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SUMMARY

A number of decontamination experiments have been per -
formed on intact pig skin. In most of the experiments NaI-131 in wa-
ter solution has been utilized because this nuclide is widely used with-
in the Studsvik research establishment, is easy to detect and relative-
ly harmless , and is practical to use in these experiments. Among the
|3 ~Y-nuclides studied 1-131 has furthermore proved to be the one most
difficult to remove from the skin. The following conclusions and r e -
commendations regarding the decontamination of skin are therefore
valid primarily for iodine in the form of Nal, but are probably also
applicable to many other J3 -y -nuclides.

a) A prolonged interval between contamination and decontamina-
tion has a negative effect on the result of the decontamination.
Therefore start decontamination as soon as possible after the
contamination.

b) Soap and water has proved to be the most suitable decontami-
nation agent. A number of other agents have appeared to be
harmful to the skin. Therefore, first of all use only soap and
water in connection with gentle rubbing.

c) No clear connection between the temperature of the water for
washing and the result of the decontamination has been de-
monstrated.

d) Skin not degreased before the contamination seems to be some-
what easier to decontaminate than degreased skin, part icular-
ly if the activity has been on the skin for a long time. There-
fore do not remove the sebum of the skin when engaged on ra -
dioactive work involving contamination r isks.

e) Irrigation of the contaminated surface with a solution contain-
ing the corresponding inactive ions or ordinary water in large
quantities may considerably decrease the skin contamination.

f) In radioactive work of long duration involving high risks of
contamination prophylactic measures in the form of a protec-
tive substance ("invisible glove"), type Kerodex, may make de.-
contamination easier .

Printed and distributed in November J.966.

* Department of Occupational Medicine, Karolinska Sjukhuset, Stockholm,
Sweden.
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1. INTRODUCTION

1. 1 General introduction

The inc reased use of radioisotopes in industry and r e sea r ch

has involved contamination r i sks for an inc reased number of people.

Contamination not only presen ts p rac t ica l t roubles , e. g. c ros s contam-

ination of equipment, but may also be a sani tary problem. The r i sks

for the individual may be divided into three groups:

1. Damage by d i rec t i r radia t ion of the germinat ive l ayer of the

epidermis and also of underlying t i s sues . F igure 1.

2. Penetra t ion through intact or wounded skin, resorpt ion into the

blood and distr ibution in the body.

3. Ent ry into the body via nose , mouth and gas t ro in tes t ina l t r ac t .

By means of simplifying assumptions and the ICRP recommen-

dations maximum levels that can normal ly be accepted for contamination

of skin have been calculated [ 1 ] :

a) 3-act ivi ty 10 i^Ci/cm

b) a-act ivi ty 10 iJ,Ci/cm

In both cases the contamination may be averaged over about
2 2

100 cm . Contamination over the whole a r e a of one hand (300 cm ) will

give:

c) g -act ivi ty 3 x 1 0" | iCi/hand

d) a?-activity 3 x 1 0~ (J, Ci/hand

Attempts to calculate the absorbed dose from an external |3 -y -

source have been made by, among o thers , Seiji Fukuda et a l . [ 2 ] and

the resu l t s a r e reproduced in Figure 2.

When stating "acceptable l eve l s" of contamination it is a lso

n e c e s s a r y to indicate methods of decontamination if these levels a r e

exceeded. This repor t deals with such methods. We found it des i rab le

to gain experience of our own in o rder to see whether the decontamina-

tion routines recommended in the l i t e ra tu re were applicable to our own

contamination p rob lems .
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When dealing with decontamination it should be remembered

that an agent or a technique effective for cleaning non-biological mate-

rials may be impossible to use on living skin because it injures it. Fur -

ther difficulties are the variations between individuals and of the condi-

tion of the skin from one time to another.

Certain demands must be made upon a good decontamination

agent. The most important cr i ter ia are the following [ 3 ] :

"a) Must be efficient, in minimum number of steps.

b) Must not damage skin.

c) Must not cause transfer past skin ba r r i e r of radioisotope ions

or toxic mater ia ls .

d) Rate of physical and/or chemical action must be rapid.

e) Must be readily available and low in cost.

f) Must be simple in technique of use.

g) Must be able to withstand long storage period and remain stable

chemically. "

An ideal decontamination method ought to be generally appli-

cable. However, sometimes it may be necessary to use specific proce-

dures that in other cases are ineffective or even have undesirable ef-

fects.

