slo-Paris Con­
vention. This convention currently guides international co­
operation on the protection o f the m arine environm ent of the 
N ortheast A tlantic (www.ospar.org).

The tw o m ajor ingredients in water-based drilling mud, 
bentonite  clay and barite, are toxicologically practically inert 
[6]. Furtherm ore, these m uds contain chem icals that are as­
sum ed to pose little or no risk (O slo-Paris agreement 2 0 0 4 -  
10, www.ospar.org). This implies that the prim ary concern at 
discharge is suspended particles, w hich are generally released 
in large quantities. M arine organisms are found to be partic­
ularly  sensitive to the suspended particulate phase of water- 
based drilling fluids, indicating that physical effects o f sus­
pended particles should not be neglected [3].

Species sensitivity distributions (SSDs) o f toxicants are 
com m only used in the risk  assessment o f toxic m ixtures [7,8]. 
The SSD approach m ight also be useful fo r quantifying the 
effects o f nontoxic stressors. To date, SSDs of nontoxic stress­
ors related to m arine drilling discharges are, however, not 
available. The goal of the present study was to develop SSDs 
fo r three nontoxic stressors, i.e., suspended clays, burial by 
sediment, and change in sediment grain size. Selected stressors 
fo r drilling discharges are described, follow ed by an overview  
o f reported effect data. Then, SSDs based on collected effect 
levels are presented. Finally, uncertainties present in  the SSDs
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SSD s fo r suspended  clays, burial, and grain  size change

for nontoxic stressors and their use in  risk assessment are 
discussed.

M A T E R IA L S A N D  M ET H O D S

Identification o f  stressors

Three stressors that relate to the em ission o f particles were 
identified: suspended clay concentrations in the water column, 
the thickness o f  the deposited layer on the seabed, and the 
change in grain size to represent the changing characteristics 
o f  the sediment.

High m ud and cuttings concentrations can be found in the 
w ater colum n only in  the vicinity  o f the discharge point. D i­
lutions of 1,000-fold o r m ore are encountered within 1 to 3 
m o f the discharge [6]. Particles less than 0.01 mm settle very 
slowly and can  persist in the w ater column for weeks and 
months. As a  result, large zones o f  increased turbidity may be 
created around drilling platform s [3]. These plumes of sus­
pended particles may have an im pact on marine organism s [6].

Large am ounts o f drilling solids m ay be discharged from 
a platform  leading to accum ulation o f large cuttings piles on 
the sea floor that m ight cause chronic alteration of the local 
benthic environm ent [9,10]. T he potential ecological effects 
o f cuttings and sm aller particles (bentonite clay and barite) 
settling onto the seabed has been explained primarily as the 
tem porary effects o f  physical burial of benthic fauna [11]. 
Species with burying behavior, experience little or no effect 
[12], w hile sedentary organism s, w hich have a low capability 
to move through the sedim ent, such as certain bivalve species, 
are m uch m ore sensitive [13]. T he nature and effects of burial 
o f species appear to be  determ ined by the depth o f burial; 
burial rate; tolerance o f species, such as life habitats, escape 
potential, and low  oxygen tolerance; nature o f m aterial, such 
as grain size different from  native sediment; and season, e.g., 
m ortality rate by  burial h igher in  sum m er than w inter [1 4 -  
17]. Effects data describing th e  im pacts of these factors sep­
arately w ere not available. T herefore in the present study the 
thickness o f  th e  burial layer was used as an indicator for all 
the effects related  to burial by deposited material.

A lthough b io turbation  and physical m ixing (e.g., by cur­
rents) results in m ixing o f drill cuttings with the original sed­
iment, the sedim entation of drill cuttings will change the tex­
ture and structure o f  the sediment. Such change renders the 
substrate less suitable as habitat for some benthic species and 
m ore suitable fo r others [6]. H ere the change in m edian grain 
size was used to represent the overall changes in sedim ent 
characteristics and it was considered a determining factor of 
the specific com m unity inhabiting an area.

