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L'IDENTIFICATION DU POISSON IRRADIE: UNE ETUDE

par

Noemi Chuaqu i -Of fe rmanns

RESUME

Dans le présent rapport, on étudie différentes techniques de

détection permettant de savoir si le poisson et les produits du poisson sont

irradiés. II. y a une brève description de chaque technique suivie d'un

examen de ses avantages et inconvénients. On en conclu qu'aucunes des

techniques dont on dispose jusqu'ici ne peuvent établir indubitablement si

le poisson est irradié ou ne l'est pas et, s'il l'est, à quelle dose. On

recommande d'exécuter un programme de recherche à court terme pour vérifier

la convenance de la technique de l.'orthotyrosine pour la détection de

L'irradiation du poisson. Bien que cette technique ne soit pas entièrement

mise au point, les résultats préliminaires obtenus avec la viande de poulet

sont très prometteurs.

L'Énergie Atomique du Canada, Limitée
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THE IDENTIFICATION OF IRRADIATED FISH: A REVIEW

by

Noemi Chuaqui-Offermanns

ABSTRACT

This report reviews different methods of detecting whether fish

and fish products have been irradiated. A brief description of each method

is followed by a discussion of its advantages and disadvantages. It is

concluded that none of the methods available to date can establish beyond

doubt whether fish has been irradiated or not and to what dose. It is

recommended that a short-term research program be carried out to test the

suitability of the o-tyrosine method to detect radiation treatment of fish.

Although the method has not been fully developed, the preliminary results

with chicken meat are very promising.
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1. INTRODUCTION

Radiation processing is an effective method for extending the
shelf life of fish and fish products [1,2]. Radiation doses of 0.75 to
2.5 kGy can successfully extend the shelf life of the product(s' two to
three times as compared to unirradiated controls. Because the process has
great commercial, potential., a method is needed to detect radiation-treated
products and to determine the dose they were exposed to. The availability
of such a method would improve quality assurance as well as facilitate
approval, of the process by the regulatory agencies.

Several methods have been described, but their success has been
limited [3,4,5, Appendix A]. Early methods involved measurement of the
electrical, resistance of fish [4], organoleptic tests, bacteriological tests
[3], etc. In recent years, with the development of new analytical
techniques—capillary gas chromatography (GC), mass spectrometry, HPLC and
more sophisticated electron paramagnetic resonance (epr) instrumentation—
new approaches have been taken.

The characterization of unique products resulting from the inter-
action of ionizing radiation with nutrient components of food are the basis
of these new approaches. To date, availability of the new techniques has
made it possible to succeed in the identification of one of these products,
namely o-tyrosine [6,7]. Its abundance and yields, however, are yet unknown
[8] and a whole new field of research is open to establish good methods to
detect and quantify radiation treatment of foods.

The main objective of this report is to review the different
published methods to detect radiation treatment of fish. Each method will
be briefly described, and a discussion of the advantages and disadvantages
of its application will follow. Hopefully, this review will be helpful, in
finding new avenues to explore the problem.

2. SPECIFIC METHODS TO DETECT RADIATION TREATMENT OF FISH AND FISH PRODUCTS

2.1 ELECTRICAL (AC) RESISTANCE OF IRRADIATED FISH [4]

2.1.1 Principle

This method was proposed by Ehlerman et al.. [4] as a result of a
research program conducted for several years at the Institute of Radiation
Technology in Karlsruhe, West Germany.

The method is based on the alteration of the electrical properties
of the tissue caused by radiation doses of 2 kGy and higher. The resistance
of animal, and plant tissues to the passage of alternating current has been
attributed to cell membranes and to the protoplasm. Membranes have the
property to retain or release certain ions selectively; therefore, a total
charge is kept on the membrane, creating a capacitance effect. Protoplasmic
capacitance is due to similar factors: ions are freed or immobilized by
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complexation mechanisms. This ion-bLnding capability is lost when the cells
of a tissue die. If a current is sent through the tissue, the measured
resistance is composed of both membrane and protoplasmic components. As the
tissue deteriorates, the ac resistance decreases, reflecting the decrease of
the overall, capacitance of the tissue.

How is this capacitance component measured?

It is well known that the ac impedance has two components: one is
the capacitive part, and the other is the ohmic part. The capacitive
impedance depends on the frequency of the current, whereas the ohmic part is
independent of frequency. From appropriate measurements, at suitable
frequencies, the ohmic part and the capacitive part of the ac impedance can
be calculated separately. The capacitive contribution in fish is calculated
by measuring the impedance of the tissue at two frequencies, 1 and
16 Hertz.

