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Why Tools for Probabilistic Environmental
Risk Assessment of Chemicals?
* |n EU, current focus Is on the deterministic Risk
Quotient, TGD (2003) -

> RCR=PEC/PNEC (Risk Characterisation Ratio)

> Decisions as to whether RCR is below 1, between 1 and
10, between 10 and 100, etc.

* To address uncertainty aspects of RCR, we have
to apply probabilistic Risk Assessment

* REACH CSA Scoping doc: ‘RCR Is not a true
measure of Risk’ (Traas and Aldenberg, 2005)
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Tools: Methods & Software

e Methods
1. Uncertainty/ Sensitivity Analysis of Models
2. Data Analysis, Statistics
3. Risk Analysis

e Software
1. Crystal Ball, @Risk, SimLab, ...

2. R/ S-PLUS, SAS, SPSS, Matlab, ...
3. Any of above, Analytica, ..., Busy
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Methods for Probabilistic Environmental
Risk Assessment

* Uncertainty Analysis/ Distribution Fitting
> Exposure Concentration Distribution (ECD)
> Species Sensitivity Distribution (SSD)

* Risk Characterisation
> Overlap Plots
> Joint Probability Curves
> Ecological Risk
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Risk Characterisation: PDF Overlap Plot
Exposure Concentration (blue) + Species Sensitivity (red)

Case A: PDF overlay Exposure (ECD, blue) and Species Sensitivity (SSD, red)

PEC =90" %-ile ECD = A
PNEC = 10" %-ile SSD
lllustrative example: same % |
means, but standard - PNEC PEC
deviations interchanged o T s T
e Case A (wide SSD) o oty e ot iy S
> ECD ~ Normal (-2, 1) B
> SSD ~ Normal ( 0,2)
e Case B (sharp SSD)
> ECD~Normal (-2,2) * PNEC PEC
» SSD ~ Normal ( 0, 1) T
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Deterministic Risk Quotient: RCR = PEC/PNEC
Exposure Concentration (blue) + Species Sensitivity (red)

Case A: PDF overlay Exposure (ECD, blue) and Species Sensitivity (SSD, red)

RCR — PECQO /PNEC]_O - 041
log;,RCR = | |
|OglOPEC90 = |OglOPNEC10 go.zf
e Case A: | - .- .
log,,RCR =—-0.72 — (— 2.56) Z % T B
: — 184 : . O?e B: PDF overlay Exposure (ECD, blue) and Species Sensitivity (SSD, red)
-2 RCR=70 |
* Case B: | |
log,,RCR =+ 0.56 — (- 1.28)
=1,84
-2 RCR=70 v
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Probabilistic Risk Quotient
Aldenberg et al. (2002), Verdonck et al. (2003)

Deterministic Risk Quotient employs percentiles:
RCR = PEC,,/PNEC,,, so:

Now consider the Probabilistic Risk Quotient, or log
difference between Exposure Concentration and Species
Sensitivity. Since both are Normal, the difference is Normal:

2 2
log; o EC —log; SS ~ Normal(zecp — /USSD’\/UECD +03sp )
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Probabilistic Risk Quotient:
log,(,RCR = log,,EC - 109,,SS >0 ?

Case A: log10 Risk Quoatient distribution: 18.6%exceedenceof RCR =1

* Case A | = A

0.15+

PRR e -
Normal (-2, (1+4)Y2) 5o
005 P CR)>1
Exceeds 0 (RCR=1) by 18.6% = | 188%
Case B: log10 Risk Quotient dilgtgr;lt?ut'iz(rf 18.6%exceedenceof RCR =1

e Case B B

WEORGR .
Normal (- 2 (4+1)1/2)
0.054 P CR)>1
Exceeds 0 (RCR =1) by 18.6% / | 18.?0 4
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Van Straalen Ecological Risk Overlap Plot
Van Straalen (2002), Aldenberg et al. (2002)

CaseA: Van Straalen Ecological Risk Plot (PDF ECD and CDF SSD); Risk = 18.6%

0.4

ECD PDF and SSD CDF scaled
to the max of the ECD PDF

)
x

2 0.2

PDF and CDF are multiplied to ~ °
get reduced PDF (“hump’)

mean Risk = 18,

-100.

