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An inter-laboratory trial on chemical oxygen demand determinations (2007)

Methods for the Examination of Waters and Associated Materials Q) .

This booklet contains information on an inter-laboratory trial on chemic &ken demand
determinations using some of the methods described in the previouibQo et in this

series. (1/
N
€>O
R\~
N
&
,06
N
)
Throughout the book@ term chemical oxygen demand (COD) is used to express the
amount of oxygen CCJ med during oxidation of a sample with hot acid dichromate

solution under defi conditions; the test provides an estimate of the oxidisable matter
present in the le. The result is usually expressed as milligrams of oxygen consumed

per litre of sampte (mg I”).
&

L&

Whilst this booklet may report details of the materials actually used, this does not
constitute an endorsement of these products but serves only as an illustrative example.
Equivalent products are available and it should be understood that the performance
characteristics of the method might differ when other materials are used. It is left to users
to evaluate methods in their own laboratories.
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About this series

Introduction

This booklet is part of a series intended to provide
authoritative guidance on recommended methods of
sampling and analysis for determining the quality of
drinking water, ground water, river water and sea
water, waste water and effluents as well as sewage
sludges, sediments, soil (including contaminated
land) and biota. In addition, short reviews of the
most important analytical techniques of interest to
the water and sewage industries are included.

Performance of methods

Ideally, all methods should be fully evaluated with
results from performance tests. These methods
should be capable of establishing, within specified
or pre-determined and acceptable limits of deviation
and detection, whether or not any sample contains
concentrations of parameters above those of
interest.

For a method to be considered fully evaluated,
individual results from at least three laboratories
should be reported. The specifications of
performance generally relate to maximum tolerable
values for total error (random and systematic errors)
systematic error (bias) total standard deviation and
limit of detection. Often, full evaluation is not
possible and only limited performance data may be
available.

In addition, good laboratory practice and analytical
quality control are essential if satisfactory resultsge

to be achieved. %
K\

nd

Standing Committee of Analy
The preparation of booklets within th
“Methods for the Examination of W,

Associated Materials” &

~O

and their continuing revision is the responsibility of the
Standing Committee of Analysts. This committee was
established in 1972 by the Department of the
Environment and is now managed by the Environment
Agency. At present, there are nine working groups,
each responsible for one section or aspect of water
quality analysis. They are

1 General principles of sampling and accuracy of

results
2 Microbiological methods

3 Empirical and physical methods % .

4 Metals and metalloids \

5 General non-metallic substances Q

6 Organic impurities

7 Biological methods \(1/

8 Biodegradability and inhibiti N ods

9 Radiochemical methods (\

The actual methods an %Ns are produced by
smaller panels of expe the appropriate field, in co-
operation with the \q‘lng group and main committee.
The names of th embers principally associated

with these m are listed at the back of the
booklet.

of new or revised booklets will be notified to

nical press. If users wish to receive copies or
vance notice of forthcoming publications, or obtain
tails of the index of methods then contact the
ecretary on the Agency’s internet web-site

(www.environment-agency.gov.uk/nls) or by post.

Every effort is made to avoid errors appearing in the
published text. If, however, any are found, please notify
the Secretary.

Dr D Westwood
Secretary
August 2006

Warning to userbv

The analyti edures described in this booklet
should o arried out under the proper
supervisiorhof competent, trained analysts in

properly equipped laboratories.

All possible safety precautions should be followed
and appropriate regulatory requirements complied
with. This should include compliance with the Health
and Safety at Work etc Act 1974 and regulations
made under this Act, and the Control of Substances
Hazardous to Health Regulations 2002 (Sl
2002/2677). Where particular or exceptional hazards
exist in carrying out the procedures described in this
booklet, then specific attention is

noted. Numerous publications are available giving
practical details on first aid and laboratory safety. These
should be consulted and be readily accessible to all
analysts. Amongst such publications are; “Safe
Practices in Chemical Laboratories” and “Hazards in the
Chemical Laboratory”, 1992, produced by the Royal
Society of Chemistry; “Guidelines for Microbiological
Safety”, 1986, Portland Press, Colchester, produced by
Member Societies of the Microbiological Consultative
Committee; and “Safety Precautions, Notes for
Guidance” produced by the Public Health Laboratory
Service. Another useful publication is “Good Laboratory
Practice” produced by the Department of Health.


http://www.environment-agency.gov.uk/nls

Inter-laboratory trial on chemical oxygen demand determinations

This booklet is based on a DOE funded report prepared by Yorkshire Environmental
LabServices.

1 Introduction

1.1 An inter-laboratory study, funded by the Department of the Environment, was set
up to test new proposed chemical oxygen demand (COD) methods. These low level
(0-160 mg I'') COD small scale open- and closed-tube methods use mercury suppression
of chloride interference.

1.2 Results'" (from three laboratories) indicated that earlier bluebook meq@ ’
produced by the Standing Committee of Analysts (SCA) using mercury-free %h ds for
the determination of low levels of COD (closed-tube method B and open- lﬂi ethod C in
the 1986 publication(z), i.e. methods D and E of the previous booklet) p d positive bias
in the presence of low concentrations of chloride. This bias was sh to e very variable.
The chloride concentration in many final effluents was found to b ficient to cause biased
results in COD determinations. This bias could be significant w, pect to monitoring
compliance with the Urban Wastewater Treatment Regulatio&s\1 49,

1.3 Analysts were asked to analyse prepared sa IQn duplicate over a period of
five days using either (or both) procedures described j thod B of the previous booklet. In
addition, analysts were also requested to comparei@e methods with any existing
methods used in their own laboratories. ’\

1.4 Two previous SCA COD methods! c,)rhe 1977 method and the 1986 (method A)
method, i.e. methods A and C respectivel@f the previous booklet, have never been properly
tested using an inter-laboratory trial of (&is sort. It was hoped that using a single set of

(16) samples the performance char Istics determined would provide a robust test of

the new proposed methods and ibly previously published methods.

%rticipated in the inter-laboratory trial (Table 0). Only six
ied out the main part of the trial using the proposed

he previous booklet. Five laboratories used the closed tube
tory used both the closed and the open tube variations.

1.5 Twelve laboratori
laboratories (marked **)
procedures in method
variation, and one |

1.6 Six Ia@@ories used their current in-house methods and/or commercial test kit
methods. Fj articipating laboratories reported results using commercially available
closed % t kits. These test kits measure the light absorption (at 420 nm) of the
dichro% ion as a means of determining COD instead of the titration procedure. The
sealed aigestion tube also acts as a cuvette which allows light absorption measurements
to be carried out.

1.7 One laboratory used the original 1977 full scale (10 ml sample volume) mercury-
suppressed method™, i.e. method A of the previous booklet.

1.8 The types of samples distributed to laboratories are described in Table 2.
Table 3 lists the symbols used in the raw data and statistical tables.

1.9 It is important to note that each method was not, in general, carried out by the
same number of laboratories, or in some cases, to the same degree of replication. Hence
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the simple statistical treatment employed is not completely rigorous, but is considered
adequate to indicate the typical performance of the methods.

2 Details of samples circulated

2.1 The pH of all samples, except the one containing humic acid was adjusted to
2.0 £ 0.1 by the addition of 4 M sulphuric acid. The humic acid solution was stabilised with
0.01 M sodium hydroxide to a pH value of 12.

2.2 Participants were asked to commence the analysis as soon as possible after
receipt of the samples, but that if this was not possible to store the samples at 4 °C before

analysis. cb .
2.3 Sewage works final effluent samples were distributed with COD I‘eﬁr nging
1

from about 40 to 230 mg I"". Participants were requested to dilute sampl h water in
the ratio 1:1 prior to analysis.. '<\

24 The effect of chloride was assessed with synthetic chlor} ¥'}utions (see
Table 2) at concentrations of 500 and 2000 mg I"" as chloride a ih sewage effluents
that naturally contained up to about 440 mg I'" chloride.

2.5 Potassium hydrogen phthalate (KHP) was used Qrepare the primary COD
standard solutions. @6

2.6 A complete set of samples was reserv ’Q} duplicate analysis to be carried out
after 74 days storage at 4°C. The results, ex&ed as a percentage of the original result
are shown in Table 4. The determination w& rried out using a commercial test kit in the
range 0 - 160 mg I,

&

3 Protocol adopted Qo3

3.1 The samples were nglidentified to the participants. Laboratories were requested
to analyse each sample in Itate over a 5 day period.

3.2 An analysisﬁance was carried out® and outliers were rejected (marked # in
tables) using Dixon), est (two tailed at the 5 % significance level). It is noted that for
some Iaborator'eé/esult is rejected that may be a consequence of the good precision
shown for that@ atory, and not because of the variation shown between laboratories.

3.3 & only one result, instead of the duplicate result requested, was submitted,
ther r that day was not included in the statistical treatment, except when the
estimated standard deviation was calculated.

3.4 Many laboratories submitted insufficient data for an analysis of variance to be
carried out. Consequently, in order to give more information in these cases estimated
standard deviations and relative standard deviations were calculated. These values were
determined using all the data submitted for a given sample excluding outlier results and
results reported as “less than”. This procedure was considered useful as a means of
comparing the data.

3.5 Table 0 lists the laboratories taking part. Table 1 lists the laboratory and method
code numbers; the basis of the methods used by each laboratory; the top COD calibration
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standard; the volume of sample used in each determination, and in addition whether
mercury suppression was used.