Measurement of the capacitive impedance of the tissue is used to
assess the shelf life [9,10]. It should be noted, however, that the
capacitive impedance per se does not give the best results; therefore, a
ratio called Q value [11] is used, calculated according to the following
equation:

Q = Zlow ~ ZhiKh. 100% (1)
Zhigh

where

Z = impedance of the sample,
= impedance at low frequency, and
= impedance at high frequency.

The impedance of a homogeneous tissue is directly proportional to the
distance between measuring electrodes. The Q values, by definition, are
independent of the length.

The principle described above is the basis of the electrical,
resistance (ac) method to detect radiation treatment of fish.

2.1.2 Results

The method was tested using fresh saltwater and freshwater fish:
trout, cod, haddock and red fish. The measurements were done with a modi-
fied version of the "Fish-Tester", an instrument invented by Hennings [9] to
determine quality of fresh fish by measuring the impedance of the tissue at
two frequencies. This instrument operated at fixed frequencies (1 and
16 kHZ). In order to have a full range of frequencies, an alternating
current resistance bridge was set up. The results from the study can be
summarized as follows:

1. The Q values calculated from measurements of impedances at different
frequencies were of practical, significance;
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i. At frequencies of 1 and 16 kHz, the Q(l,16) values are sensitive to
time of storage and radiation dose (the minimum detectable
radiation dose is 2 kGy); and

ii. The Q(16,100) values calculated from impedance measured at 16 and
100 kHz are independent of the dose and give indication of true
storage time.

2. The biological, variation within a given sample lot is considerable.
This variation affects the measurements; therefore, a large number of
samples needs to be measured in order to compensate for these effects.
With trout and red fish, a sample size of 20 fish is recommended.

3. Automation is needed to measure a large number of samples in a short
period of time. This can be achieved by the use of a modified
"Fish-Tester" working at three frequencies.

2.1.3 Discussion

This method can be used to identify fish irradiated with doses
above 2 kGy if the true storage time is known from measurements at the
higher frequencies. A decision whether or not a particular batch of fish
has been irradiated can only be made on the basis of measurements done on a
large number of samples.

There are two major disadvantages of this method: a) it is
insensitive to doses below 2 kGy, and b) a large number of samples has to be
measured in order to arrive at a valid conclusion. The major advantage of
the method is that it requires very little sample preparation.

2.1.4 Present Status

The electrical, conductivity method has been studied as a possible
means of identifying irradiated potatoes [12]. No further research
involving irradiated fish has been reported.

2.2 INCREASED LEVELS OF N-ACETYL-ft-GLUCOSAMINIDASE AND ACID
PHOSPHATASE AS INDICATORS OF IRRADIATED FISH [5]

2.2.1 Principle

The method is based on susceptibility of lysosomes to damage by
irradiation [13,14]. This damage is reflected by an increase in the release
of hydrolases, e.g., N-acetyl-f}-glucosaminidase and acid phosphatase, after
irradiation and storage of fish.

2.2.2 Results

The activities of two lysosomal enzymes, N-acetyL-fJ-glucosamini-
dase and acid phosphatase, were determined in representative species of
medium fatty fish (white pomfret), lean fish (Bombay duck), crustacean
(shrimp) and freshwater fish (Tilapia mossambica).



The enzyme activities in the pressed juice of the four species of
fish irradiated at 2.5 kGy and stored up to 9 days are shown in Table 1
and 2.

It is evident that the activity of N-acetyl.-B-glucosaminidase in
the pressed juice of irradiated fish was greater than that in the fresh
unirradiated fish (0 day of storage). In irradiated Bombay duck and shrimp,
highly significant increases in the level, of N-acetylr-p-glucosaminidase were
observed throughout the total period of the study. In T. mossambica, signi-
ficant differences from fresh unirradiated control, were observed on the 6th
and 9th day of storage. In promfret, high levels of the enzyme were found
consistently in the irradiated sample during the 9 days of storage.

The activity levels of acid phosphatase in the pressed juice of
pomfret, Bombay duck and T. mossambica were highly increased after irradia-
tion and storage. In shrimps, the enzyme activity did not change
appreciably after irradiation.