1 . 2 Studies of the l i terature

The literature dealing with decontamination of skin is rather

sparse . It can be divided into two groups:

a) Recommended methods

b) Experiments and experience.

1.2.1 Methods recommended

The li terature in this field usually gives a brief description of

decontamination of the skin [ 4 ] , [ 5 ] , [ 6 ] , [7] and [ 8 ] . In general the

background of these recommendations is not mentioned. The techniques

recommended, however, as a rule follow the same main lines. The first
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step is usually washing in soap and water for three minutes. If the r e -

sult is not satisfactory the procedure is repeated. Should the result

still be unsatisfactory some reports recommend as the next step wash-

ing in soap and water with gentle use of a soft nail brush. Only when

washing and brushing have proved inadequate are special decontami-

nation agents used. Examples of such agents are :

a) TiC" as an abrasive.

b) KMnO. solution as an oxidizing agent on the outermost layers

of the skin, which are then sloughed off. Considered to be a

rather drastic method.

c) EDTA as a complex forming agent which gives soluble com-

plexes with at most divalent or trivalent metal ions.

It is pointed out that organic solvents should not be used as

they remove the skin sebum and may then increase the transport of

radioactivity through the skin barr ier . It should be emphasized that

the remaining radioactivity, even essentially exceeding calculated

acceptable levels for contamination, is often less dangerous than d ras -

tic attempts at decontamination.

1. 2. 2 Experiments and experience

Some experiments that have been carried out are described in

the l i terature. 1-131, P-32, Tl-204, UO?, radioactive fallout, radium

residues and plutonium have been used for contamination. See refer-

ences [ 3 ] , [ 9 1 DO], [ l l ] , [12] , L13], [14] , [15] , [16] and [17] , De-

contamination has been done both with ordinary cleaning agents and with

special agents. We shall not discuss these experiments, but merely note

that they clearly illustrate the difficulties of finding a decontamination

routine effective in all situations as mentioned above. It is also, for

many reasons, very difficult to compare the results from different ex-

periments. Contaminants, decontamination procedure, measuring tech-

niques etc. differ from one case to another. Three reports will be men-

tioned, however, as , among other things, they try to describe how the

radioactivity is deposited and adheres to the surface of the skin.
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Witten et al . [ 18] made experiments with thorium X in a lco-

holic solution applied and left on the pa t ien t ' s skin for 1-5 days. Dur-

ing this period the entire a r ea (5 m m ) was covered with a collodion

film which was then str ipped off and the skin a rea excised for exami-

nation. The autoradiograms demonstrated that thorium X in alcoholic

solution:

"1) Penetra tes the epidermis and is distributed through the prickle

cell and basal l aye r s ;

2) Enters the ha i r follicle and penetrates the follicular wall;

3) En te r s the sweat duct and is found within the sweat gland. "

George et al. [ l 9 ] describe a number of experiments pe r -

formed on pigs with plutonium solution (carbon te t rachlor ide + tributyl

phosphate and n i t r ic acid, 37 mg Pu/ml) as contaminant. The time be-

tween contamination and decontamination was 10-15 minutes . In one

animal the biopsies were done 18 hours after the contamination and

decontamination procedures . In the other animal 16 days elapsed be -

fore the beiopsies . Autoradiograms demonstrated that plutonium was

deposited as a precipi tate of small part ic les (up to 2 |JL in diameter)

tightly adhering to the outer surface of the cornified layer of the s t r a -

tum corneum. The par t ic les were often concentrated in i r regula r i t i es

of this layer .