Ecological Risk is AUC of the ST eena
prOduct hump (mean RISk) 3 C?;Ze?B: Van Straalen Ecological Risk Plot (PDF ECD and CDF SSDy; Risk:%igfn
B L
> Case A | | 0.15 o
> AUC = 18.6%
: 0.05- e Risk = 1862(?/0
e CaseB |
» AUC = 18.6% B R I S
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Risk Quotient and Mean (Ecological) Risk are
not sufficient

* Apparently the Risk Quotient, or RCR: Risk
Characterisation Ratio, is not sufficiently
Informative to distinguish between Cases A and B

* The deterministic RCRs (70) are the same

* The probabilistic RCR distributions are identical,
as are the exceedence probabilities of RCR =1
(18.6%0)

* The Van Straalen Mean Ecological Risk AUCs are
the same too (18.6%)
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Beyond Risk Quotient and Ecological Risk:
Joint Probability Curves (JPCs)

Are we stuck? No, we are not
The solution is Joint Probability Curves (JPCs)

There are 3 types of JPC:

» Type 1. Exceedence Profile Plot (EPP)
Giesy et al. (1999), Solomon & Takacs (2002)

> Type 2: Cumulative Profile Plot (CPP)
Aldenberg et al. (2002), Verdonck et al. (2003), ETX (2005)

> Type 3: Risk Distribution CDF Plot (RDCDF)
Aldenberg (2007a,b), Busy (2007), EUFRAM (2007)
These basically convey the same information, but
Type 3 leads to the Risk Distribution PDF proper
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JPC Type 1: Exceedence Profile Plot (EPP)
Giesy et al. (1999), Solomon & Takacs (2002)

Exceedencé Profile Plot

o o
@ o

Fraction Exposure Exceedence
o
IS

o
N

<

1-CDF ECD

0.2 0.4 d.6 0'.8 i
CDF SSD = Fraction Species Affected
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JPC Type 2: Cumulative Profile Plot (CPP)
Aldenberg et al. (2002), Verdonck et al. (2003), E+X (2005)

Cumulative Profile Plot

o
o))

Fraction Species Affected
o
~

CDF SSD
o
N

<

0.6 0.8 1

0] 0.2 0.4
CDF ECD = Cumulative Fraction Exposure
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JPC Type 3: Risk Distribution CDF Plot (RDCDF)
Aldenberg (2007a,b), Busy (2007), EUFRAM (2007)

Risk Distribution CDF Plot

0.4

Cumulative Fraction Exposure
o
o

0.2

CDF ECD

(5 0 4 O 6 0'.8 i
CDF SSD = Fraction Species Affected
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JPC Type 3 Risk Distribution CDF (RDCDF)
Aldenberg (2007a,b), Busy (2007), EUFRAM (2007)

o The Type 3 JPC iS the | Case A: Fa'skD-'stributionOJ:(JPC;Typefs'). Mean = 18.6%;
Exposure CDF plotted | RS E6% A
against the Toxicity CDF for
the same concentrations

* The upper AUC is the mean
(Ecological) Risk, or mean

-
I

cumulative probability
o
(o)}

\ \ \ \ \
0 0.2 04 0.6 0.8 1

Fraction Affected (shaded). Do S e

Case B: Risk Distribution CDF (JPC Type 3). Mean = 18.6%;
> Case A: 18.6%
> Case B: 18.6%

e However, Risk Distribution
CDFs are different!

mean Risk = 18.69

cumulative probability
o
[e)]

0.2

Fraction Species Affected
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Risk Distribution PDF is derivative of RDCDF
Aldenberg (2007a,b), Bwsy(2007)