3.6 Used in this study were the closed and open tube versions respectively of

method B in the previous booklet. Method D was as an example of the closed tube methods
that do not use mercury to suppress chloride interference. The 2-ml sample volume is similar
to that of method B of the 1986 reference. Method A is the original 1977 full scale

reference SCA method™ using 10 ml sample volume and mercury suppression of chloride.
Method G was an in-house method with a range of calibration standards between

0-1600 mg I'". Methods F1, F2 and F3 were sealed-tube proprietary test kits that used
mercury to suppress chloride interference.

4 Results '\Cb ’

4.1 The results for the 16 samples are summarised by sample num %’ables 5-20.
The first table (for example Table 5A) for each sample shows the raw d

second table (i.e. Table 5B) for each sample shows the statistical a N of the data
presented in the first table. \

known. It is calculated as the difference between the mea It obtained by a given
laboratory for a specified method and the theoretical CQD%f'the sample. Table 21 shows
the limits of detection calculated for the “effective” blan mples (i.e. the blank, the
samples containing 500 and 2000 mg I as chIond&@épectlvely) and the lowest COD
sample with a theoretical value of 25 mg I

4.2 The bias is calculated for standard solutions only W’Eer'e\he theoretical COD is

4.3 Although four laboratories reportec&t ults for Method D, three of the laboratories
reported four or less results per sample one laboratory reported eight results per
sample.

4.4 One laboratory reported@ data for method A.

4.5 In addition, result an experienced analyst were reported for comparison

with those reported by an-it&experienced analyst (marked * in tables).

5 Effect of @Gide

5.1 Over@?sufﬁcient data were provided to ensure that a statistical comparison of
t methods would be valid.

results by d@
@wever whilst it is difficult to generalise, it can be seen from Table 22 that in
the presence of chloride, the results for method D (the existing mercury-free based

method) show higher COD results than methods A, B, or F1 which all used mercury
suppression of chloride.

6 Basic performance characteristics of the methods

6.1 Limit of detection

Table 21 shows the limit of detection obtained by the participating laboratories calculated
from the results of the blank (sample 9), the 500 and 2000 mg I"' chloride standard solutions
(samples 13 and 3 respectively) and the lowest COD standard of 25 mg "' (sample 1).
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7 Oxidation of refractory substances

71 Table 22 also shows the mean results for the COD standard solutions and the
solutions of sodium acetate (nominal COD 128 mg I') (sample 5) and humic acid
(sample 15) for all methods. The total carbon content of the sodium acetate solution
(sample 5) was determined using an Ol total organic carbon analyser and found to be
within 1% of the theoretical value.

8 Experienced versus inexperienced analysts
8.1 Laboratory 7 submitted results for methods B and F1 using an experien%i‘
analyst (two years experience of COD determinations) and an in-experienced te

analyst (two days training in carrying out COD tests, marked *). These resul@a be
compared by examination of individual tables.

| N
9 Conclusions t\

9.1 Six of the twelve participating laboratories submitted r¢sultg for the small scale
closed-tube COD procedure of method B of the previous booklet. *One laboratory submitted
results for the small scale open-tube COD procedure of m& B) of the previous booklet. Both
of these procedures utilise mercury suppression of chlaride./ The other six laboratories
submitted results for their existing methods and/or c@rcial small scale test kits, also

utilising mercury suppression. . A
9.2 Overall, the precision of the results f thod B (open-tube and closed-tube
procedures) were similar to method D (clos be procedure). However, in the presence

of chloride, the results for method D (clos@tube procedure) were in general higher than
the corresponding values obtained by @thod B of the previous booklet. This could have a
significant effect with respect to mo ng compliance with the Urban Waste Water
Directive® X

10 References
Q)&\
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Table 0 Participating laboratories

Analytical and Environmental Services (Wallsend)
Anglian Water Services Limited (Norwich)

DOE (Northern Ireland) Water Executive (East Division) **
Essex Analytical (Hanningfield)

A.H. Marks and Company (Bradford)

North West Water (Warrington) **

National Rivers Authority (Leeds) (b N
National Rivers Authority (Nottingham) ** '\
Severn Trent Laboratories (Coventry) **

South West Water (Exeter) '\\(1/
Thames Water (Docklands) ** r\

Yorkshire Environmental, LabServices (Rotherham) **(1>

Grateful acknowledgement is made to all laboratories which@;ipated in the inter-laboratory
trial, and especially those (marked **) that reported res&& r method B of the previous booklet.
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Table 1 Summary of laboratories and methods

Laboratory Method Sample Mercury 2@’ COD of top calibration
code volume suppression ode in this standard (mg/l)
(ml) (Y/N) Qooklet
1 Closed-tube procedure of method B 2 Y \(1/ Becr 160
4 Closed-tube procedure of method B 2 Y \ Bet 160
5 Closed-tube procedure of method B 2 Y '\ Bcr 160
6 Closed-tube procedure of method B 2 \ Ber 160
7 Closed-tube procedure of method B 2 Bt 160
8 Closed-tube procedure of method B 2 '\( Bt 160
7 Open-tube procedure of method B (experienced analyst) 2 Q Y Bo.t 160
7 Open-tube procedure of method B (in-experienced analyst) 2 O Y Bor* 160
1 Closed-tube based on SCA 1986 (method D) 10 N D 400
2 Closed-tube SCA 1986(method D) 2 6 N D 400
5 Closed-tube SCA 1986(method D) . @ N D 400
6 Closed-tube SCA 1986(method D) \ N D 400
11 Open-tube SCA 1977 (0 - 400 mg/l) (method A) C’Q 10 Y A 400
3 Laboratory’s own method (0 - 1600 mg/l) K 2 Y G 1600
7 Test kit A (0 - 160 mg/l), experienced analyst @' 2 Y F1 160
7 Test kit A (0 - 160 mg/l), in-experienced analyst % 2 Y F1* 160
9 Test kit A (0 - 160 mg/l) 2 Y F1 160
12 Test kit A (0 - 160 mg/l) $ 2 Y F1 160
1 Test kit B (0 - 150 mg/l) \ 2 Y F2 150
1 Test kit C (0 - 150 mg/l) @Q 2 Y F3 150
10 Test kit C (0 - 150 mg/l) 2 Y F3 150

Note: Calibration standard solutions prepa@%ing potassium hydrogen phthalate (KHP). Methods are described in the previous booklet.
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Table 2

Sample identification

Sample
number

D N RPN 2D ©ONO O WN

Sample

COD (KHP) standard, 25 mg/l.

Sewage final effluent 1

2000 mg/I chloride standard

Sewage final effluent 2

Sodium acetate; nominal COD 128 mg/I
Sewage final effluent 3

COD (KHP) standard, 160 mg/I

COD (KHP) standard, 125 mg/lI with 500 mg/I ch
@KOQ
&

Blank

Sewage final effluent 4

COD (KHP) standard, 125 mg/I
Sewage final effluent 5 ®
500 mg/I chloride $
Sewage final effluent 6 \

Humic acid solution Q
%)

Sewage final effluent 7 @

13

60209

Chloride
concentration

(mg/l)
< 10

\'\

80

$ho

<10
500
<10
350
<10
106
500
368
<10
440

&%e’number
Ra@% Statistical treatment
N \6A 6B
14A 14B
13A 13B
15A 15B
9A 9B
16A 16B
8A 8B
12A 12B
5A 5B
17A 17B
7A 7B
18A 18B
11A 11B
19A 19B
10A 10B
20A 20B



Table 3 Summary of symbols and abbreviations used in tables

A blank cell indicates that a result was not submitted, or that the result is not relevant, or
that insufficient data points are available to calculate the within and between batch
standard deviations, or that statistics were unavailable since the between batch mean
square is less than the within batch mean square for these data.

# Indicates that this result has been rejected as an outlier using Dixon’s Q test,
two tailed, at the 5% significance level; any result obtained on this day is not
included in the calculation of within and between batch standard deviations.
It is noted that for some laboratories, a result has been rejected pr%b‘ly as
a consequence of the excellent precision shown for the batch of r& .

Sw Within batch standard deviation. (19

St Total standard deviation. '\\

Sb Between batch standard deviation. t\

RSD % Relative standard deviation as percent. \

DoF Degrees of freedom. t{l/

Est SD Estimated standard deviation. (This is to be compared with the total standard
deviation). R

Est RSD % Estimated relative standard deviation as er@t.

Results for laboratory 3 (method G) have not been i ded in combined statistical

calculations. X

o

All values are given in mg/l, unless otherwisﬂgtbted.

Where appropriate, the results in the figa three columns of the statistical analysis tables
are based on an estimated total sta deviation calculated for all results, except

outliers and results reported as ‘I than”.
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Table 4 Stability tests performed on samples stored for 74 days at 4 °C

Sample
number

P N PR PN T ©ONO O WN >

Mean COD value (mg/l) '\Q)’
Before storage  After storage Q

24.4 25.5 (1/
55.4 62.5 r\\

8 10.5 \'\

74.7 77.5
114.5 118.0 Q'\(ll
111.7 117.5
161.2 161.5 O
126.3 128.5 @6

1 2.0 <\

73.7 82.5 \Q\
127.4 128.0 \0

142 126.0 >

2.6 25 &
105.6 109.g$®
118.7 121.
228.6 .

