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3 Claims. (Cl. 210-96) 

ABSTRACT OF THE DISCLOSURE 
A milk decontamination system including in combina 

tion, a pH adjustment means, a moving bed ion exchange 
resin column loop and means for restoring the original 
pH of the decontaminated milk after removal from the 
ion exchange resin column loop. An electrolytic pH ad 
justment cell is provided to reduce the pH of the contam 
inated milk prior to delivery to the ion exchange resin 
column loop to a pH level between 5 and 6. The same cell 
is ‘also employed to restore the original pH of the milk 
after it has been decontaminated in the ion exchange 
resin column loop. 

This invention relates to apparatus for the treatment of 
milk, and, more particularly, ‘for the radioactive decon 
tamination of milk. 

This application is a division of my copeuding applica 
tion Ser. No. 269,585, ?led Apr. 1, 1963, now Patent No. 
3,194,663. 

Background of the invention 

It is well known that atmospheric nuclear explosions 
have produced radioactive fall out which has led to radio 
active contamination of soil and plants. At one time, it 
was thought that only about 20% of the radioactive con 
tamination in plants came from the soil, some 80% re 
sulting from direct deposition ‘from the air. Recent studies 
suggest, however, that soil is the source of perhaps as 
much as 50% or more of the radioactive contaminants in 
plants. Thus, radioactive accumulations in the soil will 
mean higher and higher radioactive levels in plants. The 
long half-life of some of the radioisotopes, especially 
strontium-90, indicates very slow radioactive decomposi 
tion and decay of the soil contamination. Even with no 
further atmospheric nuclear explosions, existing atmos 
pheric radioactive fallout will continue for some time, 
and so long as radioactive fallout continues, soil contami 
nation will increase and it is clear that radioactive con 
tamination of soil, and thus of plants, will be a continu 
ing unavoidable condition for an unknown future time. 

Substantially all of the food ingested by man is derived 
from plant life or from animals which feed on plants. 
There is, then, a direct relationship between levels of 
radioactive fallout and food contamination in general. 
Contrary to common belief, there is no “threshhold” or 
minimum level of fallout below which there are no harm 
ful radioactive effects to man. Even small doses of radia 
tion must statistically cause a certain incidence of dis 
ease, or physiological breakdown or harmful mutations. 
Moreover, the genetic effects of fallout on future genera 
tions ‘are not precisely known. It has been reported, how 
ever, that even low levels have serious effects, and studies 
have even demonstrated the destruction of life at its in 
ception in the mammalian fetus through complexing of 
strontium-90 isotopes in spermatozoa and leading to radi~ 
ation decay of the chromosomes’ structure. If strontium 
90 contaminated food is consumed by mammals, this ra 
dioactive isotope also tends to be taken up by the bone 
marrow in the normal metabolic processes, and it remains 
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there. The radiation activity in the bone marrow can espe 
cially cause anemia and severe illness, aside from the gen 
eral damage induced by exposing the body to radioactiv 
ity. 

It has been recognized that one of the likeliest sources 
for strontium-90 intake by humans is through milk. This 
is largely the result of the natural processes whereby cows 
form milk-strontium-90 in the soil being taken up in the 
plants of the pasture, then eaten by the cow, and thence 
forming a natural constituent of milk. 
Some studies indicate that between 65% and 85% of 

the strontium-90 found in hum-an bones is due to milk 
consumption. Other cationic radionuclides occasionally 
found in milk include barium-140 and cesium-137. The 
only anionic type of radionuclide observed in measurable 
amounts is iodine-131. In cows’ milk, 90 to 100% of the 
iodine-131 is in inorganic form as the iodide ion and the 
remainder is bound with the proteins. While iodine~13l 
has a comparatively short half-life of about eight days, its 
selective accumulation in the thyroid gland produces an 
unusual biological risk. This is especially true with the 
smaller glands of children. 
A really useful process for removing radioactive ma 