Species sensitiv ity  d istribu tion

In  environm ental risk  assessm ent the SSDs can be  applied 
by predicting the potentially  affected fraction of species (PAF) 
at a certain level o f exposure [8]. An SSD is defined by the 
average log-effect concentration and the standard deviation of 
the log-effect concentrations for biota towards a specific stress­
or [18]. Several d istributions can be used to define the SSD. 
The choice o f a distribution is arbitrary and usually selected 
based on best-fit results [19—23], In the present study, the log ­
norm al distribution (natural logarithm ) was used [22], In  case 
m ore than one effect value w as reported for one species, the 
geom etric m ean value for that species was taken as the  input 
for the SSD. F o r the change in grain size, two thresholds per 
species exist, so  tw o SSDs w ere derived, one for increasing
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and one for decreasing gra in  sizes. T he hazardous concentra­
tion (or level) leading to a p o ten tia lly  affected fraction o f 5% 
(HC5) and 50%  was derived b ased  on the  procedure described 
by A ldenberg and Jaw orska [23].

D eterm ination o f  effect levels

In order to develop SSD s fo r  the three identified nontoxic 
stressors, effect level data w e re  collected. For toxicity, stan­
dardized test protocols ex ist to  determ ine effect levels (no- 
observed-effect concentra tions and/or concentrations causing 
50%  effect [EC50s]). H ow ever, for th e  testing o f nontoxic 
stressors such protocols are n o t available. In  spite o f  the lack 
o f standardization, effects o f  c lay  particles in the w ater colum n 
as w ell as effect levels re la ted  to burial of b iota are studied 
w ith species from  several taxonom ic  groups. E ffect levels re­
lated  to suspended particles a n d  burial o f  sedim ent were ob­
tained from  literature availab le  from  the internal literature da­
tabase o f the Dutch O rganisation  for A pplied Scientific Re­
search, Institute fo r M arine R esources and Ecosystem  Studies 
(Den Helder, T he N etherlands), C urrent Contents, and the in­
ternal literature database at B a tte lle  (Duxbury, M A , USA). The 
U.S. Environm ental P rotection  A gency’s AQ U IRE database 
(w w w .epa.gov/ecotox) was a lso  consulted.

Suspended  clays

For suspended clays the  d a ta  collection resulted in a da­
tabase w ith effect concentrations for marine species for dif­
ferent effect types, such as surv ival, feeding behavior, growth, 
m obility, reproduction, oxygen  consum ption, and effects on 
the gastrointestinal tract. D a ta  were obtained from  exposure 
studies with clay-sized particles (i.e., attapulgite, bentonite, 
clays, and barite) and also w ith  various types o f water-based 
drilling fluids. M ost data w ere  available for the species groups 
phytoplankton, Zooplankton, crustaceans (excluding Zooplank­
ton), m olluscs, and fish. F ilte r feeding m olluscs are m ost sen­
sitive to increased particle concentrations. See the Supple­
m ental D ata for an overview  o f the  effect data (http://dx . 
do i.o rg /10 .1897/07-339.S I).

D ue to the absence o f standardized laboratory test protocols 
fo r suspended solids, the te s t conditions were variable or not 
reported at all. Effect m agnitudes w ere poorly quantified and 
none of the studies reported inform ation on the effects in the 
controls. If  quality  criteria to  select effect data fo r toxicity 
assessm ent w ould have been applied to the data available for 
suspended solids (see K lim isch et al. [24]), only som e of the 
collected effect data would h ave  been accepted.

T he few  no-observed-effect concentration data (only avail­
able for water-based drilling fluids) and values with no quan­
tified effect m agnitude w ere excluded from  further analysis. 
Instead, the EC 50s for m orta lity  were used to construct the 
SSD s for respectively barite and bentonite. For barite and ben­
tonite, data on 15 and 12 different species were available, 
respectively. For attapulgite, only EC50 values for fish species 
w ere available and these data w ere excluded from  the analysis 
as they w ere considered as no t being  representative for marine 
species in general. The EC 50 data from exposure studies with 
com plete drilling fluids w ere also excluded from  the analysis, 
as the varying com position o f  fluids, depending on the char­
acteristics o f the form ation, m ight influence the effect levels.