The third report [20] discusses experiences from the t r e a t -

ment of a heavy accidental contamination with plutonium. A person

happened to get his right hand contaminated with a plutonium bearing

solution of carbon te t rachlor ide , tributyl phosphate and t r aces of n i -

t r i c acid. The content of plutonium was 30-50 m g / m l . The deconta-

mination procedures lasted for 48 days and various decontamination

techniques were used. Several of the agents usually recommended for

decontamination of plutonium did not prove effective. The most effec-

tive decontamination agent was found to be a 2 % solution of salicylic

acid in ethyl alcohol. This solution produced just the right keratolyt ic

effect, i. e. scaling of the outermost layer of the s t ra tum corneum

without breaking the epidermal b a r r i e r . It is pointed out that this agent

may be hazardous if not used with extreme care .
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The skin acted as an almost impermeable barrier throughout

the period of decontamination. The importance of not damaging the

skin cannot be overemphasized. In the case of heavy contaminations

it is also very important to start biological monitoring as soon as

possible. Analyses of blood and urine were used to check whether

the decontamination efforts had caused an increased absorption, and

in this way it was possible to get an idea of whether the measures

taken were acceptable from this point of view. The total deposition

in the body was about 1. 2x 1 0" |j,Ci (« 3 % of MPBB). Autoradio-

grams of skin sections showed almost no penetration into the epi-

dermis. These skin sections were taken from skin that had been

peeled off. Analyses of wash water served as a valuable guide in

evaluating the success of decontamination during the first few days

when it was not possible to detect changes in high contamination lev-

els by direct instrumental measurements.

Penetration of some different isotopes through skin has been

studied. Harrison [21] states that the penetration rate for 1-131

(KI-131 in water solution) applied to the skin is 0. 008 %/h. From a

water-iodine solution 0. 06-0. 1 2 % of the applied amount is absorbed

per hour.

Organic solvents may cause a break of the skin barrier with

increased absorption as a result. The chemical (e. g. extreme pH) or

thermal (e.g. high temperature) conditions may also change the per-

meability of the epidermis.

1. 3 Description of the experiments

The experiments carried out at AB Atomenergi have been con-

centrated upon the decontamination problems. Resorption through skin

has not been studied. Fourteen pigs about three months old were used

as test animals. Immediately before the experiment the animals were

anesthetized with Nembutal, injected intravenously. The anesthetic

was maintained during the whole experiment, 6-8 hours, by repeated

small intramuscular and intraperitoneal injections. The bristles were

cut away and test areas were marked out as two concentric circles

with a stamp. The contaminant was applied inside the inner circle, the
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area of which was slightly smaller than the end-window of the probe of

the measuring instrument. The contaminant was in liquid form. The

diameter of the outer circle was slightly larger than the outer diameter

of the probe. In this way precise location and good reproducibility were

achieved. The contaminant was applied with a small brush. In order to

hasten the drying of the liquid» a fan was used. From the drying of the

contaminant and until the start of decontamination the test area was

covered with thin plastic foil. For measurement of the radioactivity

the probe was held close to the skin. Contamination of the probe was

prevented by placing a very thin plastic foil between skin and probe.

This plastic foil was changed between measurements.

Except for cases in which special decontamination agents have

been tested, the working routine has been the following:

1. Contamination

2. Drying

3. Measurement of radioactivity

4. Rinsing for three minutes in running tap water

5. Measurement of radioactivity

6. Soap and water wash for three minutes

7. Measurement of radioactivity

8. Soap and water wash for three minutes

9. Measurement of radioactivity.

During the soap and water wash the test area was gently rubbed

with the hands covered with soft, smooth-surfaced rubber gloves.

The rinsing was done in order to remove loose radioactivity

from the test area.

The test nuclides were nuclides that are used in routine work

and are easy to detect. 1-131 was the nuclide mostly used, largely be-

cause it has caused most decontamination troubles during the experi-

ments. A contaminant that is completely or almost completely removed

by a simple wash is of no interest for decontamination experiments.

No experiments with ce-emitters have been made.

To prevent contamination being spread from test areas by

wash water the surrounding skin was covered with a large sheet of
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plastic, a 5-10 era wide square being cut out over the test area. The

edges of the sheet around the test areas were fixed to the skin with

water-resistant adhesive plaster.

The measuring instrument was an Airmec 255 fitted with an

end window probe. The measurements have been corrected for back-

ground radiation and dead time of the instrument.

Water of three different temperatures, 30 , 15 and 0-5 C,

has been used for washing. The 0-5 C water was taken from a water-

ice mixture.

The test results for each isotope have been divided into two

groups, depending on the time elapsed between contamination and de-

contamination. This time will be called "contact time" in the follow-

ing. In reality contact times < 1 h were 15-30 minutes and contact

times ä 1 h in most cases 2 hours.