&
&
60
©
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Table 5A°  Comparison results for sample 9 (blank, chloride concentration <10 mg/l)

Method
code

Ber
Be.r
Ber
Be-r
Ber
Be-r
Bor
Bo.t*

Laboratory
number

1

D AN -=2NN0~NO Oh

—_
—_

o © NN w

—_

-
o

Day 1

6.8
-4
8.2
2
4
2.6
1
1.9
4
2
8.8
-2
2.1
<5
4
8
0

<5
3.3
<5
<10

Day 2
-4.5 -7
-4 -4
8.2 19.5
2
2 1
6.4 6.5
1 0.3
0.3 -0.7
0
0 -3
6.6
-5 -6

-3.2
-4.7
14.9
11
0.4

0.5

<10

Day 3

-1.7
18.1
3.6
3
0.4
7.5

<10

16

Day 4 \cb ¢

2.7 12.9
10.2 }3\\(1/
12.3 .

13 '\3
Xa)

8.9'\ 11.2

Og\ -02.8

5 5
2 1.7
0 1
1 0
0 4
<5
12.8 <10

6.6
-1.6
43
44#

5.5

1
-2.1

1.8

o

<10

Day 5

-19.6
-0.7
26

16

4.3

o#

<5
10.8

-15.4
-0.9

4.3

15.3



Table 5B

Method
code

Ber
Ber
Ber
Ber
Ber
Ber

Bo.r
Bor*

® » OO0ODO0OO

F3

The overall mean of method B is 3.0 iés

Statistical analysis of results for sample 9 (blank, chloride concentration <10 mg/l)

Laboratory
number

1

OO O N =2 NN NO OB

—_
—_

N O NN W

_

10

Mean

-4.74
0.89
8.33
8.00
1.63
5.76
0.93
-0.39
-2.67
1.25
7.70
-5.50
1.07
<5
1.00
2.80
1.22

5.00

7.10
<5

7.39

Xz
~

Max

12.9
18.1
19.5
16.0
4.0
11.2
2.0
1.9
4.0
5.0
8.8
-2.0
2.1

4.0
8.0
4.0

5.0
10.0

<5
15.3

Min

-19.6
-4.7
2.6
2.0
0.4
0.4
0.0
-3.0

-12.0
-3.0
6.6
-9.0
-2.0

0.0
0.0
0.0

<5

10

Sw

3.19
2.60
3.17
7.36
0.91
2.93
0.33
1.59

2.06

212
1.82

Sb

9.40
7.39
4.88

0.99
1.06
0.83
0.23

237

0.77 (ng
3.og$ 15

&

33.&
&

St

9.93
7.84
5.82

1.35
3.12
0.89
1.60

RSD %

-209.48
880.42
69.84

82.60
5417
95.66

_4860

314 @140
D

&
>

17

-58.21

155.72
114.76

DoF Number
outlier r

. 8

N

S

9
5
7

—_—

O OO OO oo o o

o

o'\ Est SD
ts

5.8

8.3

1.6

1.6

1.9

3.4

23

Number of results
used

10
10
10
8
6
10
10
8

A N 0O W

N
o



Table 6A

Method

code
Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bot*
D

® >» 000

Comparison of results for sample 1 (KHP COD standard, 25 mg/l)

Laboratory
number

1

O AN =2 NN ~NO OGN

© NN WD

-0

8_\

Day 1

39.3
42.8
23.8
56
26
25.2
21_
323
25
25
27.4
46
25.6
120
26
30
27
17
23

<5
244

Day 2
25 24.8 9.4
34.8 295 22.3
20.3 36.5 241
30 23 21
26 22 25
25.7 28.8 34.5
24 24 26
259 29 275
30
27 21 23
23.2
22 21 15

26 26 26@’

116
18 21 23

32 2;\' 25

30 26
28 é '
(Q@s.z
S

&y 18.6 442

18

Day 3

14.6
25.2
31.9
27
23
32.9

28
27
28

14.3
26
28.2

15
22.7
42.2

26

24
26

24
24

34.6

N

Day 4

O
&

3
4

30.3
25

24.5

30

26.6

23
25
29

24
32.1

N

26.2
30.7
26

40.3
25
235

32

27
28

24
24

32.1

Day 5

10.9

29.9

29.6
37

30.3
25

257

28
28
32

26
33.3

14.5

23.7

33.3
47

29.9
25

237
23

23
27

37.8



Table 6B

Statistical analysis of results for sample 1 (KHP COD standard, 25 mg/l)

Method Laboratory Mean

code
Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bo-t*
D

@ >» 000

number
1

OO AN =2 NN00~NO oA

© NN WD

A a -
N

10

20.09
29.01
30.31
34.10
2450
31.41
25.00
26.50
28.00
26.63
25.30
26.00
26.06
118.00
24.40
26.50
26.13
22.50
15.17

25.33
30.23

Bias Max Min
-4.91 39.3 9.4
4.01 42.8 22.3
5.31 42.2 20.3
9.10 56.0 21.0
-0.50 26.0 22.0
6.41 40.3 25.2
0.00 26.0 24.0
1.50 32.3 22.6
3.00 30.0 25.0
1.63 32.0 21.0
0.30 27.4 23.2
1.00 46.0 15.0
1.06 27.0 23.7
93.00 120.0 116.0
-0.60 28.0

1.50 32.0

1.13 32.0 &.
-2.50 28.0 .0
-9.83 23@68.2
0.33 6 24.0
5. 23O 4.2 18.6

is 27.8 £ 4.8.

The overall mean for metho

,Q(\\

Sw

7.12
4.55
5.35
11.25
1.47
3.65
0.79
2.76

2.15

12.37

‘I80$2

3.16

8.53

1.09 (b‘o&é 1.12
%

Sb St
6.10 9.37
4.87 6.67
3.81 6.56
5.03 12.32
0.82 1.68
2.68 4.53

RSD
%
46.65
22.98

.87
4 3

1.64 é@ 12.12

%\ 4.03

14.30

2.12 2.96
0.67 3.23

19

15.12
55.00
4.31

11.18
12.37

DoF

7

21.6 5\

6
7

o

O W OO0 O OO0 O0OO0OO0DO0OO0O0O 000 oo

Est SD

0.7

2.6

3.0

2.8
3.4

7.8
7.4

1.2
7.1

Est RSD %

2.8

9.4

24
13.8

34.6
49.0

4.6
23.6

Number of
results used

10
10
10
10



Table 7A

Method
code

Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bot*
D

® >» 000

Comparison of results for sample 11 (KHP COD standard, 125 mg/l)

Laboratory
number

1

OO AN =2 N~N00~NO OH

—
© NN w

— —
o~ =N

Day 1

112.4
115.9
124.9
125
130
114.3
126

121
124
113.7
125
127.5
<5
134
132
130
123
122
95
132.6

&
~

109
124
127
128
129
128.6
123

122

121
131.3
<5
128
134
128
120

&
93 )
625
66

Day 2

107.9
113.6
147.8
126
133
120.9
123
116
120
123
118.6
117
127.9

&

115
101
101.2

108.5
116.1
124
128
137
1111
119
117.6

124

128

103.8

Day 3

109.1
135.3
137.8
127
130
130.8
120

&

\Q
112%0 124.9

126&123
123

20

124
126
126

119
115
145.8

101.9
142.2
1345

&

117.2

129

129.9

120
122
129

132.6

(1/

128
123.9

124
99.6

124

120.4

131
127
127

97
135.2

N
Day 4 Q
AV
%’%

Cb.

120.1

118.7

135.7
118

131.4
122
115.7

119

120.4

135
125
122

132.6

Day 5

98.1

116.8

142.9
114

123.9
121

128.7

126
130
130

125
154.4

105.9
122.5
134.9
159#

125.9
121

124.7

127
126
135

141.8



Table 7B

Method
code

Ber
Ber
Ber
Ber
Ber
Ber
Bo.r
Bot"
D

® >» 000

Laboratory
number

1

OO AN =2 NN00~NO Oh

—_
—_

A a0 O NN W

10

Mean

108.08
122.37
134.16
124.00
131.33
123.19
122.00
113.83
117.67
124.38
116.15
119.75
125.86
<5
127.40
127.10
127.50
121.50
118.67
104.33
130.26

Bias

-16.92
-2.63
9.16
-1.00
6.33
-1.81
-3.00

-11.17
-7.33
-0.63
-8.85
-5.25
0.86

2.40
2.10
2.50
-3.50
-6.33
-20.67
5.26

Max

120.1
142.2
147.8
128.0
137.0
131.4
126.0
117.6
121.0
130.0
118.6
125.0
131.3

135.0
134.0
135.0
123.0
122.0
125.0
154.4

Min

98.1

113.6
124.0
114.0
129.0
1111
119.0
99.6

112.0
119.0
113.7
116.0
120.4

120.0
122.0
120.0
120.0
115.0

o@\

The overall mean for method B is 1@ 8.3.