The results show that irradiated fish could be detected on the
basis of increased activities of lysosomal. enzymes in pressed juice.

2.2.3 Discussion

The proposed method has the following limitations:

(i) It is known that freeze and thaw cycles produce breakdown of lyso-
somal membranes [15], leading to release of bound enzymes. It has
been reported [15] that the damage to the lysosomal. membrane
caused by radiation does not result in as much release of bound
activity as does freezing and thawing. In order to differentiate
between the two treatments (freezing-thawing and radiation), the
increase in the bound activity of the two marker enzymes in
samples subjected to each treatment has to be determined.

(ii) The spoilage of unirradiated fish is the result of the combined
action of microorganisms and autolysis, whereas spoilage of irra-
diated fish is caused mainly by autolysis. As mentioned previous-
ly, radiation induces the release of autolytic enzymes by damaging
the lipoproteins in the membranes of the lysosomes. However, this
is not unique to radiation. Spoilage bacteria present in
unirradiated fish produce enzymes that also alter the integrity of
the lysosomal. membrane and allow the release of lysosomal. enzymes.
In fresh fish where the initial bacterial load is low [1,2], this
effect is small.; however, as the bacteria load increases logarith-
mically with time, this effect will increase as well. In order to
successfully apply this method, the level, of the two marker
enzymes has to be determined in unirradiated fish stored for
different lengths of time.

(iii) The indicator enzymes that are sensitive to radiation may vary
from species to species because of different binding
characteristics. Therefore, these indicators enzymes have to be
identified for each species of fish.



TABU21

ACTIVITY OF N-ACEIYL-&-auooaamJIIIASE IN PRESS JUICE OF

CNTKRADIAIED AND IRRADIATED FISH *

Fish Variety l a y s of Storage a t 0 - 2°C
3

Posfret

Shrimp

Bn-'rviy duck.

Control
Irradiated

Control
Irradiated

Control
Irradiated

Control
Irradiated

13.53 ± 1.13
15.19

10.50 ± 0.74
16.76 ± 0.91++

23.56 ± 2.50

8.30 i 0.36
15.06 ± 0.42-

1021 ±0.25
15.26 ± 0.87NS

13.39 ±2.32
20.86 ± 0.59+++

24.77 ±1.43
30.65+ 1.72+

13137 ± 0.50

13.31 ±1.41
16.95 ±0.78++

13.77 ±0.26
20.22 ±1.73+++

34.09 ±1.51++

14.04 ±0.32+++

21.50 ±1.88++

25.51 ±1.12+++

47.01 ±4.01+++

14.33 ±0.21+++

Fish Varier/

Posrret

Shl±3D

T. mossanbica

Bcobay duck

TASLE 2

ACID PHOSFHAIASK IT.TLS EJ PRESS JUICE OF UNTKRADLATED AND IRRADLilED FISH

0
Cays of Storage at 0 - 2°C

3

Control
Irradiated

Control
Irradiated

Control
Irradiated

Control
Irradiated

20.09 t 1.92
27.94 ± 3.7&NS

4^i2 ± 0.80
5.02 ± 0.88.NS

t 0.37
21.28 ± 0.41NS

±0.19
1.61 ± 0.37NS

19X11 ± 2.65
25.31 ± 1.15+

3.93 ± 0.92
4.60 ± 0.83NS

20^6 ±2.01
22.59 ± 1.69NS

2.51 ±0.13
2.71 ± 0.20+++

19.27 ±0.52
25.79 ±0.7CH-

2.26
3.65 ±1.18NS

29.07 ±2.80+

1.847

25.02 ±0.38+

5.55 ±

29.57 ±1.77++

1.775

The enzyme activity is e^iressed as nmoles of nitrophenol liberated in the press juice/g fish/h. The values are the mean
±SD of six determinations. The activity in irradiated fish (250 krad**) is statistically different from control fish at +,
P <0.05; ++, P <0.01 and+++, P <0.001. NS, not significant. The statistical conparison have been made betaeen the enzyme
levels of irradiated fish and those of unirradiated fresh fish (storage day * 0).

* Ifata taken from [5]
** 1 rad - 0.01 Gy

i

I
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2.2.4 Present Status

No new developments have been reported.

2.3 PRELIMINARY STUDIES ON THE EFFECT OF IRRADIATION ON THE
SARCOPLASMIC PROTEINS OF FISH MUSCLE (18)

2.3.1 Principle

The sarcoplasmic proteins in fish muscle are characteristic of the
species. This property has been used to identify the different fish
species, either by classical. [17,18] or isoelectric focussing electropho-
resis [19] of sarcoplasmic proteins.