terials from milk requires not only elfective removal of 
the nadionuclides but also that the milk be substantially 
unaltered in its makeup. A technique is required which is 
itself nontoxic, sanitary, and economically feasible. 
Chemical alteration is preferably held to at most a mini 
mum, because chemical additions and/or removals add 
expense and tend to upset the rather delicate balance of 
rnllk constituents and produce taste changes. Without sat 
isfactory taste in the decontaminated milk, the product 
will have little acceptance by the consumer regardless of 
other bene?ts (except, of course, in emergency situations 
of extraordinarily high radioactive levels). 
The problem is to take out the undesired species Without 

upsetting the normal balance of milk components. The 
normal cations in milk are potasium, sodium, calcium, 
magnesium, and smaller quantities of iron. The normal 
anions in milk are citrate, sulfate, phosphate, and chloride. 
These are the important constituents as far as ion exchange 
is concerned but milk also contains, of course, protein, 
casein, sugar, and fats, and these must be left substantially 
unaffected. 

It has already been proposed to decontaminate milk by 
using an ion exchange technique to remove selectively 
strontium-90 as described in US. Patent 3,020,161. That 
process added an edible organic acid (citric acid or lactic 
acid) to lower the milk pH from about 6.64.8 to a level 
of about 5.2 to 5.4, and then passed the milk through a 
?xed bed ion exchange resin, selectively removing stron 
tium cations from the milk. Thereafter, the pH was re 
turned to the normal level. This process only partly solved 
the milk decontamination problem. Foreign components 
were still introduced into the milk and consequently the 
composition of the treated milk was altered in ways other 
than through the single removal of strontium-90. This 
process is also prohibitively slow and requires large 
amounts of ion exchange resin. Fixed bed ion exchangers 
involve, of course, batch operations and are not continu 
ous. To adapt ?xed bed ion exchange operations to a 
dairy system, multiple tank systems are required com 
plicating the equipment and its operation with increased 
capital and operating costs (e.g., regenerate salt costs are 
higher than with the more e?‘lcient continuous counter 
current system). 

Objects of this invention 

As its principal object, this invention provides appara 
tus to carry out a process which overcomes the disadvan~ 
tages of the prior art, and which makes routine decon 
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tamination of radioactive milk realistically attractive for 
this ?rst time. 

Speci?cally, this invention provides for a novel and 
improved apparatus for the rapid and economical removal 
of the radioactive strontium-90 and iodine-131 isotopes 
from milk, with at most minimal alteration of the decon 
taminated processed milk. 
More particularly, it is an object of this invention to 

provide a system for the removal of strontium-9O and 
iodine-131 from milk in which moving bed ion exchange 
columns are employed for the sequential removal of ?rst 
the strontium-90 and secondly the iodine-131 contam 
inants, with continuous regeneration of the ion exchange 
resin employed in the columns, as needed. This apparatus 
also includes means preventing undesired contamination 
of the milk under process, and the system includes means 
for adjusting the pH of the raw milk to afford optimum 
removal of the radioisotopes, and for restriction of the pH 
after decontamination to the normal level. 

It is, therefore, also an object of this invention to pro 
vide a milk decontamination system with pH adjustment 
means including an electrolytic cell having ion exchange 
resin membranes therein and adapted for automatic con 
trol and pH adjustment of the milk before and after decon 
tamination. As still a further object, this invention also 
provides a pH adjustment technique in which a strong 
mineral acid is employed to decrease the pH of the raw 
milk, and a moving bed is employed to restore the normal 
milk pH. 
The automatic controls and operation of the system of 

this invention, and other objects thereof, will now be more 
fully set forth in the following description. 

Description of the drawings 

In the drawings, 
FIGURE 1 represents, schematically, a milk decontam 

ination system using an electrolytic pH adjustment tech 
nique and a moving bed ion exchange resin column loop 
according to one embodiment system of this invention. 
FIGURE 2 illustrates, schematically, another embodi 

ment system of this invention for the decontamination of 
radioactive milk in which two moving bed ion exchange 
resin column loops are employed and pH adjustment is 
through the use of a strong mineral acid. 
FIGURE 3 is an illustration, partly in section, of the 

apparatus for introduction and distribution of milk into 
the moving bed ion exchange resin columns, and which 
may be employed in connection with any of the embodi 
ment systems of this invention. 
FIGURE 4 illustrates, schematically, and in greater 

detail, the electrolytic cell pH adjustment systems which 
may be used according to the invention and as is illustrated 
in connection with the system shown in FIGURE 1. 
FIGURES 5, 6, 7, and 8 schematically illustrate a por 

tion of the ion exchange system provided by this invention 
during various stages of the operation. 
FIGURE 9 illustrates schematically a regenerating solu 

tion recovery system also provided by this invention. 