&
~

Sw

5.23
3.90
8.12
4.15
1.73
6.74
1.73
6.61

1.97

2.06
2.84

2.79
22

o)

6.68

Sb

2.78

8.97

2.93

1.17
2.62

3.23

4.36
2.72

o
ol

2.40

16.58

St

5.92
9.78
3.40

2.09
7.11

3.79
*

>

3.97
4.30

17.88

21

RSD %

5.48
7.99

2.59

1.71

Statistical analysis of results for sample 11 (KHP COD standard, 125 mg/l)

DoF  Number of out
result

7.16 4

&
&

4§ 4.03
3.12

3.89
3.12
3.37

13.72

4

O OO OO oo oo

O O O O O o o

*
N%st SD EstRSD %

7.6
5.0

6.6

4.9

3.5

2.1
3.5
12.8

5.7
41

54

4.2

3.0

1.7
3.0
12.3

Number of
results used

10
10
10
9
6
10
10
6

AN O W

—_
o



Table 8A

Method code

Ber
Ber
Ber
Ber
Ber

Comparison of results for sample 7 (KHP COD standard, 160 mg/l)

Laboratory
number

1

O AN =2 NN00NO oA

~ N ON~Nw

6‘_\

Day 1

148.4
154.4
173
154
155
150.2
160
159.4
154
161
152.3
162
160.6
80
164
165
164
154
162
192
163

134.7
157.6
156.2
160
153
152.9
157
1511

162

149
165.9#
130
161
165

157

188
178.6

Day 2

135.6
143.3
168.5

163
149.3
158
149.5
156
161
173.4
152
155.9

163
165

O\}(gg:

122.6

60

&
~

157
Q

136
147
164.7
160
161
143.7
156
149.2

162

%
&164

162

125.2

Day 3

KC’

22

147.6
1441
173.8

164
169

162.3

154

156.6

%@
155 6(0' 159.7

160
162
163
147

177

Cb .
Daz_j/Q'\
137.4 ,.%3 189.3#

157.1 150.7

1767 1728 170.6
(1/ 161 173

dé.‘ﬁ 162.6 159.8
54 160 156

161.7 152.3 150.1
166 164 159
157.9 156.7 154.7
157 165 159
160 161 162
161 165 161
182
180.2 178.6 184.8

Day 5

146.8

150.8

167.1
90#

151.2
158

158.4

163
164
165

190
184.8

137.6

147.4

169.3
135

150.6
153

158.4

162
159

187.6



Table 8B  Statistical analysis of results for sample 7 (KHP COD standard, 160 mg/l)

Method Laboratory Mean

code
Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bot*

O

F3

The overall mean for method B is 155@%.7.

number
1

D AN =2 NN ~NO ON

—
© N~ w

-
A
N

10

141.66
150.19
169.27
158.75
161.00
153.84
156.60
153.74
154.67
162.25
162.85
153.00
157.54
105.00
161.20
162.70
162.25
155.50
154.00
188.00
168.24

Bias

-18.34
-9.81
9.27
-1.25
1.00
-6.16
-3.40
-6.26
-5.33
2.25
2.85
-7.00
-2.46

-565.00
1.20
2.70
2.25
-4.50
-6.00

28.00
8.24

Max

150.8
157.6
176.7
173.0
169.0
162.6
160.0
161.7
156.0
166.0
173.4
162.0
160.6
130.0
165.0
165.0
165.0
157.0
162.0
192.0
187.6

&
~

Min

134.7
143.3
156.2
135.0
153.0
143.7
153.0
149.2
154.0
159.0
152.3
149.0
154.7
80.0
157.0
159.0
157.0
154.0
147.0
182.0
12

Sw

6.86
4.54
5.61
5.49
2.00
2.99
2.32
3.53

212

6.67
0.96

2.83

1.76
2.74

$

5.54

)

Sb

2.20
1.48
3.27
6.40
5.73
0.85
3.58

1.52

St RSD %

5.04 3.36

5.80 3.43

6.39 4.03

6.71 4.17

6.46 4.20

2.47 1.58

5.03 3.27 b

1.8 1.14

4@
14 2.26 1.39

25.11

25.71 15.28

23

DoF

outlier r\ﬁls/

N

O - OO0 0O 000 ~000O0OO0oOOoO oo

6.5

1.2
2.1
14.9
6.2

354
27

27
2.1
7.6
43

-
st SD Est RSD %

Number OQN

4.6

0.7
1.3
9.2
4.0

33.7
1.6

1.6
14
4.9
23

Number of
results used

9
10
10

8
6
10
10

B WOWNOWISONORNDDWO®

—_
o



Table 9A

Method
code

Ber
Be-r
Ber
Be-r
Ber

Comparison of results for sample 5 (sodium acetate COD standard, 128 mg/l)

Laboratory
number

1

OO N =2 N~N00~NO O

. a2 J O NN W

—_
o

Day 1

93.9
80
1171
114
111
98.4
115
100.9
123
123
51.3
122
92
130
117
124
120
96
110
86
116.4

84.8
106.2
89.3
110
111
112.9
115
114.3

124

114
101.6
110
110
124
118
119

Day 2

70
103.7
120.9

120
106.9
116
111.3
114
126
134.9
112
94

117 ~:$\

&

(Q%o

Q}) 88.4

77.6
114.6
100.2

118

118
101.3

119
107.3

16

13
121
121

100

24

Day 3

100.5
87.9
114.9
112
126
116.7
110
112

R
O
£z§

102.9

114
121
115

108
91
131.4

90.9
104.1
127.2

113

&
111.5

122

102
111

117
118

132.6

x
W

116
111
104.6

134

99.3

120
114
120

120
130.2

Day 4 N
Q>

Cb.

108

102.5

106.4
112

118.7
108
106.5

129

104.6
115

112
115

125.2

Day 5

97.3
82.6
113.7
100#

113.4
115

971

115
120
124

120
135.2

84.7
87.8
82.2
118

122.3
113

95.1

113
116
118

132.6



Statistical analysis of results for sample 5 (sodium acetate COD standard, 128 mg/l)

Laboratory Mean

Table 9B
Method
code number
BC—T 1
Bc.r 4
BC—T 5
Bc.r 6
BC—T 7
Bc.r 8
BO-T 7
Bo.t* 7
D 1
D 2
D 5
D 6
A 11
G 3
F1 7
F1* 7
F1 9
F1 12
F2 1
F3 1
F3 10

The overall mean for method B is 107&
\Q\%

89.89

95.57

109.11
113.88
119.17
112.48
113.20
108.65
119.00
126.38
93.10

116.00
98.00

120.00
114.50
118.90
118.00
107.50
109.33
98.33

120.72

Bias

-38.11
-32.43
-18.89
-14.13
-8.83
-15.52
-14.80
-19.35
-9.00
-1.63
-34.90
-12.00
-30.00
-8.00
-13.50
-9.10
-10.00
-20.50
-18.67
-29.67
-7.28

Max

108.0
114.6
127.2
118.0
129.0
122.3
119.0
114.3
123.0
134.0
134.9
122.0
104.6
130.0
120.0
124.0
124.0
119.0
110.0
120.0
135.2

Min

70.0
80.0
82.2
110.0
111.0
98.4
108.0
100.9
114.0
122.0
51.3
112.0
91.4
110.0
110.0
112.0
111.0
96.0

Sw

8.21
11.65
15.84
1.62
1.47
5.75
1.48
5.01

2.21

4.47
3.63

3.21
1.92

108.0
5.0 &

S

4.1

Sb

7.96
2.65

8.19
5.66
3.24

3.65

3.25

16.15

St

11.44
11.95

4.23

16.67

25

RSD %

12.72
12.50

3.56

13.81

DoF Number of outlier

v

7
9

7

4

results

0
0

O OO OO 000000 O0oOOoOOoooo

Cb .
>

14.5
29

46
4.6

59.1
43

14.1
3.0

3.7
16.3
1.2
16.9

Est RSD %

13.3
25

42
3.9

63.5
3.7

11.8
2.6

3.1
15.1
1.1
17.2

0.7. (The negative bias from all laboratories may suggest incomplete oxidation).

Number of results
used

10
10
10
8
6
10
10
8

A N O W

—_
o



Table 10A Comparison of results for sample 15 (humic acid solution)

Method  Laboratory Day 1 Day 2 Day 3 Day 4 Day 5

code number

Ber 1 94 89.2 101.2 99.6 106.6 105.6 ‘I&}Q 120.9 88.6 92.5
Bor 4 105.7 106.9 101.8 101.5 112.5 106.7 '\ 110.7 114.3 107.6
Ber 5 133.5 129.9 118.7 117.9 127.9 116.3 126.4 125.4 109.3
Bor 6 112 111 101 114 107 110 (1/ 105 119 89
Ber 7 106 109 124 124 125

Bor 8 1101 100.7# 111.3 109.2 114.4 @ 116.1 116.8 109.6 116.8
Bo.r 7 118 115 114 114 114 116 112 114 112
Bor* 7 106.7 105.7 109.8 110.4 110.5 09.2 111.6 109.1

D 1 116 117 108 A@

D 2 121 121 123 121 \ 118 117 119

D 5 136.7 130.1 %

D 6 117 109 113 117

A 11 115.1 122.9 115.9 110.6 @’122 9 119.9 120.4 116.5 116.8 116.8

G 3 190 170

F1 7 123 119 118 ng 114 114 123 120 119 120
F1* 7 118 118 117 118 115 118 120 122 120
F1 9 124 118 121 114 116 120 121 118 122 125
F1 12 111 124 @Q

F2 1 112 10 113

F3 1 88 101 & 115 89 120

F3 10 117.8 117.8 (}% 94.8 193.2 177 130.2 131.4 114.6 140.4

26



Table 10B  Statistical analysis of results for sample 15 (humic acid solution)

Method Laboratory

code
Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bot*
D

@ >» 000

number
1

OO AN =2 NN00~NO Oh

o © NN w

—_

10

Mean

100.01
108.57
122.95
105.50
118.17
112.90
114.00
109.13
113.67
120.25
133.40
114.00
117.78
180.00
118.70
118.20
119.90
117.50
111.33
102.60
133.62

Max

120.9
118.0
133.5
119.0
125.0
116.8
118.0
111.6
117.0
123.0
136.7
117.0
122.9
190.0
123.0
122.0
125.0
124.0
113.0
120.0
193.2

Min

88.6
101.5
109.3

87.0
106.0
109.2
111.0
105.7
108.0
117.0
130.1
109.0
110.6
170.0
114.0
1156.0
114.0
111.0

Sw

6.35
3.65
6.42
11.84
2.04
2.82
1.95
1.08

1.73

4.47
3.36

Sb

7.85
4.08
3.65

9.14
1.57
0.69
1.81

1.86

St

10.10
5.47
7.39

9.36
3.22
2.07
2.10

&
%

1.64 3.27
1.34 4 212

3450
O

109.@

88:

@3 12.31
The overall mean for metho@%ﬂt? +7.8.

