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1. INTRODUC-TION 

1.1 General 

The Environment Agency Act 1995 describes the duties and functions the 
Environment Agency -will be expected to discharge. In protecting, maintaining and :. 
improving .the environment, Ithe- Agency- may wish to evaluate the. severity of the 
risks, and the effects that these may have on the environment. In so doing, the. 
Agency will have to operate at a series of levels from the site-specific assessment of 
risk, through the evaluation of risks at a regional scale, to the .deterrnination of 
national risk priorities. This will.provide a sound basis -from which to determine the 
relative importance of those issues, factors and, activities. facing the environment: 
and will result in greater confidence in setting environmental priorities. 

1.2 Approach 

It. is the intention of the Environment. Agency to be successful in introducing a 
strategic risk assessment. approach where the resources required for practical 
implementation of the approach- are sufficiently low to permit its use on a regular 
basis; Such an approach will ensure consistency. in assessing risks across a range of 
environmental issues of decisions which are to be defensible. 

2. OBJECTIVES 

2.1 General 

Reference 1 (Risk Assessment, and Risk Management Portfolio, Chapter 5 - 
Strategic Risk Assessment, Part B - The Approach to Strategic Risk Assessment) 
refers to -Primary -Risk Indices and .Risk Indices based on .the Risk Expressions 
which must be addressed. 

Based on the information referred toin each of these ‘risk expressions!, a measure of 
risk is to be assigned to each expression to assess the measure of risk of each Risk 
Index. The .measures of risk of the risk- indices are .then rolled-up to assign a 
measure.of risk to the Primary Risk Indices which set out -the basis upon which the 

‘Strategic Risk Assessment approach will provide -a Risk Priority for a given risk, 
effect and receptor as defined in:the boundary conditions, see Reference 1. 

2.2 Aim 

This paper addresses the ‘risk expressions’ associated with the Risk Indices and the. 
Primary Risk Indices referred to above, see Reference 1, and formalises a 
methodology that is robust and transparent to the User. 

Due -to the content and format in which Reference 1 is documented there is a 
requirement to examine the definition and content of the risk .expressions and the 
structure in which these expressions.have been structured to generate the Risk and 
Primary Risk Indices. Based on this examination, a proposed methodology is 
formalised in which the expressions (and indices) can be integrated into ,a flow 
diagram to which risk methods can be applied under various scenarios. 

As the-risk expressions refer:to a diverse range of issues and dimensions e.g.. harm 
occurrence, duration of source etc., there is a requirement to consolidate each risk 
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expression and the dimensions in which it operates. In so doing, the various issues 
and dimensions will be normalised at the various stages of the analysis to enable the 
level of harm due to the effect of risks on each receptor to be quantified. The 
significance of the various,risks-on the different receptor types will be quantified in. 
a similar manner. 

The normalising factors for source and receptor risk expressions will be held in 
look-up tables. The normalising.factors for source risks refer to the magnitude of 
the source i.e. the target value, above which the source is responsible--for the 
environmental hazard, and the nort-nalising factors for receptor risks refer to the 
tolerable number. of receptors, within the defined space and the period of time over 
which the receptors can be exposed to the environmental hazard.without significant 
cause for concern. 

2.3 output 

The aim of the analysis is to quantify the level of harm of each receptor above a 
tolerable level due to the-associated environmental hazard(s) exceeding their target 
value. The results of- the analysis are ranked with. respect to their impact on the 
media as a whole and the frequency of the risk occurring. 

3. MODEL 

3.1 .‘I. Methodology 

The -model for determining Risk Significance of .a receptor against a .particular 
hazard is based-on the following methodology: 

Step 1 - determine the P/o of Space Exposed to the Hazard (ah) 

ah = (Harm Space of one Source}h x-(No. of Sources 1 Target Level},, ,. 

{Space)h i 

where: 
Space =-the area (or volume) of the environment under consideration 
Harm Space of one Source = the area (or volume) of harm;an average source 
generates in.which the, hazard is greater than a target level 
No. of Sources > Target Level =--the -average number, of sources which 
generate a hazard in excess of the target level 

Step 2 - determine the Period of Exposure (Ph). : 

Ph = (Duration of Source}h + (Shelf Life}h 

where: 
Duration of Source = average length of time over which a source generates the 
hazard in excess of the target level 
Shelf Life = average length of time in which a hazard will remain in excess of 

the target.level once the source has ceased to generate the hazard 
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Step 3 - determine.the-Number of Receptors Exposed to Hazard (Yhr) 

Yhi 7 ah X {NO. -of Receptors in SpaCe)h, 

where: 
NO. of ,Receptors.in Space = Estimated number of receptors in the. area (or 
volume) of the environment under consideration 

Step 4 - determine the Level of-Harm (6,,J 

6hr = Yhr x ( Ph + {Recovery Time} hr/2 ) 

{Tolerable Period} hrx {Tolerable No. of Receptors-in Space) hr 

where: 
Recovery Time = Average length of time -it takes the receptor type to return to. 
a state of being uninfluenced by the hazard 
Tolerable No. ,of Receptors in Space = Number of receptors that can be.- 
affected .by the hazard without significant cause ;for concern:‘:- 
Tolerable ,Period = Estimated length of. time under which ..the Tolerable 
Number of Receptors in space’can be regarded as low priority 

Step 5 i determine the Risk Significance (E[,~) 

&hr = Zhr x. (Receptor.Classification}h, x (Probability of Occurrence}h, 

where : 
Scientific Weighting = A High/Medium/Low impact ranking to normalise one . . 
hazard/receptor combination dependant on scientific environment issues 
Political Weighting = A High/Medium/Low impact ranking to normalise one 
hazard/receptor combination dependant on political/social/commercial issues 
Probability of Occurrence = Probability of a source exceeding the target level 
in a given time period 

{Note: Subscript h and r refer to Hazard and Receptor respectively e.g. shr is the 
level of harm for,receptor ‘Y’ against hazard “h”.} 

The Steps 1 to 5 arerepresented in Figure 1 under the following colour codes: 

Step I: 
Step 2: 
Step 3: 
Step 4: 
Step 5: 

% of Space Exposed 
Period of Exposure 
Number of Receptors Exposed to Hazard 
Level of Harm 
Risk-Significance 

Light Blue 
Red 
Green 
Purple 
Dark Blue : 
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3.2 Input Data.- 

The input data to support the above methodology is itemised in Figure 1 in black 
script.- The tables used for data entry.into the model are .presented in Appendix. A . 

3.3 

- 

Data Description 
Sheet 

Step 
No. 

A.3 Hazard Number,-Name Step 1 

A.3 (Hazard) Target Level,-Units Step 1 

A.3. Receptor Number, Name step 3 

: ..‘A.4 Space Co-ordinates X,.Y and Z (or override space) of the space under step 1 
consideration 

A.4 Number of Sources in Space Step 1 

A.4 Number of Sources > (Hazard) Target Level :. Step 1 

A.4 Harm Space per Source x: y and z (or override space) Step 1 

A.4 Tolerable Period under which the Tolerable Number of Receptors in Step 4 
Space can be regarded as low priority, Units :., 

A.4 Duration of Source (Units as above) . Step 2 

A.4 Shelf Life of the Source (Units as above) Step 2 

A.4 Probability of the Source Occurring,.. Step 5 

A.5 Number of Receptors in Space (for each Receptor Type/Hazard) ” Step 3 

A.5 Tolerable Number of Receptors in Space that can be affected without Step 4 

.:A. 5 
cause for concern (for.each Receptor Type/Hazard) 

Recovery Time for the Receptor to return to a state of being Step 4 
uninfluenced by the Hazard, Units 

A.8 Receptor Classification (High, Medium or Low impact ranking with Step 5 
Weightings to normalise one Receptor.Type againstanother) 

A.8 Scientific/Political Classification (High, Medium or Low impact ranking Step 5 
with Weightings to normalise one Receptor Type against another) 

A.9 ’ I raffic Light’ codrng where the Danger Level and Warning Level can be St eP 5 
entered 

3utput Data,. 

Based on the above data input the following output,data is generated,-see Appendix 
A and Figure 1 for reference to the Colour Coding. 
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4. 

4.1 ,’ 

APPLICATION. 

General .j 

The -methodology- enables the User to analyse the effects .of the environmental 
hazards due to sources in a defined area (or space) and to assess the level of-harm: 
above a tolerable level, on the various receptors as a result of.these hazards. 

4.2 Sources 

The model enables the User to select the location under consideration, be this at 
local, regional or national level, and to estimate the number of.‘sources’ that are 
capable of generating the hazard(s) which can impose harm on the various 
receptors. Based on statistical evidence etc., the User has to assess the number of 
these sources that are responsible :for the environmental hazards that produce .an 
unacceptable level of harm on the receptors. 

For normalisation a tolerable period of time -needs to be defined. If this period of 
time is exceeded with the tolerable’number of receptors-exposed to the hazard then 
an unacceptable level of harm results .- 

4.3 Receptors- 

4.3.1 Tolerable Number of Receptors 

4.32 Receptor Classification 

In the. above discussion,-:the receptor has been referred to as the ‘object’ of the 
hazard. -In the methodology, however, the ‘receptor! must be defined- as it is the 
receptor on which- the level of harrn is imposed. With reference to the Description 
Sheet, see Appendix A page A.3, the various receptors identified may-have totally 
different levels of harm when subjected to the same environmental-hazard e.g. for 
humans exposed to carbonmonoxide, death will not be accepted as a tolerable level- 
of harm, whereas for birds, death (up to a certain % of the bird ‘population’) may be 
tolerated as an acceptable level of harm. Hence the type of receptor must be clearly 
defined as it is critical.in assigning a tolerable number. of receptors to the 
environmental hazard from. which the level of harm is measured. In the above 
example, had humans been exposed to aromatic chemicals (not carbon monoxide), 
the tolerable number of humans that can be subjected to the level of harm may be 
1% of- the population within the defined space as the effect of the. aromatic 
chemicals, although long term, may not be fatal. 

When conducting the analysis it is necessary to classify the receptor types based on . 
the levels assigned to the ‘tolerable number of receptors’-and the ‘tolerable period of, 
time’ based on defined criteria. With,reference to the examples discussed above (see 
para 4.3.1), ‘humans’. are classified differently from ‘birds’ when assigning the 
tolerable number of receptors that can be subjected to a defined level of harm. Other 
issues that may have to be considered when assigning a level of classification to a 
receptor may be based on political factors, financial- constraints, commercial costs 
and benefits, social costsand benefits at local, regional or national level etc.. 
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4.4 Level of Harm 

The User must also consider the time period over which the effects of the 
environmental hazards generated.by thesources continue to impose a level of harm . 
on the receptors. The three factors, therefore,- that must be considered are: 

- the length ‘of time in which the sources are ‘active’ and, therefore: 
directly responsible .for the hazard 

- the Ipassive’ effects I. of the sources due to the retention of the 
environmental hazard when the sources are no longer active 

- the time taken by the receptors to reach an acceptable level of recovery 
from the level of harm imposed by’the sources. 

4.5 Risk Uncertainty 

The input data to support the analysis will; in many cases: be based -on statistical 
data and- information from the locality, be it local, regional or national, in which the 
analysis is being conducted. In some cases the information may also be effected by 
other factors e.g. .wind direction, rainfall etc., which are external.-to the parameters 
necessary to run the model but which may have some impact on the results of the 
analysis. Many of the parameters associated with ‘data input’, see Paragraph 3.2, 
may, therefore, be affected in this way. 

In. a similar manner: the probability associated. with the, environmental hazards 
affecting ,the tolerable number of receptors over the tolerable period of time must 
also be considered in the analysis as these are- critical parameters in the 
measurement of harm on the receptors. Other input parameters may also be affected .’ 
in this way. 

Hence, there is a strong requirement to consider data uncertainty and -probability on 
the input data where such data can generate ‘risk’ on the value/significance-of-output .._ 
data. For this. purpose, the model has been developed to consider such risks by the 
User zapplying an uncertainty/probability curve to the 4nput data to the relevant 
parameters. A goal seek function can also be- performed to determine. -values of 
input parameters which are needed to produce defined levels of harm or risk - see 
Appendix A page’ A.9. The model is then run .iteratively using Monte-Carlo -: 
simulation techniques and the probability of certain. receptors exceeding the. 
assigned level of harm can-be analysed risk - see Appendix A page A. 10: .. 
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5. CONCLUSIONS 

The proposed methodology is in the early-days of development and needs further 
research to establish a more-‘scientific’ process in assigning values to the finite input :. 
variables e.g..the target level associated with each environmental hazard? the harm 
space of one source etc., and to the less definite input variables such -as ‘receptor 
classification’, and., other issues. Such research would need more detailed 
examination of environmental data and discussions with those people more closer 
affiliated with environmental studies. 

Nevertheless, with reference to the terms of contract: the methodology conforms 
closely with the requirements of Reference 1 and presents a robust model which is 
User -friendly: The model is, as yet,. the result of a pilot. study.-and needs several 
levels of examination to assess the viability of the model when exposed to the User 
in a ‘live! situation. 

At this stage of the study; .it is felt- that the progress to date. presents a sound 
foundation on which to develop a structured procedure for Strategic Risk. 
Assessment.to be.used.by the Environment Agency. 

Commercial-in-Confidence. 7 







Our Ref: WJS/SAH/R3 126B 

4 July 1997 

The Institute. of Terrestrial Ecology 
Monks Wood 
‘Abbots Ripton 
Huntingdon 
PE17 2LS 

FAO: Stuart Dobson : 

Dear Stuart 

Ref: EA R&D Project: Strategic Risk Assessment: Receptors. 

Please find enclosed the first draft of the hazard description sheet: 

Hopefully you are. now in a position to commence. work -on the receptor 
definitionsheet for each hazard. The receptors should be examined with regard 
to: 

. the concentration level of each hazard.above which harm is caused; 

l the tolerable~:length of time. a receptor may be exposed to each type of 
hazard before harm occurs; and 

l the tolerable number of receptors .harmed before the receptors population.is 
critically damaged. 

I assume you have been able to progress the other aspects in the brief: I have 
arranged a meeting with the EA for the week beginning.21 July 1997. P&haps 
we should meet the week beginning.14th July 1997. 

If you have any-queries please contact me on the number provided. 

I look forward to hearing from you soon. 

Yours sincerely 
for RPS Clouston 

John Steele 
Technical Director 
Eric 
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HAZARD POSSIBLE SOURCES EA TARGETS SOURCE _ 

A tiffs (Precipilnfion) Industrial By-Products, Chemical Reaction in Air Land 
Domestic Gardens, allolments, hndscaped ureas 

pI-I<5 Threshold 

pH<3 Acti 

ICRCL 

Industrial and Commercial Elflucnt and Uy-Producls 

Vehicle Emissions. Induwial Processes 

Air 

Long Term - IO0 ug/n? 

Short Term (I hr Rcl‘: 2400 uglm 

Air 

Long ten11 (mlllIral overage) 
3.25 ng/,1? 

Shorl Iem (III wfirence period) 

960 Ll!glll' 

Butarlietfe 

Carbou Dioxide 

Carbon hfoorlosides (air) 

Lflllll 

Mu.simrtn cleposifion rate 

2.6 mglm2/day 

Vehicle Emissions, Feedstocks and Landfill Air EALs - IHealtl~ and Safety Esecutive 

L&g term (annual average) 
2.21 q/m3 

Short term (lh reference period) 

1320 ug/m3 

Energy Consumption (Industrial, Commercial and Domestic), Vehicle N/A EA (HMIP) 

Emissions (Air and Terrestrial), Combustion (Commercial and Industrial) 

Energy Consumption (Industrial, Commercial and Domestic), Vehicle Air EA (HMIP) 

Emissions (Air and Terrestrial), Combustion (Commercial and Industrial) 
Long term (unnwl average) 

s50 ughl” 
Short iernr (111 rejirence beriod) 

99 ug/m3 

CFC - Shalom (Ozone Dep1eter.s) Industrial and Commercial Emissions 

Clrloritres arrrl rleriwrlives Industrial and Commercial Illlucn~ (I.nntl, Air and Water) 

E/l (I-IMII’) 

EALS - I.lcaltll and Sal‘cly 12sccuri\fs 

Hcaltli & Safety Eseculive 

1 

I 





IlA%AIW I'ossII~I,Is SoIII~~:lrS ISA 'l'Al~(;Is'I‘s soIIIt(:l, 

//JhYXYWh~IlS Induslrinl‘l~lnissiolis, '1‘lWlSp~W. C~~~lllillllillillCtI I,alld N/A N/A 

MP/t//.S - C~~hriutrr Intluslrial I~missicms. 'I'r'lmspc~rl. ('tr~~l;l~lli~i;~l~tI I .;uid /I ir (I) ( I) Ii/\1 3 - I ICilllll Xld s;Ili:l! 

/.otrl: /eu11 (trJurrltrl mcrtrp!) I:ycclilivc 

0.005 uglm. (2) 1% - I IMII’ 

Shorl tern2 (l/i reference period) 

1.5 ug/m3 

Cadmiirim 

Lrr,rd (2) 

Domslic gardens, allohwt~s 
3 nigkg air dried soil 

hdarimrlul rieposi/io~l rate 

0.008 m[l,/m2/dav 

’ 'V/ddS - copp L' r Induslrial Emissions, ‘I‘ransporl. ConlamilWed Laritl Air (I) (I) E!\I,S - I-leaIll Nld Snkl!; 

Long /em (awn/al werage) Eseculivc 

2 ug/m" 
(2) ICRCL 

Shorl lerw (IA rejeretwe period) 

200 Llg/lll' 

Any twzs where plan/s are lo be grown 

130 nlg/kg air dried soil 

Pliytotoxic effeck of copper, nickel and zinc may be 

additive. Trigger values given here are those applicable to 

the ‘worst case’: phytotoxic effects may occur at these 

concentrations in acid, sandy soils. 111 neutral alkaline soils 

phytotosic cl‘kcts arc unlikely al these concentrations. 

:\lc~rit~~rml deposirion rate 

0.32 mg/m2/day 

Melal.s - Leoll Industrial Emissions, Transport, Corltnminaled Land Air EC% 
2ughj ICRCL 

National EC Standard 

Dmestic gardens. allohw,!s 

500 mg/lcg air dried soil 

I’orky playir~gjieldr, open space 

2000 mgkg air dried soil 

Maximrn deposition rate 

0.52 mg/m2/day 

3 



IIAZARD I’os~IuIx SOURCIs E.4 TARGETS $OURCE 

0.006 mg.m2/day 

l~efnlr - Nickel Industrial Emissions, Tmnsport, Contaminaled Land Air(l) (I) EAIS - I-lcalLI~ and Safely 
.’ Executive 

(2) EA - I-IMIt’ 
Long term (atmwl average) 

0.2 “g/m’ 
Shorf ~errn (117 reference period) 

6 ugh 

Nickel (Organic) 

Long term (anmml average), 
IO “g/m’ 
Short !erm (III r.efirence period) 

300 ug/n? 