3.3.2 Results

It was observed [16] by isoelectric focusing that the sarcoplasmic
proteins of sole, cod and mackerel, were modified by irradiations
at doses of 5.0 kGy and higher.

2.3.3 Discussion

These are very preliminary results and further studies are
necessary to quantify the observed changes as well, as to determine if these
changes are unique to radiation treatment of fish.

2.3.4 Present Status

No further developments have been reported.

2.4 DETECTION OF IRRADIATION OF PREPACKED FRESH FISH AND SHRIMP ON
THE BASIS OF THE MICROBIAL FLORA [3]

2.4.1 Principle

This method is based on the different radiosensitivity of the
various bacterial species responsible for the spoilage of fish and fish
products. The different types of colonies present in irradiated and unirra-
diated fish are identified in a special, modified Long and Hammer's growth
medium.

2.4.2 Results

The studies were done on unirradiated and irradiated (1.0 kGy)
samples of cod, plaice and shrimps caught in Netherlands.

The results shown in Table 3 indicate that Moraxella-like bacteria
are the predominant colonies present in irradiated samples.

A frequency distribution study of the colonies of Pseudomonas
putresfaciens and Photobacterium present in prepackaged very fresh cod and
plaice fillets, stored at 3 to 4°C for 2 to 12 days, indicate that:
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TABLE 3

IDENTIFICATION OF DIFFERENT TYPES OF COLONIES GROWN ON

MODIFIED LONG AND HAMMER'S MEDIUM

Type of colony and
number of isolates

Identification Source

"Salmon pink"
24

"Pale creamy
brownish"
9

"Small frosted
glass-like"
6

"Greyish-white and
wrinkled greyish-white
81"

Miscellaneous types
59

Pseudomonas putrefaciens
19
related undefined group
5

Typical shrimp spoilers,
(presumptive Alteromonas)
9

Photobacterium

Moraxella-like

81

Pseudomonas Group I 3
Pseudomonas Group II 17
Pseudomonas Groups III/IV 2
Ps. putrefaciens 2
Related undefined group 10
Flavobacterium 3
Moraxella-like 18
Acinetobacter 3
Coryneform 1

Unirradiated
fish

Unirradiated
shrimp

Unirradiated
fish

Irradiated fish
and shrimp

Unirradiated
fish and shrimp

a) In 58% of the stored samples (2 to 12 days), P£. putrefaciens con-
stituted more than 10% of the total flora;

b) In 60% of the stored samples (2 to 12 days), Photobacterium spp
constituted more than 10% of the totaL flora; and

c) In 52% of the samples, these two groups together formed the
majority of the totaL flora.

In the irradiated counterparts of these samples, stored up to
21 days at 3 to 4°C, it was found that, in 89% of the samples,
Moraxella-type bacteria constituted over 90% of the total flora.

similar:
The results obtained from studies conducted with shrimps were very
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a) Moraxella type-colonies constituted over 90% of the total, counts
in 85% of irradiated shrimps samples not preserved with benzoic
acid; and

b) The gram-negative flora, including the typical "shrimp spoilers"
in unirradiated shrimp and the Moraxella-type in irradiated
samples are inhibited by benzoic acid. Benzoic acid favoured the
growth of gram-positive flora like lactobacilli.

2.4.3 Discussion

The method had its limitations. The microflora present in fish
depends on many factors: geographical region (fishing grounds), season and
handling procedures after landing. These factors restrict the application
of the method to very specific cases. It can be applied only when the
origin and a bacteriological profile of the caught fish are known. Also, it
has to be assumed that good handling practices have been used.

At this stage, the proposed method is qualitative: it indicates
if the fish has or has not been irradiated, but there is no indication of
the dose. The method cannot be used if a preservative has been added to it,
e.g., benzoic acid.

2.4.4 Present Status

Further studies of this method focussed on the detection of
irradiation of tropical shrimps [20].

2.5 THE LEVEL OF SULFHYDRYL GROUPS AS AN INDICATOR OF RADIATION TREAT-
MENT OF PORK [21], CHICKEN [22] AND FISH [23]

2.5.1 Principle

The method is based on the radiation-induced lowering of the
highly radiation sensitive sulfhydryl. groups in animal, tissue [21,22,23],
This effect is observed in a dose range of a few to several kGy [21,22,23],
The sulfhydryl content of irradiated and unirradiated (control) animal
tissue is determined spectrophotometrically by reaction with
6,6-dithionicotinic acid.