B urial

T he collected effect data fo r burial of sediment included 
depths of burial tested in m ainly  chronic exposure tests with

http://www.epa.gov/ecotox
http://dx
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Fig. 1. D eterm ination  o f  th e  gTain size (GS) p reference  range  fo r  the 
m arine  polychaete O ctobranchus flo r icep s  from  the  benthic  field m on­
ito ring  observations. T he  preference range is  p resen ted  as the  95%  
in te rva l o f a log-norm al distribution. ^  =  observations; —  =  fitted 
log-norm al distribution.
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Fig. 3. Species sensitiv ity  d istribu tion  o f  benth ic  species fo r  burial 
expressed as th ickness o f an instan taneous bu ry ing  layer and th e  cor­
responding hazardous level fo r 5%  o f  the  species (H L 5) (m edian value 
and 5 -9 5 %  confidence in terval) (n  =  32). □  =  m ollusc; A =  crus­
tacean; ©  =  polychaete.

m arine species. T he effects m agnitudes reported ranged from  
0 to a 100% effect [12,15,25,26]. No EC 50 values have been 
reported for burial. K ranz [16], however, used an indicator 
w ith a com parable concept: the escape potential of a given 
species can be identified as the probability (x) that the organism  
can escape w ith a given depth of burial (EPx).

As the availability o f no-effect levels was lim ited to four 
species, only effect values with quantified and nonquantified 
effect m agnitudes (including EP10 values) w ere considered in 
the present study. The obtained EP10 values w ere directly used 
in the  SSD, except fo r three species for w hich EP10 values of 
zero w ere reported. F o r those species h a lf  o f  the lowest-ob- 
served-effect level w as used  in the SSD. For exam ple, epi- 
faunal suspension feeders, perm anently attached to hard sub­
strate could not escape burial o f 1 cm  depth, w hich was the 
low est exposure level included in the  experim ents. In  this case, 
the effect level for inclusion in the SSD was set at 0.5 cm. 
T he final data set contained data on 32 m arine species.

C hange in grain size

No standardized tests focusing on the effect o f  altered m e­
dian grain size w ere found. However, substantial information 
on the preference o f species for a specific range of median 
grain sizes was available from  benthic field surveys. The pref­
erence range o f  m edian grain sizes fo r different species was
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Fig . 2. Species sensitiv ity  d istributions (S SD ) and  th e  corresponding 
hazardous concentration fo r  5%  o f the species (H C 5) (m edian values 
and 5 -9 5 %  confidence in te rv a ls) based on 50%  effec t concentrations 
fo r barite  in  =  15) and  ben ton ite  (n =  12).

derived from  the observed m edian grain sizes a t locations 
where a species occurs. The da ta  were obtained from  benthic 
surveys in the N orw egian part o f  the N orth Sea, Norwegian 
Sea, and Barents Sea and stored in the Environm ental M on­
itoring D atabase of the N orw egian Oil Industry Association. 
It contained inform ation on 2,206 species collected in 2,428 
sedim ent sam ples from  standardized m onitoring surveys 
around oil platform s on the N orw egian Continental Shelf in 
the period 1990 to 2002. The sam ples collected at reference 
stations, w hich were considered uncontam inated, were selected 
from  the database.

Inform ation on the preference fo r the m edian grain size was 
obtained fo r 404 m arine species. As a lim ited num ber of ob­
servations m ight influence the assessm ent of the w idth of the 
grain size preference range, only species that were observed 
at m ore than 10 stations were taken into consideration (300 
species). For each species, the preference range was assessed 
from  the available data by determ ining the 95%  interval based 
on a lognormal distribution o f the data (see for an exam ple 
Fig. 1 fo r the marine polychaete O ctobranchus floriceps). By 
this procedure, tw o grain-size thresholds were derived for each 
species. One fo r fine grain sizes corresponding to the 2.5 per­
centile o f the distribution, and one fo r course grain sizes cor­
responding to the 97.5 percentile o f  the distribution.

RESULTS

The SSDs based on collected EC 50 values for m ortality 
resulting from  suspended barite and bentonite exposure, pre­
sented in Figure 2, show that species are slightly more sensitive 
to bentonite than to barite. However, this difference is not 
statistically significant (analysis of variance, significance level 
5% ). The SSD for barite is based on data for 15 species in 
five taxonom ic groups and for bentonite 12 species and four 
taxonom ic groups. F o r barite the 50%  hazardous concentration 
and HC5 correspond to 3,010 (752-12,000) and 17.9 (1.2— 
100) mg/L respectively (median value and 5-95%  confidence 
interval). For bentonite these values are 1,830 (340-9,855) 
and 7.6 (0 .25-58.1) m g/L  respectively.