* The Risk Distribution PDF is
the derivative of RDCDF
(maths in Busy, 2007)

e Risk Distribution PDF over
Fraction Affected differs:
» ‘Case A: PDF Unimodal
» Case B: PDF Bimodal, with
asymptotesat FA=0and1
* Expected Risk, I.e. the mean
of the Fraction Affected
Distribution (FAD), Is 18.6%
In both cases A and B
* However, Risk Distributions
differ substantially

©

>
=

7]
©

ensity

Case A: Risk Distribution PDF (derivative of JPC Type 3). Mean = 18.6%;

mean\Risk = 18.6%

/

T T T T T
0 0.2 0.4 0.6 0.8 1
Fraction Species Affected
Case B: Risk Distribution PDF (derivative of JPC Type 3). Mean = 18.6%;

B

mean Risk = 18.6%
.

0 0.2 04 0.6 0.8 1
Fraction Species Affected
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Cases A and B Revisited

PDF Overlap Plot + log,,RCR

Case A: PDF overlay Exposure (ECD, blue) and Species Sensitivity (SSD, red)

0.4 A

0.3

density
o
i

0.1

-8 -6 -4 —‘2 6 é
log10 concentration
Case B: PDF overlay Exposure (ECD, blue) and Species Sensitivity (SSD, red)

0.4 B

4 6

0.3+

density
o
e

0.1+

8 % -4 -2 0 2
log10 concentration

N
o

density

density

Risk Distribution PDF Plot

Case A: Risk Distribution PDF (derivative of JPC Type 3). Mean = 18.6%;

A

O -
T T T T

T T
0 0.2 04 0.6 0.8 1
Fraction Species Affected

Case B: Risk Distribution PDF (derivative of JPC Type 3). Mean = 18.6%;

B

_J

0,
T T T T
0 0.2 04 0.6 0.8 1
Fraction Species Affected
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Software: Busy 1l.1a

* Bugyl.1la (Bayesian Uncertainty System) is a
software package running under Mathematica® 5.2
* Bugy 1l.1a available through:
» Malil busymath@gmarnl .com
> Web http://busymath.googlepages.com
* Currently, you need Mathematica to run it

> Trial version (15 days) at Website Wolfram Research
http://wolfram.com/products/

“mathematica/trial.cgi
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Busy 1. 1a User Interface

e User interface: Mathematica® Notebooks
> Advanced Technical Documents
> Manual, Guides, Toolboxes, and Templates

e Excel Link® for Mathematica

e Under development: webMathematica®
version to run Busy over the web

> Provider hosting webMathematica
> Java Server Pages

IRAS, Utrecht, NL
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usy Notebook
Interface

e Mathematica® Notebooks
are technical documents
divided into ‘cells’

* Cells may contain:
> Input statements
> Numerical output
> Graphics

> Explanatory text, with
Greek and maths symbols

e See: flexible SSD fit for a
pesticide (Insect species)

nBusySheet [55D-Pesticide n=23] 10a57.nb *

[ [imput = EEE

| 4

Our flexible kernel fit for this pesticide shows a quite well behaved distribution. There does not seem any
heterogeneity (multi-modal shape) in the data. The unit is logl0 gram Active Substance per hectare.

In[i0z]= dens = pdfbataPlot[logDens, {"Pesticide n - 23, PDF Plot and Histogram',
"logl0 ghS per ha', "Density"}]:

0.35

0.34

0.25

Density

0.1+

0.05 -

015

Pesticiden = 23, PDF Plot and Histogram

-1 0 1 2 3 4 5
log10 gAS per ha

5o, we feel confident to overlay the histogram, the data dotPlot for the pesticide, and the flexible kernel fit. Note that
we colored the two key species with a cyan color to stand out. They do not seem to takce a special position in the
Species Sensitivity Distribution (35D}

In[103]:= Show[dens, hist2, dens, dat2, Background — tonePastel [pen¥ellow]]:

