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The Determination of Caffeine in Roasted Coffee
and Coffee Products by H.P.L.C

Collaborative Trial

Paul Brereton(n'), Ron Enniono) and Roger Wood(u)r

The results of a collaborative trial involving 20 participants on the
determination of caffeine in instant coffee and related products are
reported. The method tested comprised aqueous extraction, followed
with separation by reverse phase HPLC with (IV detection.
Participants were asked to analyse 7 dffirent types of coffee and related
products. The samples were sent out in the form of blind duplicate and
split level samples. The method demonstrated satisfactory precision for
all the samples tested except for the two decaffeinated products.
Precision for samples containing caffeine in the range of 0,66-4.06
9/100 g was acceptable as demonstrated by Horrat values of 1.8 to 1.2
respectively. The precision of the method deteriorated for lower caffeine
contents. The two decaffeinated samples containing observed caffeine
contents of 0.03 and 0.17 9/100 g gave RSD* of 58 and 20 %o respectively
corresponding to the Horrat values of 8.9 and 3-9 respectively.

Introduction
Caffeine (1, 3, 7-trimethylxanthine) is the most abundant alkaloid present
in coffee. The EC Council Directive 77/436EEC as implemented by The
Coffee and Coffee Products (Amendment) Regulations 1987 (SI No.
1986) stipulates a maximum limit for caffeine in decaffeinated coffee of
0.3 % by weight of coffee based dry ma6g1t'rt'r. Additionally the UK
regulations stipulate a maximum limit of caffeine of 0.1 % by weight of
coffee based dry matter in decaffeinated ground coffee or beans
including coffee mixed with chicory or figs.
There is an official EC method for the determination of caffeine in
decaffeinated coffee; it is described in Annex II of EC Directive
79/lO66lEECo). This is a "classical" spectrophotometric method
involving an extensive and time consuming sample preparation stage
where two chromatographic columns are used in the sample cleanup.
There is a clear need for a suitable validated method that can be used on
a routine basis for the determination of caffeine levels in coffee and, in
particular, decaffeinated coffee.

I r"r Ministry of Agriculture, Fisheries and Food, Food Safety Directorate, !-ood Science Laboratory,

Norwich Research Park, Cohey, NORWICH, UK, NR4 7UQ

lb) Ruddock and Sherratt, Unit 5, Northgate Works, Newry PaTk,CHESTER, CH2 2AR
(') to whom conespondence should bc addressed

0004-57ao194 +24 101 @ I 994 Crown Copyright



Parul Brctetorl et. al.

The Ministry of Agriculture, Fisheries and Food collaborated with the
Association of Public Analysts to collaboratively test a HPLC method
developed within the latter Association, for the determination of caffeine
in coffee and decaffeinated coffee.

The Method of Analysis being Collaboratively Tested
The method requires hot water extraction, filtration, followed by
separation using reverse phase HPLC with UV detection. A full
description ofthe method is given in Appendix I. It was developed by the
Association of Public Analysts as part of its Validated Enforcement
Methods Service (VEMS) series of methods.

Collaborative Trial Organisation, Samples and Results

Twenty (JK Public Analysts) laboratories participated in the
collaborative trial.

Samples
All the samples were prepared by Ruddock and Sherratt, Public Analyst's
Laboratory, Chester.

Fourteen individual samples, comprising of six sets of blind duplicates
and two split level samples, all of instant coffee products, were used in
the trial.

Sample Preparation
A range ofretail products were purchased. Each material was mixed and
reduced to a fine powder by means of high speed blending in a food
processor. Samples were used either directly in the form as purchased or
were prepared by blending to obtain suitable concentrations ofcaffeine.

Sample scheme and caffeine content (g/100 g) obtained during
homogeneity testing

SampleABCDEFGG

(Numbers) (2,7)

Caffeine 4.06

(5,1r) (4,12) (3,8) (e,14) (6,13)

3.85 3.17 0.66 0.29 0.12

( 10) (l)
1.8 1.56

B

C

(2 &.7) A "mild" instant coffee

(5 & l1) A branded instant coffee

(4 & 12) A branded freeze dried coffee
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D (3 & 8) A blend of instant coffee and a chicory and coffee product* +

E (9 & 14) (29, 124*) A leading brand decaffeinated instant coffee

F (6 & 13) (62,213x) A generic (own brand) decaffeinated instant coffee

G (10) A leading brand "light" blend of decaffeinated instant coffee and instant
coffee.

G(l) A generic (own brand) coffee and chicory product'** blended with an
instant coffee

*Samples of decaffeinatcd coffee were sent out in a follow up exercise to those
participants who originally had taken 0.5 g weight for decafleinated samples.
These samples 6, 13, 9 & 14 were renumbercd 62,213,29 & 124 respectively and
reissued to paticipants.
+*The caffeine content of these samples was adjusted by blending with other
materials (see below).

The following blends were prepared in the laboratory for the purposes ofthis tdal.

Sample D (0.66 g/100 g)

Chicory/coffee product containing 0.17 gll00 g caffeine was blended with an
instant coffee containing 3.7 91100 g caffeine, in the ratio of 88:12 (by weight)
rcspectively. This product when analysed had an average caffeine content of 0.66
g/100 g (see homogeneity data, Appendix II)

Sample Gl (1.56 9/100 g)

In order to obtain a suitable split l€vel to compare with sample G10 a

coffee/chicory mix was blended with instant coffee in the ratio of 84.6:15.4 (by
weight). This split level sample when analysed had an average caffeine content of
1.56 g/100 g (Sample G (1)) (see homogeneity data, Appendix II)

Homogeneity Testing
The homogeneity testing consisted of analysing 6 samples drawn
randomly from each packing run, 5 samples each in the case of the split
level pair (10 & l). Results of the homogeneity testing are given in
Appendix II.

Packing
The materials were packed in suitable plastic containers. A number of
containers were withdrawn at this stage and used for homogeneity
testing. The other containers were stored under desiccated conditions
prior to dispatch.

Results
The results obtained in the trial are reported in Tables I-V[.
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TABLE I
Caffeine Content g/1 00g

Sample A (a.06 9/100 g)

Laboratory Sample Number

1

2

3

4

5

6

7

8

9

l0
ll
12

t3
l4
l5
l6
t7
l8
l9
20

3.93

4.01

3.9 5

).77
3.8 3

3.94

3.81

4.06

3.91

3.78

4.01 G)

4.00

3.6 t
3.80

3.8 8

4.04

3.97

3.9 0

3.E3

3.'10

4.19

3.79

4.02

3.'19

3.84

3.84

3.8 I
4.12

3.8 6

3.8 6

3.15 c)

4.0 5

3.67

3.7 6

3.'.l8

4.23

3.70

3.67

4.09

3.67

Mean

r
S,

RSD,

R

SR

RSDi

3.8 8

o.28

0.1

2.6

o.42

0.15

3.9

For key, see Table IX
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TABLE II
Caffeine Content g/ 1 00g

Sample B (3.85 g/100 g)

Laboratory Sample Number

1l
I
2

3

4

5

6

7

8

o

10

11

t2
13

t4
15

t6
t7
l8
l9
20

3.93

3.68

3.',l 5

3.57

3.5 8

3.6 8

3.5 0

3.8 6

3.64

3.4'1

3.71

3.73

3.40

3-51

3.49

3.'12

3.5 9

3.65

3.43

3.70

3.80

3.7 8

3.57

3.5 9

3.7 5

3.5 0

3.60

3.62

3.57

3.69

3.81

3.36

3.5 9

3.54

3.78

3.5 3

3.48

3.60

3.46

Mean

I

s,
RSD,

R

SR

RSD.

3.63

0.23

0.0 8

2.3

0.3 8

0. 14

3.'1

For key, see Table IX
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TABLE III
Caffeine Content g/ I 00g
Sample C (3.17 g/100g )

Laboratory Sample Number

t2
1

2

J

4

5

6

7

8

9

10

ll
l2
l3
t4
l5
16

1',l

t8
t9
20

3.08

3. l3
3. l8
2.91

3.03

3. 16

2.9'1

3.21

3.08

2.92

2.89

3.16

2.90

3.3 t c)

2.91

3.2t
3. l0
3.05

2.81

3.32

2.99

3.22

2.98

3.05

3.2s

2.81

3.36

3.08

3.02

3.21

3.22

2.7I
4.12 6)

2.84

3.20

3.00

3.00

3.3 8

2.91

Mean

s,
RSD.

R

SR

3.0'7

0.3

0.1 1

3.5

0.44

0. l6
5.1RSD

For key, see Table IX
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TABLE IV
Caffeine Content g/ I 00g

Sample D (0.66 9/100 g)

Laboratory Sample Number

I

2

3

4

5

6

7

8

9

l0
ll
t2
13

t4
15

l6
t7
l8
t9
20

0.69

0.6 8

0.6 6

0.62

0.64

o.62

0.5 4

0.6 9

0.61

0.6 I

0.62

0.67

0.5 9

0.62

0.6 I
0.64

0.6 3

0.63

0.60

0.64

o.73

0.71

0.67

0.62

0.63

0.6 8

0.5 6

0.81

0.61

0.64

0.5 9

0.64

0.5 9

0.6 3

0.61

0.6 I

0.s'7

0.6 3

0.6 9

o.62

Mean

r
s,
RSD.

R

S.