2
~

28.97 31.48

27

RSD %

10.10
5.04
6.01

7.92

2.86
1.81

3.27

2.75
1.79

23.56

DoF Number of outlier
results

N
e
2

%)
2.10@ 6

6
6
8

D O

1

O OO OO 00000 OoOOoo oo

4.9

4.7
3.8

14.1

3.4
9.2
2.1
14.6

So X
%'s\ Est RSD %

4.3

3.5
3.4

7.9

29
7.8
1.9

14.3

Number of
results used

10
10
10
10



Table 11A Comparison of results for sample 13 (chloride concentration 500 mg/l)

Method

code
Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bot*

o

Laboratory
number

1

O AN =2 NN00NO Oh

o © NN w

—_

—_
o

Day 1

-7.3
-34
19.6
16
0.3
10.2
4
6.1
15
13
21
8
4.2
130

23

1.2
160

Day 2
0.6 -4.9
-0.5
15.7 8.1
4
4 3
7.2 -2.8
4 6
3.7 5.6
16
5 13
18.2

<10 <10

28

Day 3
-4.5 3.3
1.3 0.5

0.4 5

7.7 .
Oz

1.@6 8.2

1

@c;

48
0 0
0 0
7 2
6 1
11
<5
<10 10.2

Day 4

9
15.1
0.2

48

4.6

(&)

<5
<10

\gg\%
175.4 61.5\(L\ 16.4

N

15.7
10.4
8.5
20
12.7
4.6

48

4.7

N

<10

Day 5

-18.3
0
12.8
32

54
6

<5
14.1

-13.3

6.9
37

5.8

16



Table 11B  Statistical analysis of results for sample 13 (chloride concentration 500 mg/l)

Method Laboratory = Mean Max Min Sw Sb St

code number
Bet 1 -3.04 15.7 -18.3 4.37 9.58 10.53
Ber 4 1.54 104 -34 4.48 217 4.98
Bet 5 12.44 19.6 6.5 5.69

Ber 6 13.56 37.0 -2.0 7.79 12.87 15.05
Bcr 7 1.75 4.0 0.3 0.95 1.48 1.75
Be 8 7.27 15.1 -2.8 5.53 2.98 6.28
Bot 7 4.90 8.0 2.0 1.14 1.91 2.22
Bot* 7 5.01 114 0.2 2.89 2.62 3.90

D 1 10.42 16.0 0.3

D 2 31.88 57.0 5.0 5.53 21.25

D 5 19.60 21.0 18.2

D 6 4.75 8.0 3.0 1.50 2.24

A 11 2.79 4.9 0.0 1.68 1 4@' 2. 24

G 3 145.00 160.0 130.0

F1 7 2.60 7.0 0.0 1.95 %23 2.31
F1* 7 3.80 8.0 0.0 . Ss 2.26 3.21
F1 9 500 120 1.0 é« 333 3.9
F1 12 13.00 13.0 <5 @

F2 1 6.83 11.0

F3 1 <5 <5

F3 10 13.43 1 OOO< 10

The overall mean for metho@ is5.5+6.1.

L&

29

RSD %

-346.30
322.65

18060 g Q
G

)
9@4 68.90

56.69
80.30

88.75
84.46
79.18

DoF Num

5
6

111.01 @

8
5
5

\'\'\\

e

o

O OO OO OO0 O0OO0OO0OO0oOOoOOo oo

o)
f outlier
ts

Est SD

4.7

8.8

20

21.2

5.0

3.0

Number of
results used

10
9
10
9
6
10
10



Table 12A Comparison of results for sample 8 (KHP COD standard 125 mg/l, chloride concentration 500mg/I)

N

Method code

Ber
Be-r
Ber
Ber
Ber
Be-r
Bor
Bo-t*

To>» 0000

F1*

F1
F2
F3
F3

Laboratory
number

1

O AN =2 NN ~NO ON

~ RO N~Nw

6‘_\

Day 1

109.1
118.5
131.3
130
124
128.5
137#
121.4
132
139
126.4

130.7
210
133
136
128
127
121
98
127.6

109.2
113.6
132.7
126
117
121.9
125
118.2

171

143
120.7
170
121
133
132
131

102
140.4

Day 2

106.9
112.6
1371
120
137
111.1#
124
113.8
136
129
126.7
119
123.9

126
131
12

s%

0 128.8

109.2
113.8
145.9
128
132
120.9
121
118.2

140

124

Day 3

108
116.6
138.9

133

123
1245

121
123.

1

*

&

124(0' 122.9

$ 130

130

105.2#

122
149#
119

115
144.6

30

111.4

115.8 \ 7

147. 6(1/
&

b 115

189

127.9
124

131

147.2

136.4
125

127
125
119.5

145

122.3

129
130
131

94
141.8

113.4

116.8

138.5
117

122.8
125
117.9

162

122.3
126

122
126

139.2

Day 5

106
115.7
136.4

126
121

122.6

130
132
129

130
152.8

98.6#
116
140
91#

120.3
121

124.7
128

125
134

151.4



Table 12B  Statistical analysis of results for sample 8 (KHP COD standard 125 mg/l, chloride concentration 500 mg/l)

Method

code
Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bo.t*
D

®»>» 000

The overall mean for methods

~

Laboratory

number
1

O AN -=2NN00~NO Oh

~ O N~Nw

8_\

Mean

109.69
115.64
138.48
126.50
126.67
123.88
122.67
118.45
127.67
155.13
126.55
128.67
124.20
190.00
126.30
129.88
129.22
129.00
121.00
106.00
141.53

Bias

-15.31
-9.36
13.48

1.50
1.67
-1.12
-2.33
-6.55
2.67
30.13
1.55
3.67
-0.80
65.00
1.30
4.88
4.22
4.00
-4.00

-19.00

16.53

Max

114.0
118.5
147.6
133.0
137.0
128.5
125.0
123.6
136.0
189.0
126.7
143.0
130.7
210.0
133.0
136.0
134.0
131.0
123.0
130.0
152.

O

Min

106.0
112.6
131.3
117.0
117.0
120.3
121.0
113.8
115.0
129.0
126.4
119.0
120.7
170.0
121.0
122.0
122.0

Sw

1.47
1.62
4.15
4.24

3.46
1.06
3.64

15.66

3.60

Sb St RSD % DoF

224 267 2.44
0.84 1.82 1.58
3.18 5.23 3.78
424 6.00 4.74

1.73 2.03

<&
13.67 20.79\&&.40 5
KC’
o
&

406 Q)
3.9@.28 454 349 2

127.0 &Q
1192
&

@n Bis 123.4 £9.1.

4.73

6.95 8.41 5.94 4

31

Q
166, O"4
S

Number

outlier (T/

%\

,~ OO0 0O 2000000000 ~~0

el

7.1
2.8

3.2
11.2

0.2
12.7

3.0
28.3

3.7

3.6
2.8
2.0
13.9

% stSD EstRSD %

5.6
2.3

2.7
8.7

0.2
9.8
24
14.9
3.0

2.8
2.2
1.7
13.1

Number of
results used

9

— — —
© OO WNOWXOSNSWNO®WO®WO oo’ 5 o



Table 13A Comparison of results for sample 3 (chloride concentration 2000 mg/l)

Method
code

Ber
Ber
Ber
Ber
Ber

Laboratory
number

1

O AN =2 NN00~NO oA

o © NN w

—_

-
o

Day 1

3.7
-1
19.6
14
11
29
12
14.7
18
48
21.8

23
150
12
19
25
<5
6.9
<5

-1.3
0.7
37.3

12
6.4
10
16.6

54

23
180

14. 160 12.8

¥

Day 2

-7
7.1
22.7
13
12
10.3
10
16.5

22
10.4
21

445
<5
<10

-10.2
11.3
12.6

21
10
8.2
11
16.8

11.5

32

Day

A

3

-0.3
9.6
7.9

12
10

o

8.4

14
17

14
19.9

0.2
16.6

;j@

12.3 0075

6.6

110#

14
34

19.9

17.8
2

24

8
11.5

50

4.4
12

27

<5
10.2

Day 4 N
0y

Cb.

15.7
3.2
25.7
44#
20.8
10
9.3

53

7.6

26

16

Day 5

1.9
5.7
311
12

8.5
11

3.8

11
13
55

22
237

0.2
-2.9
54
11

7.6

60

19.9



Table 13B  Statistical analysis of results for sample 3 (chloride concentration 2000 mg/l)

Cb.