Any ILLS ~&~re p/m/s are 10 be grolnl 

70 m~/l;g air dried soil 

I’hytotosic effects of copper, niclxl and zinc may lx 
additive. Trigger values given here arc those applicable 10 

tlic”\vorsl cast’: phytotoxic effccls may occur al lhcse 

concentrations in acid, sandy soils. In neutral alkaline soils 

pllytotoxic effects arc unlikely at these cdnceutiations. 

d4asitnwtf deposilion rale 

0.2 mg/rn2/day 



IIAZARD I’OSSIBLE SOURCES EA TARGETS SOURCE 

Metals -Zinc Industrial Emissions, Transport, Contaminalcd ;Land LlWd EALs - Health and Safety Esccu~ivc 

A1r.v uses where plaurr are to be grow EA - HMII’ 

300 mgkg air dried soil 

I’hytotosic erfects ofcol~l~cr, Inickel and zinc may bc 

additive. ‘Trigger values given here arc those applicable to 

the ‘worst case’: phytotoxic effects may occur at these 

concentrations in acid, sandy soils. In neutral alkaline soils 

phytotoxic effects are unlikely al these concentrations. 

Maxir7w7 deposiliorz rate 

Nifrates 

1.6 mc/m2/day 

Agriculture Env.A NSA and NVZ Limits - EC Drinking Water N/A 

Sewage Processing Guidelines 

Sludge Application 

Nitrogezz Dioside Energy Consumption (Industrial, Commercial and Domestic), Vehicle Air (1) (I) National EQS 

Emissions (Air and Terrestrial), Combustion (Commercial and Industrial) 
200 Ugh113 

(2) EALs - IHealth and Sal’e~! 
Executive 

(annual 98%,ile from mean values per hour or lesser period) 
Air (2) 

Short term (111 refereme period) 
400 ug/m3 

Nitrogen Motzoxide Energy Consumption (Industrial, Commercial and Domestic), Vehicle Air EALs - I-lcalth and Safety Executive 

Emissions (Air and Terrestrial), Combustion (Commercial and Industrial) 
Long temz (awnual average) 
300 ug/m3 

Short term (111 reference period) 
4500 ug/m3 

Nzrtrien!s and Orgwzic Conzpozrnds Slurry Application, Livestock Ellluent! Spillage’s N/A A/A 

Ozo11e Chemical Reactions N/A N/A 

Pesticides - variety Agriculture, Commercial Spraying Land -( Targets for Orgcmochiorides Pesticides) EALs - I-lealth and Safety Esecutive 

The maximum deposition rate is the quantity of pollutant 
which can be added to the soil over 50 years before the 

selected soil quality criterion is exceeded. 

Manirzzzrnz deposition rate 

0.07 mglm”/day - individual pesticide 

0.14 mg/m*/day - total pesticides 

Plrosplrrztes Industry, Domestic, Farming N/A N/A 

Radioactive Disclzrzrges Liquid waste and air borne sources Dose linzit 

- Caesiuiii -137 

ILegnl dose limits arc set II! lhc 

SlllSv/ycal 
- Plutonium - 239/240/24 I 

l~tiratoni Uasic Sal’cly Stmlarils 

- Americium - 24 I 
(from all man-made sources orradioactivity other ha11 Directive and IRR 85, 

- Ilnclon 
medical exposure) RecominendatiOiis of the ICRP (KXP 

26). 1977 [I] 
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250 ug/m3 

(annual 98%ilc of daily (24hr) means) 

~ulplr~u Diosiclm Energy Consumption 

Industrial Processes 

, 
IV&r 
N/A 

Air 

Suspended Limit 

particles value 

(w/m’) (u&3) 

40 80 
-40 ‘120 

(annual median of daily means) 

Susperi’ded Limit 
particles .value 

(ug/m3) (ughi’) 
~60 130 
<=60 IX0 
(winter (I Ott-3 I Mar) mcdiall of daily means) 

Suspended Limit 
particles value 

(ugh13) (q/m”) 

1150 250 
<=I50 350 

(annual 98%iIe of daily (24!ir) means; not to be exceeded 

on more than 3 day’s) 

Cy&obc&rial lichens 

10 ug/m3 

(annual) 

Forest %cossylems 

& Nc~l~nal vegelafion 

20 ug/m3 
(annual and half year (Ott-Mar) 

Agric2rlf$rul crops 

30 ughi’ 

(annual and half year (Ott-Mar 

Shorl lori(24h ;.aJierence period) 

National EQS 

EALs - Health and Safety Executive 
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DESCRIPTION SHEET 
Name Target Level Units 

d 

Hazard 1 Nitrato.Pollution . . 
Hazard 2 Carbon Dioxide I 

Hazard 3 Flooding !  
Hazard 4 Radioactivity !  

Hazard 5 Oil Pollutions 
Hazard 6 Hazardous Waste 
Hazard 7 Acid Rain 
Hazard 8 Sulphur:Cioxide 
Hazard g Lead 
Hazard IO Biological Water Contamination 

mophosphate Lewis ? _---- 
ReceptorRivers 
Receptor2 ;Human 
Receptor 3 ;Flood Planes 
Receptor 4 /Reservoir . . . 
Receptor 5 /Farm Land 
Receptor 6 /Roads. 
Receptor 7 !Flora 
Receptor8 /Fauna 
Receotor g iBird Life 
Receptor IO jOcean 

The “Description” sheet can be accessed either from the navigation sheet or from the sheet 
tabs displayed along the bottom of each screen. The sheet holds background information 
describing the Hazards and Receptors under analysis. This information consists of .a 
description of each hazard along with a target level and a description of each receptor type. 

It .is assumed that a target level can sensibly be applied -to each hazard. There is little 
advantage in assigning target levels to each Hazard/Receptor combination as in practice the 
policy of setting a target level will be influenced mainly by the most susceptible receptor. 

This prototype system has initially been set to accommodate 14 Hazards and 10 -Receptors 
which has been purely driven by the information that can be reasonably shown on .single 
screens. Additions or deletions .to this baseline requires the usual careful consideration when 
altering linked spreadsheets. The macros in the system would ‘also need to be edited. It is 
therefore advisable not to delete or add Hazards or Receptors from or to the prototype unless 
absolutely necessary. Columns and Rows can be easily hidden to improve presentation if 
required by using the Excel Format Menu. 

The exit button (<} at the top left of the screen returns the User to the navigation screen and 
updates the descriptions of hazards and receptors on all the other spreadsheets. If the User 
exits the screen by using the sheet tabs at the bottom of the screen then the descriptions on the 
other sheets will not be updated. 
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i. HAZARD DEFINITION SHEET 

The “Hazard Definition” sheet can be accessed either from the navigation sheet or from the 
sheet tabs displayed along the bottom of each screen. The sheet holds the data which the 
system uses to calculate the area/volume of the analysis space which is (or could be) affected 
by a Hazard. These inputs are described at the table at section 3.2. 

The input values may be single figure estimates or could come from -current data such 
asaverages from known data sources, results from scientific simulation models, standard 
probability distributions or best fit distributions to a body of data. When the input is not a 
fixed value, Crystal Ball provides a facility whereby distribution can be assigned against any of 
the input values (i.e. the yellow cells). These are then referred to as “assumption cells” in 
Crystal Ball terminology. Assumption cells are defined by clicking the icon shown on the 
screen dump below which gives several distribution options. 

Define 
Assumption 
Icon I I4 HAZARD DEFINITION SHEET 
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$:. I RECEPTOR DEFINITION SHEET 

The “Receptor Definition” sheet can be accessed either from the navigation sheet or from the 
sheet tabs displayed- along the bottom of each screen. The. sheet holds the data which the 
system uses to calculate the exposure levels of the receptors for the given Hazard parameters. 
A description of the data is given in the table at section 3.3. 

Again the input values could come from a number of sources or ‘may be defined as 
distributions using Crystal Ball: As the model is based on a spreadsheet these input cells can 
be linked to other spreadsheets or be defined as formulae referencing other cells. For example 
the tolerable number -of receptors of a certain type in the relevant space may be- a straight- 
percent of the number of receptors in the space. 

The Descriptions button at the bottom right opens up the Descriptions sheet as a reminder of 
the background details. Note that Users can see the details of Hazard and Receptors on any 
of the spreadsheets by placing the cursor over the relevant Hazard or Receptor number. 
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EXP&URE SHEET 

Exposure to Hazard Number of Receptors Exposed 

Hazard 9 

The ‘Exposure” sheet can be accessed either from the navigation sheet or from the sheet tabs 
displayed along the bottom of each screen. The sheet calculates. and displays- values for -the 
level of the analysis space which is exposed to- the Hazard and, from that, the number of 
receptors which are exposed to it. 

In addition to the Exit and Descriptions buttons this screen has an Overwrite button which 
accesses the screen shown below. This overwrite sheet can be used as an input in cases where 
it is more pertinent to give the exposure level as a proportion of the space or the number of 
Receptors in the space exposed to a Hazard, rather than the parameters required by the 
Hazard and Receptor:definition sheet. Note that probability distributions can be applied to 
these input fields in the same manner as described earlier. 

OVERWRITE EXPOSURE SHEET 
Exposure to Hazard 

“l-C I 

Number of Receptors Exposed 

1 

2 3 4 5 6 7 a 9 IO _- ..-.- -. .--. .--- ----_--.-__--._ - _. - - 
- ._ 

.__. ..-.. . . _ .- . ..- _ .__ .____ - ________-___._ 
.~ - 

.- 
-....-..- 

Hazard 8 

Hazard 1Oq ‘. 
Hazard 11 __. .~_ ~. ~.- . . -.. -... ~-_ __~-_.I__. .__. --.. 

zard 12’ ,- 
zard 13 f,f. .- 
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LEVEL OF HARM SHEET 

The ‘Zevel of Harm” sheet calculates and displays values for a level of harm as normalised by 
the-tolerable period and tolerable number of receptors for the Hazard/Receptor combination. 
The level of harm is calculated as shown at Figure 2. A level of harm-greater than 100% 
represents an ‘intolerable’ level and less than 100% represents a.‘tolerable’ level of harm. The 
actual value calculated gives an indication of the severity of any excess. Note that the level of 
harm by this definition is independent of ‘concentration’ of hazard unless this is accounted for 
in the recovery time or shelf life of the hazard. 

This screen also has an.Overwrite button which accesses the corresponding overwrite sheet if 
it is more appropriate to enter data at this point. Again, Crystal Ball could be used to give 

::, :+i’:: :i.. 
D+xijiori-s ..:::- :::: 

input assumptions. 

OVERWRITE LEVEL OF HARM SHEET 

Hazard 8 
+ .-...-‘- _..~ 

Hazard s -. y.- 

Hazard 10 -.- 

Hazardll- !  

Hazard 12 v; _.. 
Hazard 13 I 

Hazard 14 -. 
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WEIGHTING SHEET 

The ‘Weightings” sheet is an input sheet where weightings can be applied to the normalised 
level -of harm figures and probability of occurrence to produce a ranking of HazardReceptor 
combinations. Provision has been made for two “flavours” of weighting. The first of these is 
called ~“Scientific” weighting .which is to take account of relative importance of the 
Hazard/Receptor combination in environmental terms; whereas the “Political” weighting is 
intended to be used to take account of. relative importance in terms of social issues 
independent of environmental issues. 

As these types of weighting are necessarily subjective a coarse score system of 
High/Medium/Low. has been adopted for the prototype. The relative importance of- a 
High/Medium/Low weighting of each type in terms of the impact it has on the ranking marks 
for the Hazard/Receptor-combination can be defined by the User. This is carried out in.the 
boxes at the bottom left of the screen. In the example shown the 3/2/l assigned to H&I/L 
means that a medium weighting reduces the ranking~marlc to 0.667 (2/3) of its unweighted 
value; whilst a low weighting reduces the ranking mark to 0.333 (l/3) of its unweighted value. 
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Concentration levels for receptors: 

Agreed guidance -values:for both:.human health .and environmental effects 
have been included preferentially.for each defined receptor. In the majority of 
cases,- only generic receptors can be used;.-forms: have, therefore, been 
standardized to such generic receptors. In those cases where-sub-division of. 
receptors is possible,-concentrations are tabulated for these divisions in the 
notes following the main form. 

In addition to guidance values, lowest- median toxicity values, no-observed- 
effect concentrations or lowest-observed-effect concentrations from- national 
or international. risk assessments have been included where available;, In the 
absence of guidance values, these are included alone. In some cases, single 
studies are the only information available; this is stated along with the entry. 
In the .majority of cases, these single. studies have been reviewed and 
validated in national or international documents. A -few single studies from 
generaldatabase literature searches have been included. -. 

Care. should be taken in equating these different. types of information. 
Guidance.values will have been derived from applying.%ncertainty factors” to 
the lowest- valid toxicity values identified from the literature:- It -is not always 
certain;’ without the original reports,. how the guidance- value .was: defined. 
Different receptors have -guidance values defined differently. For example! 
critical loads are defined in terms of deposition rates whilst critical levels are 
in terms--of air concentrations and -aquatic EQSs in terms of concentration in 
water. 

Tolerable time: 

There. is virtually no information. in this area for general :environmental 
exposure either for human health or effects on other organisms. 

Long-term occupational exposure has often been studied for, human health .’ 
effects. Various .syndromes associated with chronic- human exposure ,have 
beendescribed (for example;- the neurotoxic effects-of white spirit known as 
“painter’s syndrome” the onset of which is about 20 to 30 years; WHO, 1996). 
Estimates for onset of effects of general environmental exposure can only be 
made by comparison with this,- usually much greater, occupational exposure..- 

Environmental effects. in the field are. usually., only.. studied -after the, event; 
research .is, therefore, concentrated on :recovery rather than .onset. No 
quantitative information is generally.available. Valuejudgments can be made. 
on the basis of the persistence of the material in environmental media. 



For both human health and the environment, classification terms of acute, 
short-term and chronic are given. The term “chronic” is usually defined as 
“approaching the life time of the organism” and is, therefore, relative. 

Tolerable number: 

Although this is the critical information required for ecotoxicological risk 
assessment, there are few published estimates. Measured values can only be 
made following extensive long-term field analysis of populations. This has 
been done over decades for populations of birds exposed to organochlorines 
but for few other pollutants. Models which extrapolate acute toxicity studies to 
a protection level for 95% of organisms have been explored but are not 
universally accepted. Field validation of such methods has not yet been done. 

Measured or potential severity of the effect on populations is a more tractable 
approach. In some cases direct information exists to define severity, in others 
some value judgment is necessary, A matrix of severity scores is presented 
below tabulating geographical extent of the effect against ecotoxicological 
significance. An arithmetic progression of scores is used for distribution and a 
geometric progression for biological effect. This is arbitrary but crudely 
reflects importance to populations and communities. There is no suggestion 
that the multipliers reflect real relative ecotoxicological significance. Examples 
of hazards falling in each category are given: 

Severity matrix: 

Con tamin- lnciden t Population Community 
ation effect effect 
1 2 4 8 

Local 1 IA 2E 4' BM 

Regional 2 2’ BJ 

National 3 3’ 6G 12K 24' 

International 4 4’ BH 16L 32' 

Notes: Contamination: Presence of contaminants with no overt effect 
on organisms; possible source of human exposure, possible 
long-term effect on wildlife 
Incident: Kills of limited numbers of organisms: likely recovery 
fast, effect readily reversible 
Population effect: Kills of sufficient numbers to reduce 
populations of some organisms; recovery likely following 
end of exposure, timing of recovery medium term 
Community effect: Changes in the community of organisms; 
recovery long-term or irreversible 



Examples: 

A: 
B: 
C1 

D: 

E: 
F: 
G: 
H:.: 
I: 
J: 

K:- 

L: 
M: 
N: 

0: 

P: 

Dioxin residues in wildlife close to an incinerator 
Radionuclides in vegetation 
Polyaromatic hydrocarbons in aquatic sediment, solvents and 
pesticides in ground water 
Residues. of persistent pesticides and PCBs in environmental media 
and organisms at levels not producing overt effects; long-range 
transport to the arctic 
Spill of toxic material or biodegradable organic into stream ,a 
Occasional emission of industrial effluent, leakage .of land-fill site. 
Agricultural slurry release 
Marine oil spill 
Flood effect on non-mobile species 
Competition or predation from alien species (eg. reduction of water 
vole populations by.mink) ‘. 
Secondary poisoning fromrodenticide use, destruction of habitat 
by introduced,species (eg. Muntjac deer) 
Effects on marine,mammals of-PCB residues and disease 
Removal of habitat (eg. Hedgerow) 
Eutrophication .of -wetland,. drought causing reduced river flow, 
incursion of salt water after storms/high tides 
Competition from introduced plants (eg. rhododendron) with loss 
of native species 
Acidification, climate change; deposition of nutrient nitrogen on .... 
nutrient-deficient biodiverse communities, erosion of salt marshes 



/ n/a 

I 
I 

i . 

n/a n/a critical loads 

by 
classification of 
soil type 
(see notes for 
details) 
(Hornung et 
al., 1995) 

pH>6 to <9 
EAL for 
acidify for 
designated 
fisheries 
and aquatic 
life 
(based on 
salmonids 
and 
cyprinids) 
short-term 
exposure 
(EA, 1997) 

pH>6 to n/a 
~8.5 
for aquatic 
life 
pH>7 to 
~8.5 for 
shellfish 
EAL for 
estuarine 
and coastal 
waters 
(EA, 1997) 

no 
information 

SEVERITY 
SCORE 
16 TO 32 

SEVERITY 
SCORE 
16 TO 32 

SEVERITY 
SCORE 
? 



ACID- PRECIPITATION: 

Sources: 

See individual components. 

Erivironmenk; 

The response of the environment-to deposition of either- acidic materials or 
chemical.species which ultimately generate excess hydrogen-ions (eg 
ammonia) is dependent on the buffering capacity of the receptor (soils or 
surface waters). Critical loads for deposition have been derived according to 
soil class in Britain as follows (Hornung et al., 1995): 

Inaddition, critical loads can be defined-for materials.(metals, stone, organic 
materials etc) (UNECE, 1996): 

Time of onset: 

The effect is cumulative-over the medium to long-term (years) dependent on 
buffering,capacity. 