0.64

0.09

0.03

4.8

0. l4
0.0 5

7.7RSD

For key, see Table IX
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TABLE V
Caffeine Content g/100g

Sample E (0.29 fl100 s)

Laboratory Sample Number t4
I

2

3

4

5

6

7

8

o

l0
1i
12

13

t4
l5
l6
t7
l8
19

20

0. l5 (o.2s)
0.19 (0.25)

0.17 (0.20)

0.17

0. l5 (0.19)

0.t6
0.0 8

o.ooo) (0.58)

0.1'7

o.20

0.47(b)

0.22 (0.17)

0.23 (0.1 8)

0.15 (0.18)

- (0.r8)
0.20

0.15 (o. r e)

0.14 (0.l e)

0.3 3 
(b)

0.1e (0.1 5)

0. r 5 (0.22)
0. r 8 (0.25)

o. r 8 (0.22)

0.1'7

0.15 (0.20)

0.18

0.0 8

o.oo(b) (0.50)

0.1 7

0.20

0.44G)

0.24 (0.17)

0.20 (0.15)

0.15 (0.2 s)

- (0.16)

0. l8
0.15 (0.19)

0.16 (0.16)

0.32(b)

0.19 (0.14)

Mean

r
s,
RSD,

R

sR

RSDT

0.1'7

0.0 3

0.0 1

5.3 9

0.1

0.04

20.5

For key, see Table IX
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TABLE VI
Caffeine Content gi 100g

Sample F (0.12 gi100 g)

Laboratory Sample Number

13

I
2

3

4

5

6

7

8

9

l0
1l
t2
l3
14

t5
16

l7
18

l9
20

o.02 (0.07)

0.06 (0.00)

0.03 (0.06)

0.05

0.04 (0.03)

0.03 (0.0s)

0.0 0

0.00 (0.46)

0.04

0.0 6

0.27b)

0.08 (0.03)

0.01 (0.00)

0.03 (0.01)

- (0.00)

0.0 6

0.03 (0.00)

0,04 (0.03)

0.1 I c)

0.04 (0.02)

0.02 (0.07)

0.06 (0.00)

0.03 (0.06)

0.0 5

0.04 (0.03 )
0.03 (0.04)

0.00

0.00 (0.2 e)

0.04

0.0 6

0.2 g (b)

0.07 (0.03)

0.01 (0.00)

0.03 (0.03 )
- (0.00)

0.06

0.03 (0.00)

0.04 (0.03)

0.02(')

0.05 (0.02)

s.
RSD,

R

sR

0.04

0.01

0.002 4

6.65

0.0 6

0.0 21 3

5 8.51RSD

For key, see Table IX
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TABLE \'II
Caffeine Content g/100g

SAMPLE G: Split Level Sample 10: 1.80 9/100 g & Sample l: 1.5691100 g

Laboratory 10 Sample Number

I
2

3

4

5

6

7

8

9

l0
ll
12

l3
t4
l5
l6
t7
l8
l9
20

1.68

1.96

1.',73

1.58

1.65

1.86

t.62
1.7 0

1.'1t

I .61

1.92

1.19

1.59

1.66

1.54

1.72

I .52

],62
1 .13

1 .54

1.69

t.'74

| .5'l
1.53

1.49

1.49

1.49

1.46

1.59

I .46

t.44
| .34

1.53

1,.44

1.50

1.44

1.51

1.49

1.48

1.56

1 .43

1.50Mean

S,

RSD,

R

sR

0.2'7

0.10

6.3

0.29

0. 10

6.3RSD

I

For key, see l able IX
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Statistical analysis of the results
The collaborative trial results were examined for evidence of
individual aberrant systematic error (p<0.01) using Cochran's and
Grubb's tests progressively, by procedures described in the
internationally agreed Protocol for the Design, Conduct and
Interpretati on of Collaborative Studies(a)

Horwitz Predicted Precision Parameters
There is often no validated reference/statutory method with which to
compare precision criteria when assessing a method. In such cases it
is useful to compare the precision data obtained fiom a collaborative
trial with predicted acceptable levels of precision. These levels,
predicted by the Horwitz equation, give an indication as to whet}er
the method is sufficiently precise for the level of analyte being
measured(5).

The Horwitz predicted value is calculated from the Horwitz
equation(5):

RSD.: 2tt'ostoecl

C : measured concentration of analyte expressed as a decimal

e.g. 1 g/100 g: 0.01

Horrat Values (Ho)
The Horrat(6) values quoted in Tables \{III give a comparison of the
actual precision measured with the precision predicted by the Horwitz
equation for a method measuring at that particular level of anallte. It
is calculated as follows:

Hoa : RSDx(measured)/RSD*(Horwitz)

A Ho" value of I usually indicates satisfactory interlaboratory
precision, while a value of >2 indicates unsatisfactory precision i.e.
one that is too variable for most analltical purposes or where the
variation obtained is greater than that expected for the type of method
employed. Similarly Ho. is calculated, and used to assess
intralaboratory precision, using the approximation RSD.(Horwitz) :
0.66RSDx(Horwitz). (This assumes the approximation r : 0.66R).

Repeatability and reproducibility
Calculations for repeatability (r) and reproducibility (R) were carried
out on those results remaining after removal of outliers. The resulting
values are given in Tables I-VII and have been summarised in Table
VIII.
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TABLE !'III

Summary of Calculated Statistical Parameters

Blind Duplicates

Sample
Letter

Hom. (g/100g)
test obs.

S. RSD, Ho. SR RSDR Ho*

B

C

D

E
pF

4.O6

3.8 5

3.17

0.6 6

o.29

o.12

3.8 8

3.63

3.07

0.64

0. l7
0.04

o.28

0.23

0.3 0

0.085

0.026
0.02 8

0. l0
0.0 84

0.ll
0.030

0.00 9

o.o24

2.6

2.3

3.5

4.8

5.4

6.7

1.2

1.1

1.6

1.'7

1.6

1.5

o.42

0.3 8

o.44

0. 14

0. 10

0.0 6

0. 15

0. 14

0.16

0.049

0.035

0.021

3.9

3.7

5.1

'7 .1

20.5

5 8.5

1.2

1.1

1.5

1.8

3.9

8.9

l9
20

t9
20

16

17

Split Level Samples (G)

Sample Hom.
numbers te st

S. RSD, Ho, SR RSDR Ho*(g/ 100g)
ob s.

10& I l .80
(1.6e)

I .61
(1.50)

0.2'7 0.10 6.1 2.5 o.29 0.10 6.5 ), .7

For key, see Table IX
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TABLE IX
Key to Tables I to VIII

(a) An outlying result by Cochran's Test at P<0.01 level, not used in
calculation of mean, repeatability or reproducibility.

(b) An outlying result by Grubbs' Test at P<0.01 lcvel, not used in
calculation of the mean, repeatability or rcproducibility.

(c) Result recorded as "less than" or "not detected" and not used in
the calculation of the mean, repeatability or reproducibility.

( ) Result for decaffeinated samples using 0.5 g sample wcight, not
used in the calculation of mean, repeatability or
reproducibi I i ty.

Hom. The mean obtained from homogeneity data.
test
obs. The observcd mean, the mean obtained from the collaborative trial

data.
n Number of laboratories whose data were used in the statistical

calculation, excluding outliers,
r Repeatability (within laboratory variation). The value below

which the absolute differencc between two single t€st results
obtained with the same method on identical test material under the
same conditions may be expected to lie with 95 % probability.

S. Thc standard deviation of the repeatability.
RSD, The relative standard deviation of the repeatability (S, h

100/MEAN).
Ho. The HORRAT value for repeatability is the observed RSD, divided

by the RSD, value estimated from the Horwitz equation using the
assumption r = 0.66 R.

R Reproducibility (between-lab variation). The value below which
the absolute difference between two single test results obtained
with the same method on the identical test material under
different conditions may be expected to lie with 95 o/o

probability.
SR The standard deviation of th€ reproducibility.
RSDR The relative standard deviation of the reproducibility (SR h

100/MEAN).
Ho* Th€ HoRRAT value for reproducibility is the observed RSDR

value divided by the RSDR value calculated from the Horwitz
Fn',eii^n
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The results demonstrate satisfactory precision for the five samples
containing caffeine at concentrations of > 0.66 9/100 g. The
reproducibility for all these samples was acceptable as demonstrated
by Horrat (Ho^) values of 1.1-1.8. The intralaboratory precision
(repeatability) was acceptable for four of these five samples with only
the split level samples G & H being outside the acceptable predicted
levels (Ho. 2.5).

The precision obtained from the analysis of the two decaffeinated
samples was unsatisfactory both in terms of repeatability and
reproducibility. There was some confusion amongst pafiicipanls
abbut the sample weight to be taken. Seven participants followed the
intended directions of reanalysing the decaffeinated samples using a

larger sample weight of 4 g once a decaffeinated sample had been
identified. The other 13 laboratories used a sample weight of 0.5 g,
these results are given in brackets in Tables V and VI. These thirteen
laboratories were asked if they could repeat their analysis on the
decaffeinated samples using the procedure identified in the method,
i-e. 8,2.2., of the thirteen laboratories, twelve submitted results using
the fulI procedure and their results were therefore included in Tables
V and VI.

Discussion
The results indicate that the precision of the method is satisfactory for
the determination of caffeine in coffee products in the range 0.6-4

9/100 g caffeine, but is less satisfactory when determining lower
levels of caffeine. The method has been used routinely by the
laboratory involved in the sample preparation, for the determination
of caffeine in decaffeinated coffee with satisfactory within-laboratory
precision. However, it is clear from the results of this trial that the
method as written is not sufficiently robust when determining low
levels of caffeine, i.e. when the method is used by other laboratories.