Method Laboratory Mean Max Min Sw Sb St RSD % DoF Num f outlier EstSD Number of results
code number Its used
Ber 1 2.01 17.2 -10.2 2.02 8.93 9.15  455.32 4 \\ 0 10
Bor 4 5.59 16.6 -2.9 3.86 4.78 6.15 109.99 l\ 0 10
Ber 5 19.53 37.3 54 10.92 \ 0 10.0 10
Bor 6 12.44 21.0 2.0 4.72 \(1/ 1 5.9 9
Ber 7 10.67 12.0 9.0 1.00 0.76 1.26 11.8 6 0 6
Bor 8 10.86 24.0 29 2.25 6.57 6.95 g& 4 0 10
Bor 7 9.40 12.0 6.0 1.84 0.47 1.90 5 9 0 10
Bor* 7 12.08 16.8 4.6 1.25 5.04 5.19 2.98 3 0 8

D 1 12.33 18.0 7.0 . %@ 0 5.5 3
D 2 41.00 54.0 22.0 2.86 16.19 @\ 40.09 3 1 7
D 5 16.10 21.8 10.4 C) 0 8.1 2
D 6 11.00 21.0 5.0 K 0 8.7 3
A 11 5.67 8.4 2.3 1.96 1 2.54 44.80 7 0 10
G 3 165.00 180.0 150.0 % 0 21.2 2
F1 7 8.00 12.0 20 2.7 @' 1.65 3.24 40.55 8 0 10
F1* 7 11.60 20.0 20 6$ 0 55 10
F1 9 27.10 60.0 0.0 Q 5 19.99 20.78 76.66 4 0 10
F1 12 @
F2 1 17.80 44.5 @ 0 23.3
F3 1 1800 220 _SJ¥ 0 4.0

2
F3 10 15.30 2600< 10 3.03 5.07 5.91 38.64 5 0 53 9

The overall mean for m,e{a@%s 10.1 £ 5.5.
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Table 14A Comparison of results for sample 2 (final sewage effluent1)

N

Method Laboratory Day 1 Day 2 Day 3 Day 4 Q Day 5

code number

Ber 1 38.1 40.6 413 38.7 472 41.9 ;% 451 48.4 41.2
Ber 4 61.6 48 42.4 40.8 54.5 54.5 r\s 62.5 49 60.7
Ber 5 51.6 74.4 56.4 67.9 56.7 64.7 \ 4.9 62.8 60.3 58.8
Ber 6 49 54 53 46 50 5 (1/ 76 60 67 44
Ber 7 57 52 55 55 54 7

Ber 8 40.8 53.2 57.5 76.4 60.1 ‘é?? 62.3 61.8 59.2 54.6
Bor 7 54 54 52 54 53 O 54 53 53 56 56
Bos* 7 54.6 57.8 41.9 36.9 46, 42.1 49.1 447

D 1 75 65 . \;é

D 2 80 70 68 72 N 83 85 82

D 5 59.1 63.5 C\)Q

D 6 77 59 67 5 Q

A 11 59.6 57.3 57 5%’ 61.4 60 59.2 55.4 58.4 55.4

G 3 130 110 &

F1 7 57 50 56 (b' 54 54 53 60 56 59 55
F1* 7 59 62 47$ 43 47 45 46 43 67 58
F1 9 52 55 & 53 61 55 59 57 64 64
F1 12 55 60

F2 1 52 ®45.8 48

F3 1 21 1 Q(Q 19 59 54 63

F3 10 51.3 50 66.3 66.3 65.1 58.9 67.6 67.6

56.3 @

34



Table 14B  Statistical analysis of results for sample 2 (final sewage effluent 1)

Method
code

Ber
Be.r
Ber
Be.r
Ber
Be.r
Bor
Bo-t*
D

® >» 000

Laboratory Mean
number

1 43.22
52.70
60.85
54.90
55.00
58.06
53.90
46.75
71.33
78.00
61.30
65.50
58.29
120.00
55.40
51.70
57.90

57.50

48.60
39.17

10 59.88

OO OON =2 NN0ONO OB

© NN w

A A
N

Max

49.7
62.5
74.4
76.0
57.0
76.4
56.0
57.8
75.0
85.0
63.5
77.0
61.4
130.0
60.0
67.0
64.0
60.0

52.0
63.0

67.6

Min

38.1
40.8
51.6
44.0
52.0
40.8
52.0
36.9
65.0
68.0
59.1
59.0
55.4
110.0
50.0
43.0
52.0
55.0

45.8
19.0

Sw

3.38
6.44
8.84
9.27
2.38
7.49
0.71
3.12

3.97

9.85
1.88

2.93
3.45
2.92

égoo 2.96

The overall mean for m,e{@%s 541 +£5.5.

Sb

2.46
4.42

4.03
5.17
1.14
6.68

6.05

0.65

*3.29
QO
%)
<&

7.46

St RSD % DoF Number of

4.18 9.67 7 ,;{1/

781 14.82 8 \y\
1011 18.41 8 (1/

9.10 15.68
o)

1.34 2.49
7.37 15.77 4

9.32 18.02 5
4.39 7.59 6
8.02 13.40 5

35

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

r

Cb.

Est SD

6.8

1.9

5.5

3.1
8.5

14.1
29

3.5

3.1
21.6

Est RSD
(%)

3.5

7.7

5.1
13.0

11.8
5.3

6.1

6.5
55.1

Number of
results used

10
10
10

10
6

10
10
8

AN O W

—_
o

10



Table 15A Comparison of results for sample 4 (final sewage effluent 2)

Method code

Ber
Ber
Ber
Ber
Ber
Ber

Bor

*
Bo.t

D

@ >» 000

Laboratory
number

1

OO AN =2 NN00~NO Oh

= a2 J O N~NwD

—_
o

Day 1

54.4
73.8
71.6
85
69
68.5
74
75.7
92
105
64.2
91
78.1
80
76
75
73
64
70
44
76.4

55.5
61.3
77.9
79
69
63.3
73
62.3

99

79
65.3
70
71
72
67
72

Day 2

54
55.7
771

78

77
71.8

75
53.1

90
113

94

76

64

76

57.6
58.1
65.6
77
77
69
77
56.9

106

70.9

Day 3

58.4
69.4
79.9

36

60.7
64.3

\24

741(1/ 778

72
71

60
76

80.1

81.3
72
68.3

102

74.5

76
63
76

71
77.9

63.4
64.5
77.8

77.8
71
68

98

76.4
76

56
73

82.3

Day 5

75.8
69.3
67.6
104

75.3
72

69.3

78
79
80

86
83.8

77.3

59.4

72.7
99

74.7
72

65.3
75

76
81

86.2



Table 15B  Statistical analysis of results for sample 4 (final sewage effluent 2)

Method
code

Ber
Be.r
Ber
Be.r
Ber
Be.r

Laboratory
number

1

OO OON -2 NN0ONO OB

© NN W

_a a =
N

10

Mean

61.71
63.82
74.21
84.40
7417
73.92
73.00
61.55
90.33
103.88
79.10
80.75
71.24
75.00
74.70
67.10
74.30
68.00

72.33
59.17

78.91

Max

77.3
73.8
79.9
104.0
78.0
81.3
77.0
75.7
92.0
113.0
94.0
91.0
78.1
80.0
78.0
79.0
81.0
72.0

82.0
86.0

87.0

Min

54.0
55.7
65.6
71.0
69.0
63.3
71.0
52.9
89.0
95.0
64.2
76.0
64.0
70.0
71.0
56.0
67.0
64.0

65.0
40.0

Sw

1.82
5.39
4.81
8.09
1.22
2.36
0.77
4.99

7.29

6.02
5.07

1.87
3.15

Sb

8.64
1.82

9.25
4.40
5.52
1.75
7.32

4.24
0.38

:gfb»%z.sz

.@(\.

$

g@o 2.79

The overall mean for m,e{@%s 72.0+7.3.

5.64

8.83
5.69

12.28
4.56
6.00

1.92
8.86

7.

8.21
4.54

6.29

37

9.12
7.14

3.37

12.23
6.11

7.97

Cb.

DoF Numberofo%r EstSD  EstRSD

resyits (%)
4 0
9
(1>\ 0 4.8 6.5
6 0
s N
N 0
Q 0
0
0 1.5 1.7
0 6.7 6.4
0 21.1 26.6
2 0
9 0
0 7.1 9.4
7 0
5 0
7 0
0 5.7 8.3
0 8.7 12.1
0 18.7 31.7
S 0

Number of
results used

10
10
10

10
6

10
10
8

AN O W

—_
o

10



Table 16A Comparison of results for sample 6 (final sewage effluent 3)

Method
code

Ber
Ber
Ber
Ber

Ber
Ber

Laboratory
number

1

OO N =2 NN NO OB

S A O N~NwD

—_
o

Day 1

96.3
107.7
106.4

109

109
106.5

112

89.4

129

123
104.1

140
119.2

160

116

120

118

105

107

82

109

91.5
102.6
95.1
109
104
102.5
109
85.6

170

Day 2

82
96.8
129.4
108
117
108.1
110
103.2
127
128
117.4
142
116

84.9
87.9
110.2
106
113
100.9
106
102.3

132

W

77

Day 3

91.3
114.6
108.3

109

112
109.1

105
107.3

. é@

™

110
109
112

102

92
157.2

38

N

Day 4(19

98.1 101.9
105.2 27 103.3
109.8 ™36 1107
13 108 132
114
@s 114.6 116.5

Oz 109 109
105.1 97.7 103.1
149 136 161
117.9 1208 1208
111 114 111
110 107 104
114 114 113

120
1326 1202 1418

Day 5

79
102.3
107.8

112

107

118.9

108
120
120

125
133.8

85.2
106.7
105.7

105

107.9
105

113
111

115
119

132.6



Table 16B  Statistical analysis of results for sample 6 (final sewage effluent 3)

Method
code

Ber
Be.r
Ber
Be.r
Ber

Laboratory
number

1

OO OON =2 NN0ONO OB

© N ~Nw D

a A =
N

10

The overall mean for m,e{@%s 106.8 £ 9.7.