-. SCORE. SHORT TERM / CHRONIC.: 

Severity: 

Effects will occur at the population or community level over’s wide area 
(international):.‘- 

Distribution 
Degree of effect 

SCORE’(Multiplied) 

INTERNATIONAL’-‘SCORE.4 
POPULATION -SCORE.4/ .. 
COMMUNITY - SCORE 8 
16.TO 32: 



Reversibility: 

Reversibility will depend on the severity and chronicity of the original effect, 
the presence of populations to recover and the geochemistry of the site. 
Timing - years to decades, 

SCORE MEDIUM TO LONG-TERM 



170 pg/m” 18 mglm3 1.5 mgll 8 pg/m3 
annual 8 hrTWA perceptible i=ritical level 
exposure 25 mglm” to for all 
2400 pg/m3 15 min consumers vegetation 
1 hr bxposure , otkupational (WHO, types over 
EA{s exposure !imjt 1993a) an annual 
(EA, 1997) (HSE, 1987) exposure 

(EA, 1997) 

&VERITY 
S&IRE 
yl6 Tq 32 

as not expected 
natural guideline draft EQS to leadh to 

2-t I-N (DOE, groundwater 
short-term 1988) (WHO, 1986) 
EALs for 
designated SEVERITY 
fisheries; SCORE 
salmonids and ? 
cyprinids 
(DOE, ‘! 988) 

15lJgA 
draft EQS for 
aquh tic life 
(DqE, !988) 

20 PM 
chronic LOEC 
for fish ” 
(WHO, 1986) 

SEVERITY 
SCORE 
16TO32 



AMMONIA: 

Sources: 

The major environmental release of ammonia is from natural biological 
processes such as the breakdown of organic waste matter. Anthropogenic 
emissions can result in local elevated concentrations. 

Air: Ammonia may be released to the atmosphere from the use of 
ammonia fertilizers, from animal manure and biological emissions, and 
from municipal incinerators. 

Water: Ammonia may be released to water via sewage treatment, 
meat processing or industries which manufacture fertilizers, inorganic 
chemicals, non-ferrous metals or ferroalloys. It may also enter the 
aquatic environment in both urban and rural runoff. 

Soil: Ammonia may be applied as fertilizer or be deposited following 
short or long range atmospheric transport. 

Levels: 

MEDIUM CONCENTRATION 
AIR: RURAL 1.40 TO 21.70 pg/m3 
AIR: URBAN 0.80 TO 315.0 ug/m3 
PRECIPITATION UP TO 13000 ugllitre 

measured in rain only 
WATER: FRESHWATER 500 ug/litre 

(total ammonia - ammonia and ammonium ion) 

Environment: - 

Ammonia, although alkaline, is utilized by plants as a nutrient with the net 
result of acidifying soil. The critical level tabulated is for damage to plants and 
is expressed as an air concentration based on fumigation experiments. 
Critical loads for acid precipitation and nitrogen deposition are expressed in 
term of all pollutants with acidifying or nutrient effects and, therefore, include 
ammonia deposition. 

Time of onset: 

Both nutrient and acidifying effects are cumulative; timing years to decades. 

SCORE SHORT TERM / CHRONIC 



Severity: 

Effects will occur at the population -or community level over a wide area: 
(international). 

Distribution 
Degree of effect 

SCORE (multiplied) . .. 

INTERNATIONAL.- SCORE 4 
POPULATION -‘SCORE 4/ 
COMMUNITY ;SCORE 8 
16TO32 

Reversibility: 

Reversibility in terrestrial systems is dependent on-severity and the.capacity 
of leaching out from soil. Leached acid will subsequently affect local or 
regional surface waters. Timing years. Reduced biodiversity may be:: 
irreversible over decades... 

SCORE- MEDIUM TO LONG-TERM 



3.24 ,ug/m3 
EA’L long- 
ferm 
exposure 
(EA, 1997) 
based on 
EPAQS 
(DOE 
1994a) 

960 ,ug/m3 
EAL shot-f 
term 
exposure 
(EA, 1997) 

16 mg/mf 
maximum 
exposure limit 
(MEL) for 8 hour 
TWA 
occupational 
standard 
(HSE, 1997) 

EU limit in the 
course of being 
changed -this 
will be reflected 
in new UK limits 
in 1998. Details 
not available. 

IO pgll 
guideline 
WHO 
(1993a) 

2.5 mg/m’/d no data 
maximum 
deposition 
rate lo soil 
(EA 1997) 

32 mg/m3 
lowest 
reported 
NbEC for 
inhalation 
exposure, for 
mammals. 
(DOE 1991) 

SEVERITY 
SCORE 
? 

3OvM 
annual 
average 
(draf?) EQS 
3oopgn 
MAC 
(DOE, 1997) 

5 mgll 
lowest, 
reported 
acute LC,, 
value for 
aquatic 
organisms 

13 1.1911 
LOEC for 
most 
sensitive life 
stage 
(DOE 1991) 

SEVERITY 
SCORE 
2 

30 r-ls~ 33.4 no data 
annual phofochemical 
average ozone creation 
(draff) EQS pofenfial 
3oo/Jgn (relative to 
MAC ethylene) 
(DOE, 1997) (EA, 1997) 

no reported 
stratospheric 
effects; likely 
t,,* in the 
troposphere is 
5.3 days 
(WHO, 1993b) 



BENZENE:. 

Sources: 

Air:.-Benzene is released to the atmosphere during combustion of 
fossil fuels andthe production of.domestic coal.:lt is also released 
during its manufacture and from industries such-as oil refining.and- 
chemicals where it is extensively used as a solvent. It is added to non:.- 
leaded petrol and local air concentration may be high at service 
stations. 

Water: Benzene may be released aseffluent from industrial plants. 

Soil: -Benzene may be.released to soil following its disposal in land-fill. 

Levels: 

MEDIUM CONCENTRATIONi 
AIR:-RURAL 4.50.TO:2770.0 ug/m!. 
AIR; URBAN 1.60.TO 81500.0 ug/m3 
AIR: INDUSTRIAL 0.40.TO A2710.0 ug/m3 
PRECIPITATION 0.10 T0.87.2 kg/litre 
WATER:‘FRESHWATER. 0.00 TO 8.90 ug/litre 
WATER:. ESTUARINE’. 0.00 TO .I 8;O.ugIlitre. 
WATER: GROUNDWATER. 0.1 TO 330.0.ug/Iitre 

contaminated ,groundwater in the region of 
spills has reported levels up-to 12 mg/litre 

WATER: DRINKING,. 0.10 TO .50.0 ug/litre 
SOIL 0.00 TO 0.19 mg/kg 
SEDIMENT 0.00 TO 0.02 mg/kg 

Human health: 
Benzene is classified as-a carcinogen and, therefore; -attracts a Maximum 
Exposure Limit (MEL) for occupational exposure over an 8 hour working shift ’ 
at 16 mg/m3 (HSE, 1997). Standard conversion of a MEL to an EAL for long- 
term exposure would give a value.of 32.5 ug/m3 (EA, 1997). However, an 
EPAQS value was set a factor of 10 lower than this(DoE,. 1994) and this has 
been adopted as the basis,for the EAL. 

Time to onset: 
Carcinogenicity would require a prolonged period for.development. Time.to 
onset of other toxic endpoints has been estimated by WHO (1993); though 
the values are described as speculative. These are tabulated below: 



Estimated percentages of worker population that might develop toxic 
endpoints after exposure to benzene 

320 
160 
32 
3.2 

320 
160 
32 
3.2 

99 

Environment: 
A draft EQS has been suggested at 30 ug/litre for freshwaters and . 
estuarine/marine environments-with a Maximum Acceptable Concentration at 
300 ug/litre (DOE, 1997). Values for lowest reported LC,, and LOEC for 
aquatic organisms have also been included. The most sensitive life-stage was 
hatching eggs for fish (DOE, 1991). There are inadequate data to set a 
terrestrial guidance value other than the maximum deposition rate to soil (EA, 
1997) which has’been based on remediation. The only values for toxicity to 
terrestrial organisms available are for earthworms in unrealistic exposure 
tests (DOE, 1991). 

Some groundwater contamination occurs with benzene. This is thought to.be 
due to “fast-track” movement through fissures into the aquifer. No values for 
concentrations leading to aquifer contamination are appropriate given this 
mechanism. 

Time of onset: 
The effects of benzene will be acute since the solvent partitions largely and 
rapidly to the atmosphere. Half-life in surface waters is about 11 days, longer 
than might be expected from its volatility because of some adsorption to 
sediment (DOE, 1991). 

SCORE ACUTE 



Severity: 

Acute exposure would lead to local kills. 

Distribution LOCAL - SCORE 1 
Degree of effect 
SCORE (multiplied) -- 

INCIDENT - SCORE 2- 
2 

Reversibility: 

Reversibility will be rapid following cessation of exposure - timing .weeks. 

.^..._ . __.-___ ..-.......-..-..^ .__.._. -- _.. _._ .__..... ..-.. _. . 
SCOREI- READILY REVERSIBLE 



2.21 pg/m3 
annual exposure 
(based on 
EPAQS) 
EAL 
1320 ,ug/m” 
I hr exposure 
EAL 
(EA, 1997) 

no 2.2 mg/m3 no 
information NOEC for information 

beans 

single 
study 
(Kane & 
Alaire, 
1978) ’ 

71 mg/l may 
single participate in 
reported photolysis 
acute LC,, reactions 
for a marine (EA-SIS profile 
fish in preparation) 
(Versheuren, 
1996) 





550 pg/m” 58 mglm3 photochemical n/a 
annual 8hrTWA ozone creation 
average 349 mg/m3 I potential 
exposure 15 min 2.7 relative to 

occupational ethylene 
2900 pg/m3 exposure limit (EA, 1997) 
I hr exposure (HSE, 1997) 
(based on 
EPAQS) 
(EA, 1997) 

11.45 mg/m3 
8 hr running 
average 
EPAQS 
(DOE 1994b) 

100 mg/m3 
(15 min) 
60 mg/m3 
(30 min) 
30 mg/m3 

(1 hr) 
10 mg/m3 

(8 W 
WHO (1987) 



increased 
incidence of 
nbn- 
melanoma 
skin cancer 
and immune 
system effects 
following 
increased UV- 
B -‘estiri&d 
16% increase 
in ‘cancer for a 
5% ozone’ 
depletion 
(WHO’, 1990) 

C!Ts have low 
toCity fo!lowing 
inhalation. The no- 
effect-coricentrafion 
for 165 minute ” 
exposbre of human 
volunt&rs was around 
j9’g/m3 
wg 19q 

SEyER!TY 
SCORE 
16 TO 32 

SEVERITY 
SCdRE 
16TO32 

global warming 
potential rela’five 
to co, 

cl=c11 - 4000 
cfcy? - 85000 
C/=C?3 - 11700 
CFC113 - 5000 
CFC~ 14 - 9300 
CFCI 15 - 9300 

(EA, 1997) 



ChloroFluoroCarbons (CFCs): 

Sources: 

Chlorofluorocarbons are released to the atmosphere during manufacture and 
frpm use and disposal in refrigeration equipment. 

Human health: 

CFCs have very low acute toxicity to mammals and no known chronic effects. 
indirect effects through global climate change resulting from atmospheric 
effects of CFCs have been estimated. 

Environment: 

Time of onset: 

Climatic effects are cumulative. 

SCORE SHORT TERM TO CHRONIC 

Severity: 

Population and community.effects expected on a global scale. Severity score 
is based on indirect effects of atmospheric change. 

Distribution 
Degree of effect 

SCORE (multiplied) 

INTERNATIONAL - SCORE 4 
POPULATION - SCORE 4/ 
COMMUNITY - SCORE 8 
16 TO 32 

R&versibility: 

Reversibility is difficult to assess. Given the continued effect for decades even 
assuming no further release, adverse conditions will persist for at least this 
period. The possibility of local or global extinctions means that some effects 
could be irreversible. 

SCORE LONG TERM TO IRREVERSIBLE 



I5 pg/m” 
annual 
expbbre 

300 pg/m3 
I hr exposure 

EALs 
(EA, lq97) 

1.5 mg/m3 
8hrTWA 

2.9 mg/m3 
15 minute 

occupational 
exposure limit 
(HSE, 1997) 

5 mg/l 
drinking 
water 
guideline 
WVQ 
1993a) 

5 pgn at pH6 
short-term EAL 
for deSigna ted 
fisheries 
(as HOC/) 
6.8 pgn if 
measured as 
Cl,; 
higher 
boncen tra tions 
allowed if OH>‘6 
(EA, 1997) 

SEVERITY 
SCORE 
2 ;. 



CHLORINE: 

Sources: 

Air: Chlorine is released to the atmosphere during its manufacture and 
. use in chlorination processes in industry and water chlorination. 

Water: Chlorine is added to drinking water during purification. It is also 
released in wastewater from cellulose production. 

Levels: 

MEDIUM CONCENTRATION 
AIR: RURAL 1 .OO TO 3.70 ug/m3 
AIR: URBAN UP TO 58.0 ug/m3 
WATER: DRINKING UP TO 2.70 ug/litre 

Human health: 

Severe irritant of respiratory tract. Effect is acute at high exposure and may 
be irreversible. 

Environment: 

Time of onset: 

The effects of chlorine will be acute since exposure is unlikely to be prolonged 
except in situations of chronic release. 

SCORE ACUTE 

Severity: 

Acute exposure would lead to local kills. 

Distribution LOCAL - SCORE 1 
Degree of effect 
SCORE (multiplied) 

INCIDENT - SCORE 2. 
2 



RWersi bility: 

The reversibility score is based on the assumption that exposure will always 
be short and that organisms will remain to recolonize, locally affected*areas. 
Time to recovery - weeks. 

SCORE READILY REVERSIBLE‘ 



50!g/m3 
annual 
exposure 

1500 

w/m3 
lhr 
exposure 

EALs 
(EA, 1997) 

5 mg/m3 
8 hrTWA 
(except HCN, 
cyanogen and 
cyanogen 
chloride)\ 

occupational 
exposure limit 
(HSE, 1997) 

0.07 mg/l 

drinking 
water 
guideline 
W-0 
1993a) 

no 
information 

0.05to 0.16 
mg/l 
range for 
L&s for fish 
in flow- 
through tests 
(US-EPA, 
1976) 

SEVERITY 
SCORE 
2 



CYANIDES: 

Sources: 

Water: Cyanides may be released in effluent from the chemicals 
industry. A range of chemicals are cyanogens, releasing cyanide 
during- breakdown (eg. the solvent acetonitrile); generally the rate of 
production-of.cyanide is low;! 

Levels: 

No data. However, levels would be expected to be low because of rapid 
dissipation. 

Human health:,-. 

Cyanides are acutely toxic and.sh0r-t lived. I’ 

Environment: 

There are problems in toxicity testing of cyanides in.water which make it 
difficult to interpret results of published studies and set guideline valuesThe 
figures given are restricted to flow-through tests where the concentration of 
the toxicant is maintained throughout the test period. 

Time of onset: 

The effects of cyanides will be acute since the material is short lived. 

SCORE. ACUTE 

Severity: 
i’ 

Acute exposure would-lead tb local kills 

Distribution LOCAL - SCORE ‘1 
Dearee of effect INCIDENT:SCORE 2 :. 
S&IRE (multiplied) 2. 

Reversibility: -. 

The reversibility score is-based on local exposure, short persistence.of the 
material and the presence:of organisms to re-colonize locally affected areas.: 
Time to recovery - weeks.- 

SCORE READILY REVERSIBLE 



1 to 10 pg/kg SEVERITY 
body weight SCORE 

? 
tolerable 
daily intake 
in humans 
WHO, 
1989d) 

4 pgll 
water quality 
standard 
based on 
application 
of 
uncertainty 
factor of 100 
to LOEC for 
fish at 0.1 
rig/l 
(Malcolm et 
al, 1993) 

SEVERITY 
SCORE 
4TO8 



DIOXINS: 

The only available information in term of guideline concentrations are- based 
on 2,3,7,8-tetrachloro dibenzo ;p- dioxin, the mosttoxic of the series. 

Sources: 

Air: Dioxins may-be released to the atmosphere during the combustion .:. 
of fossil fuels and the incineration of chemical and.domestic waste; All 
burning.of organic material-can give rise to dioxin production though 
generation of.2,4,7,8-tetrachlorodibenzodioxin is rare except from the 
incomplete incineration of organochlorine material such as PCBs. 

Water: Contamination of aquatic sediment can result from-long-term 
effluents-from.the chemical industry. 

Soil: Dioxins may be deposited on soil locally to incineration plants, be 
applied withsewage-sludge or in contaminated products (older- 
pesticides for example). 

- 

Levels:- 

MEDIUM 
AIR: RURAL. 
AIR:. URBAN 
AIR:: INDUSTRIAL 
AIRBORNE DUST’ 

WATER: FRESHWATER 
SOIL: RURAL. 
SOIL: INDUSTRIAL 
SOIL: WASTE DISPOSAL SITE 
SOIL: NEAR INCINERATORS 
SOIL: SEVESO .AREA 

CONCENTRATION. : ~ _-__-____ __._,__......_ . .._ 
~1 TO 540 fg/m3 

-0.003 TO 6.4 pg/m3 
~0.02 TO 11 O0,pg/m3 
0.17 TO 0:50.pg/m3 
TCDD only in.air following the- Seveso 
incident. 
UP TO 1 .I pg/litre 
~2.1 pglkg : 
0.8 TO 65 pg/kg 
31.8.70 >40 mg/kg 
UP TO 3.5 mg/kg .i 
0.01 TO 15 mg/kg 

Human health::- 

WHO (1989) found no basis for derivation of human health,guideline values 
for dioxins but quoted-several attempts to derive tolerable-daily intakes based 
on chronic effects, Acutely, dioxin exposure leads to chloracne which is 
usually. readily.:reversible. 



Environment: 

There are very few studies because of the difficulties in handling the material 
Only acute effects have been assessed though dioxins persist in the 
environment bound to sediments. 

Time of onset: 
The effects of dioxin will be local to contaminated sediments. Since the 
material will persist, population effects are possible from the longer-term 
exposure. 

SCORE ACUTE to SHORT-TERM 

Severity: 

Exposure could lead to local population and community effects given the 
persistence in sediment and high toxicity. 

Distribution 
Degree of effect 

SCORE (multiplied) 

LOCAL - SCORE 1 
POPULATION - SCORE 41 
COMMUNITY - SCORE 8 
4TO8 

Reversibility: 

The reversibility score is based on the assumption that contaminated 
sediment will be gradually dispersed in river systems and/or covered with 
new, uncontaminated material reducing its availability to organisms. There is 
no direct measurement of this for dioxins but it has been shown to be the 
case for other persistent materials. Timing - years. 

SCORE MEDIUM TERM -- 



0.005 pg/m3 
annual exposure 

1.5 pg/m” 
-I hr exposure 

EALs 
(EA, 1987) 

based on WHO 
air quality 
guideline; a 
factor of IO 
lower than 
calculated EAL 
would be 

0.01 - 0.02 

l-M@ 
annual exposure 
based on non- 
carcinogenic 
endpoints 
(WHO,’ 1987) .’ ,, 

25 pg1m3 
8 hrmA 
maximum 
exposure limit 

cadmium and 
cadmium 
comfiotinds 

(HSE, 1997) 

214 mglkg 5 pg// 2.5 jls/r n/a no 
drinking 
water 
guideline 
WHO, 
1993a) 

mg/m2’/d 
maximum 
deposition 
rate to scil 
(EA, 1997) 

400-5OO~g 
weekly 5 mglkg soil 
intake in lowest 
food for reported 
human adult L&for 
WW invertebrates 
1989a) 

~20 mglkg 
leaf litter 
LOEC for 
kffect on 
micro- 
organisms 
(WHO, 1992) 

SEVERITY 
SCORE 
16 

soil; 
E& on 
yietd 
(‘@+O, 
1992) 

annual 
mean 
EQS for 
total 
soluble 
and. 
insoluble 
cadmium 
(EA, 1997) 
: -. 

coasta! 
5 /.lg/I 
es tuarine 
annual 
mean’ 
EQS for 
dissolved 
cadmium 
(FA, 
1897) 

information 



METALS CADMIUM: 

Sources: 

Cadmium exists naturally in the earth’s crust. 