General description of the invention 

According to the present invention, contaminated raw 
milk to be puri?ed is ?rst adjusted to the desired pH level 
of between 5 and 6, preferably between 5 .2 and 5.4, either 
by addition of hydrochloric acid, by an electrolytic cell. 
About half of the strontium-90 in milk is normally tied 

up with the proteins so that it is unavailable for ion eX 
change, when the milk is at its normal pH of 6.6 to 6.8. 
If the milk is acidi?ed slightly, down to pH 5.2 to 5.4, this 
bound strontium is released and becomes available for ion 
exchange. Then about 95—96% of the strontium may be 
removed. The pH of 5.2 is, however, still not acid enough 
to precipitates the casein as normally happens when milk 
sours and curdles because of lactobacillus growth. Hydro 
chloric acid is used in this process for reasons which will 
be described later. 
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The acidi?ed milk is then passed through an intermit 

tently moving bed of a strong acid sulfonated polystyrene 
cation exchange resin in a continuous ion exchange 
column loop system equipped for decontamination, wash 
ing, and regenerating stages. Successive portions of resin 
are maintained in contact with successive portions of milk 
?owing therethrough for a period of time only suf?cient 
to remove the strontium-9O and other cationic radionu 
clides therefrom. Fortunately, strontium-90 has a high 
selectivity factor of about 50 in the presence of interfer 
ing cations in milk (potassium, sodium, calcium, and mag 
nesium). In the regeneration section of this apparatus, 
successive portions of the resin, previously used to decon 
taminate the milk, are regenerated and washed free from 
the radioactive cations with a controlled composition salt 
solution, and prepared for further decontamination uses. 
In order to prevent imbalance of the normal salts, the 
cation exchange resin is converted to a form whereby these 
cations are in the same ratio as they exist in milk. Stron 
tium-9O is removed from the cation exchange resin with 
a stronger mixture of chloride salts of potassium, sodium, 
calcium, and magnesium. A composition is chosen which 
leaves the proper balance of these cations on the resin. 
The waste salt solution containing the strontium-90, 
barium, and cesium may then be disposed of. 

In the system of this invention, means are provided to 
maintain the milk in the exchange column free from mix 
ing or adulteration with the washing and/or regenerating 
solutions while maintaining an at most only very small 
loss of milk volume. 

Subsequent to the cation exchange treatment, the milk 
is further processed to restore its original pH level and 
to remove radioactive iodine-131 content, using an anion 
exchange resin. Radioactive iodine is in a sense a less 
dangerous contaminant than strontium-9O because of its 
much shorter half-life; however, it can be present in signi? 
cant and dangerous quantities and its removal is desirable 
in a scheme for the complete decontamination of milk. 
This step can be integrated, in the present invention with 
the pH readjustment step, so that both steps are achieved 
in one operation. 

Fortunately, iodine has an extremely high affinity for 
the resin—much higher than the other anion components 
of milk. In order to prevent upsetting the anion com 
position, the anion exchange resin is preconditioned with 
a mixture of chloride, phosphate, and citrate that will 
leave these components on the resin in the same ratio 
as they occur in milk. It was found that, when citric acid 
was added to the milk, the anion exchange resin selec 
tively removed chloride, probably because hydrochloric 
acid is a stronger acid; therefore, hydrochloric acid is used 
for acidi?cation and hydrochloric acid is removed by the 
anion exchange resin. The anion exchange resin is par 
tially converted to the hydroxide form with dilute sodium 
hydroxide and removes the most weakly absorbed anion, 
the chloride. By a stoichiometric counter?ow of hydroxide 
form anion exchange resin and acidi?ed milk, the free 
acid is all removed and the pH of 6.6 to 6.8 is restored. 
At the same time, the trace of iodine-131 is strongly 