The importance of the sebum for decontamination has also

been studied in that the experiments were carried out both on normal

skin and on skin which before contamination was carefully degreased,

first with soap and water and then with alcohol and ether. On some

degreased test areas attempts were made to replace the sebum be-

fore contamination by the rubbing-in of lanolin.

The following contaminants, all in' water solution, were

used:

1. 1-737 (Nal) Carrier free

2. Cs-137 (CsNO3) Carrier free

3. Na-24 (NaHCO3) With carrier

4. Ca-45 (CaCl2) With carrier

5. P-32 (Na3PO4) Carrier free

6. Tl-204 (T12SO4) With carrier.

The following decontamination agents were used:

1. Soap and water of different temperatures

2. "Solution II" [7 5]: Disodium salt of EDTA acid, 5. 0 g;

sodium salt of lauryl sulphonic acid, 5. 0 g; starch, 5. 0 g;

sodium carbonate, 85. 0 g; 10 grams of this mixture is

added to 100 ml of water
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3. Citric acid. 2-3 % water solution.

4. TiO? stirred with water to a slurry.

5. Luo-Dermin. "Handwasch Paste. Ohne Sand, mit spezifischen

Hautschutzstoffen". Manufacturer: Heinrich Feilbach, Wies-

baden-Kastel, Germany.

6. pHiseHex. Manufacturer: Winthrop Ltd, England.

7. KMnO.. 4 % water solution.

8. Radiac Wash (contains EDTA). Manufacturer: Atomic Prod-

ucts Corp. , USA.

9. Inactive KI in water solution for techniques utilizing isotope

dilution.

The following means for skin protection were used:

7. Kerodex 57. Water soluble protective cream. Manufacturer:

Scientific Pharmacals Ltd» England.

2. Kerodex 71. Water resistant protective cream. Manufac-

turer: Scientific Pharmacals Ltd, England.

3. Lanolin.

The following instrument was used: Airmec 255 fitted with an

end window probe.

Effective probe area: 5 cm

Thickness of window: 1.5-2.5 mg/cm

Lower energy limit for (3 -detection ÄS 0. 1 MeV

Dead time 620 (is.

2. EXPERIMENTS WITH 1-131

Experiments with 1-7 31 have been performed for three dif-

ferent conditions of the sebum.
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2. 1 Undegreased skin

The experiments were performed with contact times < 1 h

and ^ I h and with wash water temperatures 0-5 , 15 and 30 C. The

experiments comprise 33 test areas, 10 of which on one animal (15 C

and ^ 1 h). The results are shown in table 2. 1 and diagrams 2. 1. 1 and

2. 1.2.

2. 2 Degreased skin

The experiments were performed using the same contact

times and temperature of wash water as for 2. 1 and comprised 38

test areas. The results are shown in table 2. 2 and diagrams 2. 2. 1

and 2. 2. 2.

2. 3 Degreased and then regreased skin

The experiments were performed with contact times ^ 1 h

and wash water temperature 15 C and comprised 23 test areas. The

results are shown in table 2. 3. Compare also table 8. 1 and diagram

8. 1.

2. 4 Discussion and conclusions

_Contact_time. Diagrams 2. 1. 1 and 2. 2. 1 compared with dia-

grams 2. 1. 2 and 2. 2. 2 indicate reduced possiblities for decontamina-

tion with increasing contact time.

Import an ce_of_ seb_uiru A comparison of diagrams 2. 1 . 1 and

2. 2. 1 shows no differences between degreased skin and skin not de-

greased for short contact times. However, comparing the mean values

for the different temperatures in diagrams 2.1.2 and 2. 2. 2 undegreased

skin seems to be easier to decontaminate when the contact time is longer

(̂  1 h). Diagram 8. J, comparing among other things different skin con-

ditions, also indicates that regreasing of degreased skin has a favour-

able effect on decontamination after long contact times.

Tejnpe_ratu.re_of_wash_wate£. Different temperatures do not

seem to have any clear influence on the effect of decontamination.
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3. 1 Experiments with Cs-137

The experiments were performed on undegreased skin with

contact times < 1 h and ^ 1 h, and with wash water temperatures 0-5 ,

15 and 30 C. The experiments comprise 20 test areas. The results

are shown in table 3. 1 and diagrams 3.1.1 and 3. 1.2.