T he search for effect data for burial resulted in  a dataset 
containing 39 effect values (different effect magnitudes) for 
32 species (24 m olluscs, five crustaceans, and three poly­
chaetes). The SSD for burial by sedim ent is presented in Figure
3. For burial the 50 and 5% hazardous levels were determ ined

 SSD barrio
O Zooplankton, barite 

O Mollusc, barite  

L  Fisb.barite 

□  C ruslacean .barite

-  O iigochae’e , barile 

— • SS D  bentonite

♦  Zooplankton, bentonite

•  M ollusc, bentonite 

▲ Fish, bentonite

■  C rustacean , bentonite 

+  Algae, ben ton ite  û

HC5, barite*  17.9 mg/L (1.20-100) 
HC5, benton ite= 7 .6  mg/L (0.25-58.1)

100 1000 10000 
S u sp en d ed  clay (mg/L)
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Fig. 4. R elationsh ip  betw een the  po ten tia lly  no t-occu rring  fraction  o f 
sed im en t spec ies and the  median grain  size derived  from  the  presence 
o f  m arine  species a t d ifferent grain  sizes, reg iste red  d u ring  seabed 
m onito ring  activ ities  in  the  N orth  Sea, N orw egian  Sea, and  Barents 
Sea (n  =  300). X =  observed low er g ra in  size th resho lds  fo r N orth 
Sea, N orw eg ian  Sea, and Barents Sea species; A  =  observed  upper 
grain  size th resho lds fo r N orth Sea, N orw egian  Sea, and B arents Sea 
species.

at 5.4 (3 .7 -7 .9 ) and 0.63 (0 .31-1 .06) cm respectively  (median 
and 5 -9 5 %  confidence interval).

The narrow est grain size preference range determ ined in 
the present study equals 16 pm  and the widest, 1,545 pm . The 
m edian value is 277 pm . Figure 4  shows the relationship of 
the fraction o f benthic species not occurring in m arine sedi­
m ents as a function of median grain size. T he fit is the com ­
bination o f the probability distribution curves fo r both the 
low er and the upper grain size thresholds as presented in Figure 
5. The cum ulative distributions o f the lower and upper grain 
size thresholds for 300 marine species (Fig. 5) can be consid­
ered as a SSD fo r respectively a reduction and an increase in 
the m edian grain size. The 50 and 5%  hazardous levels o f the 
SSD o f low er grain size thresholds correspond to  17.8 (16.7— 
18.9) and 47.8 (43.7-52.8) pm  respectively. F o r the SSD of 
the  upper grain size thresholds these values are 305 (288-325) 
and 115 (104-126) p m  respectively (m edian and 5 -95%  con­
fidence interval).

DISCUSSION

T he present study shows that the statistical extrapolation 
m ethodologies developed for the evaluation o f toxic stress can 
be applied to evaluate nontoxic stressors. T he application of 
these procedures to  nontoxic stressors harm onizes the evalu­
ation o f toxic and nontoxic stressors. Including both  types o f 
stressors in one overall evaluation schem e will facilitate  the 
com parison of risks related to em issions and give possibilities 
to rank and prioritize among the various stressors (see Harbers 
et al. [8] fo r a sim ilar approach, but for toxicants only). The 
success o f  the application of th e  SSD approach depends, how­
ever, on the quantity and quality o f the  available input data. 
For the three stressors evaluated in the present study the  avail­
ability and quality o f data are discussed below.

S u s p e n d e d  c la y  c o n c e n tr a t io n s

T he quality of the available data is difficult to judge for 
suspended clays because o f the absence o f standardized lab­
oratory  test protocols. However, selecting only E C 50 values 
still resulted in a dataset sufficient fo r generation o f SSDs [18]. 
By including results from nonstandardized tests in  the SSD 
we m ight have increased the variation in effect values. The