0.35

0.3+

0251 /\\

0.2
0.15

N\
0.05] \

0 O oD O

Density

We might as well try the ordinary Gaussian (normaly distribution. Let's first see what the normal gquantile fit looks like:

Pesticiden = 23, PDF Plot and Histegram

-1 0 1 2 3 4 5
1og10 gAS per ha

In[i04]:= normalQuantilePlotQuartileFit[logData, Label];

normalQuantilePlotQuartileFit

2

Normal Guantile
=)
!

|

100 - 4| |

IRAS, Utrecht, NL

20




web-based Busy |
-experiment

e webMathematica® allows
browser-based web
applications

Example: Normal Kernel
Density fit on a small
sample of points, running
through MS Internet
Explorer®

; Normal Kernel Fit 02 - Microsoft Internet Explorer

=10] x|

File Edit Wiew Favorites Tools  Help

,
I

QBack » ) - [x] [2] (h] P seach i Favortes @ | (10 i ] -

& 3

Address [&] huep: flocalhost:S080fwebMat hematicafBusytiebappsDL fNormalkermelFitz.jsp

B = K= ‘Links >>|'@ -

Normal Kernel Fit 02

Enter data: [{2. 3.5.1. 18,-3, 125}

Enter kernel width: [2

pdfDataPlot

0.08

variable

/3 Normal Kernel Fit 02 - Microsoft Internet Explorer o ] |
File Edit View Favorites Tools  Help | i
Eloore | . _
———|@Back - - w2 a| S search Faverites £ | e L ] - o3
Address [&] hitpflocalhost 8050 webMathematica/BusyiebApps0LMormalkerelFOE. jsp =B e ‘Lmks ”|@ =
- .
Normal Kernel Fit 02
Enter data: I{Z 3,8.1,18,-3,12.8}
Enter kernel width: |9.7
pdfDataPlot
0.04
0.03
2
]
£ 0.024
0.01-
o= o o o o ==
T T T T T
-10 ] 10 20 30
variable
Fun
[&] Dene [ [ [ 3o intranet 7
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Busy Graphics Gallery (1)

1 -
BusyRE[Man [Mormal Reference Uncerkaint . =0 ll
‘Oulput "HQ‘E 4 °
Inf5z]= gquantrefd0 = referenceQuantilePDistribution[normdat, 0.90] j ;I 0.8
Out[57) —aNoncentralTLocationdcalebistribution- j O
In[53= setPlotRangeVar [yquantref90, plims] j > 0.6 1 o
O {-0.744236, 1.29138) ﬂ %
Q
Inf54= setPlotLineColor [quantre£90, penRedDrange] 11 o
ownfdl Hue [0, 0416667] o © 6 e}
In[55]= setPlotSymholFillColor [variableData[quantref90], pen¥ellowl.ig] O O ﬁ o o O ©
Ow[Esl= Hue [0.166687, 0.3, 1.] ; ; ; ; ; ;
In[E6]= pyuantref90 = pdfdataPlot [quantref9n, ""1; -2 -1 0 1 2 3 o
pifDataPlot DBP Log10 mg/I
44 T T T
-4 -2 0
34 in[221]:= 10g10HCS5 = quantile[toxNormalLog10, 0.05]
outfz21= -2.16653
] in[222]:= 10g10HC5Kernel = quantile[toxNormalKernelLogl0, 0.05]
out[222]= -2.31338
N EUSES DBP EiQui222 ,
ida
0
-0.5 1] 0.5 1
variable

n[57]= displayRange[{ppredref, pmuref, pguantrefd, pgquantref90}, {-0.6, 1.1]1:

pdfDataPlot
54
44
&3
]
2z
24
14
0
T T T T T T T
-0.5 -0.25 0 0.25 0.5 0.75 1
variable

100% - 4]

Probability

Concentration (10g10)
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“Busy Graphics Gallery (2)

pdfSpaghettiPlot and pdfSpaghettiPlotMean

15, /

0 2
NOEC Cadmium [mgCd/kg]l
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