3. 2 Discussion and conclusions

_Coiitact_tim£. Characteristic both of long and short contact

times was that most of the radioactivity applied was easy to remove

simply by rinsing with water. However, a comparison of the mean val-

ues of diagrams 3.1.1 and 3.1.2 indicates that a prolonged contact

time makes the decontamination more difficult also in this case.

^eji^^rature_of_wash_wate_r. Water of high temperature, 30 C,

seems to be a somewhat less effective decontaminant than water of

lower temperature. However, the difference is too small to have prac-

tical consequences.

4. 1 Experiments withNa-24

The experiments were performed on undegreased skin with

contact times < 1 h and ^ 1 h and with wash water temperature 30 C.

The experiments comprise 7 test areas. The results are shown in table

4. 1 and in diagram 4. 1. 1.

4.2 Discussion and conclusions

Contact time. The number of test areas is too small for dis-

tinct conclusions but it was characteristic both of long and short con-

tact times that the radioactivity was very easy to remove simply by

rinsing with water. Nevertheless there may be a slight reduction in

the rinsing effect with increasing contact time.

5. 1 Experiments with Ca-45

. The experiments were performed on undegreased skin with

contact times < 1 h and ^ 1 h and with wash water temperature 30 C.

The experiments comprise 9 test areas. The results are shown in table

5. 1.
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5. 2 Discussion and conclusions

jCojita£t_tim£. Contact t imes > 1 h do not s e e m to reduce the ef-

fect of the decontamination p rocedure . Charac te r i s t i c both of long and

shor t contact t imes was that the radioactivity was very easy to remove

simply by rinsing with water .

6. T Exper iments with P-32

The exper iments were per formed on undegreased skin with

contact t imes ä ] h and wash water t empera tu re 15 C. The expe r i -

ments- comprise 3 t e s t a r e a s . The resul ts a r e shown in table 6. 1 and

in d iagram 6 . 1 . 1 .

6.2 Discussion and conclusions

As the exper iments were per formed with one contact t ime

and one wash water t empe ra tu r e only, these exper iments a r e na tu-

rally of a m o r e r e s t r i c t ed value. However, they indicate that P-32

is easy to remove also after relat ively long contact t imes . Most of

the radioactivity was removed by r insing with water .

7. 1 Exper iments with T l - 2 0 4

The exper iments were per formed on undegreased skin with

contact t imes ä 1 h and wash water t empera tu re s 0-5 , 15 and 30 C.

The exper iments comprise 7 tes t a r e a s . The resul ts a r e shown in table

7. I and in d iagram 7 . 1 . 1 .

7. 2 Discussion and conclusions

The original ins t rument broke down during these exper iments

and had to be replaced by another ins t rument which was less sensi t ive

and was not equivalently cal ibrated. Never the less it can be concluded

that Tl -204 can be decontaminated in the same way as the other nuclides

tes ted. Most of the radioactivity was removed simply by r insing with

water .



8. COMPARATIVE DISCUSSION AND CONCLUSIONS

REGARDING THE TESTED NUCLIDES

To permit a comparison between the different nuclides the

results have been collected in table 8. 1 and in diagrams 8. 1. 1 and

8. 1. 2. The results have been studied only in respect of contact time,

nuclide and condition of skin. No studies of the influence of wash wa-

ter temperature have been made.

For most of the nuclides studied, contact time seems to have

an influence, and as a general rule it may be said that decontamination

becomes more difficult with prolonged contact time.

The influence of skin condition has been studied only for 1-131.

For this nuclide it is obvious that natural sebum facilitates decontami-

nation. It seems possible to replace removed sebum by artificial re-

greasing. Of the nuclides tested, 1-131 is the one which has been most

resistant to decontamination procedures. The reason for this cannot

be explained by the experiments described in this report. It should be

observed that the chemical form in which the nuclide is present with-

out doubt a great influence, as also does the location of the contami-

nation.

9. SPECIAL DECONTAMINATION AGENTS

Soap and water wash have been used in most decontamination

tests. However, some special decontamination agents have been em-

ployed on certain test areas with radioactivity remaining after earlier

decontamination. Some results are presented in table 9. 1 and diagram

9. 1. 1. The main reason for these tests was to determine whether the

efficiency of these special agents was as high as advertisements claim.