Air: Cadmium may be released to the atmosphere following 
combustion of fossil fuels such as coal or petrol. 

Soil: Cadmium is deposited in the region of smelters (zinc) and may be 
added to soil via sewage sludge or as a contaminant in phosphate 
fertilizers. 

Levels: 

MEDIUM 
AIR: RURAL 
AIR: URBAN 
AIR: INDUSTRIAL 
WATER: FRESHWATER 
WATER: ESTUARINE 
WATER: GROUNDWATER 
SOIL 

CONCENTRATIONS 
UP TO 0.04 ug/m3 
UP TO 0.70 ug/m3 
0.01 TO 5.00 ug/m3 __ 
UP TO 0.01 ug/litre 
UP TO 0.10 ug.litre 
UP TO 3200 ug/litre 
150 mg/kg 
soil irrigated with cadmium-rich water 

Human health: 

Human exposure is largely through the diet; an estimated tolerable daily 
intake is given. Cadmium is taken up from soil into plants; vegetable 
consumption would be the main dietary source. Kidney damage is the major 
short-term effect. 

Environment: 

The most serious environmental effect reported for cadmium is on leaf-litter 
degradation where communities of microorganisms (and invertebrates) are 
affected long-term. A value for leaf-litter concentration producing this effect is 
included. This effect is regional in the vicinity of zinc smelters. 

Time of onset: 

The effects of cadmium are cumulative in leaf litter, the most sensitive end 
point. 

SCORE SHORT-TERM TO CHRONIC 



Severity: 

Acute.exposure would-lead to regional population and community effects. 

Distribution. 
Degree of effect 
SCORE (multiplied) 

REGIONAL -.SCORE-2 : 
COMMUNITY - SCORE.8 
16: -_--.-.- --..- --- .,.... _ .._._._...___._..._....~.....~~~... 

Reversibility: 

Since-cadmium.cannot be broken down and has low mobility,- effects will not 
be reversed without remediation. 

SCORE. IRREVERSIBLE’ 



IO pg/m” 
annual 
exposure 
200 pg/m” 
1 hr 
exposure 
EALs 
(EA, 1997) 

1 mg/m3 
8 hi-TWA 
(dusts and mists) 
2 mglm3 
15 minute 
exposure 

occupational 
exposure limits 
(HSE, 1997) 

2 mgll 0.25 
drinking mg/m2/d 
water maximum 
guideline deposition 
(provision+) rate for soil 
W-0 (EA, 1997) 
1993a) 

4 mg/kg soil 
lowest 
reported 
effect on soil 
biota 
(WHO, 
199713) 

150 mg/kg 
soil 
chronic 
effects 
threshold 
for plants 

500 to 
1000 : 
mglkg ’ 
reduced 
plant 
diversity 
W-0 
1997b) 

SEVERITY 
SCORE 
16 

5 fo 112pgn 
(dependenf 
on 
hardness) 
guideline 
EQS for 
designa ted 
fisheries 

1 to 28 //g/I 
(dependent 
on 
hardness) 
EQS for 
aquatic life 
(EA, 1997; 
DOE, 1989) 

5 l-m n/a n/a 
EQS for 
estuary 
and 
coasfal 
wafers 
(EA, 1997, 
DOE, 
1989) 

SEVERITY 
SCORE 
16 



METALS COPPER: : 

Copper is an essential trace element for both humans and other organisms. 
Its toxicity has, therefore, to be balanced against its essentiality. 
Bioavailability.of copper to.both humans and other.organisms is related to its 
speciation and adsorption.. 

Sources: 

Air: Coppermay be released as a result of natural processes such as 
weathering of rocks/ soil; windblown dust, sea sprays, decaying 
vegetation and volcanic activity. Antropogenic release includes copper, 
zinc or lead smelters, iron foundries, power stations and municipal. 
incinerators, 

Water: The majority of copper entering the aquatic environment is the. 
result of soil run-off. The major:anthropogenic sources include 
industrial andgdomestic wastewaters and sewage sludge. 

Soil:The major:release of copper to land is from tailings and 
overburdens from copper mines. Other sources include municipal 
refuse and industrial waste. Agricultural uses of copper products. 
account for-Z% of copper released to soil. 

Levels: 

MEDIUM ----- 
AIR: RURAL 
AIR: URBAN 
WATER: FRESHWATER : 
WATER: ESTUARINE 

WATER: GROUNDWATER- 
WATER: DRINKING 
SOIL 

CONCENTRATIONS .- -.-. 
UP TO 0.28 ug/m3 
UP.TO 0.27 ug/m3 
0.50.TO ? 000 pg/litre 
0.6 TO 3.00iug/litre. 
concentrations up to 600 ug/litre have 

i: been reported in an estuary receiving 
drainage from a copper mine 
UP TO 5.00 pg/litre 
UP -TO 2450 ug/litre’ 
1 .O .TO 250.0 mg/kg 
typical background level;.,.’ 
concentrations between.2480.and 
6912 mg/kg have been reported 
close to smelters 

Human health: 

Both deficiency and toxicity states occur in humans though both are rare.. 
Several genetically determined sensitivities to both deficiency and excess of 
copper are known. Exposure is largely through the diet (WHO, 1997b). 



Environment: 

Guidance values for the aquatic environment are related to water hardness 
which affects bioavailability. This can also be affected by pH. 

Concentration ranges associated with the severity of copper toxicity in aquatic 
systems have been defined by WHO (1997b): 

Significant effects are expected for diatoms and 
sensitive invertebrates, notably cladocerans. Effects 
on fish could be significant in freshwaters with low pH 
and hardness. 
Significant effects are expected on various species of 
microalgae, some species of macroalgae, and a range 
of invertebrates, including crustaceans, gastropods, 
and sea urchins. Survival of sensitive fish will be 
affected and a variety of fish should have sublethal 
effects. 
Most taxanomic groups of macroalgae and 
invertebrates will be severely affected. Lethal levels for 
most fish species will be reached. 
Lethal concentrations for the most tolerant organisms 
are reached. 

* Sites chosen have moderate to high bioavailability similar to water used in most toxicity tests. 

Time of onset: 

The effects of copper would be cumulative following regular release from 
industrial sources such as smelters. ;’ 

SCORE SHORT-TERM TO CHRONIC 

Severity: 

Long-term exposure would lead to regional population and community effects 
Such exposure could be from deposition onto terrestrial communities or from 
leaching of waste into aquatic systems. 

Distribution REGIONAL - SCORE 2 
Degree of effect 
SCORE (multiplied) 

COMMUNITY - SCORE 8 
16 



Reversibility: 

Since copper cannot be broken down,-effects will not.be reversed without 
remediation in heavily polluted areas...Development of copper-resistant 
vegetation has been shown on -chronically polluted sites. 

.&ORE IRREVERSIBLE -__-___ 



2 pglm3 0.15 mg/m3 
limit value; 8hrTWA 
annual mean occupational 
exposure exposure limit 
EQS (under review) 
(EA, 1997; (HSE, 1997) 
EEC, 1980; 
statutory 
instrument, 
1989; no 317) 

0.5 - 1.0 ug/m3 
recommended 
for children 
(WHO, 1987) 

0.01 pg/l 
drinking 
water 
guideline 
(WHO, 
1993a) 

1.1 mg/m*/d 
maximum 
deposition 
fate to soil 
(EA, 1997) 

insufficient 
information 
to quantify 
effects on 
soil 
invertebrates 
WHO, 
1989b) 

lowest 
reported 
dietary LC,, 
for birds at 
100 mg/kg 
WHO, 
1989b) 

SEVERITY 
SCORE 
16 

100-1000 4 to 20 pg/l 
mg/kg soil EAL for 
LOECs for aquatic life 
plant based on 
growth salmonid 
(WHO, fish 
1989b) (EA, 1997; 

DOE, 1989) 

124 pgll 
lowest 
reported 
LCSO for 
aquatic 
invertebrate 
1.32 mg/l 
lowest 
reported 
LC5, for fish 
(WHO, 
1989b) 

SEVERITY 
SCORE 
16 

25 pgn n/a 
EAL for 
estuary and 
coastal 
waters 
(EA, 1997; 
DOE, 1989) 

0.27 mg/l 
lowest 
reported 
LC,, for 
invertebrate 
4.5 mg/l 
lowest 
reported 
LC,, for fish 
W-0 
1989b) 



METALS LEAD: 8 

Sources: 

Aii:-The major release of lead to theratmosphere is from motor fuels, 
although the amount released isdeclining; 90% of lead released from 
fuel combustion is, inorganic and 10%. organic. Lead is also released to 
air from mines, smelters and refineries. Natural lead .from,the earth’s 
crust. may be released from weathering. 

Soil: Lead may be released to soil by deposition, particularly close to 
smelters, and following disposal-to land-fill of lead.products. 

Levels: 

MEDIUM. CONCENTRATIONS --__. 
AIR: RURAL. 0.02 TO 0.14 ug/rn3::, 
AIR: URBAN 

AIR: INDUSTRIAL 
PRECIPITATION 

WATER: FRESHWATER. 
WATER: ESTUARINE :. 
WATER: DRINKING,. 

SOIL 

0.25 TO 25.0 pg/m3. 
organic lead accounts for between 2 .. 
and 17% 
UP TO 80.0.pg/m3. 
0.4 TO 34.0 ug/litre: 
in rain 
1 .O TO 100.0 pg/litre, 
0.03 TO 0.40 ug/litre 
UP TO 3000 ug/litre- 
for. lead.pipes, though.lead stearate.in 
some plastic pipes can leach out 
IO.0 TO 127:O mg/kg 
typical; near lead smelters soil 
concentrations ranging from ,I 6000 to 
40000 mg/kg have been reported 

SEDIMENT 47;O TO 106.0 mgkg.- 

Human health: 

There is a well established link between exposure of children to lead in air 
and water and irreversible.central nervous system-effects; The-lowest 
guidance values reflect this sensitive sub-population. 

Environment: 

Severely contaminated.areas from-industrial emission or contaminated mine 
wastes show effects on populations of plants and animals locally.~Population 
effects on birds (swans in particular but also other waterfowl) were related to 
lead shot intake; powdered lead and-lead salts are substantially less toxic. 



Time of onset: 

The effects of lead would be cumulative following industrial release. 

SCORE SHORT-TERM TO CHRONIC 

Severity: 

Medium to long-term exposure would lead to local or regional population and 
community effects. 

Distribution REGIONAL - SCORE 2 
Degree of effect 
SCORE (multiplied) 

COMMUNITY - SCORE 8 
16 

Reversibility: 

Since,lead cannot be broken down, effects will not be reversed without 
remediation in severely polluted areas. 

SCORE IRREVERSIBLE 



1 pg/m3 
annual 
exposure 
15 pg/m” 
Ihr 
exposure 
EALs 
(EA, 1997) 

25 pglm3 
8hrTWA 
ocbupatipnal 
expcjsuie limit 
(HSE, 1997)’ 

1 l-Q/l 
drinking 
watei 
guideline for 
total 
mercury 
w-!Q 
1993a) 

o.qq4 
mg/m’/d 
maxlmum 
depositjon 
r&e to soil 
(EA, 1997) 

insufficient 
information 
+I soil 
invertebrates 
tci set a value 
(WHO, 
7 989c) 

insufficient 1 WA 0.3 pgn n/a 
information annual coastal 

average 0.5 p-/s/l 
EQS estuarihe 
t&al soluble (dissolved 
and Hs) 
&soluble Hg (EA, 1997) 
(EA, 1997) 

SEVERITY 
SCORE 
2 : :’ 

lowest dietary 
LC,, for’birds 
at -3000 

mg/kg 
(WHO, 
1 BS9c) 

SEVERITY 
SCORE 



METALS MERCURY: 

Organomercury tends to show significantly higher toxicity than inorganic. EQS 
values are for total mercury. Formation of organomercury from inorganic salts 
can occur in the environment, particularly in aquatic systems with high 
content of organic matter. 

Sources: 

Air: Mercury is released to the atmosphere during combustion of fossil 
fuels. It is also released from mercury mines, smelters and by 
vapourization from soil. 

Water: Mercury is released in effluent from the paint, electrical and 
chloralkali industries. 

Soil: Soil contamination may result from mine tailings. 

Levels: 

MEDIUM .-_ 
AIR: RURAL 

AIR: URBAN 
AIR: INDUSTRIAL 
PRECIPITATION 
WATER: ESTUARINE 

<. 
WATER: GROUNDWATER 
WATER: DRINKING 
SOIL 
SEDIMENT 

CONCENTRATIONS (TOTAL) 
UP TO 0.01 ug/m3 
atmospheric mercury tends to be 
metallic mercury vapour; some 

“organomercury has been reported. 
Particulate mercury accounts for <4% 
and tends to be found in precipitation 
UP TO 0.01 ug/m3 
UP TO 15 ug/m3 
UP TO 0.10 ug/litre 
0.0 TO 0.02 ug/litre 
dissolved mercury 
1.00 TO 1000 ug/litre 
UP TO 0.60 ug/litre 
0.02 TO 0.63 mg/kg 
0.2 TO 0.10 mg/kg 
values for ocean sediments 

Human health: 

Poisoning incidents to humans have invariably involved exposure to locally 
high concentration of organomercury. Toxicity is acute but symptoms may 
persist indefinitely. 



Environment: 

Time of onset: 

The effects of organomercury are acute. Contamination of the environment 
with~inorganicmercury may lead to long-term problems-following methylation. 

SCORE. ACUTE TO SHORT TERM 

Severity: 

Acute exposure could lead to local incidents (mainly pesticides) 

Distribution LOCAL - SCORE 1 
Degree of effect. INCIDENT-- SCORE 2 
SCORE (multiplied) 2 ” 

Reversibility: 

SCORE SHORT TERM ~-.-_-..--._I_ .-- 



0.2 pg/m” 
annual 
exposure 
6 pg/m” 
1 hr 
exposure 
EAL 
for nickel 
and ifs 
compounds 

0.1 mglm3 0.02 mg/l 
8hrTWA drinking 
occupationa water 
I exposure guideline 
limit for (WHO, 
nickel and 1993a) 
its inorganic 
compounds 
(HSE, 1997) 

0. II mg/m’/d 50 mg/kg 
maximum soil 
deposifion NOEC for 
rate to soil toxicity to 
(Ed, 1997) plants 

(WHO, 
no reported 1991) 
studies on 
terrestrial 
animals 
except 
earthworms;, 
LC,, at 
757mglkg 
soil 
(WHO, 1991) 

population 
and 
community 
effects 
(plants) at 
>2000 mg/kg 
soil 
(WHO, 1991) 

SEVERITY. 
SCORE 
16 

50 to 200 #u/I 
according to 
wafer 
hardness; 
annual 
average 
EAL for 
aquafic life 
(EA, 1997; 
DOE, 1989) 

30 #WA n/a 
annual 
average 
EAL for 
estuary 
and coastal 
wafers 
(EA, 1997; 
DOE, 1989) 

0.5 mg/l 
lowest 
reported 
LC,, for 
aquatic 
invertebrates 
4 mg/l 
lowest 
reported 
LCSO for fish 
(WHO, 1991) 



METALS-’ NICKEL: 

Sources: Nickel occurs naturally. asthe 24th most common element in the 
earth’s crust and has a ubiquitous distribution. 

Air: Nickel is released-.to the air from primary nickel. industries and from 
the combustion of fossil fuels. It may also be released from waste 
incineration... 

Soil: Nickel may be added to soil with sewage.sludge. 

Levels: 

MEDIUM 
AIR::RURAL 
AIR: URBAN . 
AIR:, INDUSTRIAL. 
WATER: ESTUARINE. 
WATER: DRINKING’ 

SOIL, :- 

CONCENTRATIONS. -__-.___ 
UP TO.O.O1 ug/m3 
0.02:TO 0.04.ug/m3 
0.12 TO 0.15 ug/m3 
0.10.TO 0.50.pg/,litreb. 
4.80 ug/litre 
higher concentrations reported from 
nickel plumbing at 75’to 490.ug/litre 
3.0 TO 1000 mg/kg 

Human-health: 

The only reported-human health effects of nickel relate to high occupational 
exposure with the exception of skin effects from contact with metal alloys. 
containing nickel. There is evidence for carcinogenicity. with high- 
occupational exposure though risk varies considerably according to 
bioavailability. 

Environment: 

Nickel is an essential element for many microorganisms, a variety of plants 
and.some vertebrates-(WHO, 1991):,‘, 

Time of onset: 

The effects of -nickel would becumulative from industrial emissions. 

SCORE SHORT-TERM TO CHRONIC 



Severity: 

Long term exposure would lead to regional population and community effects. 

Distribution 
Degree of effect 
SCORE (multiplied) 

REGIONAL - SCORE 2 
COMMUNITY - SCORE 8 
16 - 

Reversibility: 

Since nickel cannot be broken down, effects will not be reversed without 
remediation. However, effects are only seen at very high soil concentrations. 

SCORE IRREVERSIBLE 



0.4 8 mg/m%d 
maximum 
deposition 
rate to soil 
(EA, l99i) 

560 mg/kg 
soil 
threshold for 
reprohuctive 
effects oti 
earthworms 
(WHO, 
1997c) 

SEVERITY 
SCORE 
8 : 

200 to 300 
mg/kg dj 
wt in 
leaves 

threshold 
for adverse 
effects on 
plants 
W-Q 
1997c) 

30 lo 500 
pgll for 
different 
water 
hardness; 
shorf-term 
EAL for 
designa ted 
fisheries 
(salmonids) 
(EA, 1997) 

8 to 125//g/l 
fotal annual 
averag8 for 
differenf 
water 
hardness; 
EAL for 
aqua tic life 
(salmonids) 
(EA, 1997,: 
DOE, 1989) 

SEVERITY 
SCORE 
UPTO 

40 w 
(dissolyed; 
total 
annual 
average); 
EAL for 
estuary 
and 
coasfal 
waters 
(EA, 1997; 
DOE, 
1989) 



METALS ZINC: 

Zinc is an essential element and in viva levels are regulated by most 
organisms. Only dissolved zinc tends to be bioavailable. 