The method specified the content of the mobile phase and flow rate,
these specifications can only ever be a guide and only then apply to
the column specified in the method (25 cm x 4.9 mm Partisil ODS).
Participants used a vadety of columns (see Appendix III), some
optimiied the system to accommodate the different column. Other
Itboratories followed the protocol exactly, the result of which was
that these laboratories often had too short a retention time and could
not successfully resolve the caffeine peak from the shoulder of that of
the co-extractives. Some participants, even when using the same

TIPLC conditions as specified in the method (including the suggested
column), obtained significantly shorter retention times than those
quoted. Several participants experienced problems in obtaining stable
r-etention times when analysing the samples, this problem was
parlicularly apparent when analysing the decaffeinated samples using
a + g initial sample weight. This could suggest that in these cases the
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sample being injected into the HPLC was not clean enough and
particulate matter was affecting the integrity ofthe system.

Most participants obtained satisfactory peak shape although slight
tailing was common.

Despite the problems identified above, the precision obtained for the
caffeinated samples i.e. caffeine contents 0.64-3.88 9/100 g, was
satisfactory.
Virtually all the laboratories reported difficulties in analysing the
decaffeinated coffee samples. Participants reported problems in
successfu[y separating the caffeine peak from the co-extracted
material. The caffeine peak was usually quantified on the shoulder of
the peaks of the co-extracted material causing problems in
quantification, and is probably the main reason for the poor precision
obtained for the decaffeinated samples. It should be noted that while
this method has been shown to be far from ideal at measuring low
levels of caffeine, there are very few suitable validated methods for
the determination ofcaffeine in decaffeinated coffee products.

Recommended precision parameters to be included in the validated
method are:

Caffeine content (g/100g) r (g/100g)

3-4
0.66

0.17

0.27

0.09

0.03

R(g/100 g)

0.40

0.14

0.10

It would appear that although this method has been used routinely by
the laboratory which developed it and which prepared the samples
used in the trial for the determination of low levels of caffeine in
coffee products, the results at low levels are not easily reproducible.
An improvement in the sample clean-up may improve the robustness
of this method.

Conclusion
The results obtained from this collaborative trial show that the
method is suitable for the determination of coffee/coffee products
containing caffeine at concentrations of 0.6-4 9/100 g. While the
precision of the method when analysing samples containing caffeine
at concentrations of less than 0.3 9/100 g is poor, the method can be
used for routine analysis in the absence of a superior altemative
method. Further work is required to improve the sample cleanup for
the determination of low levels of caffeine before the method is
suitable for the determination of caffeine in decaffeinated coffee
samples.
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APPENDIX I

The Determination of Caffeine in Roasted Colfee
and Coffee Products by H.P.L.C.

Scope and Field of Application
The method describes the determination of the caffeine content of
roasted coffee, decaffeinated roasted coffee, instant coffee and
decaffeinated instant coffee.

Definition
The caffeine content means the caffeine content extracted and
determined by the method as described.

Principle
Caffeine is extracted from the sample with hot water and is determined
by H.P.L.C.

Health and Safety
4,1 Care should be taken when handling hot objects. Use tongs.

4.2 Methanol is highly falmmable and toxic by inhalation or if
swallowed. Avoid contact wilh skin. Keep away from sources of
ignition.

4.3 Caffeine is toxic if swallowed avoid contact with skin and eyes. If
unwell, seek medical advice.

4.4 Perchloric acid may explode if heated Contact with combustible
material may cause fire. Causes severe burns. Do not breathe
vapour. In case of contact with eyes rinse immediately with copious
amounts of water and seek medical advice. Wear suitable protective
clothing

4.5 Acetic acid is Jlammable and causes severe burns. Do not breathe
fumes. In cases of contact with eyes rinse immedialely with copious
amounts of water and seek medical advice.

Pre-Training Requirements
5.1 Use of analltical balance.

5.2 Use of H.P.L.C. System.

5.3 Use of volumetric glassware.

Reagents

6,1 GPR and AR grade reagents are suitable unless otherwise stated.
Water should be de-ionised, distilled or of similar quality.

6.2 Caffeine, anhydrous - Prepare a stock solution containing 500
mg/L Caffeine in water.

)

3.
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6.3 H.P.L.C. Mobile phase.

Methanol (H.P.L.C. grade) 450 volumes : Water (H.P.L.C. grade)
1,050 volumes : Perchloric acid (A.R. grade) 3 volumes. Filter and
degas before use.

Apparatus
7.1 Normal laboratory glassware and apparatus.

7.2 Coffee grinder.

7.3 H.P.L.C. system capable of delivering the mobile phase @ 2.0 mL
min'r, fitted with a 20pl injection loop. W detector monitoring at
272 nm, electronic integration and/or chart recorder.

7.4 25 cm x 4.9 mm I.D. Partisil 10 ODS H.P.L.C. Column. The
retention time of caffeine on this column under the conditions
specified is about 9 minutes. Other columns with similar resolving
power may be suitable.

7.5 Whatman 54 & GF/C filter circles.
7.6 Membrane filters. Gelman Acro LC3A filters are suitable.

Procedure
8,1 Whole coffee beans must be ground before commencing the

analysis.

8.2 Preparation of sample extracts.

8.2.1 Coffee and decaffeinated coffee
Extract about 5 g of ground sample (10 g for decaffeinated coffee),
weighed to the nearest 0.001 g with approximately 100 mL of boiling
water by refluxing for one hour. Filter the extract (Whatman 54) into
a 500 mL volumetric flask (250 mL flask for decaffeinated coffee).
Boil the insoluble residue with a further 100 mL of water, under
reflux, for 15 minutes and filter into the same flask. Cool to 20"C,
make up to volume with water, mix and filter (GF/C).

8.2.2 Instant Coffee and Decaffeinated Instant Coffee
Dissolve about 0.5 g of instant coffee (4 g for decaffeinated instant
coffee) weighed to the nearest 0.0001 g, in hot water and transfer to a
100 mL volumetric flask. Dilute with water to about 75 mL. Cool to
20"C, make up to volume with water, mix and filter (GF/C).

8.3 Extracts from 8.2 must be passed through membrane filters before
analysis by H.P.L.C.

8.4 Prepare a range of working standards by pipetting 5, 10,20 and 50
mL of stock standard solution (6.2) into separate 100 mL volumetric
flasks. Dilute to volume with water and mix. These working
standards contain 25, 50, 100 and 250 mg/L caffeine respectively.
Each standard must be passed through a membrane filter before
analysis by H.P.L.C.

8.5 lnject 20 pl aliquots ofeach working standard into the
chromatograph.

ll9
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8.6 Determine peak height or areas (by electronic integration) and plot
a calibration graph. This should be rectilinear over the required
concentration range.

E.7 Inject 20 pl aliquots of sample extract into the chromatograph.
Identifu the peak due to caffeine by comparison of retention time with
the working standard chromatograms. From the peak height or area
(electronic integration), use the calibration graph to determine the
concentration C of caffeine in the sample extract.

9. Calculation
9-7 Since the volume of sample and standard solutions injected into

the chromatograph were the same (20 pl), the concentration C of the
sample extract, in mg/L may be determined directly from the
calibration graph.

9,2 The concentration of anhydrous caffeine in the sample, expressed
as a percentage ofthe sample by weight is given by:-

Concentration ofanhvdrous caffe ine t%l - 1 x 9lo4"M

where V is the volume of volumetric flask for sample extract (8.2) mL

/= 500 for Coffee

I/ = 250 for decaffeinated coffee

,/ = 100 for instant coffee and decaffeinated instant coffee

C = Concentation ofcaffeine in the sample extmct, mg/L

M = Weight in grams, ofthe test portion

10. Expression of Results
Record the result to the nearest 0.0102.

11. Interpretation
The Coffee and Coffee Products Regulations, 1978 (as amended) set
limits for residual anhydrous caffeine in decaffeinated designated
products. Samples which exceed these limits when analysed by this
routine method must be re-analysed using the designated reference
method for enforcement purposes ( 12.2).

12. References
12.1 The Coffee and Coffee Products Regulations Sl 1978/1420 (as amended).
12.2 Commission Directive 79I1066/EEC laying down Community methods of

analysis for testing coffee exbacts and chicory extracts, Ql No L327, l'1-28,
24.12.79.
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APPENDIX II
Homogeneity Data

For blind duplicate samples, six extra containers were packed, spread
throughout the the filling run, these were then withdrawn and checked
for uniformity of caffeine content. For the split level samples the same
procedure was followed except only five extra containers for each
material were packed and subsequently analysed.

Sample A
(SampleNo2&7)

Caffeine g/ I 00g

Sample B Sampte C

(SampleNo 5 & l1) (SampteNo 4 & 12)

Caffeine g/100g Caffeine gi l00g
I
2

3

4

5

6

Mean

s

cv (%)

4.0 5

4.07

4.07

4.06

4.O4

4.0'1

4.06

0.0126

0.3 I

3.83

3 .8',7

3.84

3.8 6

3.84

3.8 7

3.6 5

0.o17 2

0.4 5

3.19

3.18

3.1'7

3 .17

3.15

3.15

3.17

0 016

0.5 I

Sample D

(SampleNo3&8)

Caffeine g/ 100g

Sample E

(Sample No 9 & 14)

(Decaffeinated)

Caffeine g/ 100g

Sample F

(SampleNo6&13)
(Decat'f'einated)

Caffeine g/ l00g
I

2

3

4

5

6

Mean

s

cv (%)

0.6 5

0.65

0.65

0.6 6

0.66

0.6 6

0.6 6

0.005

0.8 3

0.29

0.29

0.29

0.2 8

0.29

0.29

0.29

0.0 04

I .41

0.r3
0.12

0.1 I
0.ll
0.13

0.11

o.12

0.010

8.3 I
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Sample C Sample G

(Sample No l0) (Sample No l)

Caffeine g/ 100g Caffeine g/100g
I
2

4

5

Mean

s

cY(%)

1.80

],78
1.81

t.'19

I .80

1 .80

0.01 I
0.6 3

1.57

1.58

1.55

1.54

1.57

1.56

0.01 6

1.05
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APPENDIX III
Comments from participants

Laboratory 1

Hypersil 5 ODS rt 4.6 min. The calibration graph using peak heights
was not linear. Calibration using peak areas was linear throughout
concentration range. Peak heights were used to quanti$, very low
concentrations.