None of the agents tested, however, was found to have any exceptional

decontamination capability compared with soap and water.

10. EXPERIMENTS WITH ISOTOPE DILUTION

The aim of these experiments was to replace the radioactive

ions of the contaminant by stable ions of the same element. The in-

active ions were added to the contaminated surface in plentiful amounts

as a water solution.
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The experiments were performed with water solution of KI.

As control test ordinary water was used. The 50 test areas were con-

taminated with I- 7 3 7. With a few exceptions the radioactivity on the

test areas was residual radioactivity from earlier decontamination

attempts. Therefore the initial radioactivity was low and, further-

more, firmly fixed on the skin. In these tests the contaminated parts

of the test animal were immersed in the solution. Some test areas

not earlier decontaminated were decontaminated with a compress

soaked in KI-solution. The temperature of the solution was approxi-

mately 30 C in all experiments. Measurements were made after 15,

30, 45, 60 and 1 05 minutes. The results are presented in table' 10. I

and diagram 10.1,1.

10. 1 Discussion and conclusions

From table 1 0. 1 and diagram 1 0. 1. 1 it can be seen that all

methods have decreased the levels of radioactivity. Even a long im-

mersion in ordinary water gave an obvious local decrease of the lev-

el of radioactivity. The decrease became still more evident by addi-

tion of KI to the water. Measurements after decontamination on com-

presses, KI-solution and a water control sample showed that they

contained 1-731. Whether resorption through skin took place at the

same time was not studied.

7 1. PROPHYLACTIC MEDIUMS

Two different prophylactic means have been tested. The ex-

periments were performed using 1-1 37 as contaminant.

17.7 Kerodex

The experiments were performed on 4 undegreased test areas,

2 of which were covered with Kerodex 5 7 (water soluble) and 2 with

Kerodex 7 7 (water resistant). The contact time of the contaminant (1-7 31)

was s 1 h. The temperature of the wash water was 15 C. The results

are shown in table 1.1. 1 and in diagram 17.7.1.
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11.1.1 Discussion and conclusions

The number of tests is too small for distinct conclusions,

though a favourable effect of Kerodex 51 is indicated. More experi-

ments are necessary before recommendations can be given.

12. GENERAL CONCLUSIONS AND RECOMMENDATIONS

In most of the experiments 1-131 in water solution has been

utilized because this nuclide is widely used within this establishment,

is easy to detect and relatively harmless , and is practical to use in

these experiments. Among the 3-y-nuclides studied 1-131 has further-

more proved to be the one most difficult to remove from the skin. The

results fluctuate very much about the mean value depending, among

other things, on the biological variation and e r ro r s of different kinds.

In some of the special experiments only a few tests were made as the

economical frame of the investigation did not allow further tes ts . In

spite of this we can draw the following conclusions regarding deconta-

mination of skin, which apply primarily to iodine in the form of Nal,

but are probably also applicable to many other |3-y-nuclide s.

a) A prolonged interval between contamination and decontamina-

tion has a negative effect on the result of the decontamination.

Therefore star t decontamination as soon as possible after the

c ontamin ati on.

b) Soap and water has proved to be the most suitable decontamina-

tion agent. A number of other agents have appeared to be harm-

ful to the skin. Therefore, first of all use only soap and water

in connection with gentle rubbing.

c) No clear connection between the temperature of the water for

washing and the result of the decontamination has been demon-

strated.

d) Undegreased skin s eems to be somewhat ea s i e r to decontaminate

than degreased skin, par t icu lar ly if the activity has been on the

skin for a long t ime. Therefore do not remove the sebum when

engaged on radioactive work involving contamination r i sk s .
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e) Irrigation, of the contaminated surface with a solution contain-

ing the corresponding inactive ions or ordinary water in la rge

quantities may considerably dec rease the skin contamination.

f) In radioactive work of long duration involving high r i s k s of

contamination prophylact ic m e a s u r e s in the form of a protect ive

substance ("invisible glove"), type Kerodex, may make de -

contamination ea s i e r .
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Fig. 1 Drawing of section through human skin.