Sources: 

Air: Zinc is released to the atmosphere from combustion of fossil fuel 
in both domestic and industrial situations. It is also released during 
production of zinc, copper and lead and also from secondary copper 
and lead industries. 

Soil: Zinc may be present in sewage sludge and is added to soil as 
organozinc pesticides (mainly fungicides and bird repellents). 

Levels: 

MEDIUM CONCENTRATIONS 
AIR: RURAL UP TO 0.03 ug/m3 
AIR: URBAN . UP TO 0.84 ug/m3 
WATER: FRESHWATER 10.0 pg/litre 
WATER: ESTUARINE 0.01 TO 1800 ug/litre 
WATER: DRINKING 10.0 ug/litre 

drinking water from zinc plumbing reported at 
less than or equal to 2 mg/litre 

SOIL 10 TO 300 mg/kg 
soil sampled close to a smelter had levels up to 
5000 mglkg 

SEDIMENT 1 .I TO 2980 mg/kg 
values for marine sediment 

Human health: 

There are numerous health effects associated with zinc deficiency but toxicity 
is rare except in occupational exposure (WHO, 1997~). 



Environment::.- 

Environmental risk assessment for.zinc, as an essential element, must be 
conducted ona site-specific basis. Thresholds for effects of dissolved zinc on 
aquatic organisms have been suggested by WHO (1997~): 

chronic effects on 
cladocerans in soft 
water 
chronic.effects on $ acute effects on mysids 
cladocerans in hard 
water;- acute effects on 
cladocerans in soft 
water; acute and chronic 
effects-on fish in soft 
water; chronic effects on 
aquatic insects 
acute effects on algae; acute effects on fish 
acute effects on. 
cladocerans in hard 
water; chronic effects on 
fish in hard water; 
chronic effects on 
molluscs 

acute effects on 
amphipods and.. 
decapods 

acute effects on <’ 
molluscs; amphipods 
and copepods;,acute 
effects on fish ,in hard 
water 

Time of onset: 

SCORE.- SHORT-TERM TO CHRONIC 



Severity: 

High concentrations of zinc can be found locally to deposition from smelters. 

Distribution LOCAL - SCORE 1 
Degree of effect COMMUNITY - SCORE 8 
SCORE (multiplied) 8 

Reversibility: 

Since zinc cannot be broken down, effects will not be reversed without 
remediation. High local concentrations needed for community effects. 

SCORE IRREVERSIBLE 







NITROGEN DIOXIDE ” 

The range of guidance values for. nitrogen dioxide reflects different exposed .. 
populations of humans An occupational exposure limit of 5.7 mg/m! refers to 
fit workers exposed for the course of.an 8 hour working shift and is a time- 
weighted average over that period. The-l hr exposure period guidance value... 
set- by WHO (1987) at 400:ug/m3 refers to normal adults; this was listed by EA 
(1997).as a target value for EALs based on the .I 989 recommendation. WHO 
(1997a) has subsequently,revised this value down to 200 ug/m3. A further 
guidance value for the most susceptible section-of the human population; 
asthmatic children exposed indoors, has been suggested by WHO (1997a) at 
40 ug/m3..-- 

All guidance-values are entered for indoor air, where concentrations tend to 
be highest following release of nitrogen dioxide by gas appliances. The same 
values would- apply to outdoor air for human exposure.- 

Environmental guidance values are expressed in terms of total nitrogen 
oxides.(No,) and are listed separately. 

Time.to onset: 

Nitrogen dioxide acts.as an irritant to the upper respiratory tract. It would be 
expected that sensitization would,take some time to develop.but this h’as not 
been quantified nor has a direct relationship between exposure to NOi and 
sensitization been determined..Ohset of symptoms can be.rapid in sensitized 
individuals. Asthma,. once developed, persists and patients may respond to 
materials other than the original-sensitizer. 





w1m3 >30 pg/m3 
(UNECE 1993; (WHO 
WHO 1997a) 1997a) 
critical level 

5to10 
kgPi/hti/yr 
(UNECE 1993; 
WHO 1997a) 
critical load 
f& most :’ 
s,ensititie 
ecosystem 

5to10~ 
kgNlhalyr 
critical load 
for soft water 
lakes; single 
study cited by 
WHO (1997a) 

15 to 20 
kgfllhtilyr 
(WHO 1997a) 
critical load 
average value 
for ” 
ecosystems 

available photochemica! 
ozone creation 
potential 
(EA, 1997) 

: 13 to 21 
kgN/ha.yr 

sing!e study for 
exceedence of 
NO, ;’ 
concentrations 
cited by WHO 
(1997a) ” 

:  ‘.‘.. . : ,  .’ ._. 

Values in bold are internationally agreed; values’& italic have been selected as the basisfor’EALs ; other values are guidance. 
.-’ ‘, .: 

:’ ‘_ 



NITROGEN OXIDES (NO,) 

Sources: 
Air: Nitrogen oxides are released to the atmosphere as byproducts of 
nitrate decomposition. Combustion of fossil fuels in power plants and 
vehicles mainly produces nitric oxide but may also produce nitrogen 
dioxide. Nitrogen oxides are also released during the manufacture / 
use of nitric acid, explosives and in electroplating. 
Nitrous oxide is released from anaerobic soil processes, the ocean 
surface layer and lightning. 
Nitric oxide may derive from high temperature combustion processes. 

Environment: 
Guidance values for terrestrial habitats are expressed in terms of “critical 
levels” (the concentration in air leading to adverse effects) or “critical loads” 
(the deposition rate leading to adverse effects). Both values are based on 
exposure over a full year. A critical level of 30 ug/m3 is based on fumigation 
experiments and converts to 5 to IO kgN/ha/yr as a critical load. A range of 
critical load values has been derived from direct observation in the field for 
different ecosystems with actual deposition of nitrogen (see table.below). 
Critical loads values derived this way cannot be used to calculate 
corresponding critical levels. 

5-I Ob 

14-19” 

20-30b 

10-15" 

15-20" 

17-22" 

7-20b 

II->50b 
15-20b 
15-20b 

15-20' 

15-20" 

decline in diversity 
decrease in Sphagnum 
andsubordinate species 

increase in tall grasses; 
decline in diversity 
increase in tall grasses; 
decline in diversity 
increase in tall grasses; 
decline in diversity 
transition of heather to 
grass 
transition of heather to 
grass 
decline in sensitive 
species 
nutrient imbalance 
nutrient imbalance 
changes in ground flora 

changes in ground flora 

changes in ground flora 



a- reliable estimate; b- reasonably reliable estimate; c- best guess (WHO, 
1997a) 

Values for the most sensitive ecosystem studied are included .together with an 
average value for ecosystems. All such studies have been based on effects 
on plants; there is little or no information on -effects on animals. For No;, the 
terrestrial receptor can be.sub-divided into a range of habitats and critical load 
values applied (WHO;;? 997a). 

A value of >30 ug/m3 is given for crops on the basis that the initial reaction of 
plants to-low levels of NOx.deposition is increased growth. This would be a 
beneficial effect for crops. The concentration for onset of adverse effects.has 
not been defined. 

No.guidance values have been set for aquatic.freshwater or groundwater 
contamination:Critical load values for both of these receptors have been 
entered on the basis of-single studies cited in the WHO (1997a) review and 
evaluation. This is the best available information. 

It is highly likely that.nitrogen deposition causes-adverse-effects in marine 
environments Studies have concentrated on the Baltic,Sea and Chesapeake 
Bay in the USA. Effects relate to both nitrogen-and,phosphate release into the 
marine environment. No concentration guidance values have.yet been 
derived from -these.studies.. 

Nitrogen oxides (specifically N,O) are greenhouse gases and participate in 
the.formation of.ozone and smogs at low levels of the atmosphere. Ttie 
chemistry is complex and budgets for boththe lower and.upper atmosphere 
have been generated; However, because of the complex pattern of release 
into the environment, values in terms of emission and atmospheric effects 
have-not been generated and the participation of released NO; in N,O 
formation cannot.be easily quantified. The calculated ozone creation potential 
relative to ethylene is given. 

i. 

Time to onset: 

Values cannot be placed on this parameter. The,major initial effect of ;. 
deposited nitrogen is as a nutrient. It would be expected that the effect would 
be progressive over time and field evidence supports this. 

SCORE. MEDIUM TERM/CHRONIC .I __-___ -- 



Severity: 

Effects are severe with changes to natural ecosystems at the population and 
community level; species are eliminated from species-rich communities and 
replaced with those few species which respond well to high nutrient levels. 

Distribution INTERNATIONAL - SCORE 4 
Dearee of effect COMMUNITY - SCORE 8 
SC6RE (multiplied) 32 

Reversibility: 

Reversibility has been estimated as long-term to very long term in most cases 
with some irreversible effects if physical breakdown (for example erosion) 
occurs with loss of critical species (WHO, 1997a). Timing - years to decades. 

SCORE LONG TERM I IRREVERSIBLE 



2 pg/m” 
annual 
exposure 
140 pg/m” 
8 hr 
exposure 
(based’bn 
EPAQS) 
EALs 
(EA, 1997; 
DOE, 
1994c) 

0.4 mglm3 
15 min STEL 

occupational 
expdsure limit 
(HSE, i997). 

n/a 10 ppm h 
(AOT40; 
accumulated 
exposure 
0ver.a 
threshold of 
40 ppb for 6 
months) 
based on 
forest tiees 
(UNECE, 
1996) 

200 pg/m3 
1 hr 
exposure; 
vegetation 
protection 
tlireshold 
(EA, 1997; 
EEC, 1992 
stapJtory 
instrument 
1994; 
no440) 

SEVERITY 
SCbRE 
16 TO 24 

3000 ppb h no no n/a n/a 
(AOT40; information information 
ackumulated 
exposure 
over a 
threshold of 
40 ppb for 3 
months) 
based on 
wheat 
(UNECE, 
1996) 



- 

OZONE: 

Human health: 

The effect of ozone on humans is largely respiratory irritation following 
inhalation. The onset is acute but effects may persist longer than exposure. 

Environment: 

Ozone affects growth of plants adversely and guidance values are placed on 
this effect. Guidance concentrations are expressed in term of accumulated 
exposure above a threshold of 40 ppb over varying time periods. Monitoring is 
conducted at hourly intervals to calculate exposure. Exposure is only 
assessed during daylight hours when ozone is formed by photochemical 
oxidation. 

Time of onset: 

The effects of ozone are cumulative though exposure is not constant. 

SCORE SHORT-TERM TO CHRONIC 

Severity: 

Long term exposure would lead to regional or national population and 
community effects. 

Distribution 

Degree of effect 
SCORE (multiolied) 

REGIONAL - SCORE 21 
NATIONAL - SCORE 3 
COMMUNITY - SCORE 8 
16TO24 

Reversibility: 

Community effects are difficult to reverse in the short-term and may be 
irreversible. Timing - years to decades. 

SCORE LONG TERM 



267 pg/m3 
15 min 
exposure 
EAL (based 
on EPAQS) 
(EA, 1397) 

~oto120 

w/m3 
annual 
median of 
daily 
means 
130 to 180 
pgld ‘, 
wider 
250,to 350 
w1m3 
9gth 
pkcentile 
of daily 
mearis 
(anneal) 

5.3 mg/m3 
8 hr’TVVA 
13 m&m3 
15 min STEL 

occupational 
exposure limits 
(HSE, 1?97) : 

‘.’ 

IO pg/m3 
annual 
mean critical 
level fbr 
lidhens 

20 ,ug/m3 
critical level 
for ‘forests 
and natural 
tiebe ta tion 

(EA, 1997) 

30 pg/m” 
annual’ 
mean 
critical 
level for 
crops 
(EA, 1997) 
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Definition of Receptors 

General considerations 

Receptors are resources which are susceptible-to damage by one-or more 
sources of hazard. For the-concept to be useful, they must be-amenable to 
being, quantified in space and time, and .mapped..They are not units of space, 
though their magnitude may be measured in units of space. 

The recovery time; for a receptor to return to a-state of being uninfluenced by 
the hazard, is a function of the-receptor-and the mode of actionzof the-hazard. 
Sometimes, data are available,for the period of recovery of normal statuszor 
functioning of individual organisms, following exposure to a hazard. For 
populations, the duration of effect may depend on the population dynamics, 
as well as the effect on individual-members of the population. For example; if 
the hazard leads to death of a proportion of the population but-leaves the rest 
unaffected, the recovery may be very different from-that in .a case where all 
individuals.are affected sublethally. Local extinction of a species may be 
followed byrapid recolonisation from nearby populations and, consequently, 
rapid recovery.- On the other hand, a population which suffers chronic, 
sublethal effects may resist colonisation, yet fail to reproduce. 

At higher levels of organisation, such-as-communities or ecosystems, full :-:. 
recovery may be limited by the slowest-recovering component. As-many 
communities are structured by competition or other interactions between 
species, there may be many possible-routes and rate.sof recovery, dependent 
on which species are lost, when, and.for how long. 

If a species is extinguished completely from an area, opportunity-for 
recolonisation may be,more influential than rate-of population growth in ,‘. 
determining the time-to recovery. 

A scheme for identifying receptors 

A structured list of receptors is given in Table 1. Receptors are first classified 
as terrestrial, aquatic or atmospheric.:This division reflects the ways in which 
most standards are currently set. In practice, the environment cannot be 
compartmentalised so distinctly:For example, airborne contaminants may be 
deposited on land and water, and the quality of-surface waters is.influenced 
by catchment characteristics. Nevertheless, land, water and air represent a 
series of increasing potential-for mobility and dilution which is pertinentto the 
risk assessment process. 

For the purpose of this study: 
1. Land extends to the high-water mark along coasts and,estuaries. 
2. Water includes groundwater, surface waters on the land, and coastal 

waters. 
3. Air includes all parts of the atmosphere, which is a global resource.- 



These broad categories of resource are subdivided into smaller units which 
meet the criteria of being definable in space and time, having intrinsic value 
and being susceptible to damage. The nature of the value varies among 
receptors - some have overt commercial value, whereas others are valued 
primarily for aesthetic or other reasons. Receptors with commercial value, 
such as buildings or arable farmland, may be assigned a monetary value and 
ranked accordingly. Receptors whose value resides in their biodiversity or 
scenic beauty, for example, are not so readily ranked, either among 
themselves or against other types of receptor. One possible means of 
ranking receptors with “conservation value” is through designations (e.g. 
international > national > local). However, there is-resistance within the 
conservation organisations to ranking receptors on this basis because the 
criteria for designation vary a great deal in breadth and stringency. Some 
designated areas are merely examples of more widely-occurring resources. 
Nevertheless, where designation confers a degree of protection in law, any 
strategy for protecting receptors from hazard should at least be consistent 
with legal requirements. For that reason alone, designated areas are listed. 

Land 

Urban areas are mapped at various scales by the OS and in the ITE Land 
Cover Map of Great Britain (Fuller ef al. 1994). More detailed classifications of 
buildings and urban land are carried out by local authorities. The extent to 
which this information is digitised varies from one authority to another. Non- 
built land within urban areas might be classified using land cover maps. 

Very little of England and Wales escapes any sort of management with an 
agricultural element. Land subject to low-intensity agriculture is sometimes 
considered to be of high conservation value, in which case it is difficult to 
allocate it to one category. In this case, the aqricultural and non-aqricultural’ 
categories are defined by the sum of their component parts. 

Habitats and species are “natural” receptors. Some habitats are defined or 
recognised largely on the basis of their physical attributes (e.g. sand dunes 
and shingle beaches), others on the basis of component species. The 
terrestrial habitat types listed under 1.3.2 are derived from the ITE Land 
Cover Map of Great Britain and the occurrence of indicative groups of species 
(Osborn et al., 1997). 

As in the case of designated areas with statutory protection, protected 
species ought not to be put at risk as a result of any strategy for prioritising 
effort on environmental protection. Therefore, the distributions of protected 
species ought to be of special concern. This should not divert attention from 
non-protected species. Particular assemblages of otherwise unremarkable 
species are sometimes valued highly. 



Water 

Fresh waters are divided into surface-waters and groundwater, owing to the 
profound difference in biota. Both may be sources of potable water supplies. 
River flow. is recorded in >I 000 stations in England and Wales daily, using 
permanent gauging structures. General Quality Assessments of surface 
waters include chemical, biological and aesthetic quality,,.plus nutrient status. 
River Habitat Surveys were carried out at 4500 sites during 1994-96. 

Estuarine:waters have distinctive physico-chemical attributes and species 
which distinguish them from freshwater or marine systems, though they occur 
at the boundary-between the latter. 

Marine habitats (listed under 2.4.2) are relatively distinct and coastal habitats, 
in particular, are well-characterised by-tidal zones. There were 433 
designated bathing beaches in Engfand and,.Wales in 1996. 

Air 

The atmosphere is a medium for the transport; dispersal and dilution of” 
potentially hazardous materials. Its physical properties are also important in I 
determining the radiative environment and the climate.. 

The focus on the troposphere (up to IO km) and stratosphere (up to 50 km) 
reflects concern for (a) air quality at ground level and (b) increased 
penetration of UV-B radiation due to ozone depletion. 1: 

Radiative forcinq.refers to enhancement of the greenhouse effect by 
emissions of so-called greenhouse gases (carbon dioxide, methane, nitrous 
oxide,- CFCs, etc:), a probable cause of climate change. 
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Table 1. Receptors and availability of data 
Receptor Type of data Digital Data L Data in 

data ? 
1. Land 

source as ? 

1.1 Urban Land Cover Map of GB, Land Cover of YES ITE, MLURI, OS YES 
Scotland, 1:250,000 Strategi data. 

1.1.1 Buildings H.M. Land Registry 

1.1.1.1 Residential Population Census YES Office for National Statistics NO 

1.1.1.2 Commercial Population Census YES Office for National Statistics NO 

1.1.1.3 Listed buildings English Heritage, Local Authorities NO 

1 .1.2 Amenity land Land Cover Map of GB, Land Cover of YES ITE, MLURI, OS YES 
Scotland, Countryside Survey, 
1:250,000 Strategi data , 

1.1.2.1 Gardens Countryside Survey, OS maps YES ITE, OS ? 

1.1.2.2 Parks Countryside Survey, OS maps YES’ ITE, OS ? 

1.1.2.3 Woodland Countryside Survey, OS maps, Land YES ITE, MLURI, OS YES 
Cover Map of GB, Land Cover of 
Scotland 

1 ,124 Protected trees (TPO) ‘? Local Authorities NO 

1.1.3 Transport 

1 .1.3.1 Roads Countryside Survey, 1:250,000 Strategi ,YES ITE, OS 
data 

YES 

1 .1.3.2 Railways Countryside Survey, 1:250,000 Strategi YES ITE, MLURI, OS YES 
data, Land Cover Map of GB, Land 
Cover of Scotland 

1.1.3.3 Airports Civil Aviation Authority NO 

1.1.3.4 Docks Associated British Ports & Harbour NO 
Authorities 

1.2 Agricultural 

1.2.1 Cultivated land Land Cover Map of GB, Land Cover of YES ITE, MLURI YES 
Scotland, Countryside Survey 

1.2.1.1 Agricultural grades MAFF Agricultural Land Classes (5 YES FRCA, Local Authorities NO 
major classes, plus sub-classes), 
1:25,000 

1.2.1.2 Soil types Various categories YES SSLRC NO 

1.2..2 Grazed land Land Cover Map of GB, Land Cover of YES ITE, MLURI YES 
Scotland, Countryside Survey 

1.2.2.1 Agricultural grades MAFF Agricultural Land Classes YES MAFF, FRCA NO 

‘> 



1.2.3 Woodland 

1.2.4 Crops 

1.25 Livestock 

:. ::. 