Laboratory 3

Partisil l0 ODS 2 used. Retention time 14 min.

Laboratory 4

Column, 25 cm Hypersil ODS. At a flow rate of 2 ml/min this gave a
retention time of 5.1 min but caffeine peak unresolved fiom small
coeluting peak. Flow rate was changed to 1.0 ml/min giving rt 10.1
min. Samples 6 & 13 gave slightly unusual peak shape.

Laboratory 6

25 x4.9 mm Spherisorb 5 ODS-2. I mVmin.

Laboratory 7

Column ODS-3 l0 m 25 x 0.46 cm. Samples 3,6,8,9, 13 & 14 all
repeated using 4 g.

Laboratory 9
Column l0 cm RP 18 l0 m 3 mm id, flow rate 0.4 mllmin (0.3
mllmin for decaffeinated) Injection vol. 10 L. Calibration graph
found to be linear results calculated vs 100 mgll- standard for
caffeinated samples, 25 mg/L for decaffeinated samples (peak height).
Strongly recommend using acetic acid (0.1M) in place of perchloric
acid/water used in this trial. The pH ofthe eluent used in this trial (pH
1) will cause unnecessary degradation ofthe silica based column and
will be detrimental to the pump and tubing in the long term.

Laboratory 10

Erratic pressure fluctuations were obtained using HPLC system
described in method. Retention times varied at start of batch
becoming more constant towards the end. Retention times of caffeine
using conditions and column specified were 6.5 min compared to 9
mins recorded in method. Could not obtain satisfactory separation of
caffeine from remaining sample constituents. This led to a slope in the
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base of the caffeine peak making determination of the caffeine peak
more difficult.

Laboratory 1 1

Took 0.5 g for samples 9 & 14 and 4 g for 6 & 13.

Laboratory 12

Column used 16 cm 5 m ODS. Mobile phase 80/2013
HrO/methanol/perchloric acid. Flow 1.2 ml/min. Rt caffeine : 6.9
min.

Laboratory 14

Column used Spherisorb ODS 5 m. Large variations in retention time
8.7-9.6 min.

Laboratory 1.'/

8.2.2. "hot water" needs more precise definition.

Laboratory 18

Method does not state temperature of the hot water used for
extraction. Used 5 g for samples 6,9, 13 & 14. A l0 mg/L standard
was more appropriate for samples 6 & 13. The absorbance for high
standards was greater than we would normally consider good practice.
Higher sample dilutions/lower standard concentrations would be
preferable.
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Determination of Sulphadimidine Residues

in Porcine Muscle

Collaborative Trial

Paul Brereton, Martin D Rose, George Shearer, and Roger Woodr

Mi stly olAgricullure, Fisheries and Food, Food Safety Directoratc,

Norwich Research Park, Food Science Laboratory, Colney, Norwich, NR4 7UQ.

The results of a collaborative trial to assess a method for the trace
residue determination of sulphadimidine in incurred animal tissue are
reported- Fourteen laboratories participated in the trial. The method
tested comprised solvent extraction, cleanup using anion/cation solid
phqse extrqction and separation by HPLC v)ith Jluorescence detection.
Participants analysed l2 test materials comprising six dilferent
concentrations of incurred sulphadimidine in the range j0 - 570 pg/kg.
The precision of the method was satisfactory for all the concentrdtions
analysed except .for the lowest concentration of sulphadimidine
(30 pg/kg). The precision for the two concentrations near the MRL of
100 pg/kg was well within theoretical predicted limits.

io whom concspondcncc should bc addrcsscd

Introduction
Sulphadimidine (sulphamethazine), (,A/-4,6-dimethylpyrimidin-2-yl
sulphanilamide), is a sulphonamide antibiotic drug which is used for the
prevention and control ofdisease in animals and humans. The application
of sulphonamides extends to therapeutic, prophylactic, and also groMh
promotion uses in cattle, pig, sheep. poultry. and fish.(') The widespread
use of these agents in food producing animals raises the possibility of
residues remaining in edible tissue after slaughter.

MAFF routinely monitors the incidence of sulphonamides present in the
UK food supply through statutory surveillance as prescribed under EC
Directive 861469 and also at the request ofthe MAFF Steering Group on
Food Surveillance.(2)(3) This collaboiative trial is testing a method foi the
determination of sulphadimidine, one of the most widely used
sulphonamides. Incidence of residues of sulphadimidine have decreased
in recent years following a publicity campaign by MAFF and the
introduction of Maximum Residue Limits (MRLs).(a)(5)

0004-5780/94 +28 125 O 1994 Crown Copyright
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A Maximum Residue Limit of 100 pg/kg for total sulphonamide residues
in edible tissue has been prescribed by European Community Regulation
(EEC) No. 2377190 and also by The Animals, Meat and Meat Products
(Examination for Residues and Maximum Residue Limits) (Amended)
Regulation, 1 991.(ax5)

There are over 20 sulphonamide class antibiotics with veterinary
applications. Methods of analysis for residues of these compounds must
therefore be capable of determining individual residues at concentrations
well below the MRL, in case a mixture of sulphonamides is present. A
wide variety of food types can potentially contain residues of
sulphonamides; these include liver, kidney and muscle of all farmed
animals, and also milk, eggs and processed food products made with
these ingredients.
The Food Science Laboratory, Norwich, has developed an HPLC -
Fluorescence detection method for the determination of sulphadimidine
in meat. The extraction and clean up are based on the method of
Haagsma(6), but includes an additional anion exchange (NH,) solid phase
extraction column to act as a filter for some co-extractives present in
some samples.

The determination of veterinary drug residues has always been a
problematical area, and has in the past been performed only by specialist
laboratories. However ihere is a clear need for an accurate, precise and
robust method to determine sulphadimidine in meat and that can be used
by non-specialist food analysts. The Food Science Laboratory has
therefore collaboratively tested such a method; if successful the method
will be oublished in the series of MAFF Validated Non-Statutorv
methods.'t'

Method of Analysis being Collaboratively Tested

The method comprises extraction into 5olo acetic acid in ethyl acetate,
cleanup by anion and cation exchange (SAX & SCX) solid phase
exfaction cartridges, derivitisation and separation by HPLC with
fluorescence detection. (See Appendix I for fu11 description ofmethod)

Collaborative Trial, Organisation, Samples and Results

Participants
14 laboratones participated in the collaborative trial (14 UK Public
Analyst Laboratories).
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Trial Organisation
The participants were asked to familiarise themselves with the method in
their_ laboratory prior to analysing the collaborative trial samples. The
collaborative trial used samples of incurred tissue and was carried out in
two stages:

Pre-trial
A test material containing approximately 700 pglkg of sulphadimidine in
incurred pig muscle tissue was sent to each participant to be analysed in
duplicate (See Table I). As a result of the pretrial, slight alterations to
the method were made for the purposes of the trial proper. Comments
received from participants are given in Appendix II.

Trial proper
The 6 samples comprising 6 different concentrations of sulphadimidine
were sent to participants in the form of blind duplicates i.e. each
participant received 12 test materials to be analysed by the prescribed
method. (See Table II)

Sample preparation and homogeneity

Sample Preparation
AII the trial test materials were incurred porcine muscle tissue and were
prepared by Dr R Patterson, Deparftnent of Animal Husbandry,
University of Bristol. The base incurred porcine tissue was originally
analysed to determine the approximate concentration of sulphadimidine.
The base tissue was then diluted with blank porcine tissue, i.e. porcine
tissue containing no sulphadimidine, to achieve a suitable sample range.
The samples were finally tested at the Food Science Laboratory ior
homogeneity. (See Table III)

Homogeneity Testing
For each of the six concentrations (except 57) five test materials were
taken and analysed in duplicate. Each batch of samples comprised these
ten samples plus two samples of blaak tissue (S7), one spiked at
I 00 4glkg sulphadimidine.
The results of the homogeneity testing were subjected to an analysis of
vadance test described in the Intemational Harmonized Protocol for
Proficiency Testing of (Chemical) Anallical Laboratories.(E) All the
results were found to be satisfactory.
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Results

The results received are given in Table IV. The results from two
laboratories (7) & (10) were eliminated from the trial during the initial
screen of the results. They both failed to get the satisfactory recoveries of
sulphadimidine required for quantitative analysis (Table V). In the case
of Laboratory 7, the reported results were clearly gross outliers, the
reasons for such atypical results have not been ascertained.

Statistical analysis of the results
Due to the unfamiliarity of most of the participants with the analysis for
veterinary drug residues and the variable results ofthe pre-trial, the data
were submitted to Youdens ranking test to detect laboratories that were
performing atypically across the sample range, prior to analysing the data
ior individual outliers using Cochrans and Grubbs tests(')lr0).

The results of Youdens ranking test identified laboratory 14 as an outlier
laboratory, their results, which were consistently low, were therefore not
included in the further statistical analysis (Table VI).
The trial results were then examined for evidence of individual aberrant
systematic error (p<0.01) using Cochran's and Grubbs tests progressively,
by procedures described in the internationally agreed Protocol for the
Design, Conduct and Interpretation of Collaborative Studies(ro). Only one
result, Lab I 53 was found to be an outlier (Table VII).