attached to the resin and it is not removed by the sodium 
hydroxide regeneration solution. The iodine-131 affinity 
for the resin is su?iciently high that its removal is not 
necessary since iodine-131 has an eight-day half-life. The 
maximum build-up of iodine on the resin, therefore, 
occurs in eight days. About 90% of iodine in milk occurs 
as iodide. The remaining 10% is tied up with the proteins 
that is not available for ion exchange. Therefore, about a 
90% extraction is a maximum that can be expected. It has 
been found important to keep the iodine in the form of 
iodide. Iodide ion is very easily oxidized to elemental 
iodine by aeration or by chlorine water which may be 
used in equipment cleaning. Elemental iodine seems to 
have an a?inity for some component of the milk, probably 
the fats and proteins. Iodine may be kept in the form of 
iodide by using a reducing agent for cleaning, such as 
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S02, or by adding small amount of sodium sul?te in the 
sodium hydroxide regeneration stream. 

It can be seen that the present invention provides a 
system comprised of several components adapted for and 
used in interdependent combination to achieve the overall 
objective. The description of several embodiments of this 
system now follows. 

Detailed description 0]‘ FIGURE 1 

In the drawings, FIGURE 1 illustrates a system for the 
decontamination of radioactive milk as provided by the 
present invention. A milk feed and supply tank 10 is pro 
vided of suf?cient capacity to receive and have mixed 
therein a quantity of milk of perhaps 100,000 pounds per 
six-hour period, as provided at the dairy. Means, not 
shown, are provided for mixing of the milk in the tank, 
and for maintaining the tank at a temperature of about 
38° F. The mixing is important in order that the natural 
variations in the milk composition and acidity from 
various cows, is minimized during the decontaminating 
processing thereof. This is an assist to the ef?ciency of 
the overall process, as will be mentioned hereinafter. It is 
important to maintain the milk at a temperature of about 
38° F., as is well known, to inhibit bacterial activity and 
prevent spoilage, while not overcooling the milk. 
The milk from holding tank 10 is delivered through 

line 12 to an electrolytic pH adjustment cell generally 
designated as 14, and leaves the cell after its pH is adjusted 
to a more acidic level via pipe 16, under the action of 
positive displacement, stainless steel, sanitary milk pump 
18. It is then delivered through valve 20 via pipe 22 
into the continuous ion exchange column generally desig 
nated 24. 
The milk enters ion exchange column 24 through dis 

tributing means 216 (one embodiment of which is more 
clearly illustrated in FIGURE 3, see accompanying dis 
cussion). Distributing means 26 is located at the lower 
end of the decontaminating section 28 of the column 24. 
Through the continuing action of pump 18, the milk de 
livered from distributor 26‘ into section 28 passes upward 
through the cation exchange resin which completely ?lls 
section 28 and then passes out of this section through col 
lecting means 30 and pipe 32, provided with valve 34. 
As shown in FIGURE 1, the milk then passes through 

pipe 36 again into the pH-adjusting electrolysis cell 14 
and exits therefrom through pipe 318. The milk in pipe 
38 has been restored to the original pH which it had 
in holding tank 10. The milk then passes through pipe 
40, valve 42, and pipe 44 into the ?xed bed anion 
exchange column 46. 

In column 46, radioactive iodine-131 is removed from 
the milk by the anion exchange resin, and the milk is 
then delivered via pipe 48 and valve 50 into decontami 
nated milk storage tank 52. 

Referring now more particularly to the continuous 
anion exchange column 24, and its construction, it will 
be seen that this column comprises a “loop” adapted for 
the intermittent circulation of anion exchange resin from 
and to the decontaminating section 28. This column is 
constructed in accordance with the principles disclosed 
and claimed in U.S. Patent 2,815,332, issued Dec. 3, 1957, 
to the present inventor. 
The continuous ion exchange column 24 shown in 

FIGURE 1 includes the decontamination section 28 
which is arranged to permit downward flow of the resin 
from decontaminating section 28, and the resin regenera 
tion section 82 arranged for upward ?ow of the resin. 
Resin circulating conduit 54 extends downwards from 
section 28 and then loops upwards and extends ver 
tically alongside and to a level above the decontaminat 
ing section 28. It is also provided with resin valves 57 
and 58, which control the ?ow of the resin in this portion 
of the loop of the column 24. Conduit 54 then opens into 
the upper resin reservoir 56 at ori?ce 55. Conduit 56 