Mean

91.22
105.47
109.70
113.70
111.50
108.34
107.40
99.21
128.00
144.00
110.75
133.50
118.09
155.00
111.70
114.40
114.40
109.00

106.00
96.00

120.76

Max

102.0
127.6
129.4
139.0
117.0
116.5
112.0
107.3
129.0
170.0
117.4
142.0
127.0
160.0
116.0
125.0
120.0
113.0

109.0
125.0

157.2

Min

79.0

87.9

95.1

105.0
104.0
100.9
102.0
85.6

127.0
123.0
104.1
115.0
112.6
150.0
108.0
104.0
108.0
105.0

102.0
76.0

Sw

3.41
8.96
7.15
12.37
2.74
2.99
1.95
2.48

18.93

13.58
3.54

1.70
2.76
2.37

sb st  RSD%
798 868 951
574 1064  10.09
487 865  7.89
400 485 435
478 564 520
235 305 284
797 835 842

*

2.62 ®$
15 %2.27
eé 7.08

X292 376
Q)(\

$

77 O 11.73 24 .96 27.58
6@

39

<
Q
N
™

3.73
2.03

6.19
3.28

22.84

DoF

o O

3

a

Number of

R

N
S

Q&\

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

r

Cb.

Est SD Est RSD

(%)
11.8 10.3
1.0 0.8
16.8 1.7
9.4 8.5
125 9.4
7.1 46
5.7 5.2
3.6 3.4
21.2 22.1

Number of
results used

10
10
10
10

10



Table 177A Comparison of results for sample 10 (final sewage effluent 4)

Method

code
Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bot*
D

@ >» 000

Laboratory
number

1

O AN =2 NN ~NO N

= a2 O NN WD

-
o

Day 1

58.1
81.1
67.2
59
75
72
71
51.7
81
117
66.4
91
77.8
180
78
83
72
68
69
42
72.3

52.5
63.9
68.7
72
75
68.5
71
53.3

100

84
80.4
80
73
81
77
67

Day 2

52.2
48.4
72.6
75
80
72.9
72
72.2
85
87
68.6

61.3

55.4
48.4
741
69
70
71.2
71
118.8#

57

40

Day 3

51.6
66.4
71.9
70
69
70.2
70
51.

65
67
93.8

Day 4

=

ok
O‘é 77.4

65 72
53.9 67.7
142 102
78 76.4
71 72
60 78
73 75

41
84.6 80.8

N

68.3
74.9
104#

77.7
68
70.9

107

72.6
70

77
72

84.6

Day 5

60.8
63

76.4
77

71.9
72

79

76
87
79

71
82.3

47.9
63
69.8
75

72.4
70

77.4
75

78
80

84.6



Table 17B  Statistical analysis of results for sample 10 (final sewage effluent 4)

Method
code

Ber
Be.r
Ber
Be.r
Ber
Be.r

Laboratory
number

1

OO OO N2 NN0ONO OB

© NN wD

_a a =
N

10

Mean

58.39
63.31
72.98
71.44
74.00
72.49
70.20
60.14
80.00
105.25
67.50
81.75
77.93
130.00
73.70
72.20
73.80
67.50

67.67
49.67

77.49

Max

774
81.1
78.5
78.0
80.0
77.7
72.0
72.2
85.0
142.0
68.6
91.0
81.9
180.0
78.0
87.0
80.0
68.0

69.0
71.0

93.8

Min

47.9
48.4
67.2
59.0
69.0
68.5
65.0
51.3
74.0
87.0
66.4
74.0
72.6
80.0
70.0
55.0
69.0
67.0

65.0
37.0

70

Sw

6.81
5.57
3.04
5.16
4.76
1.25
2.14
1.81

17.13

4.03
1.98

1.87
3.87
2.19

Sb

5.66
8.21
2.08
2.57

2.83
0.52
9.59
4.26

7.62
1.54

P
Q)(\
&

N

3.53 11.53 12.06 15.56

The overall mean for m,e{@%s 69.0 £5.9.

41

St RSD % DoF  Number of
885 1516 7 0
992 1567 5
368  5.04 8 \'\ 0
576 807 6 (1/ .
N :
300 421 €N 0
221 315, O 0
975  1622() 2 1
. 0
17.65 \Q\ 77 0
0
A RTTTR 0
3.21 7 0
& 0
Q) 246 334 7 0
1208 1673 4 0
395 535 5 0
0
0
0
4 0

N

Est SD

4.0

5.6

1.6

70.7

0.7

23
15.1

11.4

Est RSD
(%)

54

7.0

2.3

54.4

1.0

3.4
30.4

14.8

Number of
results used

10
10
10

9
6

10
10
7

AN O W

—_
o

10



Table 18A Comparison of results for sample 12 (final sewage effluent 5)

Method
code

Ber
Be-r
Ber
Be-r
Ber

Laboratory
number

1

O AN =2 NN00~NO oA

-5 O NN wD

5‘_\

Day 1

106.9
131.7
143.5
137
141
131.6
129
115.9
153
180
136.4
158
146
150
144
106
143
134
145
156
122.6

,Q(\

117.9
151.2
142
135
140
130.1
135
98.7

177

151
140.4
210
143
105
143
143

Q@
60

Day 2

110.6
136.1
151.7

151
1291
132
1214
169
167
133.8
152
137.9

143
160
115.2

118.5
1214
153.2
137
152
133.6
137
117.3

1%‘
139~:$s c%ﬁ1
<§§L 92

141

116.4

C)

42

Day 3

113.7
131.4
142.5
138
137
140.3
134

145.4
136
97
143
138

152
154.4

125.2
129.8
1359

ﬁ}

1262

183

143.9
138

91
143

167.6

(1/

Day 4 N
Y
'\

117
128.2

137
109.1

172

135.6

145
110
144

156
151.4

Cb.

178.3

125.9

142.8
124

137.5
137
109.1

169

137.5
144

115
138

164.6

Day 5

91.3
125.9
137.8

129.2
132

138.7

146
127
146

154
160.2

78.8
142

127.5
140

128.4
133

136.8
144

125
147

164.6



Table 18B  Statistical analysis of results for sample 12 (final sewage effluent 5)

-
Method Laboratory Mean Max Min Sw Sb St RSD % DoF Number of %%) Est RSD % Number of results

code number outlier results used
Bcr 1 118.25 178.3 78.8 13.57 25.05 28.49 24.09 5 0 \\ 10
Ber 4 13254 1512 1214 9.35 0 \ 8.7 6.6 10
Bcr 5 141.68 153.2 1275 4.03 6.57 7.70 5.44 5 \ 10
Ber 6 132.75 140.0 117.0 3.39 8.62 9.26 6.98 2 \(1/ 8
Bcr 7 143.67 152.0 137.0 1.73 6.71 6.93 4.83 2 0 6
Ber 8 13245 140.3 128.2 3.52 2.64 4.40 3.32 7 Q 0 10
Bo.t 7 133.60 137.0 129.0 2.79 0.88 2.93 2.19 O 0 10
Botr* 7 114.21 126.2 98.7 7.22 4.82 8.68 7.60 é 0 8
D 1 156.67 169.0 148.0 ’AQ 0 11.0 7.0 3
D 2 175.25 183.0 167.0 5.32 1.81 5.62 3 \ 7 0 8
D 5 135.10 1364 133.8 C)% 0 1.8 14 2
D 6 154.50 158.0 151.0 4.30 K 0 3.5 2.3 4
A 11 140.56 146.0 1356 2.67 2.89 3.93 @‘2.80 6 0 10
G 3 180.00 210.0 150.0 % 0 42.4 23.6 2
F1 7 142.00 146.0 136.0 1.18 3.31 @‘1 247 4 0 10
F1* 7 106.20 127.0 91.0 265 1 .67&3.8? 13.06 4 0 10
F1 9 14240 147.0 136.0 2.49 3.43 2.41 7 0 10
F1 12 138.50 143.0 134.0 @ 0 6.4 4.6 2
F2 1 142.00 145.0 138.0 0 3.6 2.5 3
F3 1 153.67 160.0 144.0 @ 0 54 3.5 6
F3 10 143.72 167.6 115.2 12 2266 23.47 16.33 4 0 10

The overall mean for method B is 1&1 8.2.

&
~
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Table 19A Comparison of results for sample 14 (final sewage effluent 6)

Method
code

Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bo*

o

Laboratory
number

1

OO AN =2 N~N00~NO O N

. a2 J O NN WD

—_
o

Day 1

81.6
96
106.4
105
95
97.7
103
96.4
120
159
112.7
130
109
190
107
108
110
92
98
74
98.8

84.4
93.2
95.4

96
95.8
105
85.9

158

118
114.7
210
104
107
108

1 1%@

Day 2

88.5
87.3
129.4
96
109
99.1
103
99.8
116
141
97.4
117
104

101

924

Day 3
86.8 85.4
84.1 91.3
119.4 105.4
116 99
110 108
95.2 105.6
101
100.1 96.

165

@
™

11 Q
11 117.2
105 103 100
$ 93 93

&

102 108
97
110

101.2 111.4

44

-
Day 4 Q\
86.9 1 \(1/ 117.1
94.7 hg 94.9
106.9 108.6

101 (L 111 95

% 102.2 102
O

97 102 100
104.4 85.1 95.8
161 164 159
111.9 107 103.2
104 110 105
91 102 104
105 101 106
82
131.4 122.6 110.2

Day 5

72
106.3
120.2

118

93.1
101

111

110
112
111

110
132.6

79
93
102
111

103.7
100

109.1
108

107
114

130.2



Table 19B  Statistical analysis of results for sample 14 (final sewage effluent 6)

Method
code

Ber
Ber
Ber
Ber
Ber
Ber

F3

Laboratory Mean

number
1

O AN =2 NN ~NO N

o © NN W

_

10

89.15
94.81
111.23
105.78
104.50
99.07
100.90
95.54
112.00
156.50
105.05
120.00
109.97
200.00
105.60
100.50
107.00
95.50
98.67
93.00
113.84

Max

1171
107.3
1294
118.0
110.0
105.6
105.0
104.4
120.0
165.0
112.7
130.0
117.2
210.0
110.0
112.0
114.0
99.0
101.0
110.0
132.6

Min

72.0
84.1
95.4
95.0
95.0
93.1
97.0
85.1
100.0
141.0
97.4
115.0
103.2
190.0
100.0
88.0
101.0
92.0
97.0
72.0

92.