Horwitz Predicted Precision Parameters

There is often no validated reference or statutory method with which to
compare precision criteria when assessing a new method. In such cases it
is useful to compare the precision data obtained from the collaborative
trials with predicted acceptable levels of precision. These levels,
predicted by the Horwitz equation, give an indication as to whether the
method is sufficiently precise for the level of analyte being measured.(rr)

The Horwitz predicted value is calculated from the Horwitz equation(rr):

RSD*:2tr-o st"eo

C: measured concentration ofanalyte expressed as a decimal
i.e. 1 g/100g:0.01

Horrat Values (IIa)
The Horrat values give a comparison of the actual precision measured
with the precision predicted by the Horwitz equation for a method
determining that particular level of analye.('2) It is calculated as follows:
A Ho* value of 1 usually indicates satisfactory interlaboratory precision,
while a value of>2 indicates unsatisfactory precision i.e. one that is too
variable for most analyical purposes or where the variation obtained is
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greater than that expected for the type of method employed. Similarly Ho.
is calculated, and used to assess intralaboratory precision, using the
approximation RSD.(Horwitz) : 0.66RSD"(Horwitz) (this assumes the
approximation r : 0.66R). The Horwitz values calculated from the results
ofthis trial are included in Table VIII.

Repeatability and Reproducibility
Calculations for repeatability (r) and reproducibility (R) were carried out
on those results remaining after removal of outliers.(e) The resulting
values are given in Table VII and have been summarised in Table \{III.

Discussion

Accuracy and precision

The results of the statistical analysis show that the performance of the
method was satisfactory. The intralaboratory precision, the repeatability,
was acceptable for all the samples analysed. This can be seen by the
corresponding Horrat values (Ho) which ranged from 0.6 (S2 & 53) to
1.9 (S5). The interlaboratory precision, the reproducibility, was
acceptable for all the samples bar the "blank" (S7) with the conesponding
Horrat values (Ho*) ranging fiom 1.2 (S2 & 53) to 2.2 (57). Tlte
relationship between concentration and precision was not linear. The
precision was optimum for 52 and 53 i.e. the samples containing anallte
in the middle of the concentration range of sulphadimidine. It would
normally be expected that the relative precision (RSD) would decrease
wrth increasing analyte concentration, the fact that the RSD increased for
the samples containing the highest concentrations of sulphadimidine (S4
& 55) demonstrates that the method performed less well for these levels
containing higher amounts of analyte. Although there was no attempt to
estimate trueness in this collaborative trial, in general the results from
participants a$eed well with the results obtained by the co-ordinating
laboratory during homogeneity testing. This is demonstrated when
comparing the mean concentration obtained for a particular level by
participants, with the corresponding mean value (Target Value (TV))
obtained by the co-ordinating laboratory. While any such comparison is
essentially a measure of the reproducibility of the method, the
co-ordinating laboratory has considerable expertise in the determination
of veterinary drug residues and is one of two reference laboratories for
this type of work in the UK, the Target Values therefore are of
importance.

Chromatography
Most laboratories did not use the IIPLC columl prescribed in the trial
method (See Table IX). The recommended column was the Waters
Radial-Pak column with a Nova-Pak C18 cartridge which was chosen for
its ability to resolve a large number of different sulphonamide type
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antibiotics. The use of other columns did not pose a significant problem
for the purpose of this exercise (providing that the chomatography was
acceptable) as sulphadimidine was the only sulphonamide present in the
trial samples. Some participants using different columns to that
recommended, could only analyse very small batches due to the longer
retention times produced by their columns making the overall analysis of
the samples more time consuming. All the columns used in the
collaborative trial gave satisfactory performance.

Recovery
Most operators experienced problems with low recovery until they
became familiar with the method. Two laboratories,l & 10, could not
resolve these problems (Table IX). Reasons for low recovery may
include:

(, leaving dry extracts on blow-down apparatus.

(ii) using weak ammonia (< 35% or old stock) to elute the SCX
cartridge.

(iiD allowing Solid Phase Extraction (SPE) cartridges to dry out
before final clution stage.

(iu) loading SPE cartridges with a higher than specified flow rate.

(r) non-quantitative transfer between dry extract and samplc vial.
(vi) unstablc derivatised extracts. The derivatives take a short time

to form and are unstable. Analysis should therefore be carried
out at about 20 minutes after adding the derivatising agent and

certainly within 4 hours.

Blanks
The blank tissue (S7) provided was found to contain residues of
sulphadimidine. This may have been caused by contamination of the
blank sample during preparation or by contamination or carry over during
analysis. Sulphadimidine can adhere to glassware under some
conditions. Meticulous attention to cleaning equipment between samples
and separating glassware associated with different samples is necessary
to avoid carry over or cross contamination of extracts. It is possible to
contaminate subsequent extracts on the HPLC system. To completely
avoid this problem it may be necessary to intersperse samples with blank
or solvent only extracts until no peaks are seen for blank extracts and it
may be necessary to introduce further measures such as cleaning
glassware with chromic acid. When the method is used for surveillance
purposes, the vast majority ofextracts are negative and carry-over is not a
substantial problem. The fact that residues were also found by the
co-ordinating laboratory dunng homogeneity testing suggests that
contamination may have occurred during initial sample preparation or
that the "blank tissue" (obtained from a pig fed on a sulphadimidine free
diet) initially contained sulphadimidine.

The method is designed for surveillance purposes to determine
sulphadimidine concentrations near the MRL of 100 aglkg and below.
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The results of this collaborative trial would appear to demonstrate this,
the method performed at its best for the samples 51, 52 & 53, i.e.
<350 pgkg. The precision for 54 & 55 deteriorated but was still typical
for a method measuring anal)'te at sub mg,&g levels. Clearly if the
method was to be used routinely to determine sulphadimidine at very
high concentrations then the calibration curve and instrument sensitivity
would need to be adjusted and a defined procedure included to deal with
samples that are out ofthe calibration range.

Future work
The inclusion of a suitable internal standard would improve precision of
the method by correcting for recovery in individual extracts, and may
also correct for problems with derivative instability. Sulphamerazine
differs from sulphadimidine by the loss ofone methyl group, and is not a
widely used sulphonamide. This would therefore be a good candidate for
use as an internal standard.

The Waters Radial-Pak column with a Nova-Pak C18 cartridge is capable
of resolving most of the different sulphonamide drugs. The extraction
and clean-up procedure is also suitable for most of these compounds.
Extensive validation could indicate the suitability of the method as a
multi-residue procedure for sulphonamides. A wide variety of tissue
types could also be investigated for analysis by this method.

Conclusion
The precision obtained for the method tested in this collaborative trial
was satisfactory and was well within theoretical predicted range for the
samples containing sulphadimidine at concentrations close to the MRL.
The method is recommended to be published as a MAFF validated
method in the "Validated Non-Statutory Methods for the Analysis of
Foods" series.
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Table I
Pre-trial results corrected for recovery

Laboratorv Sulphadimidine (=57 0 pgkg)
(l) (2)

I
2

3

4

5

6
'l

8

9

10

ll
12

l3
14

266'
276

595

687

396

644

490

165

334

lll
640

157

743

NR

247'
257

487

69t
431

630

44604

76"

220'

132'

5 80

198

'725

NR

' not corrected for recovery due to inconsistent recovery data
n gross error
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Table II
Test material identification codes

Sample No.
Laboratory

S7S5S2SI s3 s4
Test Material (No.)

I
2

3

4

5

6
,7

8

9

l0
ll
12

l3
t4

63',7

5 30

833

350

924

273

900

440

692

465

565

729

155

246

t02
640
918
'712

489

880

311

508

158

800

378

675

822

581

573

280

788

932
548

159
'7 48

393

l0l
452

814

468

890

682

539

805

757

622

245

820

947

133

419

902
304

272

t54
60r

497

2',77

636

404

4t3
532

85 t

921

110

766

23t
L7l
743

891

312

911

2t6
686

614

515

388

7 55

768

166

844

9t2
149

590

412

310

758

286
610

496

780

555

840

908

895

593
'7 00

228

505

297

114

230

672

319

547

638

420

878

836

564

I l4
898

105

5t9
266
795

615

907

2t0
703

719

950

460

859

l9l
423

229

454

624

841

509

609

182

882

3',7 4

953

303

113

7 t\
331

130 604

381 329

466 510

594 819

200 646

43t 435

938 687

773 175

139 926

831 108

209 495

264 '197

553 ',7t5

661 235

t!
a



Table III
llomogeneity data

Sample

Replicate No.

S5S4S2SI S3

pdke

IA
IB

2A
2B

3A
Ers

4A
4B

5A
5B

mean

S?. 29 t8

tt9
llt
99

92

124

81

126

t26
t12
116

ll1

227

t3l
194

145

202
'1t

t73
178

t22
104

154

363

460

410

352

315

356

321

362

285

275

350

t7

630

534

596

548

614

614

646

544

452

534

57t

56

50

656

438

569

486

590

552

583

644

NR

409

54',7

29

52

i
30

Rec. (%) 74 5l 52



Table IV
Trial proper results, corrected for recovery

Sample S1

pclke

S2

pe/ke
S3

pelkc
S4

p9lk9

S5

pelkc
S7

pdke

o\

I
2

3

4

5

6

7'
8

9

t0'
1l
t2
13

t4

170

95

88

88

128

t26
9

159

I l0
2l

222

125

146

44

172

48

83

87

120

t24
162

116

95

32

t20
222

147

4t

126

t44
t9l
129

185

210
356

237

t74
92

200

154

249

l9

tl'7
130

223

137

t52
206
679

194

156

88

210
l3l
248

59

231

286
486

266

270

425

1297

333

257

316

350

244

35

123

561

240

439

264

307

403

536

396

261

271

350

269

360

ll0

504

336

735

477

520

629

1742

5"16

5t4
256

560

387

609

188

7 54

348

954

428

426

665

2372

>620

455

24 5

600

306

493

116

760
377

827

531

555

732

2571

766

589

440

760

369

6't 7

262

465

518

1340

453

504
'166

1173

678

587

267

940

362
730

152

t9
25

l6
2't
31

3l
30

19

t7

t9
86

39

l5

2l
27

l5
28

56

38

44

2l
l5
19

25

62

3',t

l9

a

o

. Rdulis nol inch&d i! rubs.$En sari$iel ells d@ to low l@ui6.