standard deviation o f th e  log-effect concentra tions based on 
In-transform ed data fo r barite  (3.05) and bentonite  (3.25) cor­
respond to ß values (slope param eter fo r  a log-logistic distri­
bution) o f 0.73 and 0.78. T hese  values are relatively  high 
com pared to the values fo r g roups of chem icals w ith different 
toxic m ode o f  action p resen ted  by D e Z w art [27], For 23 
groups w ith different toxic m odes of action. D e Zw art [27] 
reported ß values betw een 0 .28 and 0.71 with an average of 
0.49. Apart from  the  inclusion  o f  data from  nonstandardized 
tests, the scatter in effect da ta  m ight also b e  caused by the fact 
that organisms respond d ifferen tly  to elevated  concentrations 
o f suspended particulate m atter (SPM ) and therefore have dif­
ferent susceptibility to concentrations o f  SPM . Some func­
tional groups o f organism s are m ore adapted to deep water or 
coastal zones and thus to d ifferen t naturally  occurring back­
ground concentrations of SPM . M obile organism s, such as fish 
have the ability to flee from  clouds o f  SPM  from  drilling 
discharges, w hile sessile organism s such as ben th ic  filter feed­
ers are im m obile and therefore  m ore exposed [14]. In the SSDs 
for barite  and bentonite, filter feeding Zooplankton and m ol­
luscs are, together w ith algae, am ong the sensitive taxonomic 
groups, while benthic crustacean and siphon feeding molluscs 
are relatively insensitive. T h is supports the hypothesis that 
organism s living in the  ben th ic  boundary layer o f  fine sedi­
m ents are accom m odated to  deal with elevated turbidity and 
sedim entation [28]. A concern  w hy barite m ight no t be directly 
com parable to other sources o f SPM  is its m etal content. Barite 
contains m etal im purities th at m ight lead  to o ther effects than 
ju st physical effects. T he fact that the  SSDs fo r barite and 
bentonite are not significantly different supports the assum p­
tion that m etals in  barite are in  highly insoluble form s, so little 
leaches from the particles into the w ater w here they m ight 
affects water colum n organism s [29]. It could b e  argued that 
the shape and constitution o f  particles have a strong bearing 
on their effects (especially  concerning physical effects). A 
com parison w ith effect da ta  fo r other types o f  SPM  should 
indicate the generic applicability  o f the derived SSDs for ac­
tivities other than offshore o il and gas drilling.

B u r ia l

No effect data w ere available referring to the thickness of 
a deposited layer or to the deposition rate. Therefore test results 
using depth o f  burial as the endpoint were selected to derive 
the SSD. T hese effect data are based on instantaneous and 
com plete burial, while fo r d rilling  discharges the  form ation of 
the burying layer is a slow  process. N orm ally (nonsessile) 
species are slow ly covered by the deposition, and have time 
to escape burial and m ove upwards w ith a rate  equal to the 
deposition rate. The d ifference between the w ay the exposure 
is expressed in the experim ents (depth o f burial) and the way 
the exposure is defined in  the present study (thickness of de­
posited layer), probably results in  an overestim ation of effects 
related to a deposited layer. T his means that the application 
of the SSD fo r burial m ay result in a conservative risk  as­
sessm ent (see also the Supplem ental Data; http://dx.doi.org/ 
10.18977/07-339.S I) .  T he fact that the calculated HC5 based 
on chronic effect data (0.63 cm ) lies in the sam e range as a 
reported threshold level for no effects o f  1 cm  for sessile 
sedim ent species [17], supports this hypothesis.

S e d im e n t  s t r u c tu r e

A lthough a relationship betw een sedim ent characteristics 
and infaunal com m unity structure exists, there is considerable

http://dx.doi.org/
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F ig . 5. Species sensitiv ity  d istributions based  on the  low er g ra in  size 
th resho lds (A ), co rresponding to  the  2.5 percentile  (X ) o f  th e  ind i­
v idual d istributions (determ ined as described  in Fig. 1) and based  on 
the  u p p er grain  s ize  th resho lds (B ), corresponding to  the  97.5 per­
cen tile  (A) o f  the  individua] d istributions (determ ined as described  
in Fig. 1) fo r 300 N orth  Sea, N orw egian  Sea, and B arents Sea benth ic  
species.

variability in species responses to specific sedim ent charac­
teristics [30]. Factors ultim ately controlling infauna distribu­
tions m ay not be sedim ent grain size per se or factors correlated 
to it (such as organic content), bu t rather interactions betw een 
hydrodynam ics, sedim ents, and infauna and how these affect 
sedim ent distribution, larval supply, particle flux, and pore- 
w ater chem istry [31]. This im plies that other factors, besides 
the m edian grain size, also need to be considered to interpret 
the results o f  the risk  assessm ent and assess the actual presence 
o f species in sediments.

U sing the inform ation from  the m onitoring surveys in a 
generic risk  assessm ent procedure assumes that the preference 
ranges fo r the  300 m arine species, obtained in the present 
study, are representative fo r m arine benthic species in general

M .G .D . S m it e t al.