2.5.2 Results

The studies were conducted with chicken meat [21], pork meat [22],
and fish. Irradiations were done at doses ranging from 10 to 25 kGy, at
room temperature and in the presence of air.

In general., the sulfhydryl content of various samples decreased as
the irradiation dose was increased (Figure 1). No recovery from, or repair
of, the radiation damage was observed (Figure 2).

The gradient of the dose-effect curve (Figure la) decreases with
increasing doses, being higher at doses below 5 kGy than at doses above
10 kGy. Therefore, the radiation-induced loss of sulfhydryl. group in the
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10 —

0.5 IS

Dose (Mrad)
2.0 1.5

W-

0.5 1.0 15 20

Dose (Mrad)

FIGURE 1: Radiation-Induced Loss of Protein SuLf hydryL Groups in
Poultry Meat [22].
a) Linear plot of dose effect relationship

(t-SH]/[-SH]0 against dose D (Mrad)).
b) Semilogarithmic plot of dose-effect relationship

([lg(t-SH]/[-SH]0) against D (Mrad)).
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FIGURE 2: Influence of Storage Duration at -18°C on the
Sulfhydryl Group Content of Irradiated Tissue
(dose: 0.75 Hrad) [22]

protein fraction of different meat tissues is expressed as a double
exponential function as follows:

where

t-SH]/[-SH]o = ae~
aD

[-SH] = concentration of SH groups (mol/mg protein) in irradiated
tissue,

[-SH]O= concentration of SH groups in unirradiated tissue,
a = fraction of more radiosensitive sulfhyldryL groups (below

5 kGy),
b = fraction of the less radiosensitive sulfhydryl groups

(10 kGy),
a = radiosensitivity of the fraction a of sulfhydryl. content,
(J • radiosensitivity of the fraction b of the sulfhydryl

content, and
D = dose.

The values for the factors a, b, o and p are obtained from the
semilogarithmic plot of the dose-effect curve (Figure lb). This curve is
broken into two straight lines by substracting the values of the last
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straight part of the curve from the composite curve. These two lines
correspond to radiation-induced oxidation of sulfhydryl groups in the two
fractions of different radiosensitivity. The factors a and p correspond to
the gradient of these lines and the intersection points of the lines with
the ordinate represent the values for a and b. The factors a and b and a
and P are listed in Table 4. The most radiosensitive fraction, a, of
sulfhydryl group represents approximately 23 to 50% of the total sulfhydryl
content and is about ten times more sensitive than the fraction b.

TABLE 4

CHARACTERISTIC DATA OF THE DOSE-EFFECT RELATIONS

Material

10~6rad~1

1.
2.
3.
4.
5.

* l

2.5

Pork fillets
Pork liver
Pork heart
Chicken leg
Red fish (Ocean

Perch)

rad = 0.01 Gy

.3 Discussion

0.47
0.50
0.23
0.26
0.40

0.53
0.50
0.77
0.74
0.60

2.0
2.5
8.0
7.0
4.6

0.45
0.52
0.70
0.60
0.62

It has been concluded that the spectrophotometric determination of
sulfhydryl. content in irradiated and unirradiated meat and fish could serve
as a helpful method in identification of irradiated material.

It was recommended that, for identification of possibly irradiated
materials, the sulfhydryl. content should be determined first. This
information together with the availability of the dose-effect parameters (a,
P, a, b previously determined) should make differentiation between
irradiated and unirradiated material, possible. In case of a sample where
these parameters are unknown, re-irradiation experiments at several doses
should lead to similar dose-effect relations as the ones described for
chicken (leg), fish (fillets) and pork (liver, heart and fillets). These
results, together with the determination of the sulfhydryl. content of the
sample, should allow detection of radiation treatment.

The method has its limitations. It is applicable to samples that
have not been treated with chemicals to alter the sulfhydryl. content. Also,
the sulfhydryl content of unirradiated samples has to be known as a function
of storage time.