1.2.2.2 Soil types 

1.2.3.1 Farm woodland 

1.2.3.2 Forestry 

1.2.3.3 Hedgerows 

” 

1.2.4.1 Seasonal (e.g. cereals) 

1.2.4.2 Perennial (e.g. orchards) 

1.2.4.1 Indoor 

1.2.4.2 Outdoor 

Various categories YES 

Land Cover Map of GB, Land Cover of 
Scotland, Countryside Survey 

YES 

Ditto YES 

Ditto YES 

Ditto YES 

Countryside Survey YES 

Countryside Survey YES 

Countryside Survey YES 

SSLRC 

ITE, MLURI, Forestry Authority 

Ditto 

Ditto 

Ditto 

ITE, MAFF, FRCA 

ITE, MAFF, FRCA 

ITE, MAFF, FRCA 

MAFF, FRCA 

MAFF, FRCA 

MAFF, FRCA 

NO 

YES 

YES 

YES 

YES 

Y&s 

YES 

YES 

NO 

NO 

NO 

.3 Non-agricultural 1 

_ : 1.31 Designated areas 

Ramsar sites, SPA, SAC, NNR, SSSI, YES 
. . . . . .:.,: 

EN, CCW, SNH, DETR, EA, FRCA, YES 
_. ..’ 

ESA, AONB, National Parks, Heritage Countryside Commission, RSPB, 
Coast, Community Forests, Nitrate English Heritage, MAFF,‘National 
Areas, Natural Areas (England), Parks Authorities ” 
Countryside Character Areas (England) 
Biosphere Reserves, World Heritage SOME EN, CCW, SNH, Wildlife Trusts, NO 
Sites,‘RSPB reserves, MNR, Forest 
Nature Reserves, Country Parks, 

Woodland Trust, Forestry Authority, 
Local Authorities, RSPB 

Wildlife Trust NR, Urban Conservation 
Areas, Green Belts, LNR, Woodland 
Trust reserves,‘Nature’Conservation 
Review Sites, Geological Conservation 

- 

1.3.2 Habitats 

?‘ 

1.3.2.1 Chalk grassland 

1.3.2.2 Neutral grassland 
4 -3 CI 0 n-:A ^_^^  ̂ ,^^A 

Review Sites, Limestone Pavement 
Areas, Norfolk Broads, New Forest; 
Heritage Coasts, Ancient Monuments 
Phase 1 Surveys, Countryside Survey, YES ITE, SSLRC, EA, EN, CCW, SNH SOME - 
Key Habitats, Habitat Quality, Habitat 
Potential Map, Land Cover Map of GB, 
Land Cover of Scotland - 
Ditto YES Ditto YES 

Ditto YES Ditto YES 
n:,*- \,I-* rx:*.- \,rn 



1.3.2.4 Sub-alpine grassland Din0 YES Ditto YES 

1.3.2.5 Lowland heath Ditto YES Ditto YES 

1.3.2.6 Broad-leaved woodland Din0 YES Ditto YES 

1.3.2.7 Coniferous woodland Ditto YES Ditto YES 

1.3.2.8 Moorland Ditto YES Ditto YES 

1.3.2.9 Raised and blanket bog Ditto I YES Ditto YES 

1,.3.2.10 Fens Ditto YES Ditto YES 

1.3.2.11 Saltmarsh Ditto YES Ditto YES 

1.3.2.12 Sand dunes, shingle beaches, Ditto YES Ditto NO 

1.3.3 Protected species YES BRC, JNCC, EN, CCW, SNH, RSPB, SOME 
BTO, LRC 

1.3.4 Other species YES BRC, JNCC, EN, CCW, SNH, RSPB, SOME 
BTO, LRC 

2. Water : 

2.1 Surface waters Countryside Survey, Land Cover Map YES ITE, MLURI YES 
of GB, Land Cover of Scotland 

2.1.1 Potable water sources 

2.1.1.1 Reservoirs Water Companies NO 

2.1 .1.2 Rivers (points of abstraction) YES IH, EA NO 

2.1.2 Habitats 

2.1.2.1 Rivers River Habitat Survey YES EA, IFE NO 

Quality categories Environmental Quality Indices, EA, IFE. SNH NO 
SERCON 

2.122 Streams Environmental Quality Indices, YES EA, IFE, SNH NO 
SERCON 

2.1.2.3 Lakes IFE, EN, CCW, SNH, EA NO 

2.1.2.3.1 Oligotrophic 

2.1.2.3.2 Dystrophic 

2.1.2.3.3 Eutrophic 

2.1.2.4 Ponds Countryside Survey 1990, Lowland ITE, DETR 
Pond Survey 1996 

2.1.2.5 Canals British Waterways 

2.1.3 Protected species Invertebrale Site Rcgistcr YES BRC, JNCC, EN, CCW, SNH, IFE, SOME 
LRC 

2.1.4 Ofher species invertebrate Site Register YES BRC, JNCC, EN, CCW, SNH, IFE, SOME 



LRC 

2.2 Ground water Groundwater Protection Zones EA, IH, BGS 

: 2.2.1 Sandstone 

2.2.2 Limestone 

2.2.3 Chalk 

2.3 Estuarine ;I Land Cover Map of GB, Land Cover of YES ITE, MLURI YES 
‘. Scotland, Countryside Survey’ 

2.3.1 Habitats EA NO 

2.3.2 ,Protected species NO ,. 
2.3.3 Other, species NO 

2.4 Marine 
- 

12.4.1 Amenity (bathing) Local Authorities, EA NO 

2.4.2 Habitats 

2.4.2.1 Saline lagoons Land Cover Map of GB, Land Cover of SOME BGS, EN, CCW, SNH, PML NO 
Scotland, Countryside Survey 

2.4.2.2 Intertidal hard substrata Ditto : Ditto Ditto NO 

2.4.2.3 Intertidal sediment Ditto Ditto Ditto NO 

2.42.4 Sublittoral hard substrata Ditto Ditto Ditto NO 

2.4.2.5 Inshore sublittoral sedimant 
-- 

Ditto Ditt,o Ditto NO 

2.4.2.6 Offshore sediment Ditto Ditto Ditto NO 

2.4.2.7 Coastaf.waters Ditto Ditto Ditto NO 

2.4.3 Protected species Ditto Ditto Ditto NO 

2.4.4 Other species Ditto Ditto Ditto 1)10 

3. Air ; : - 

3.1 Troposphere Air quality, emissions & deposition YES DETR, EA, AEA NETCEN (http:// NO 
data; exceedances of UK targets 

www.acat.co.uk/netcen/airclL,~ll/) 

3.1.1 Indoor air ._’ ., 
-_ 

3.1.2 Outdoor air N20 at 1 km resolution over UK AEA NETCE.N (i~ttp://www.aeat.co. 

Llk/netcen/airclual/) 

3.2 Stratosphere 
-.-. 

DETR NO 
-.- 

3.2.1 Ozone 
-. -. 

AEA NETCEN (htlp://www.aeat.co. ,’ 
uk/netcen/airqual/) 

3.3 Radiative forcing DETR NO 
--..- 



Abbreviations: AEA NETCEN = Atomic Energy Authority National Environmental Technology Centre; AONB = Area of Outstanding Natural Beauty; BGS = British Geological 
Survey; 13RC = Biological Records Centre; BT0 = British Trust for Ornithology; CCW = Countryside Council for Wales; CIS = Countryside Information System: DETR = 
Department of the Environment, Transport and the Regions; EA = Environment Agency; EN = English Nature; FRCA = Farming and Rural Conservation Agency; IFE = Institute of 
Freshwater Ecology; LH = Institute of Hydrology; LTE = Institute of Terrestrial Ecology; JNCC = Joint Nature Conservation Committee; LCMGB = Land Cover Map of Great 
Britain; LNR = Local Nature Reserve, ESA = Environmentally Sensitive Area; LRC = Local Recording Centres; MAFF = Ministry of Agriculture, Fisheries and Food; MNR = 
Marine Nature Reserve; OS = Ordnance Survey; PML = Plymouth Marine Laboratory; RSPB = Royal Society for the Protection of Birds; SAC = Special Area for Conservation; 
SNI-I = Scottish Natural Heritage; SPA = Special Protection Area; SSLRC = Soil Survey and Land Research Centre; SSSI = Site of Special Scientific Interest. 



On start LIP the model displays-the above navigation screen which uses buttons to access 
the individual spreadsheets which present- the input and results of the modelling. Inputs 
can be made on the Description, Hazard Definition, Receptor Definition- and Weighting 
sheets and,results of calculation are-shown on the Exposure,, Level of Harm and Results 
and Ranking sheets. The arrows represent the flow of information which the model uses 
to build the final ranking table of risks for Source vs Receptor. 

It should be- noted that the system is not :intended to be a bomb/fool proof piece of 
software but efforts..have been made to make it as friendly. as possible.-for a novice 
spreadsheet user. If cells are deleted or added or moved it is quite possible that the results- 
table may:be corrupted. :. 

On the following sheets and in the model all input cells are shown in yellow. The input 
cells can be cleared or overwritten but should not be moved or deleted as this could result 
in failures of formulas or.macros in any part of the spreadsheet system. 



HS.Ziiib-: 
ikj.. .. 

M. 
tl0. 
H9. 
Hi‘O. 
HII. 
H12. 
H13. 
H?‘4. 
H15 
Hit?. 
HI 7.. 
m5. 
Hi 9. 

dl V&PA RQO _ Chem % of Total Rivers in Grade A 
R2. Water 8 .RQb _ Bik Sk-of Tote1 Rivers in Grade A 
R3. Water C hdivik~al Rive: Gw.!i?y GQA (biolngical) 
R4. W&r-p % of Fsikres EC Dire&e 
RS.?&ter E N&re Conservdicn Desisndion 

k6. H.gman Number of Homes Affkted . 
R7. En$ironm&l Land43ape.Designetion 
RS. Humsntnvironment WatsrSuppks 
RS. Salmonkd Beds- 
RIO. 

..- 

L- : 

The “Definitions” sheet can be accessed either from the navigation sheet or from the 
sheet tabs displayed along the bottom of each screen. This describes the Hazards and 
Receptors under analysis. 

The prototype system has initially been set to accommodate 20 Hazards and 10 Receptors 
which has been driven by the information that can be reasonably shown on single screens. 
Furthermore it was considered that this number of hazards and receptors is adequate for 
most reasonable analyses. As previously mentioned additions or deletions to this baseline 
requires the usual careful consideration when altering linked spreadsheets. The macros in 
the system would also need to be edited. It is therefore not advisable to delete or add 
Hazards or Receptors from or to the prototype unless absolutely necessary. 

Columns and Rows can be easily hidden to improve presentation if required- by using the 
Excel Format Menu. 

The spreadsheet will automatically update the descriptions of hazards and receptors on all 
the other spreadsheets. The exit button {<} returns the User to the navigation screen. 
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The “Significance of Effect” sheet. can be accessed either from .the navigation sheet or. 
from the sheet tabs displayed along-the bottom of each screen. The sheet holds the data: 
in the.form of lookup tables which the system uses to assign a significance of effect score 
given an actual reading entered into.the model. These inputs are described at the table at 
(3pages 07zfro711 he7y). 

The model operates by comparing measured data against. lookup tables to calculate a risk 
level. The lookup tables relating to the source/hazard return a significance of effect index 
of Contamination {=l>, Incident (=2}, Population {=4)“or Community {=8 > (see para 
??). 

The lookup values should be populated with single entries giving the top end, of the band 
of source proliferation which results in a significance ofeffect of the above categories. 
There are- two -lookup tables for each hazard.. The first, Type A, relates to general 
pollution of the environment caused by the hazard for’ the area under consideration 
whereas the second table, Tyje B (positioned to’the right of the Type .A table), can .be 
used for site specific sources of the hazard.-The user is able .to set up these tables to 
between ‘1 and- 5 measurement types (Sl to S5) which should be sufficient to cover any 
analysis. 



The “Status of Receptor” sheet can be accessed either from the navigation sheet or from 
the sheet tabs displayed along the bottom of each screen. This sheet holds lookup tables 
relating to the defined receptors and returns a status of receptor index of Site Specific 
(=l}, Local {=2}, R e ional {=3}, National {=4} or International (=5). g’ 

As with the Significance of Effect tables these lookup values should be populated with 
single entries giving the top end of the band of receptor measurement which results in a 
Status of Receptor defined by the above categories. These lookup tables are found to the 
left of the sheet. Once they have been set up the user should scroll across to the right 
until a single column of one receptors lookup values can be seen. This column should not 
be tampered with. It is used by one of the macros to temporarily hold data for 
presentation to the user, while using the Actual data input sheet and is regularly 
overwritten. 

As the model matures it is hoped that the lookup tables for Status of Receptor will 
become standard and fixed and will therefore not require setting up before the model can 
be used. 



The Actual data input sheet can be accessed either from the navigation sheet or from the 
sheet tabs displayed along the bottom of each screen. The sheet holds the values against 
which the Significance of Effect and Status of Receptor lookup: tables.operate. 
is the control sheet for most of the user input tasks. 

This sheet 

The first task is to set.the hazards in the left hand column. As stated there can be.up to 20 
hazards entered but there can be multiple entries against each hazard type. For instance 
there are- four. entries against sedimentation in the example shown.. To set up a hazard 
position the cursor box at the top of one of the entryfields:and click the ‘Select Hazard’ 
Button with the mouse. A pick list then appears showing the hazards entered on the 
Definitions. sheet. Choose a hazard from the list and -then click the type A or B box to 
indicate whether it is a “general” or ‘Fsite Specific?’ hazard. -This will define which 
Significance of Effect lookupZ table willlbe used for this hazard. Note that hazards should : i 
always be input in this way rather than typing in hazards as a macro runs when the button 
is clicked to set up special.pararneters on the spreadsheet. 



The remaining tasks are to input he actual hazard and receptor data into the yellow input 
fields. The receptors are automatically displayed along the spreadsheet and can be 
viewed by using the horizontal scroll bar. For each receptor hazard combination where 
there is a Hazard/Receptor interaction, input the actual data using the following 
procedure. 

1) Select the Significance of Effect input box and click the small square button at the 
top of the page. The message box shown above will then appear. On clicking OK the 
system will present the user with the Significance of Effect lookup table determined by 
the hazard chosen. An example is given below. 



The user should then chose the source type which fits the curremscenario by placing the 
cursor box over the appropriate column heading. Next, click the Enter rMeasurement 
button and a small input box appears ready for data input. 

Water cotirse 

___l,l..----- .--- 

Enter the actual data value and click OK. A macro will then run to set the appropriate : 
values in the spreadsheet and return the user to the input sheet... Note that it is not.possible 
to edit the lookup tables.from this view. This can only be achieved using the procedure 
described earlier (i.e. on the Significance ofEffect worksheet). This procedure must be 
used rather than just.entering data onto the input sheet as other hidden-parameters need to 
be set in order that the look functions operate correctly: 



-.-......... .,,._” ..-.. 

Sediment Ball Clay 

ningtAllrr Ercok 

Sediment Construck 
.- .- 

The “Results and Ranking” sheet gives a score which reflects the risk level. This can vary 
between 0 and 200. When the User opens the Ranking sheet from the navigation sheet, 
the risk level scores are colour coded with either Red, Yellow or Green to indicate 
unacceptable high {>l lo}, warning (90-l 1 O}or low risk {<90}priorities. 

The screen also calculates a score for each Hazard and Receptor by summing the 
individual marks for the Hazard/Receptor combinations. These are then used to produced 
a sorted list ranking each hazard and each receptor which is displayed at the bottom of the 
screen. If the sheet is entered using the sheet tabs at the bottom of the screens then this 
will not be carried out until the Rank button is clicked. There are a number of different 
methods of calculating the scores for hazard and receptor which the user could choose by 
changing the summation formula in the current score cells if necessary. The ranked lists 
are produced when the screen is entered from the navigation screen, the Actual data input 
screen button or the Ranks button is clicked. Note that if the sheet is entered using the 
sheet tabs at the bottom of the screens then this will not be carried out until the Rank 
button is clicked. 



The Persistence and Reversibility sheet can be accessed either from the navigation sheet 
or from the sheet tabs displayed along the- bottom of each screen. This sheet holds the 
final lookup table giving persistence indices of Acute {=l}, Short Tern{=2}, Long Ten-n 
{=3} and Chronic {=4} and reversibility indexes of Readily Reversible (=l}, Medium. 
Tenn {=2}, Long Term {=3} and-Irreversible {=4} are available against. These indices 
are assigned for each Hazard/Receptor combination. 

The model also requires that a set of threshold values be input. to be used to weight- the 
result. These are state .the maximum index applicable to each hazard and- are shown 
below. Additionally, the values at the foot of the table. indicating minimum, acceptable 
and maximum scores is required to perform .a scaling calculation to ensure that the results 
come out between 0 and 200.. 