Table V
Recoveries obtained in trial proper

Laboratory Recovery %o (fortification pglkg)

I 58 (100) 5l (100) 52 (100) 56 (100)
2 7s (400) 60 (200) 55 (100)
3 s7 (50) 56 (100) 37 (2oo)
4 77 (200) 77 (2oo)
5 88 (200) 87 (100)
6 68 (107) 68 (107)

6 7 23 (230) t7 (230)
8 s5 (100) 53 (100) 5l (loo) 48 (loo)
9 6s (200) 61 (200) 55 (200) 62 (2oo)

l0 14 (100)

11 62 (210) 16* (106)
t2 84 (100) 77 (50)
13 75 (101) 8l (99)
14 76 (100) 70 (100)

* not uied to corcct for recovery



Table VI
Youdens Ranking Test

Sample S1 S5S2 S7 SUM

t 342 2.5 243 l l 792

2 143 ll 274 9 526

3 t7t 9 414 4 925

4 175 8 266 10 530

5 248 6 337 6 577

6 150 10 4t6 3 828

8 275 s 43t 2 729

6 9 205 7 330 7 518

l1 342 2.5 410 5 700

t2 347 t 285 8 513

13 293 4 497 I 705

14 85 t2 78 12 233

3 125 8

9 684

I 1689

8 905

7 946

2 t294
4 >tt96

t0 969

6 I 160

r l 693

5 I 102

12 364

3 t225
11 895

I 2167

9 984

8 1059

2 t498
4 t444
7 1t76
5 1700

l0 731

6 140.l

t2 4t4

8.5 34

6 56

t2 28

549
237
424

8.5 27.5

I I 56

7 27.5

142
324

l0 70'

6

l0
I
9

8

3

4
,7

2

11

5

l2

40

52

31

55

87

69

40

32

44

148
,T6

34

i: mean of duplicate results for level <D : ranking score, highest mean result designated l,
lowest mean result designated 12.

'the score is significantly high (p<0.05) acceptable score limits for 12 laboratories and 6 levels are 15 (lowest
acceptable score) and 63 (highest acceptable score). The results for laboratory 14 were not included in any further
statistical analysis.

See Table X for full description of syrnbols

S4S3

toxoooxt



Table VII

Sample S1

pckc
S2

pE/kg
S4

pEkc
S5

pekE
S7

pgkE

Statistical analysis of results

S3

pclkc

\o

I
2
3

4

5

6

8

9

11

t2
l3

i

RSD,

sR

RSDR

r
R

170
95
88
88

128
126
159
I l0

125
146

t26.9

33.16

26.14

43.59

34.36

92.9

t22

126
144
191

129
185

2t0
237
t74
200
154
249

177.4

15.48

42.96

24.22

43.35

120.3

321 .6

23.47

7.17

7 4.54

22.7 6

65.7

209

465
518

1340
453
504
766
678
587
940
362
730

649.4

13 8.6

21.4

34.'t3

388

631

30.64
'7 .',7 I

25 . 1',7

17.85

58.28

2t.6
50

172
48
83

8'7

t20
t24
I t6

95
120

222
147

1t7
130
223
t37
t52
206
194
156
210
131

248

23t',
286

86
266
2',7 0

425
333
257
350
244
345

5 61'
240
439
264
307
403
396
261
350
269
360

504
336
735

'77

520
629
576
514
560
3 8',7

609

19

25
l6
27
31

31

l9
t7
19

86
39

2t
27
l5
28
56
38

2l
l5
25

62

754 760
348 377
954 82',1

428 531
426 555
665 732

>620(') 766
455 589
600 760
306 369
493 677

535

8 6.09

16.09

162.9

30.45

241

456

I
P
r!

C = Cochrans outlier
(r)= result out ofrange of sensitivity of detector, neither result included in statistical analvsis-

See Table X for full definition of tems



Table VIII
Summary of results

Sample

(Tvpglkg)
n

i
RSD.

RSDR

I

R

Ho,

Hoo

SI

(1 1o)

11

126.9

26.1

34.4

92.9

122

1.8

1.6

S2

(l s5)
ll

177 .4

8.7

24.2

43.4

120.3

0.6

1.2

S3

(3s0)

10

32"1 .6
'I .2

22.8

65.7

209

0.6

1.2

S4

(571)

10

535

16.1

3 0.5

241

456

1.4

1.7

s5

(s47 )
1l

649.4

2l .4
34.7

388

631

1.9

2.0

S7

(30)

lt
3 0.6

25.2

s 8.3

21.6

50

t.4
2.2

a

o

See Table X for full description of symbols
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Table IX
Type of column used by participants

Laboratory Type of Column Used

I Waters Nova-Pak Cl8 100 x 5 mm

2 5p 4.6 mm x 100 mm ODS2
3 Waters Nova-Pak C 18

4 Waters Radial-Pak 100 x 5 mm; Nova-Pak C l8
cartridge

5 Lichrospher KP 18 125 x 4.0 mm.

6 Hypersil ODS

7 Radial Pak Cartridge 100 x 5 mm, Nova Pak Cl8 4l
8 Hypersil 5 ODS

9 Chrompack ODS2 150 x 4.6 mm
10 Partisil ODS II l0l
l1 Apex ODS 3p
12 Partisil 10 ODSI

13 Spherisorb ODS 2 250 mm

14 Radiat Pak Cartlidge 100 x 5 mm, Nova Pak Cl8 4p.

t4t



Paul Brcreton er..rl

Table X

Key Dcfinition of tcrm

NR Result not reported.

An outlying result by Cochran's Test at P<0.01 level, not used in
calculation of mean, repeatability or reproducibility.
Result above maximum range ofdetector. Value was not used in
the calculatioIl of mean, repeatability or reproducibility.
Mean

Number of laboratories used in thc calculation of the statistical
parameters after the elimination of outliers.

Repcatability ($.ithin laboratory variation). The value below which the
absolutc difference betwecn two single test results obtained with the same

mcthod on identical test material under the same conditions may be expected

to lie with 95% probability.

The standard dcviation of the repeatabiiity.

The rclative standard deviatior ofthe repeatability (S, x 100/Mean)

Thc HORRAT value for repeatability is the observed RSD, dividcd by the
RSD, value estimated from the Horwitz equation using the assumption r =
0.66R.

Reproducibility (bctween-laboratory vadation). The value below which the

absolute differcncc between two single test results obtained with the same

method on the idcntical test material under different conditions may be

expected to lie with 95% probability.

The standard dcviation of the r€producibility.

The relative standard deviation ofthe r€producibility (SR x 1oO/MEAN).

Thc HORRAT value for reproducibility is the observed RSD* valuc divided by
thc RSDR value calculated fiom the Horwitz equation.

x

n

S,

RSD,

Ho.

R

SR

RSDR

Hoo

I

142
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APPENDIX I

Notes on Method

Additional instructions were given to participants for the analysis of
frozen samples used in the collaborative trial and to accomodate the
large range in analyte concentration.

Section 6 " For the purposes of this collaborative trial standard solutions
should be prepared in the range equivalent to 50-350 pC/kC of
sulphadimidine in the sample."

Section 7.2.1. - for the purposes of the collaborative trial amend to
"Weigh 5 g offrozen sample, allow to thaw and add 25 mL.......".

I
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Determination of Sulphadimidine at Residue Levels

in Cattle kidney, Pig Kidney, Liver and Muscle

Warnings and Safety Precautions

Analysts are reminded that appropriate hazard and risk assessments
required by the Control of Substances Hazardous to Health
Regulations, 1988 (See "Control of Substances Hazardous to Health -
Approved Code of Practice, Control of Substances Hazardous to
Health Regulations, 1988'r) must be made before using this method.

Scope

This procedure may be used to determine sulphadimidine in animal
tissues. This includes kidney, liver and muscle from pigs and cattle.

The method may also be suitable for other tissues and species. e.g.
sheep kidney, milk, eggs, pate, liver sausage and salami.

Principle
Tissue is extracted into 5olo acetic acid in ethyl acetate and the extract

is applied to pre-packed anion and cation exchange columns arranged in
tandem, the former placed on top of the latter. Sulphadimidine is eluted
using 1:l methanol:ammonia, derivatised using fluorescamine, and
quantified using HPLC with fluorescence detection with the excitation
wavelength set at 405 nm and emission at 495 nm.

Sampling
For analysis of tissue sub samples are taken from thin slices through

the frozen sample to gain as representative a sample as possible.
Homogenisation of whole sample is best avoided as loss of analle
through increased enzymic activity may result.

Reagents

Chemicals and solvents are anallical grade reagents except where
stated. Deionised water processed through an Elga UHP (or equivalent) is
used throughout.
4-l Chemicals

4,1.1 Acetone
4.1-2 Acetonitrile
4.1.3 Ammonia solution,35 o/o(w/f

4.1-4 Ammonium acetate

4.

144



J. Assoc. Pubt. Analysts 30, 125-152

4.1.5 Ethyl acetate
4.1.6 Glacial acetic acid
4.1.7 Methanol

4.1.8 Sulphadimidine(Sulphamethazine)
4.1.9 Hexane

4.I.t0 Sodium sulphate, anhydrous

4.l.ll Fluorescamine
4,2 Solutions
4.2.1 5o/o acetic acid in ethyl acetate

Glacial acetic acid (4.1.6.) is diluted 5 mL 100 mL with ethyl
acetate (4.1.5.).