(e.g., d ifferent geographical reg ions). Figure 4  suggests that a 
m edian grain size o f approxim ately 90 ¡xm is appropriate for 
nearly all species. This is d u e  to  the fact that locations with 
silt/clay specialists or course specialists are not present in the 
data set taken from the E nvironm ental M onitoring Database. 
A s the grain size ranges are determ ined fo r species in soft 
bottom  sediments from  the N o rth  Sea, the N orw egian Sea, and 
the Barents Sea, the developed SSD is only applicable to re­
gions with a comparable range o f  median grain  sizes. An SSD 
fo r grain size changes could be  specified fo r different locations 
or environm ents with characteristic  biota (arctic species, trop­
ical species, deep sea species e tc .). However, the required data 
as used in the present study a re  not readily available for dif­
ferent types o f environm ents. Further analysis o f  the m oni­
toring  data stored in the Environm ental M onitoring Database 
is suggested in order to refine th e  SSD for grain size changes 
by taking into account factors like  geographical area, water 
depth, and fraction organic carbon.

Im plications f o r  risk assessm ent

In the present study, the P A F  is an indicator for effects. 
G iven certain exposure, the derivation  o f  PAF levels from  the 
SSDs fo r suspended clays and  burial is straightforw ard. The 
determ ination of the PAF from  a certain change in  median 
grain size needs, however, fu rth er discussion. If, fo r exam ple, 
the m edian grain size changes from  30 to  200 p m  the fraction 
o f nonoccurring species rem ains the sam e (~ 2 0 % , Fig. 4). 
This is caused by the increase o f  occurring species from  30 
up to 90 pm , follow ed by a decrease o f occurring species up 
to 200 pm . However, independent o f the potential increase of 
occurring species, the species present at 30 p m  have a prob­
ability o f  20%  of being affected by the change to 200 pm. 
This probability is actually the decrease in occurring species 
derived from  the SSD based on the  upper grain size thresholds. 
As long as an increase in the fraction o f occurring species is 
considered as a positive effect and ignored in  the risk  assess­
m ent and only a reduction o f the fraction o f occurring species 
considered as a negative effect, the  tw o SSDs for grain size 
change can be  applied independently in risk  assessm ent. Com ­
parable considerations can be m ade to the w ork published by 
L atour et al. [32] and Van Z elm  et al. [33] both  using the 
concept o f two-sided SSDs.

One o f the criticism s o f the use  o f  SSDs in risk assessment 
is the lack  o f ecosystem dynamics incorporated in these m od­
els. In  other words, “ how representative is the potentially af­
fected fraction of species (PAF) fo r the actual effect in the 
field?” [34], One o f the benefits o f  using field data for the 
construction of SSDs, sim ilar to  w hat is done fo r change in 
grain size, is the fact that species interactions w ill be accounted 
for. I f  a change in median grain size results in an increase in 
PAF, the new occurring species m ight out-com pete the species 
that w ere originally present. These processes are incorporated 
in the SSD for grain size change.

Struijs e t al. [35] described a m ethodology to incorporate 
naturally  occurring background concentrations in the risk  as­
sessm ent using SSDs. The inclusion o f  natural background 
levels is also relevant for nontoxic stressors, particularly for 
suspended clay concentrations with background concentrations 
o f suspended m atter (for example, in the open North Sea up 
to 20 m g/L) [36], However, the applicability o f the added risk 
approach to nontoxic stressors needs further study.

An im portant advantage of the use o f  the PA F is the pos­
sib ility  to combine effects from single toxic stressors into one
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effect indicator, the m ultistressor PAF (msPAF) [8]. W ith the 
SSD s for nontoxic stressors in place. msPAF values based on 
the combined exposure to toxic and nontoxic stress can be 
calculated. U sing the m sPAF approach, the contribution of all 
stressors to the overall effect can be visualized. This facilitates 
risk  com m unication and prioritization of stressors in the light 
o f defining the right risk-m itigating m easures [37]. However, 
for com binations o f toxicants it rem ains to be established how 
robust predictions o f  m sPA F are when com pared to field or 
m esocosm  data and how  uncertainties proliferate through the 
w hole protocol o f  the  m sPAF approach [7], This also applies 
to com binations o f tox ic  and nontoxic stressors.

S U P P O R T IN G  IN FO R M AT IO N

S I .  Overview  o f  th e  collected effect data for suspended 
clays.

Found at DOI: 10.1897/07-399.S1 (36 KB PDF).
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