2) Once the Source/Hazard data has been input the Status of Receptor input box can 
be filled in. The user can type the actual value directly into the input sheet. 
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The lookup table can be viewed by clicking the Show Receptor Status button and 
ensuring that the right-hand column is viewed in the Status of Receptor sheet. 
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PersistanceReversibilty 

HI. Sediment 

H2. Chlorine 

H4. Nitrate/Nifrite (Leachate) 
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Threshold 

THRESH• LDOFHARM. 
DEFINITIONSHEET 

.THRESHOLD VALUES 

Hl.iSediment .. 
H2: Chlorine 
H3. Acid Deposition 
H4. Nitrate/Nitrite (Leachate) 
H5. Zinc. 
H6. 
H7. 
HB. 
H9: 
HIO. 
Hll. 
H12. 
H13. 
Hl4. _ 

H15: 
Hl6; 
H17.. 
HIB.. 
H19. 
H20. 
Max Potential Threshold 
Level of Harm 
Min Potential Threshold 

a ( b ( c 
31 21 : 

O/ 0i c 
0' 

0 01 .: : 

s 

0 o! I 

& 

0 0 :,' c 
0 0 ,-( 
0 0 ( 
0 0 c 

,. .o 0 ( 

_- 

0 0 ( 
. ,o- 0 ( 
.:o 0 ( 
.o 0 ( 

s 
0 0 ( 
0 0 ( 

41 21 ’ 
II. II ’ 
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RESULTS AND RANKINGS 

dustrial Estate/G Water 

Rkeptor Score G12.G21 1 1 99.GGI !  j E 
‘,’ 

.: .: 

H3. Acid Deposilion Abandoned Mines 
H5. Zinc Run Off 
Hl. Sediment RoadslSlover Lake 

H3. Acid Deposilion 
Hi. Sedimenl Agriculture 
l-14. Nilra~elNilrile (Lcechatc) Landfill 
HI). Nilrale/Nilrile (Leachale) Broadmeadow LFiTeign Eslnlary 
1-11. Sedimenl Conslruclion A30/ Scofley/Fingle Brook 

Hl. Sediment Ball Clay MininylAllcr Brook 
HZ. Chlorine ” 

li2. Chlorine Coventry famVAller Brook 
H2. Chlorine Waddolon lnduakial EslalelG Waler 

RI, Water A RCIO - Chem % of Ta&l Rivers in Grade A 
R3. Water C Individual River Quality GQA (biological) 

RB. HumanlEnvironmenl Waler Supplies 
135. Waler E Nature Conservation Designalion 
R9 Salmoniad Beds 
R2. Waler B RC!O _ Bio: % of Tolal Riven in Grade A 
R4. Waler 0 % of Failures EC Directive 

RG. tluman Number of Homes Affected 
R7 Environment Landscapc Designalion 
RIO. 
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Threshold 

TArRESHOLD OF HARM-.DEF/NIT1ON SHEET 

THRESHOLD VALUES 

HI. Lowering of Groundwater Levels..:. 

H2. Lowering of Surface Water Flows 

H3. Surface Water Pollution i) Sedimentation : 

H4. Surface Water Pollution: ii) Nutrient Enrichment - Nitrate 

H51 Surface Water Pollution -iii) Nutient Enrichment - Phosphate 

H6. Surface Water Pollution iv) Pesticides 

H7. Surface Water Pollution--v) Heavy Metal Contamination 

H8. Surface Water Pollution vi) Acidification 

H9. Surface-Water Pollution vii) Hydro-Carbons 

HlO:Surface Water Pollution viii) Organic 

HI I. Groundwater Contamination - Nitrate 

H12. Groundwater-Contamination - Pesticides 

H13. Groundwater Contamination - General 

H14. Freshwater Flooding 

H15. Channel Disturbance 

H16. 
H17: 

HIS. 

H19. 
H20.- 

Max Potential Threshold 

Level of Harm- 

Min Potential Threshold .= 
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HAZARD 1 - LOWERING OF GROUND WATER LEVELS 
,’ ‘._. ‘: , .  , -  ;  ; ,  .’ , :  ‘. .‘,:I 

iI. PROJECTED CHANGES’ IN ANklt& RUkqFF’iFig 3.2) 

Anglian 
Midlands 
North East 
North West 
Southern 
South West 
Thames 
Wales 

Projected Change h Run-off 
rates 

-11.1 
-3.0 
a.3 
7.0 

-17.3 
-9.6 

-13.8 

-2.1 

52. ESTIMATED FRESH GROUNDWATER ABSTRACTION (MILLION LITRES A DAY) 
.,’ 

Groundwater Surface Regional Total 
Anglian 1124.09 1309.52 2433.61 ,~ 
Midlands 1275.75 3587.57 4863.32 
North East 516.31 3751.34 4267.65 
North West 372.78 2407.56 2780.34 
South West 722.48 3763.68 4486.16 
South&n 1379.73 1451.2' 2830.93 
Thames 1592.71 3091.02 4683.73 
Welsh 178.5 6620.2 6798.7 
TOTAL 7162.35 25982.09 33144.44 

1995 (Table 32 and 33 Key Facts) 
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HAZARD (2) 

HAZARD 2 - LOWERING OF SURFACE WATER LEVELS 

Sl. PROJECTED CHANGES IN ANNUAL RUN-OFF (Fig 3.2) 

Anglian 
Midlands 
North East 
North West 

Southern 
South West 
Thames 
Wales 

Projected Change in 
Run-off rates 

-11.1 
-3.0 
0.3 

7.0 
-17.3 

-9.6 
-13.8 
-2.1 

S2. ESTIMATED FRESH SURFACE WATER ABSTRACTION (MILLION LITRES A DAY) 1995 (Table 32 and 33 Key Facts) 

Anglian 
Midlands 

North East 
North West 
South West 
Southern 
Thames 

Welsh 
TOTAL 

Groundwater Surface Regional Total 
1124.09 1309.52 2433.61 
1275.75 3587.57 4863.32 
516.31 3751.34 4267.65 
372.78 2407.56 2780.34 
722.40 3763.68 4486.16 
1379.73 1451.2 2830.93 
1592.71 3091.02 4683.73 

170.5 6620.2 6798.7 
7162.35 25982.09 33144.44 

S3. NUMBER OF RIVERS IN LOW FLOW COMPARED TO TOTAL NUMBER (Fig 4.6) 

Anglian 

Midlands 
North East 
North West 
South West 

Southern 
Thames 

Welsh 

TOTAL 

Number Identified 
5 
7 
a 
2 
2 

3 

4 
1 

32 

% of region compared 
to Total 
16.0% 
22.0% 
25.0% 

6.0% 
6.0% 
9.0% 

13.0% 
3.0% 

c 
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HAZARD (3) 

HAZARD 3 -SURFACE WATER POLLUTION -SEDIMENTATION 

Sl. ARABLE LAND COMPARED TO NATIONAL TOTAL 

Region 
Anglian 
Midlands 
North East 
North West 
Southern 
South West 
Thames 

Wales 
Total 

Total arable land 
1106.34 
1289.66 

774.94 
205.56 
395.38 

NE!. Yorkshire and Humberside amalgamaled into the north east data, east midland data amalgamaled lnlo midlands. MAFFs 
southern region dala is split into Thames and EA Southern. EA Thames region includes Berks, Bucks. Harts, Oxon and Graaler 

S2. NUMBER OF SUBSTANTIATED TRANSPORT POLLUTION INCIDENTS COMPARED TO NATIONAL TOTAL (Table 72 Key Facts) 

No. of Transport Regional compared to 
Incidents national total 

Anglian 361 
Midlands 450 
North East 167 

North West 158 
South West 253 
Southern 152 
Thames 201 
Welsh 173 
TOTAL 1915 

. 

19% 
23% 
9% 

8% 
13% 
8% 
10% 
9% 
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HAZARD (4) 

HAZARD 4 - SURFACE WATER POLLUTION II) NUTRIENT ENRICHMENT - NITRATE 
.,. ,- 

Sl: AkABLE LAND COMPARED TO NATIONAL TOTAL “:: :‘. ‘. “‘. - ’ 
: :,.. .’ :‘,,; ::: : “, 

Region 
Anglian 
Midlands 
North East 
Norih West 

Southern 
South West 
Thames 
Wales 
Total 

7otal arable land 
1106.34 
1289.66 
774.94 
205.56 
395.38 

717.56 
263.98 
208.89 

4962.30 

Regional area of land 
comparkd to national 

total 

22% 
26% 
16% 
4% 
8% 

14% 
5% 
4% 

100% 

NE. Yorkshire and Humberside amalgamated into the north east data, easl midland data amalgamated into midlands. MAFFs southern 
region dala is split into Thames and EA Southern. EA Thames region includes Berks. Bucks. Herts. Oxon and Grealer London. 

‘; ‘, 

S2. NUMBER OF 

Anglian 
Midlands 
North East 

North West 
South West 
Souttiern 
Thames 
Welsh 
TOTAL 

SUBSTANTIATED FARMING AND SEWAGE POLLUTION INCIDENTS 
“.. 

Total farming and sewage 
pollution incidents 

661 
1629 
888 

1076 
1472 
393 
564 

1027 
7jio 

COMPARED TO NATIONAL 
: 

FIGURE (Fig 72 Key Facts) 
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HAZARD (4) 

S3. NUMBER OF SUBSTANTIATED ORGANIC POLLUTION INCIDENTS COMPARED TO NATIONAL FIGURE (Fig 73 Key Facts) 

Anglian 

Midlands 
North East 
North West 
South West 

Southern 
Thames 
Welsh 
TOTAL 

Number of substantiated 

organic incidents 
201 

419 
150 
408 
899 

84 
75 

430 
2666 

Regional number of 
incidents compared to 

natidhal total 
7.5% 

15.7% 
5.6% 
15.3% 
33.7% 

3.2% 
2.8% 
16.1% 

S4. AREA OF NVZ COMPARED TO TOTAL REGIONAL AREA (Fig 4.35) 
AND 
S5. AREA OF NVZ COMPARED TO TOTAL NVZ AREA (Fig 4.35) 

Region NVZ Area @a) 
Anglian 387221 
Midlands 124127 
North East 23248 
North West 1886 
Southern 1614 
South West 3151 
Thames 29112 

Welsh 2164 
TOTAL 572523 

TOTAL Region Area 

Iha) 
2700000 
2100000 
2338400 
1444500 
2094500 
1097000 
1300000 

2076300 
15150700 

S4 - Area of NVZ 
compared to 

TOTAL regional 
area 

14.3% 
5.9% 
1.0% 
0.1% 

0.1% 
0.3% 
2.2% 
0.1% 
3.8% 

S5 - Area of NVZ 
compared to 

TOTAL NVZ area 
67.6% 
21.7% 
4.1% 
0.3% 

0.3% 
0.6% 
5.1% 
0.4% 

100.0% 
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HAi’.ARU (4) 

S6. AMOUNT pF INORGANIC FERTILE APPLIED BY REGION (Fig A3.4 The Influence of Agriculture on the quality of natural waters . ..RNA 1992) 

EST proportion of 

Est of inorganic nikogen inorganic nitrates 

(JxlOOO/yr) applied to /and 

Anglian 248.8 19.9% 

Mid!ands 218.7 17.5% 

North East 184.6 14.8% 
North West 92 7.4% 
Southern 91.1 7.3% 
South West 194.2 15.5% 

Thames 76.6 6.1% 

Welsh 143.1 11.5% 

TOTAL 1249.1 

S7. POPULATION EQUIVALENT FOR ORGANIC AND NITRATE LOADING (Source NW) 

Anglian 

Midlkds 
North East 
North West 
Southern 
South West 
Thabes 

Welsh 

Population Equiva/ents in 
Millions 

3.6 
14.5 
8.6’ 
a.1 
2 

2.2 
6.7 
1.2 

46.9 

% of national to(al 
7.7% 
30.9% 
la.+h 
17.3% 
4.3% 
4.7% 
14.3% 
2.6% 

c 



HAZARD (5) 

HAZARD 5 -SURFACE WATER POLLUTION II) NUTRIENT ENRICHMENT - PHOSPHATES 

Sl. LENGTH OF RIVERS CLASSIFIED AS GRADE 5 AND 6 (GQA NUTRIENT) COMPARED TO REGIONAL LENGTH (Table 63 Key Facts) 

An’glian 
Midlands 
North East 
North West 
South West 

Southern 
Thames 
Welsh 
TOTAL 

% Grade 5 and 6 
Total Freshwater river Compared to Total 

Length of Grade 5 and 6 length (WQ and Length of the River 

Fm) Fisheries) KM inc. survey 
3091.3 4813.8 64.2% 
1938.3 6588.8 29.4% 
1314.5 5958.3 22.1% 
1500.2 5745.3 26.1% 
1654.1 2219.1 74.5% 
920.8 6061.7 15.2% 

2636.5 3797.1 69.4% 
314 5042.9 6.2% 

13369.7 40227.0 

S2. NUMBER OF SUBSTANTIATED FARMING AND SEWAGE POLLUTION INCIDENTS COMPARED TO NATIONAL FIGURE (Fig 72 Key Facts) 

,Anglian 
Midlands 

North East 
North West 
South West 
Southern 
Thames 
Welsh 
TOTAL 

Farming and sewage 
pollution incidents 

661 
1629 
888 
1076 
1472 
393 
564 
1027 
7710 

Regional number of 
Incidents compared to 

national total 
8.6% 

21.1% 
11.5% 
14.0% 
19.1% 
5.1% 
7,3% 
13.3% 
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HAZARD (51 

S3. LENGTH OF SITES DESIGNATED AS ‘EUTROPHIC’ SENSITIVE COMPARED TO TOTAL EUTROPHIC LENGTH (Fig 4.6) 
,, ,,‘. : 

Anglian 

Midlands 
North East 
North West 
South West 
Southern 

Thames 
Welsh 
TOTAL 

Total length of river 

designated as eutrophic 
.sensitive 

3091.3 
1938.3 
1314.5 

1500.2 
1654.1 
920.8 

2636.5 

314 
13369.7 

Percentage of 
eutrophic rivers 

compared to national 

total 
23.1% 
14.5% 
9.8% 

11.2% 
12.4% 
6.9% 

19.7% 

2.3% 

S4. NUMBER OF SUBSTANTIATED ORGANIC POLLUTION INCIDENTS COMPARED TO NATIONAL TOTAL (Fig 73,Key Facts) 
: 

Regional number of 
in&dents compared to 

‘national total 
‘7.5% 
15.7% 
5.6% 
15.3% 
33.7% 
3.2% 
2.8% 
16.1% 

Anglian 
Midlands 
North’ East 
North West 
South West 
Southern 
Thames 
Welsh 
TOTAL 

Number of substantiated 
organic incidents 

201 
419 
150 
408 
899 
84 
75 

430 
2666 



S5. NUMBER OF RIVERS WITH BLOOMS COMPARED TO NATIONAL TOTAL (Table 66 Key Facts) 

Anglian 
North West 
NorthNorks 

Severn Trent 
South Western 
Southern 
Thames 

Welsh 
TOTAL 

Total number of rivers as 
identified with algae 

blooms 
39 
31 
13 
57 
22 
9 

33 
8 

211 

Number of sites 
compared to national 

total 
18.4% 
14.7% 

6.1% 
26.6% 
10.3% 
4.30/D 

15.5% 

3.8% 

S6. POPULATION EQUIVALENT FOR ORGANIC AND NITRATE LOADING (Source NW) 

Anglian 
Midlands 
North East 
North West 
Southern 
South West 
Thames 
Welsh 

Populatjon Equivalents in 
Millions 
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HAZARD (6) 

HAZARD 6 - SURFACE WATER POLLUTION - PESTICIDES 
. . . . ;. ,I 

si. Ntih@~k‘b~ EQ~ FAILURES ~0 PESTICIDE LEVELS’ 
..’ : 

Anglian 
Midlands 
North East 
North West 
South West 
Southern 

Thames 
Welsh 
TOTAL 

S2. ARABLE LAND COMPARED TO NATIONAL FIGURE (NW DATA SOURCE) 

North East 
North West 
Yorkshire and Humberside 
East Midlands 
Midlands : 
Eastern Region 
Southern Region 
South West region 
Waies 
~~TAL 

Total arable land 
774.94 
205.56 

1289.66 
1106.34 
659.35 
717.56 
208.89 

4962.30 

Regional area of 
arablb land 

compared to 
natibnal total 

16% 
4% 
0% 
0% 

26% 
22% 
13% 

14% 
4% 

100% 
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HAZARD (71 

‘> 

HAZARD 7 - SURFACE,WATER POLLUTION - HEAVY METALS 

Sl. NUMBER OF IPC AUTHORISATIONS FOR METAL INDU’STRIES COMPARED TO NATIONAL TOTAL 1997 AND 1995(TABLE 46 KEY FACTS) 

Anglian 
Midlands 
North East 

North West 
South West 
Southern 
Thames 
Welsh 
TOTAL 

No. of IPC consents for 
heavy metals 

1 
12 

0 
17 
1 
1 
6 

6 
44 

Number of /PC 

Consents compared to 
national total 

2% 
27% 

0% 
39% 
2% 
2% 
14% 

14% 

S2. NUMBER OF EQS FAILURES DUE TO METAL COMPOUNDS -GRADES I AND II (Source NW) 

No. of EQS failures due to 
Metals - Grade I and II 

Anglian I 4 
Midlands 9 
North East 6 

North West 14 
South West 44 
Southern 7 
Thames 2 

‘Welsh 4 

TOTAL 142 
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HAZARD (8) 

HAZARD 8 - SURFACE WATER POLLUTtON -ACIDIFICATION. 

Sj. NUMBER OF EQS BREACHES DUE TO LOW PH COMPARED TO NATIONAL TOTAL (Data - NW) 

Number of EQS 
Number of EQS incidents due to pH 

failures due fo low compared to 

PH. nafional total 

Anglian 
Midlands 
North East 

North West 
South West 
Southern 

Thames 
Welsh 
TOTAL 

2 11% 

19 

1 5% 

16 84% 

S2 and S3. VOLUME OF ACIDIC CHEMICALS (SO2, NOx) RELEASED COMPARED TO NATIONAL TOTAL (Table 49 Key Facts) 

Anglia! 
Midlands 
North East 

North West 
South West 
Southern 

Thames 

’ Welsh 
TOTAL 

so2 
144060 
435620 

273914 
152082 
85067 

112839 
69504 

120204 
1394091 

SO2 volume 
compared lo 
Nafional fofal 

10% 
31% 
20% 

11% 
6% 
0% 

5% 

9% 

NOx 
46850 
165300 

94580 
40450 
29760 
34140 

24890 

45100 
481070 

NOx volume 
compared to 
national total 

10% 
34% 

20% 
8% 
6% 
7% 

5% 

9% 
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HAZARD (8) 

54. ACIDIFICATION DATA SUPPLIED FROM THE 1995 GQA RESULTS 
.’ 

Anglian 

Midlands 
North East 
North West 

Southern 
South West 
Thames 
Welsh 
TOTAL 

Number of incidences 
where pH was 

recorded as below 
6.49 

0 

2 
11 
8 

1 
22 
0 

71 
115 

Proportion o[ the 
nationa? number of 

acidification 
0% 

2% 
10% 
7% 
1% 

19% 
0% 

62% 

S.5. EXCEEDENCES OF CRITICAL PI-I LPADING (Source NW) 

Anglian 
Midlands 

Nbrth East 
North West 
Southern 
South West 

Thames 
Welsh 



HAZARD (91 

HAZARD 9 - SURFACE WATER POLLUTION - HYDROCARBONS 

Sl. NUMBER OF .SUBSTANT,lATED FUEL AND OIL INCIDENTS COMPARED TO NATIONAL TOTAL (Table 73 Key Facts) 

Anglian 
Midlands 
North East. 

North West 
South West 
Southern 
Tharnes 
Welsh 
TOTAL 

Number of : 
fuel&oil incidents j 

734 j 

1197 
562 1 

r 
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HAZARD (IO) 

HAZARD 10 -SURFACE WATER f?OLLUTION II) NUTRIENT ENRICHMENT -ORGANIC 
., : .” 