25 

30 

60 

6 
is also provided with two resin valves 60 and 62, which 
also serve to control the flow of the resin. 
As shown, conduit 56 extends above communicating 

ori?‘ice 58‘ and is provided at its uppermost end with a 
resin reservoir tank 62, adapted to deliver additional 
ion exchange resin to the column 24 via conduit 64 
controlled by valve 66. Pipe 68, controlled by valve 70, 
is arranged in communication with pipe 64 and is pro 
vided to permit over?ow of waste wash ‘water and resin 
?nes into disposal tank 72, which has drain pipe 74 
controlled by valve 76 and over?ow lines 718 controlled 
by valve 80'. 
The section of the loop of column 24 located between 

‘resin valves 57 and 58 in conduit 54 is the resin regenera 
tion section '82, and this section is provided to regenerate 
successive portions of resin which had previously been 
in milk decontaminating section 28, so‘ that the resin 
may be again used, on recycling, for decontamination of 
further portions of the milk. 

Regeneration of the resin is carried out with a specially 
prepared makeup salt, as already mentioned, formed of 
calcium chloride, magnesium chloride, sodium chloride, 
and potassium chloride such that after regeneration these 
cations will be on the resin in the same ratios that such 
cations naturally occur in milk. The following Table I il 
lustrates typical relative proportions of these cations in 
milk, and the appropriate proportions of which would be 
used in the regenerating salt solution. The different ratios 
or proportions in the regenerating salt solution re?ect 
differences in a?inity of the cations for the resin. 

TABLE I 

MeqJl. Eq-ll 
Cation milk regenerating 

salt solution 

8. 5 . 083 
37. 2 . 385 
22. 4 . 217 
50. 0 . 625 

This regenerating salt solution is held in tank 84 
equipped with mixing means, not shown, until required 
for resin regeneration. During the regeneration stage, the 
salt solution is delivered through pipe '86 and via pipe 818 
through pipe 90 controlled by valve 92 into a regeneration 
section 82 of resin circulating conduit 54, at a point some 
what removed from and below resin valve ‘58. The salt 
solution ?ows downwardly through regeneration section 
82 of conduit 54. The regenerating salt solution then 
leaves conduit 54 through pipe 94 controlled by valve 96 
and passes via pipe 98 into treating tank 100. Tank 100 
is provided with means to receive a coprecipitating solu 
tion stored in tank 102 and delivered through line 104 
controlled by valve 106. In an operation described here 
inafter, the radioactive strontium-90, and other reactive 
salts, removed from the milk in decontaminating section 
28, and then stripped from the resin in regenerating sec 
tion 82, are precipitated from the salt solution in tank 
100‘. The solution from tank 100 then passes via line 
108 and ?lter pump 110 through ?lter 112, which col 
lects the radioactive stronium-90 precipitate. The ?lter 
element in ?lter 112 may then be removed from time 
to time as needed and suitably disposed of as radioactive 
waste, for instance by burial. 
From ?lter 112, the now-decontaminated salt solution 

is delivered through line 114 into tank '84 where it is 
again available for use in regenerating the ion exchange 
resin. (Resin circuluating conduit 54 is also provided with 
water line 116 controlled by valve 118 and adapted to 
deliver ‘water through water rotometer 120‘ into conduit 
54. As shown, water pipe 116‘ enters into resin conduit 
54 at a point below resin valve 57. A second water pipe 
112, with rotometer 126 and controlled by valve 124, is 
arranged to enter section 82 just below resin valve 58 
into rotometer 126. Line 128, controlled by valve 130, 
and line 132, controlled by valve 134, lead to water 
supply. 
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Resin return conduit 56 is also provided with water 
lines for delivery and removal of wash water. Pipe 136 
controlled by valve 138 is provided for delivery of water 
through rotometer 140, with line 142 controlled by valve 
144 connected to the water supply. Pipe 136, as shown, 
opens into conduit 56 at a point below resin valve 60. 
Conduit 56 is also provided with water outlet line 148 
controlled by valve 150, for removal of Waste wash water 
at a point between resin valve 62 and decontaminating 
section 28. 
As a further and important feature of this invention, 