Spear; Radiations and Living Cells.
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Fig. 2 Absorbed dose rate at various distances from
the surface -of plane source having constant
activity per unit area (at depth of 7 mg/cm ).

Fukuda, Kaminaga and Izawa; JAERI 1065, 1965.
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Table 2. 1 1-1 35.' Undegreased skin.

Temperature
of wash
water

0 - 5 °

15°

30°

0 - 5 °
15°
30°

Number of tests, mean ̂

Cps after rinsing

n

2

2

4

2

14

9

X

16

15

13

(

126

576

134

a

Contact

_

-

-

Contact

_

365

107

value

Residue in

and standard deviation

% of activity after rinsing

1 st wash

n

time

2

2

4

time

2

14

9

X

< 1 h

10. 1

41

4 . 4

s 1 h

18

36

38

a

-

-

_

13. 6

25.4

2nd wash

n

-

2

-

2

14

9

X

_

19

-

19

26

15

a

_

-

-

_

10.8

10.5
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Table 2. 2 1-131. Degreased skin.

Temperature
of wash
water

0 - 5 °

15°

30°

0 - 5°

15°

30°

Number of tests, mean

Cps after rinsing

n

2

2

3

9

12

10

X

C

40

125

47

C

900

298

493

a

ontact1

_

-

-

ontact1

490

166

232

value

Residue in

and standard deviation

% of activity after rinsing

1 st wash

n

;ime

2

2

3

ime '

9

12

9

X

< 1 h

30

15

49

a 1 h

43

33

41

a

_

-

-

16,3

8. 1

18.5

2nd wash

n

2

2

3

9

12

10

X

11

13

30

34

23

32

a

_

-

-

16. 6

11.2

16.9



Table 2. 3 1-131. Degreased and then regreased skin.

Contact time ^ 1 h.

T empe r atu re
of wash
water

15°

Number of tests, mean value and standard deviation

Cps after rinsing

n

23

X

590

a

418

Residue in % of activity after rinsing

1 st wash

n

23

X

19

a

15. 3

2nd wash

n

22

X

14

a

12. 2
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Table 3. 1 Cs-137. Undegreased skin

Temperature
of wash
water

0 - 5 °

15°

30° •

0 - 5 °
15°

30°

Number of tests, mean value and standard deviation

Cps i

n

2

2

4

2

2

8

ifter rinsing

X

C

T66

68

23

C

116

155

111

a

Contact 1

_

-

-

Contact t

-

126

Residue in <

1 st was?

n

ime <

2

2

4

ime £

2

2

8

X

1 h

6. 0

3 . 4

16

1 h

6. 8

7. 3

27

fo of activity after rinsing

i

a

_

-

-

_

-

18.6

n

1

-

3

1

2

5

2nd wash

X

1. 0

-

7. 5

7 . 4

2 . 4

14

a

_

-

-

_

-

15.7
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Table 4. 1 Na-24. Undegreased skin.

Temperature
of wash water
and contact
time

30°, < 7 h

30°, £ 1 h

Number pf tests, mean value and standard deviation

Cps after rinsing

n

3

4

X

2

8

a

-

Residue in % of activity after rinsing

1 st wash

n

4

X

34

-

2nd wash

n

-

X

-

a

-
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Table 5. 1 Ca-45. Undegreased skin.

Temperature
of wash water
and contact
time

30°, < 1 h

30°, 2: 1 h

Number of tests, mean value and standard deviation

Cps after rinsing

n

2

7

X

Z

2

a

0

Residue in % of activity after rinsing

I st wash

n

-

X

-

a

-

2nd wash

n

-

X

-

a

-
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Table 6. 1 P-32. Undegreased skin.

Contact time ^ 1 h

Temperature
of wash
water

15°

Number of tests, mean value and standard deviation

Cps after rinsing

n

3

X

135

a

-

Residue in % of activity after rinsing

1 st wash

n

3

X

19

a

-

2nd wash

n

1

X

27

cr
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Table 7. 1 Tl-207. Undegreased skin.

Contact time ^ 1 h.