The overall mean for method B is &% +7.3.

2
~

45

DoF

4
7

7
2

7.23 6

Sw Sb St  RSD%
340 1447 1457 1634
600 439 744 785
809 672 1052 946
9.41

071 779 783  7.49
4.67

114 243 268  2.66
504 352 691 7
10.36 \6\4
6.08 367 7. 1&0 5.92
3901 226 4 4.11
2.41 §§b’ 325  3.08
2.43 895  8.90
2.37 05\3.46 419  3.92
845 1258 1515  13.31

o N

o b~ N

Number of
outlier re

0

O O O O O OO 0O 000 OoOOoO oo o

‘OK
?\(1>8
QQ

t

8.6

41

10.6
8.8
10.8

14.1

5.0
21
18.9
14.6

So X
G'}fSD Est RSD %

8.1

4.2

9.4
5.6
10.3

7.1

5.2
21
20.3
12.8

Number of
results used

10
10
10
9
6
10
10
8

A N 0O W

-
o



Table 20A Comparison of results for sample 16 (final sewage effluent 7)

Method
code

Ber
Ber
Ber
Ber
Ber
Ber
Bor
Bo*

o

Laboratory
number

1

O AN =2 NN00~NO Oh

-0 © NN w

5‘.;

Day 1

205.5
230.3
197.4
227
200
201.5
216
233.8
243
246
263.9
262
220
230
228
236
232
220
224
170

183
216.4
185
230
206
216.2
220
266.3

268

238
221.2
200
234
236
234
234

186@

Day 2

192.4
206.1
208
227
230
195.3
216
200.1
259
254
236.8
232
215.9

=
P

254
189

201.7
206.1
203.4
236
236
196.9
210
197.6

278

230
210
222

46

Day 3

195.2
211.7
255.9
229
234
2181
212

2213é
Na
23 C)
N
©

2314

236
214
224

226
180
251.2

2001
2281
242 8

&

12
209.5

250

227.9
234

216
220

260.6

Day 4 N
O
"%

239

226

210
217.5

276

217.8

222
226
222

184
257.6

Cb.

246.9
2214

263
2171
206
220.6

294

214
222

222
220

238

Day 5

182.8

198.9

231.8
201

204
208

219.9

220
228
250

240#
272.8

158
195.5
233.3

243

218.5
214

214.2
224

222
256

272.8



Table 20B  Statistical analysis of results for sample 16 (final sewage effluent 7)

Cb.

Method Laboratory Mean Max Min Sw Sb St RSD % DoF Number of o%r Est SD Est RSD Number of
code number res{sl/ (%) results used
Bct 1 19242 2131 158.0 12.41 9.65 15.72 8.17 5 0 9
Bet 4 21446 246.9 195.5 15.04 6.15 16.25 7.58 8 \ 10
Bt 5 223.75 258.5 185.0 13.13 22.56 26.10 11.67 5 \ 0 10
Ber 6 23290 263.0 201.0 15.67 \(1/ 0 15.5 6.7 10
Bct 7 222.67 236.0 200.0 3.83 16.82 17.25 7.75 2 0 6
Bet 8 211.06 226.0 195.3 7.14 8.35 10.99 5.21 0 10
Bo.r 7 21240 220.0 206.0 3.22 2.85 4.30 2.03 O 0 10
Bo.t* 7 219.85 266.3 197.6 11.66 20.17 23.30 10.60 4 0 8

D 1 243.33 259.0 228.0 0 15.5 6.4 3
D 2 26275 2940 236.0 14.05 14.52 20.21 ’@9 5 0 8
D 5 250.35 2639  236.8 Q 0 19.2 7.7 2
D 6 24175 262.0 232.0 12.09 7.94 14. 5.98 2 0 4
A 11 22158 2335 214.0 6.09 3.69 @ 3.21 8 0 10
G 3 215.00 230.0 200.0 % 0 21.2 9.9 2
F1 7 228.60 236.0 220.0 3.03 5.8 @' 6.55 2.87 5 0 10
F1* 7 22220 236.0 210.0 2.45 @ 9.88 4.45 4 0 10
F1 9 230.8 256.0 220.0 3.10 5%_09 13.45 5.83 4 0 10
F1 12 227.00 234.0 2200 Q)Q 0 9.9 4.4 2
F2 1 23467 2540 2240 @ 0 16.8 7.1 3
F3 1 18220 189.0  170.0 1 7.7 4.2 5
F3 10 258.83 272.8 23800 8.87 11.11 14.22 5.49 4 0 6

The overall mean for m,e{q@%s 215.7 £ 12.8.
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Table 21 Limits of detection

N

M(i;[ggd Lizﬂifrw Sample 9 Sample 13. Sample 3 . 6@’”'6 1
(blank) (500 mg/I chloride) (2000 mg/I chloride) (KH tandard, 25 mg/l)
(4.65 x Sw) (4.65 x Sw) (4.65 x Sw) &\ 4.65 x Sw)

Ber 1 15 20 9 '\ 33
Ber 4 12 21 18 (l> 21
Bor 5 15 26 51 N 25
Ber 6 34 36 22 52
Ber 7 4 4 5 OQ 7
Bt 8 14 26 106 17
Bo.t 7 2 5 @ 4
Bo.r* 7 7 13 <\ 13

> Q

D 2 10 26 Q 13 10

> 3

D 6 10 7 58

A 11 8 8 (06 9 5

G 3 $

F1 7 4 13 16
F1* 7 14 é’ 30 10

F1 9 9 @™o 26 15

F1 12 (Q

F2 1 Q

F3 1 O

F3 14 40

%
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Table 22
Sample COD
number (chloride)
13 (500)
3 (2000)
2 (80)
4 (80)
6 (209)
10 (350)
12 (106)
14 (368)
16 (440)
8 125 (500)
9 blank (<10)
1 25
11 125
5 128
7 160
15 (<10)

Method B¢t

(6 labs)

6
10
54
72
107
69
134
101
216
124

28

124
107
156
111

Method Bo.t Method D Method A
(1 lab) (4 labs) (1 lab)
5 17 3
9 20 6
54 69 58
73 89 71
107 129 118
70 84 78
134 155 141 @)
101 123 1N
212 250
123 135 4
1 0 (b& 1
25 27 26
122 12 @»6 126
113 é 98
157 158 158
118

Summary of the mean COD results for all methods (mg/l)

49

Method G
(1 1ab)

145 (1>

165
120

&

5
130
141
200
215
190
<5
118
<5
120
105
180

Metho

& )

7
18
57
72

112
72

141
103
229
128

24

126
113
160
119

N

Method F2
(1 lab)

7
18
49
72
106
68
142
99

235
121

15
119
109
154
111

Method F3
(2 labs)

13
17
50
69
108
64
149
103
221
124

28

117
110
178
118



Address for correspondence

However well procedures may be tested, there is always the possibility of discovering
hitherto unknown problems. Analysts with such information are requested to contact the
Secretary of the Standing Committee of Analysts at the address given below. In addition, if
users would like to receive advanced notice of forthcoming publications please contact the
Secretary on the Agency’s web-page.

Standing Committee of Analysts
Environment Agency (National Laboratory Service)
56 Town Green Street

Rothley .
Leicestershire, LE7 7NW '\(b
http://www.environment-agency.gov.uk/nls
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http://www.environment-agency.gov.uk/nls

CONTACTS:

ENVIRONMENT AGENCY HEAD OFFICE
Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol BS32 4UD

www.environment-agency.gov.uk
www.environment-agency.wales.gov.uk

ENVIRONMENT AGENCY REGIONAL OFFICES

ANGLIAN SOUTHERN
Kingfisher House Guildbourne House
Goldhay Way Chatsworth Road

Orton Goldhay
Peterborough PE2 5ZR

MIDLANDS

Sapphire East

550 Streetsbrook Road
Solihull B91 1QT

NORTH EAST

Rivers House

21 Park Square South
Leeds LS1 2QG

NORTHWEST
PO Box 12

Richard Fairclough House

Knutsford Road
Warrington WA4 1HG

&
N

Worthing
West Sussex BN11 1LD

SOUTHWEST
Manley House
Kestrel Way
Exeter EX2 7LQ

THAMES

Kings Meadow House
Kings Meadow Road
Reading RG1 8DQ

‘ Peterborough
ANGLIAN

MIDLANDS

Solihull 4

WALES

Cambria House
29 Newport Road
Cardiff CF24 OTP

THAMES  London
[}

’ Reading
SOUTHERN

SOUTH WEST

ENVIRONMENT AGENCY
GENERAL ENQUIRY LINE

08/08 506 506

ENVIRONMENT AGENCY

FL O OD L I

0845988

/]

sN:;_8E

ENVIRONMENT AGENCY
EMERGENCY HOTLINE

0800 80 70 60

ENVIRONMENT
AGENCY
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