means are provided for the substantially automatic con~ 
trol of the operation of these various valves in the wash 
water and salt regeneration solution lines, in such a man 
ner as to insure that the milk is not contaminated or 
adulterated with either the wash water or the salt solution. 
As an embodiment of these control means, there is shown 
in FIGURE 1 a conductivity probe 152 in resin circu 
lating pipe 54 and arranged at a point below water pipe 
116. A secondary conductivity probe 154 may be arranged 
in pipe 54 between salt solution pipe 90 and wash water 
pipe 122. A third conductivity probe 156 may be arranged 
in resin pipe 56 between water outlet pipe 148 and re 
generating section 28 of the resin exchange column 24. 
Probes 154 and 156 can be eliminated and dilution of the 
regenerating salt solution compensated for by addition of 
dry salt mixture thereto (see infra). 
These conductivity probes are responsive to changes in 

the conductivity of the solution in the ion exchange resin 
column 24 at their respective locations, and through an 
appropriate servo-mechanism actuate the respective line 
valves in response to such changes in conductivity meas 
urements, as will be described more fully hereinafter. 
The ion exchange resin column 24 is, ?nally, also pro 

vided with drain pipe 158 controlled by valve 160, in the 
event draining and removal of the entire column is de 
sired for cleaning or other purposes. 

Description 0]‘ FIGURE 4 

FIGURE 4 illustrates, schematically, but- in greater de 
tail, the electrolytic pH adjustment cell 14 generally 
shown in FIGURE 1. As seen in FIGURE 4, raw milk 
from hold tank 10 is delivered through line 12 to the in 
terior of electrolytic cell 14. This cell has a casing 202 
which is divided into a series of compartments 204, 206, 
208, 210 and 212. Arranged in each of compartments 204 
and 212 is a cathode 214 and 218, respectively, to a suit 
able negative D.C. electrical source. An anode 222 sepa 
rates compartments 206 and 208, and is suitably a Tir 
reloy anode connected by lead 224 to a suitable positive 
D.C. electrical source. A DC. potential is maintained be 
tween the anode 224 and the cathodes 214 and 218 during 
operation of this cell. 

Compartments 204 and 206 are separated from each 
other by an ion exchange resin membrane 226. Similarly, 
ion exchange membranes 228 and 230 respectively sepa— 
rate compartment 208 from compartment 210 and com 
partment 210 from compartment 212. 

It is thus seen that this electrolytic cell 14 is generally 
divided into two cathode-anode cells, the lefthand side 
being composed of compartments 204 and 206, and the 
righthand side composed of compartments 208, 210‘ and 
212. A current is imposed across each of these cells. Each 
of the ?ve compartments 204—212 is ?lled with an elec 
trolyte, as described more fully hereinafter, and there is, 
consequently, existing in the electrolytic cell 14 a current 
passing between the anode and each of the cathodes. As 
is Well known, in electrolytic solutions, the cations tend 
to migrate to the cathode and the anions tend to migrate 
to the anode. 
As shown in FIGURE 4, the raw milk for processing 

passes through only compartment 210 of electrolytic cell 
14, being delivered through pipe 12 and withdrawn 
through pipe 16 for delivery to the ion exchange column 
24 as shown in FIGURE 1. The decontaminated processed 
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milk returning from the ion exchange column 24 via pipe 
36 passes only through compartment 204 of cell 14 and 
is then withdrawn via pipes 28 and 40 for further process 
ing in accordance with the system fully illustrated in 
FIGURE 1. 

In the cell, compartment 212 contains an aqueous elec 
trolytic solution preferably having a metal cation ration 
and concentration the same as milk, which cations (cal 
cium, magnesium, sodium, and potassium) are conveni 
ently introduced as chloride salts. (The salt balance, how— 
ever, does not need to be precisely the same as in the 
milk since the process is reversible.) Ion exchange mem 
brane 230 is a cation exchange membrane, and thus pre 
vents passage of anions from compartment 212 into com 
partment 210; however, cations may pass from compart 
ment 210 through the membrane 230 into compartment 
212 and into contact with cathode 220. 
Compartment 208, between anode 224 and membrane 

228, contains a suitable acid solution serving as a source 
of hydrogen ions, and is preferably a citric acid solution 
(since citric acid solution is a convenient current-carrying 
solution and acceptable on edible grounds). Membrane 
228 is also a cation exchange resin membrane serving ‘[0 
prevent passage of anions from the milk in compartment 
210 into compartment 208 and anode 224, while permit 
ting passage of cations. 