4,2,2 1: I methanol:ammonia
Ammonia solution (4.1,3.) is diluted 50 mL 100 mL with methanol

(4.1.7.). Prepare fresh daily.
4,2.3 HPLC mobile phase

Dissolve 0.77 g ammonium acetate (4.1.a.) in 800 mL water, then
make up to I L with acetonitrib @.12).

4.2.4 2o/o acetic acid solution
Acetic acid (4.1.6) is diluted 2 mL 100 mL with water.

4.2.5 Fluorescaminesolution
Dissolve 6 mg fluorescamine (4.1.11) in 3 mL acetonitrile (4.1.2).

4.3 ColumnPreparations
4,3.1 SAX and SCX Solid Phase Extraction Columns

Condition the Bond-Elut SAX and SCX columns (5.3.2) with 6 mL
hexane (4.1.9) followed by 6 rL 5% acetic acid (4.2.1). Connect the
SCX column to the top ofthe Vac-Elut chamber and connect the SAX
column to the top of the SCX column using an adapter (5.3.1).
Connect a 75 mL reservoir (5.3.3) to the top ofthe SAX column.

Apparatus
5,1 Glassware

5.1.1 Centrifuge tubes, 100 mL capacity.

5.1,3 Glass filter funnels 75 mm diameter
5.1.3 Conical flasks, 150 mL
5.1.4 IIPLC vial inserts, 0.3 mL capacity.

5.1.5 All glass filter holder, 47 mm - Millipore.
5.1.6 Test tubes. 15 mL capacity, to fit blow down apparatus

5.2 Equipment
5.2.1 Homogeniser, Ultra-Turraxorequivalent.
5,2,2 Uitrasonic bath, L&R 1405 or equivalent.

T
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5.2.3 Centrifuge, IEC Centra-7R or equivalent.
5.2,4 Filter paper, 15 cm, t)?e IPS - Whatman.
5.2.5 Nitrogen blow-down apparatus and hot block
5.2.6 Vortex mixer, Whirlimixer (Fisons) or equivalent.

5.2.7 Disposable s),ringes, I and l0 mL capacity.

5.2.8 Disc filter,0.45 pm, HVLP, 13 mm - Millipore U.K. Ltd.
5.2.9 Disposable filter units, 0.2m Anotop or equivalent

5.2.10 Membrane filter, 0.45 pm "Durapore", 47 mm - Millipore U.K.
Ltd.

5,2.11 Safety pipette, 5.0 mL - Gilson Pipetman.

5.2.12 Positive displacement pipette, 25 pL - Gilson
5.2.12 Rotary evaporator, Buchi
5.3. Solid phase extraction
5.3.1. Bond-Elutadapters

5.3.2 Bond-Elut SAX and SCX cartridges, 500 mg/2.8 mL (Jones

Chomatography Ltd).
5,3.3. Bond-Elut reservoirs, 75 mL capacity.

5.3.4 Vac-Elut vacuum manifold, (Jones Chromatography Ltd.).
5,4. High Performance Liquid Chromatography

5.4.1 Pump, LKB 2150 or equivalent.

5.4.2 Column, Waters Radial - Pak 100 mm x 5 mm Nova-Pak C,r,
4m particle size, and RCM 8 x l0 cartridge holder. Flow rate 1.0
mllmin.

5.4.3 Detection, Fluorescence detection. Excitation wavelenglh
405 nm, emission wavelength 495 nm.

5.4.4 Injection, Gilson 231 autosampler, with rack for 300 pl vial
inserts (20 pl injections).

6. Standards
6.1 Sulphadimidine(sulphamethazine) standards:

Solutions of sulphadimidine should be stored in a refrigerator.
Stock solution should be made fresh monthly, intermediate and
working standards weekly.

6.2. Stock standard (100 p/rnl)
Dissolve 10.0 mg standard (4.1.8) in 100 mL methanol (4.1.7).

6.3 Working standard (10 pflmL)
The stock standard (6.2) is diluted 1.0 mL to l0 mL with methanol

(4.1.7).
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7. Procedure

7.1 The extraction should be performed on batches of 10 samples per
day.

7.2. Extraction

7.2.1 Weigh 5 g of finely sliced tissue and add 25 mL 5% acetic acid
solution (4.2.1) into a centrifuge tube (5.1.1). Homogenise (5.2.1) for
approximately. I min. Centrifuge (5.2.3) for approximately 5 min. at
approximately 2500 rpm.

7.2.2 Filter the supematant through a Whatman I PS paper (5.2.4),
containing sodium sulphate, (4.1.10) into a 150mL conical flask
(s.1.3).

7.2.3 Re-extract the remaining residue fiom 7.2.1 (as in 7.2.1 and 7.2,2)
using a further 25 rnL 5o/o acetic acid solution (4.2.1). Homogenise
(5.2.1) for approximately 30s.

7.3. Clean-Up

7.3.1 Apply the pooled fliltrates through the prepared Bond-Elut SAX
and SCX columns (5.3.2, 4.3.1) at a flow-rate of 5 - 10 ml/min (5,3.1,
5.3.3, 5.3.4), by adding the extract to the columns and reducing the
pressure in the Vac-Elut chamber.

THE COLUMN SHOULD NOT BE ALLOfrZD TO RW DRY AT ANY STAGE
DURING THE LOADING, WASHNG AND ELUTION STEPS IS THIS WY
RESULT IN LOIY OR NCONSISTENT RECOYERIES. THE RECO'ZRY
REFERENCE SPIKE (10.2) NCLUDED WITH EACH BATCH WILL NDICATE
WHETHER THE BATCH WILL NEED TO BE REPEATED.

7.3.2 Discard the SAX column.

7.3.3. Wash the SCX column with 5 mL water followed by l0 mL
acetone (4.1.1) and 10 mL acetonitrib (.1.2).

7.3.4 Elute the sulphadimidine, with 10 mL methanol:ammonia solution,
(4.2.2) into a l5 r[ test tube (5.1.6) using a l0 mL syringe (5.2.7).

7.3.5 Place the tubes into the blow-down apparatus (5.2.5) and evaporate
using a gentle stream of nitrogen at 95"C until the samples just reach
dryness.
Do not leave dry exfiacts on the blol' down apparatus.

7.3.6 Add 200 pL 2% acetic acid solution (4.2.4). Vortex mix and add
100 pL fluorescamine solution (4.2,5) and vortex mix again.

7.3.7 Use a I mL syringe to withdraw the extract and pass it through a
0.2 m4 filter (5.2.9) into a 0.3 mL vial insert (5.1.4) .

7.3.8 HPLC is performed on 20 pL of extract.
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FLUORESCAMINE DENVATIVES ARE UNSTABLE. HPLC MUST BE
PERFORMED BETITEEN 20 MNUTES AND 4 HOURS AFTER SAMPLE
PREPARATION.

Interpretation of Chromatographic Data

8.1 Identification of analyte

Identification of suspect peaks is made by comparison of the retention
times of anal)'tes in spiked samples, or in standard solution, with those
of suspect peaks in the sample.

8.2 Standard Curve
A minimum of 2 injections of standard sulphadimidine solutions are
carried out to determine average peak height. Solutions are prepared
by adding an appropriate volume (25 pL gives a standprd of
concentration equivalent to 50 ppb sulphadimidine in a sample,
assuming 100 % recovery) of working standard solution to a 0.3 mL
vial insert, making the volume up to 200 pL rsing 2 oh acetic acid
solution (4.2.4), and adding 100 pL flurescamine solution. The vials
must be capped and mixed well before analysis.

8.3 Correction for recovery.

Recovery of analyte is determined by including with each batch, two
blank samples spiked with sulphadimidine at 100 ppb. A blank is also
included with each batch. The recovery should be between 50 and
ll0o/o.

8.4 Calculationofresults
The concentration of sulphadimidine in the meat sample is calculated
from the standard curve, using a least squares technique, and the result
corrected for recovery.

Quality Assurance Procedures

9.1 Validation ofmethod prior to use

When this method is to be used by an operator for the first time it
should be validated for in house repeatability and reproducibility. The
full procedure should be carried out on one batch of samples on each
of thrce separate days. Each batch will consist ofup to eight samples
of which six are spiked at the 0.05 or 0.1 mg/kg level (25 or 50 pL of
working standard (6.3)). Batches should include at least one blank
sample. All tissue should be from the same source.
'When returning to the method after a break, a validation analysis
should be carried out. This should consist of at least one batch of
samples.

Recovery of anallte should fall within the range 50 - 110%. Relative
standard deviation values should be less than 15% for inter and intra
batch precision.
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""-.L,:l:3T"#"ip"ots
Pre-Trial

Laboratory I
Obtained erratic and low recoveries. Diluted sample.

Laboratory 2

lnitially obtained low recoveries.

Laboratory 3

Novopak Cl8 3.9x 150. Recovery 4l %

Laboratory 4

Centrifu gation not necessary.

Laboratory 5
Used Lichrospher RPl8 100 mm x 4.6 mm x 5 pm with 20 mm x 2
mm pre-column packed with Co-pell ODS C18 30-38 pm. Extracts
were filtered directly into Bond Elut reservoir rather than being
pooled. This served to wash the retained remnants through the filter.
Used 500 ppb std for quantification.

Laboratory 6
Used a Hypersil ODS column. Used a strong standard for
quantification.

Laboratory 8

Hypersil 5ODS. Problems encountered with dilution. Instruction
required in method.