It is applicable to samples irradiated in air. The most probable
mechanism for the observed decrease in the content of sulfhydryl. group is an
oxygen mediated one. In its absence the radiation effect might be
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insignificant. Furthermore, it has been reported (26) that no change in
sulfhydryl content of meats is observed in samples irradiated under vacuum.
A significant decrease is observed in the sulfhydryl. content of the
sarcoplasmic proteins only after irradiation at very high doses (50 kGy).
Delincee (24) suggests that the observed decrease is probably due to a
decrease in the solubility of the proteins.

Furthermore, there are several, aspects that need to be
investigated:

a) Influence of temperature of irradiation on the sulfhydryl.
content,

b) Effects of other treatments such as freezing or heating on the
sulfhydryl content, and

c) Whether re-irradiation leads to similar dose-effect relations as
the ones described for samples not previously irradiated.

2.5.4 Present Status

No further developments have been reported.

3. NEW TECHNOLOGIES

3.1 CHROMATOGRAPHY

Dramatic advances in chromatography have increased the sensitivi-
ty, resolution, versatility and reliability of the method, resulting in its
more widespread use in food chemistry.

3.1.1 Capillary Gas Chromato°raphy (GC)

In recent years, two major advances in capillary GC have taken
place: a) the introduction of fused silica capillary columns and b) the
development of stationary phases for capillary columns [25]. The commercial
availability of fused silica columns with immobilized stationary phases of
varying polarities has made it possible to separate and quantify a wide
variety of compounds, such as amino acids, vitamins, and lipids (fatty
acid).

The combination of GC with Mass Spectrometry (MS) has become an
important method for separation, quantitation and identification of amino
acids, volatile products of diverse origin and other food-related compounds.
The GC-MS technique is being used to detect radiation-induced products in
foods with high protein content [Karam, personal, communication]. The GC-MS
for amino acid analysis method is selective, sensitive, precise, accurate
and versatile.

3.1.2 Liquid Chromatography

Advances in HPLC, such as development of new columns, improvement
in the detection devices (diode array detector) and computerized data
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analysis, have decreased the analysis time, lowered the detection limits
andsimplified sample preparation methods. The development of HPLC methods
to detect amino acids in the picomole range of concentration [26] has been a
major advancement in the field of protein and amino acid analyses.

3.2. ELECTRON PARAMAGNETIC RESONANCE (EPR)

Epr spectrometry allows selective determination of active organic
species (free radicals), transition metal, ions and certain lattice defects
in crystals from a sample of mixed composition. Furthermore, by analyzing
the shape of the signal.(s) of the epr spectra, information is obtained about
the chemical state of these components in the sample.

In recent years, this technique has been widely used in food
research areas to study changes in food that take place during processing
and storage [27], and to detect radiation-induced free radicals in a range
of foodstuffs [Desrosiers, personal communication; 28,29,30].

In these studies, the existence of long-lived free radicals
characteristic of the ionizing radiation treatment and recognizable even in
the absence of comparable unirradiated food has been reported. The method
appears to be highly suitable for identification of irradiated food
containing bone or calcified cuticule (chicken, fish and crustacean). The
method has been also recommended for detection of irradiation treatment in
other food containing lignocellulosic material. The method is being further
developed [Desrosiers, personal, communication] to be used for measuring the
actual dose given to the food.

4. CONCLUSIONS

It can be concluded from these reviews that to date there is no
fully tested method to determine beyond doubt whether fish has been
irradiated or not and to what dose. The new technologies, however, offer a
wide range of possibilities, which should be explored.

5. RECOMMENDATIONS

Some of the most promising methods, not fully developed yet, are
o-tyrosine method [7,8], detection of long-lived free radicals in bones and
lignocellulosic materials [27,28,29,30] and identification of volatiles
unique to the radiation treatment.

The field to be explored is very wide and it might involve a large
research effort to develop an "ideal" method: quick, simple, reliable,
unique, etc. At present, the o-tyrosine method is the one that seems to be
very promising. The preliminary results with chicken meat [Karam, personal,
communication] are very encouraging. Because it has been reported that
o-tyrosine might be a unique radiolytic product [8], the method is not very
complicated, and there is a good correlation between radiation dose and
level of o-tyrosine formed, it would be worthwhile, as a short-term effort,
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i) To test the suitability of the o-tyrosine method to detect and
quantify radiation treatment in fish and

ii) If the method is adequate, find methods other than GC-MS to
detect the small amounts of o-tyrosine formed as result of the
radiation treatment.
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APPENDIX A

THE IDENTIFICATION OF IRRADIATED FOOD STUFFS
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