It will thus be seen that cation exchange membrane 228 
and the citric acid solution in compartment 208 serve to 
shield the milk in compartment 210 from the anode 224. 
This is important for otherwise the milk would be in con 
tact with the acid-generating anode (tending to produce 
hydrogen ions) and would lead to local high acid con 
centrations with the possibility of curdling of the milk, 
unless special means were taken to de?ne an appropriate 
anode which would not have such disadvantages. 
Compartment 210 is, of course, ?lled with the raw milk 

delivered through pipe 12. 
On imposing a DC. current across anode 224 and 

cathode 220, cation migration will occur. This will in 
volve passage of hydrogen ions from citric acid in com 
partment 208 through cation membrane 228 into the milk 
in compartment 210, in an amount equal to the removal 
of metallic cations (calcium, magnesium, sodium, and po 
tassium) passing through cation exchange membrane 230 
and into the anode-carrying compartment 212. The acid 
ity (i.e., hydrogen ion concentration) of the milk in com 
partment 210 is thus increased and the- catholyte solution 
in compartment 212 would gradually tend to become more 
alkaline. 

Referring now to the lefthand side of electrolytic cell 
14 and compartments 204 and 206, in this instance, the 
decontaminated milk passing into the cell through line 36, 
and coming from ion exchange column 24, travels through 
compartment 204 in contact with cathode 214, but shield 
ed from anode 222 by ion exchange membrane 226 and 
compartment 206. There is no need to shield the milk 
from cathode 214. 
The DC. current imposed across anode 222 and cathode 

214 again causes ?ow of cations from the anolyte solution 
in compartment 206 through the cation exchange mem 
brane 226 towards the cathode 214, i.e., into the catholyte 
solution in compartment 204 which is simply the decon 
taminated milk. Thus, the metal cations removed from 
the milk in compartment 210 are returned to the milk in 
compartment 204, while the hydrogen ions formed in the 
milk in compartment 210 to increase its acidity, are re 
placed with the incoming cations in compartment 204. 
The current between anode 224 and cathode 214 is bal 
anced with that between anode 224 and cathode 218. 
This insures the equivalent ion transfers, and the pH of 
the milk leaving the electrolytic cell through pipe 38 is 
the same as the pH of the milk entering the electrolytic 
cell 14 through pipe 12. 

This invention also provides re?nements in the basic 
cell system of the electrolytic cell just described. For in 
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stance, as schematically shown, compartments 206 and 
212 may be equipped with pipes 232, 234, 236, and 238 
which are also provided with surge tank 240 and circu 
lating pump 242. The catholyte solution in compartment“ 
212 may thus be maintained identical in composition with 
the anolyte solution in compartment 206, and is, in fact, 
the same solution, by constant circulation thereof. 

This circulation is important in order to prevent the 
localized precipitation of magnesium hydroxide, and oth 
er hydroxides, which would otherwise tend to occur in 
compartment 212 as the catholyte ‘solution therein became 
increasingly alkaline during the processing of the milk. 
Similarly, if not circulated, the anolyte solution in com 
partment 206 tends to become acid during processing of 
the milk, as its alkaline cations are- removed through mem 
brane 226 and delivered to the milk passing through com 
partment 204. By circulating the solutions in compart 
ments 206 and 212, these changes in the solution are nul 
li?ed and balanced out, and consequently the respective 
solutions in compartments 206 and 212 remain essentially 
the same. - 

This is, :further, an important feature of the system for 
maintaining relatively constant current densities in both 
sides of electrolytic cell 14. This permits maintaining of 
the pH in the milk leaving the cell, through either line 16 
or line 38, singly by control of the power input. It has 
also been observed that there is substantially no effect on 
the pH in the milk as it travels through the ion exchange 
column 24, and this also permits the above-described oper 
ation of electrolytic cell 14. 