Sl. NUMBER OF SUBSTANTIATED ORGANIC POLLUTION INCIDENTS COMPARED TO NAT!ONAL FIGURE (kj 73 Key Facts) 

Anglian 
Midlands 
North East 
North West 

South West 
Southern 
Thames 
Welsh 
TOTAL 

Number of substantiated 
organic incidents 

201 

419 
150 
408 
899 
84 

75 
430 

2666 

S2. POPULATION EQUIVALENT FOR ORGANIC AND NITRATE LOADING (Source NW) 

Population Equivalents in 
Millioi~s % of national total 

Anglian :3.6 7.7% 
Midlands 14.5 30.9% 
North East 8.6 18.3% 
Ndith West 8.1 17.3% 
Southern 2 4.3% 

South West 2.2 4.7% 

Thames 6.7 14.3% 

Welsh 1.2 2.6% 
46.9 

r 
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HAZARD (I I) 

HAZARD II - GROUNDWATER POLLUTION - NITRATES 

Sl. AREA OF NVZ COMPARED TO T,OTAL REGIONAL AREA (Fig 4.35) 

AND 
S2. AREA OF NVZ COMPARED TO TOTAL NVZ AREA (Fig 4.35) 

Region 
Anglian 

Midlands 
North East 
North West 

Southern 
South West 

Thames 
Welsh 
TOTAL 

NVZ Area (ha) 
387221 
124127 

23248 
1886 
1614 
3151 

29112 

2164 
572523 

Total Region Area 

(4 
2700000 

2100000 
2338400 
1444500 

2094500 
1097000 
1300000 
2076300 

S3. ARABLE LAND COMPARED TO NATIONAL TOTAL 
,‘! 

Region Total arable land 

Anglian 1106.34 

Midlands 1289.66 
North East 774.94 

North West 205.56 

Southern 395.38 

South West 717.56 

Thames 263.98 

Wales 208.89 
Total 4962.30 

Regional area of 
land compared to 
national total 

22% 
26% 
16% 
4% 
8% 
14% 
5% ,) 
4% 

100% 

ND. Yorkshire and Humberside amalgamaled inlo Ihe north easl data, casI midland data 
amalgamaled into midlands. MAFFs southern region dala is split inlo Thames and EA Soulhem 

EA ‘Thames region Includes Berks, Bucks, Her6 Oxon and Grealer London. 

S2 - Area of NVZ 
compared to total NVZ 

area 
67.6% 
21.7% 
4.1% 
0.3% 

0.3% 
0.6% 
5.1% 
0.4% 
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HAZARD [I 1) 

S4. AMOUNT OF INORGANIC FERTILE APPLIED BY REGION (Fig A3.4 The Influence of Agriculture on the quality of natural waters . ..RNA 1992) 
‘. 

Midlands 

Ndrfh East 
North West 
Southern 
South West 
Thames 

Welsh 
TOTAL 

Est. of inorganic 
nitrogen (TxfOOO/yr) 

248.8 
218.7 

184.6 
92 

91.1 
194.2 
7616 

143.1 
1249.1 

EST proportion of 
inorganic nitrates 

applied to /and 
19.9% 
17.5% 

14.8% 
7.4% 
7.3% 

15.5% 
6.1% 

11.5% 

ND. Esl. based on 150kgJhaJyr for arable and 128kglhatyr for grass 



HAZARD (12) 

HAZARD 12 - GROUNDWATER POLLUTION - PESTICIDES 

Sl. ARABLE LAND COMPARED TO NATIONAL 

Region Total arable land 
Anglian 1106.34 
Midlands 1289.66 
North East 774.94 

North West 205.56 
Southern 395.38 
South West 717.56 
Thames 263.98 

Wales 208.89 
Total 4962.30 

l-OTAL 

NB. Yorkshire and Humberside amalgam&d into Ihe norih east data, east midland dala amalgamated into midlands. MAFFs soulhem 
region dala is split inlo Thames and EA Soulhem. EA Thames region includes Berks. Bucks. Heris, Oxon and Greater London. 

. 
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HAZARD (13) 

HAZARD 13 - GROUNDWATER CONTAMlNlAT!ON - GENERAL 
I .F’ 

&‘N”k+& IPC AUTHORISATIONS FOti WASTE D!SPOSAL SITES COMPARED TO NATIONAL TOTAL 1993 to 1996 (TABtiE’; KEY FACTS) 
” :, 

Midlands 
North East 
North West 
South West 
Southern 

Tharries 
Welsh 
TOTAL 

1993 1994 1995 
5 i 1 

26 4 2 
21 2 31 
19 4 26 
8 2 1 
10 1 1 

13 2 8 
2 0 0 

104 18 70 

1996 
1 

1 
7 

28 
1 
0 

4 
0 

42 
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HAZARD (14) 

HAZARD 14 - FRESH WATER FLOODING 

Anglian 

Midlands 
North East 
North West 
Southern 
South West 
Thames 

Wales 
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HAZARD (15) 

HAZARD 15 - CHANNEL DISTURBANCE 

Sl. NUMBER OF SITES PREDOMINANTLY TO HEAVILY AND EXTEk!3VE\k MODlFlED(Fig 4.1?) 

Total number 

obviously to 
heavily 

Ang!ian 

Midlands 
North East 
North West 
Southern 
South,West 

Thames 
Welsh 
TOTAL 

modified 
634 

426 
449 
312 
226 
404 

341 
317 

3109 

Regional 

n’umber 
modified 

compared lo 
national total 

26% 

14% 
i4% 
iO% 
7% 
13% 

11% 
10% 

Total 
Freshwater rive, 
length (WQ and 

Fisheries) KM 
4813.8, 

6588.8 
5958.3 
5745.3 
2219.1 
6061.7 

3797.1 
5042.9 

40227.0 
NE. number of sites idenliiied compared lo the lenglh of Ihc river 

S2. NUMBER OF DAYS FISHED COMPARED AGAINST NATIONAL TOTAL (NW DATA) 
.,’ .’ :’ 

Anglian 
Midlands 
North Eas! 
North West 
Southern 
South West 
Thames : 

Welsh 
TOTAL 

No. of days 
fished 

0 

14893 
40654 

65601 
2696 

35853 
414 

8510,7 

245218 

Number of days 
fished 

compared 
against national 

Total 

0% 
6% 

17% 

27% 
1% 

15% 
0% 

35% 

100% 

Page 23 of 24 



HAZARD (15) 

53. NUMBER OF LIVESTOCK BY TYPE AND TOTAL (SOURCE UNKNOWN) 

Cattle and 
calves 

North East 1007 
North West 1163 
Midlands 1552 

Anglian 292 
Thames and Southern 627 
South West 2113 
Wales 1349 
TOTAL 8105 
NB - regions data doe? not match well 

% of Total 

12% 
14% 

19% 
4% 
8% 

26% 

17% 

Sheep and 
lambs 

4861 
3685 
4276 

447 
1708 
3870 
10767 

29614 

% of Total 
16% 
12% 

14% 
2% 

6% 
13% 
36% 

Est. Livestock 

Units 
1736.54565 

1715.54835 
2193.7232 

358.913 

883.5738 
2693.83695 
2964.47385 

12547 

% of Total 

14% 
14% 
17% 
3% 

7% 
21% 
24% 
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Receptor (1) 

RECEPTOR 1 -WETLAND HABITAT 
.‘. “. :‘.” 

NuMBEk dF WETLAND HABIC~TS c&ibARED To NATIONAL TOTAL (Source NW) 
“” ,‘. :,. 

Anglian 

Midlands 
North East 
North West 
South West 
Southern 
Thames 

Welsh 
TOTAL 

Number of 
wetland SSSIs 

157 

130 
138 
131 
54 

131 

69 
134 
944 

. 
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Receptor (2) 

RECEPTOR 2 - SURFACE WATER BIOLOGY 

QUALITY OF THE SURFACE WATER BODIES (Source Internet site) 

Anglian 
Midlands 
North East 

North West 
South West 
Southern 
Thames 
Welsh 

TOTAL 

Total a and b % 
65% 

45% 
64% 
50% 

88% 
77% 
63% 
82% 

Total Freshwater 
river length (GQA) 

km 
4813.8 

6588.8 
5958.3 
5745.3 

2219.1 
6061.7 
3797.1 
5042.9 

40227.0 

Length of grade a % grade a and b 

and b compared to i,.~ I~:~$$fi’&k&io 
national total 

3134 
jy:.%iri~~:ri$y$i :: : 
y.’ ” X,12.1% ,’ .: 

2985 ,: $5ojd 
3784 

i,’ .‘: 
.:i4.69/6.’ 

2890 ;,:y j: li.ix 
1953 j :'.:. 

':':?p/o 
4692 

j:. i", 1.8:‘; $4 
2392 ii;..; ‘; .;: .g2$$ 

4145 
i’;r: ‘,y,+y.oq 
;,..: ., 1 ,: 0 

25974 
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Receptor (3) 

RECEPTOR 3 - SURFACE WATER: FISH STOCKS 

Anglian 
Midlands 
Nohh East 
North West 
South West 
Southern 
Thames 
vi/ekh 
TOTAL 

Number of salmon, 
gills and trout’ 

caught 

0 
380 

4779 
11353 

512 
7812 

15 
12557 
37408 

c 
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Receptor (4) 

RECEPTOR 4 - FRESH WATER - GROUNDWATER 

AREA OF GROUNDWATER CLASSIFIED AS MAJOR AQUIFER BY REGION (Source NW) 

Anglian 
Midlands 
North East 
North West 

South West 
Southern 
Thames 
Wales 

Proportion of 

major aquifer 
Area of major Total regional compared to 
aquifer area regional total 

.9925 26700 37.2% 

4350 21530 20.2% 
7525 22620 33.3% 
3725 14370 25.9% 
4350 10900 39.9% 

5750 20610 27.9% 
5900 12880 45.8% 
1025 21175 4.8% 
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Receptor (5) 

RECEPTOR 5 - GROUNPWATER ABSTRACTiON - I) POTABLE 

VOLUME OF GROUNDWATER ABSTRACTED FOR POTABLE MEAbjS (Key Facts Table 33) 

Anglian 
Midlands 
Noith East 

North West 
South West 
Southern 
Thames 
Welsh 

Volume of 
grohdwater 
abstraction 

supplied for 
potable use 

869.76 
1135.5 
397.96 

245.04 
454.17 

1074.19 
1384.19 

142.68 

NB all amounts are in millions of litres per day 

Regional 
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Receptor (6) 

RECEPTOR 6 - GROUNDWATER ABSTRACTION - 1) AGRICULTURE 

VOLUME OF GROUNDWATER ABSTRACTED FOR AGRICULTURAL MEANS (Key Facts Table 33) 

Anglian 
Midlands 
North East 
North West 
South West 
Southern 
Thames 

Welsh 

NB all amounts are in millions of lilres per day 

L 
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Receptor (7) 

RECEPTOR 7 - GROUNDWATER ABSTRACTION - 1) INDUSTRIAL 

VOLUME OF GROUNDWATER ABSTRA’CTED FOR’INDUSTRIAL MEANS’ (K&y Facts Table 33) 

Midlands 
North East 
North west 
South West 
S&them 

Thames 
Welsh 

Volume of 
groundwater 

abstraction supplied 
for industrial use 

.’ 229.66 
143.23 

82.22 
i 22.88 

93.23 
142.1 

116.51 
33.66 

NB all amounls are in millions of litres per day 

Regional 
.Jc;!,. :, :’ 
use!; .‘. y&!!~; 
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Receptor (8) 

RECEPTOR 8 - SURFACE WATER ABSTRACTION - POTABLE 

VOLUME OF SURFACE WATER ABSTRACTED FOR POTABLE MEANS (Key Facts Table 32) 

Anglian 
Midlands 
North East 

North West 
South West 
Southern 
Thames 
Welsh 

Volume of Surface 
Water abstraction 

supplied for 
potable use 

1087.77 
1645.68 

2373.35 
1441.89 
921.11 
270.92 

2665.38 
1452.61 

Regional Total 
1309.52 

3587.57 
3751.34 
2407.56 
3763.68 
1451.2 

3091.02 

6620.2 

NE all amounts are in millions of likes per day 
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Receptor (10) 

RECEPTOR IO - SURFACE WATER ABSTRACTION - INDUSTRY 

VOLUME OF SURFACE WATER ABSTRACTED FOR INDUSTRIAL MEANS (Key Facts Table 32) 

Anglian 
Midlands 
North East 

North West 
South West 
Southern 
Thames 
Welsh 

Volume of 
Surface Water 

abstraction 

supplied for 
industrial use 

92.65 
1816.31 

931 sa 
802.1 

1341.5 
71.62 
103.71 

4857.18 

NB all amounls are in millions of Mres per day 

. 

Regional Total 
1309.52 

3587.57 
3751.34 
2407.56 
3763.68 
1451.2 

3091.02 
6620.2 
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_Receptor (II) 
,. 

RECEPTOR II - POPULATION PHYSICAL 
._, ,’ .-.‘, 

BUILT UP AREA AFFECTED BY FdkSH WATER FLOODING (Source NW) 
; 

Anglian 
Midlands 

No& East 
North West 
Southein 
South West 

Thames 
vi/ales 
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RECEPTOR 12 - FRESHWATER AESTHETIC VALUE 

Receptor (12) 

NUMBER OF RIVERS WITH BLOOMS COMPARED TO NATIONAL TOTAL 

Anglian 
Midlands 
North East 
North West 

South West 
Southern 
Thames 
Welsh 

Total number of rivers Number of sites 

identified with a/g/a/ compared to 
blooms national total 

39 18.4% 
31 14.6% 
13 6.1% 

57 26.9% 
22 10.4% 

9 4.2% 
33 15.6% 

8 3.8% 

212 

PROPORTION OF RIVER VISITED WITH SEMI-NATURAL OR PREDOMINATELY UNMODIFIED CHANNELS (Figure XX) 

Anglian 
Midlands 

North East 
North West 

South West 
Southern 
Thames 
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Risk Assessment Post Processor Spreadsheet System 

The post processing spreadsheet has been designed to .provide users with a tool for 
analysing data from 8:regional risk assessment spreadsheet models in order to find the best 
ways of presenting and comparing.the results. The system starts- up with a control panel 
(Fig 1) which allows users to define general parameters for the system’s graphical displays. 
Initially the system calculates composite results for 2 hazards and 3 receptors .from the. 
breakdown in the individual risk assessment models. The weightings section allows the 
user to weight- the‘ importance of. the individual hazards/receptors to the composite 
hazards/receptors .used in the post processor. The remaining input boxes relate to the 
selection of Red/Yellow/Green “traffic ,light” displays which- can be applied to some 
graphs. 

The traffic lights can be set by: 

l counting the number. of entries on the appropriate risk assessment spreadsheet which are 
above the base triggers for red and yellow and setting the result to red or yellow 
depending on-whether the Number Off entry is met or exceeded , 

l assessing ‘whether the percentage of entries on the appropriate risk assessment 
spreadsheet which. meet or exceed the Base Triggers is greater than. the Percentage 
values input 

l using:. a points- system where a defined number of points. are scored for : ,each 
red/yellow/green entry on the appropriate- risk assessment and. determining whether the, .. 
point total- meets-or exceeds the inputted Point Score for yellow and red 

r Wegh!ingr 
HAZAROS RECEPTORS Surfxe Waler?olf”t;on 

1 Sedimentation 

1 

Freshwater Endronment 

El 

1 Suriace Water QUalltjp (ahgy)~ Len! 
1 Nutrient Enrichment. Mtrate 1 Surface Waler Quality (Fsh) Nwnb~ 
1 Nutrient Enrichment - Phosphale 
1 Pesticides Groundw.ztxAhstrsction 1 Potable : X abstractions supplied br 
1 Heavy Metal Contamination 

El 

1 Agriculture : % abstractions for agracu 
1 AcadiScation 1 Industry : % abstractions for industry 
1 Hydra-Carbons 
1 Organic 

Groundw~fer Cmfxn;naf;on Surface Water Abstraction 1 Potable : % abslractions Ifir polable s 

El 

1 Agiicuiture : % abslraciions ior agricu 
1 Industry: % abstractions br industry 

The buttons at the bottom left give access to a weights sheet which allows the user: to adjust 
the relative importance of Hazards and Receptors for,some displays and to displays giving 
an overview of the results. The option and check boxes at the bottom of the screen give 
access to more detailed breakdowns of the results. 



The Weights sheet (Fig 2) allows the user to stress the relative importance of hazards and 
receptors for the displays which show hazard or receptor results separately. Displays 
which show hazard results vs receptor results are not affected by the weightings on this 
sheet. Weightings should be set by assigning a value of 1 to the lowest valued 
hazard/receptor as a base, then the relative importance of the other hazards/receptors can be 
e.g. a hazard considered to be twice as important as the base hazard would be assigned a 
weight of 2. 

HPZARDS 
Low Groum’mter Levels I 
Low Surface Water Flw/s 1 
Surface Wsier Pollution 1 
Grs~m9wafe~- Contamination 1 
Frsshwater Flooding 1 
Channel Disturbance 2 

RECEPTORS 
Wetland Habitat 1 
Swke W&r Qual’ly 1 
Groundwaler Qusli!yu _ 1 
Ground~ojter Absiraction 1 
Surface W&f ,4b&racticln 1 
Urbanioatioo within Flood Plain 1 
Fmhwater Visuai Value 1 

The Summary sheet (Fig 3) shows the relative scores for each hazard and receptor summed 
over the eight regions. The system allows the user to display either the total scores (which 
adds every entry in the individual risk assessment sheets) or an average score (which is the 
mean value of all the entries against each hazard or receptor). i’ 



SUMMARY 

The Ranks sheet (Fig 4) gives -a graphical representation of-the rank order of each of the 
hazards and receptors across the regional areas. The highest risk appears at the top of the 
chart and the lowest at the bottom. By choosing..different radio buttons the’user can see 
how rank order changes if different scoring systems are used or average values or total 
values are used. Obviously receptorsI. represented with multiple entries on the risk 
assessment- sheets are likely to be ranked higher when totals are. selected than when 
averages are selected. :, 

, 
?ECEPTORS 

Hazard and.receptor results can be displayed broken down over each regional area.. An 
example is given at Fig 5 which shows the results for hazards relative to the,highest and 
lowest scores nationally. Switching off the .national check. box presents the results relative 
to the highest and lowest scores within each regional area. The buttons at the right of the 



screen allows the same information to be shown in either line form (giving a similar 
representation to the rank graph be showing relative scores rather than simple order of 
ranking) ,or on a 3-D bar chart. The radio buttons at the foot of the chart allow access to all 
the data options available in the system. 

---I----- -‘- r 

The traffic light switches paint the bars red/yellow/green depending on the system 
identified on the control sheet. An example is given at Fig 6. 

National Hazard Results 

Displays showing the Hazard Vs Receptor results can be displayed either at national level 
(as shown in Fig 7) or for any of the individual areas (as shown in Fig 8). Any hazard or 
receptor weights entered on the weight sheet will be ignored for these graphs as their 
implications are felt to be confusing in this context. 