Temperature
of wash
water

0 - 5 °

15°

30°

Number of tests, mean value and standard deviation

mR/h after
rinsing

n

2

2

3

X

1.5

2.5

1. 5

-

Residue in % of activity after rinsing

1 st wash

n

3

X

23

a

-

2nd wash

n

1

X

13

a

-



Table 8. 1

- 30 -

Isotope, con-
tact time and
skin condi-
tion

1-131, < 1 h
Undegreased

1-131, < 1 h
Degreased

1-131, ^ 1 h
Undegreased

1-131, s 1 h
Degreased

1-131, £ 1 h
Degreased and
then regreased

Cs-137, < 1 h
Undegreased

Cs-137, :> 1 h
Undegreased

P-32, £ 1 h
Undegreased

Na-24, < 1 h
Undegreased

Na-24, ä 1 h
Undegreased

Ca-45, < 1 h
Undegreased

Ca-45, ä 1 h
Undegreased

Number of t ests,

Cps after rinsing

n

8

7

25

31

23

8

12

3

3

4

2

7

X

14

67

381

538

590

70

119

135

2

8

2

2

a

6.-8

46

357

392

418

101

115

-

-

-

-

0

mean valxie and standard deviation

Residue in % of activity after

1

n

8

7

25

30

23

8

12

3

-

4

-

-

st wash

X

15

34

35

38

19

10

21

19

-

34

-

-

a

17.5

31.5

18.6

14. 6

15.3

9 . 9

12.2

-

-

-

-

-

rinsing

2nd wash

n

2

7

22

31

22

4

8

1

-

-

-

-

X

19

20

21

29

14

5 .9

6 . 4

2. 7

-

-

-

-

a

-

19. 1

11. 8

15. 1

12. 2

-

9 . 2

-

-

-

-

-



Table 9« 1 1-131. Special decontamination agents

De contamina-
tion agent

TiO2

"

II

II

Soap and water

Radiac Wash

Luo Dermin
11 11

KMnO4

Citric acid

Earlier decontamination
attempts and remaining
activity in cps

Degreasing, regreas-
ing, soap and water 39

Soap and water wash,
"Solution II" 270

Soap and water wash 100
i i II i i II 2 1 5

pHiseHex 310

Soap and water wash 120
II ii II .i 3 5 0

Some different decon-
tamination agents 180

Some different decon-
tamination agents 190

Soap and water wash 55

Number of tests and mean
value of residue in % of
activity after earlier de-
contamination

1st
treatment

n

2

1

1

1

2

3

1

1

1

6

X

63

78

34

70

68

108

93

111

100

82

2nd
treatment

n

2

1

-

-

-

-

6

X

47

_

34

-

-

-

-

_

47

De contamina-
tion agent and
contact time

pHiseHex, ^ 1 h

Citric acid

Number of tests , mean value and standard deviation

Cps before
treatment

n

3

2

X

598

305

a

-

Residue in % of activity before treatment

1 st treatment

n

3

2

X

61

74

a

—

2nd treatment

n

3

2

X

47

52

a

-

3rd treatment

n

3

2

X

39

36

CT

-



Table 10.1 1-131. Experiments with isotope dilution.

ti
o

r

tö

m
d

a
rd

 d
e
v

!O
+J
CO

e 
a
n

d

nä

C
nä
0)a
en
+J
en
CO

"o
t-i

co
42

Z

coa
cd
0)

fo
re

 
tr

43

• H
>

• rH
+J
U
ni

0

.a
cy

• H
CO

Hi
PQ

CD
U

0

C
p

s

+_>

co

a
CD

H

co

(t!

co

<

A
ft

e
r

A
ft

e
r

te
r

•+- i

ti
Hia

4J

•

a

.aa
o
vD

5
 

m
in

.

• * '

ti
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o
0 0

.a
m

b

IX

C

b

IX

ti

b

IX

ti

b

IX

b

IX

b

IX

ti

o
OJ

0 0

r -

O
OJ

0O

—

0 0

OJ
OJ

OO
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oo
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OO
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Table 11.1 1-131. Prophylactic mediums.

Prophylactic
medium

Kerodex 71

Kerodex 51

Number of tests, mean value and standard deviation

Cps after rinsing

n

2

2

X

355

168

a

-

Residue in % of activity after rinsing

1 st wash

n

2

2

X

19

37

CT

-

2nd wash

n

2

2

X

21

0. 7

a

-
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