Laboratory 9

Chrompak ODS 2 150mm x 4.6mm. Variable recoveries, problem not
resolved.

Laboratory 10

Partisil ODS II l0 pm x 25 cm gave long retention times. Suction
apparatus used instead of Vac-Elut system. Water bath at 95'C with
nitrogen stream instead of blow down apparatus. Problems
maintaining a head of liquid over the SCX material. Darkening of

I
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ammonirmethanol extract on evaporation. Problems obtaining
suitable blank samples.

Laboratory 11

APEX ODS 5 p 250 x 40 mm with 28 % CH3CN. Liquid resisted
evaporation. Brown material resisted cleanup. Minor changes made to
the method.

Laboratory 13

Spherisorb ODS2 25cm. Dilution or smaller sample weight was used.

Trial Proper
Laboratory 2

Deviations from the specified procedure:

7.2.1 the minimum volume of extraction solution was 50 mL for a
Silverson top-drive. This resulted in a total volume of 125 mL
7.2.2 59 of sodium sulphate was used.

7.3.1 a 2.p.s. 24 vacuum station was utilised for the column
chromatography.

7.3.5 evaporation was afforded at 65'C.

3.6 residue was re-dissolved in 0.5 n'i- of 2 o/o aqueous acetic acid.

Laboratory 3

Samples were stored in a refrigerator in methanol: ammonia solution
(4.2.2) prior to analysis.

Steps 7.3.5,7.3.8 were always carried out on the same day. HPLC
mobile phase 21% CH3CN 79 7o ammonium acetate buffer using low
pressure mixing. Flow rate 2 ml/min.

Laboratory 4

The centrifuge step was omitted from the extraction. About 2 mL of 5
oh acetic acid solution (4.2.1) was added to both NH, and SCX
columns before loading the sample extract. Peak areas were used for
quantification. The derivitisation did not appear to work properly for
standard solutions r here the volume of 2 o/o acetic acid used in the
make up fell below approximately 100 pL. In this case the standard
solution was evaporated to dryness and dissolved in 200 pL of 2 o/o

acetic acid.

Laboratory 5

Standards made up as recommended gave a curved calibration. A
straight line calibration was obtained by diluting the appropriate
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volume of 10 pglntl- sulphadimidine (e.9. 25 pL for a 50 ppb
standard) to 400 pL with ZYo acetic acid and treated with 200 pL of
fluorescamine. This also eliminated problems due to the small final
sample volume. Other modifications as noted for pre-trial. Where
dilutions of the final analysis solution were required (despite note to
8.2) these were made as follows: 60 pL solution, 40pL 2 Vo acetic
acid, 20 pL fluorescamine. Final analysis solutions were allowed to
stand at room tempemture for 20 minutes after mixing, then
transferred to a refrigerator and only removed at the time of injection.

Laboratory 6

Sample blanks yielded small peaks (24 pglkg) after applying 1.47
recovery factor. despite stringent efforts not to contaminate these
samples with traces of sulphadimidine. Hence greatest error in results
will be for lower level sulphadimidine samples, i.e. samples 431 and
435, where their levels are very close to therlowest detectable level'.
To avoid declaring a false positive result, it may be safer to assume a
higher detection limit, e.g. none detected,/ less than 50 pglkg.

Laboratory 7

Sample solutions made up to 0.9 mL (not 0.3) before filtering and
HPLC.

Laboratory 8
The detector used for this trial was a Perkin-Elmer fluorescence
spectrometer LS-38. As noted at the end of the pre{rial this detector
seems to be more sensitive than the written method allows for (the
maximum output ofthe detector is I volt). This is equivalent to l0 4L
of 2 pglmL sulphadimidine standard solution. Solutions were
therefore made more dilute by adding more than the stated amount of
2 o/o acetic acid and the fluorescamine solutions at the step 7.3.6.
Additionally to reduce sensitivity, l0 4L sample loop was used in
place ofthe 20lL loop stated in the method.

Laboratory 9

Standard solutions prepared in the range equivalent to 50-350 pg/kg in
the sample, according to method. 8.2 (standard curve) gives an
unusable calibration graph. In order to obtain results for this trial
suitable aliquots of working standard sulphadimidine solutions were
evaporated to dry.ness as at 7.3.5 and prepared for HPLC as in 7.3.6
and 7-3.7. A four point calibration graph gave a linear response. The
HPLC flow rate was increased to 2.5 mllmin to give a sulphadimidine
retention time of 8 minutes.

l5t
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Laboratory 10

During the trial a recovery of l4.4Yo was recorded for spiked sample
material, as opposed to 18-25% at the time of the pre+rial. No reason
for this has been identified, but the recovery was found to be
repeatable, therefore the results have been corrected appropriately.
The method as amended specified standard solutions in the range
equivalent to 50-350 pglkg of sulphadimidine in the sample.
Assuming 1000/o recovery, this corresponds to 0.83 -5.83 pglml- in the
solution as injected into the HPLC. We found the linear range of
calibration to extend only up to a maximum of 4 glmL as injected
(though given the poor recovery of 14.4o/o this corresponds to some
1660 pgkg in the sample.

Laboratory 11

Due to an instrument failure, the analysis of the spiked extract could
not be repeated. In view of past experience 62Yo has been taken as
typical recovery. HPLC was satisfactory using a column of Apex
ODS, 3 m, 250x 4 mm, wilh 28 y;o acetonitrile in the mobile phase
giving a retention time of 7 min. Injections were made manually by
slringe. Macerator head is not specified : we used T25-18G at 20,500
rpm which was the highest speed not to cause excessive heat when the
head had been rinsed by ruming in cold water before each use. We
interpreted 7.2 to mean that the second extract follows the first
through the same filter, but doubt whether there is sufficient rinsing to
recover sulphadimidine trapped in the partly hydrated sodium
sulphate. The extract was dried down on a waterbath; it is difficult to
see how the moment of dryness can be observed when using a

hot-block. A deposit of brown solid fiom drying dowl the extracts is
not re-dissolved in the acetic acid solution; it may have trapped some
sulphadimidine.

Laboratory 13

The blank levels were (i) laboratory blank 5.5 pglkg; FSL blank 27.0
pglkg; these were taken into account when calculating recovery.
HPLC calibration: to avoid potential errors in the dispensing of very
small volumes, a working standard containiq I pdkC was used. The
larger volumes required were evaporated and treated as in steps 7.3.5
tt\d 7.3.6. Linearity was checked up to the equivalent of 460 pglkg of
sulphadimidine in the sample (assuming 100 % recovery). The higher
levels found in a few ofthe samples were determined on a test portion
of less than 5 g.

Laboratory 14

Since the pre-trial the retention time of the sulphadimidine had almost
doubled. The samples were run with a flow rate of 1.5 ml/min. The
blanks provided gave results of 15 pglkg.
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ERRATA

Due to an omission in volume 30 part II, the final paragraphs ofthe report ofthe Hon.
Secretary of the Association were not published. Please read these paragraphs in
conjunction with the Annual report ofthe Honarary Secretary of the Association, Dr,
Petcr Clare, J.A.P.A. 30(2) 89-95

European Issues

Late in the year Council Directive 93l99lEEC on the Subject of
Additional Measures conceming the Official Control of Foodstufls
was published. This directive complements Council Directive
89/397 /EEC the Food Control Directive concemed with the inspection,
sampling and analysis, stalf hygiene, examination of records and

verification systems for the control of foods. The "Additional Measures"
directive sets out the requirements for accreditation and performance

criteria for official laboratories and qualification requirements for food
control officials. The implementation of these criteria in the United
Kingdom is expected to be considered in the form of a series of
discussion papers with the Ministry ofAgriculture, Fisheries and Food.

The forum of the Food Law Enforcement Practitioners (FLEP) met in
June in Mastrict. 33 delegates from EC countries were present, the
Association being represented by the President. Topics raised at this
meeting included food frauds, the meaning of basic terms such as meat
and milk, co-ordinated sampling and analysis programme, standards for
the training offood law practitioners and the quality.
The Joumal ofthe Association is also finding invaluable contacts within
the community. Support from the Food Science Laboratories of MAFF
in the form ofa series ofvalidated methods for the analysis of foods and

of collaborative trials of analytical methods to which Public Analysts
Laboratories have contributed form the backbone to the published
papers. The Joumal is now widely available tkoughout the community
and it is anticipated to be in increasing demand with the introduction
of requirements for accreditation in official laboratories.

Conclusion
Public Analysts are analytical scientists whose functions are

specifically written into statute with corresponding prescribed

responsibilities, who must be formally appointed by the Enforcing
Authority and report to that authority, and who are charged with

T
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providing expert opinion on matters referred to them. These terms of
reference are therefore very wide, encapsulated in law and rest on the
results of analysis and testing and on expert opinion based on these
results and related experience.

These responsibilities are reflected in the annual statistics of samples
analysed and other work undertaken and which is presented and

discussed in the Annual Statistics fff the Association which are

produced by Mr. P. Lenartowicz.

Local govemment reorganisation and developments in food legislation
brought about as a consequence of community membership will together
provide demanding challenges to members of the Association- It is

therefore fitting to conclude this arurual report with the final comment
of25 years ago contained in the Annual Report of Council for 1968

presented by Mr.F.A.Lyne when the Report of the Royal Commission on
Local Govemment was about to be published. This subsequently lead to
the corresponding reorganisation of local govemment of 1973 in
Scotland and 1974 in the rest ofthe United Kingdom . "It remains to be

seen how the future pattem will emerge but the pioneers who laid the
foundations ofthe Public Analysts service a century ago , were men of
enthusiasm, integrity and dedication and to paraphrase Isaac Newton' if
we now see a little further than we did, it is because we stand on tle
shoulders ofgiants"'-
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