Furthermore, the cation exchange membranes 226 and 
230 are substantially identical membranes, and conse 
quently it is unnecessary, in the practice of the system 
provided by this invention, to particularly control the na 
ture of the cation which is removed from the milk in 
compartment 210 (and replaced by a hydrogen ion as the 
milk is acidi?ed); nor is it important or necessary to- be 
concerned with the particular cation which is returned 
to the milk in compartment 204 as its pH is again raised 
to a normal level. This is so because the electrolyte solu 
tion in compartments 206 and 212 is the same and the ion 
exchange membranes 226, 230 are the same and the cur 
rent densities are balanced, and, consequently, whatever 
metallic cations were removed from the milk in compart 
ment 210 can be expected to be replaced in the same 
quantity and ratio in the milk in compartment 204. That 
is, any selective migration tendency of the cations (mag 
nesium, calcium, sodium, and potassium) through the 
membranes 226 and 230‘ balances out. 

It will be appreciated also that the ion exchange resin 
membranes 226, 228, and 230 are not employed as ion 
exchangers in this cell system, but as ion migration bar 
riers instead. They are used for conductivity and to pre 
vent the migration of anions from one compartment of 
the cell 14 to another. 

It has also been found further advantageous to recir 
culate the citric acid anolyte solution in compartment 208 
to minimize polarization for the same reason the other 
electrolytes were circulated and to remove decomposition 
gases. As shown, it may be withdrawn through line 244 
into surge tank 246 and then delivered via line 248, pump 
250, and line 252 again to compartment 208. This also 
minimizes any possible alterations in the citric acid ano 
lyte solution during operation, and permits the cooling of 
the same, should any increase in temperatures as a result 
of reaction heating occur. 
' ‘ It will also be appreciated that circulating pumps 242 
and 250 are employed at least in part as agitators to con 
stantly induce turbulence into the electrolyte solution to 
insure good conductivity, as well as insuring homogene 
ity and proper balancing of the solutions. 
The DC. power input to cell 14 is conveniently pro 

vided by a dual output. recti?er schematically shown at 
254. This recti?er is also advantageously arranged to be 
responsive to pH sensing units which constantly sense 
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the pH of milk sampled from pipes 16 and 38. For in 
stance, in FIGURE 4, pump 256 is arranged to withdraw, 
continuously or intermittently, samples of milk from pipe 
16 through line 258 and to deliver the same through line 
260 into the pH sensing device 262 (which may be any 
well known pH measuring electrode system). If the pH 
of the sample falls above or below the desired level, a 
signal is then transmitted to the dual output recti?er 254 
to decrease or increase the current in the right side of 
the electrolytic cell 14. Milk passing through the pH 
sensing device 262 is returned via line 264 to supply pipe 
12, so that no milk losses occur in this operation. 

Similarly, pump 266 withdraws milk samples via line 
268 from pipe 38, and delivers the same through line 270 
to pH sensing unit 272.v Again, this pH sensing unit will 
signal the recti?er 254 if the pH of the milk sampled at 
line 238 is too high or,too low to cause an increase or 
decrease, as required, in the current density in the left 
hand side of the cell 14. The milk sample is returned 
through line 274 to delivery pipe 36, again with no losses 
in the sampling process. 

Providing such means as have been just described for 
independent control of the current density in the two 
sides of cell 14 is of value particularly in those cases that 
the raw milk is delivered to the unit varies signi?cantly 
in pH over a day’s milking operation. It is well known 
that cow’s milk, even from cows of the same breed and 
grazing on the same pasture, can vary by several tenths 
of a pH, and from cow to cow. Particularly in installa 
tions where hold tank 10 may be of relatively‘small ca 
pacity, su?iciently large variations in raw milk pH can 
occur such that adjustment of the current density in cell 
14 is required as a practical matter to insure that the op 
timum pH for radioactive decontamination in ion ex 
change column 24 is achieved. 

It is also possible, of course, to employ two separate 
cells, one corresponding to the right haif of cell 14, and 
one corresponding to the left half of cell 14, but not shar 
ing a common anode. An inverse arrangement with a 
common cathode can also be used. All other operations 
and features remain the same. 

It can thus be seen from the above discussion of elec 
trolytic cell 14, that the raw milk to be processed may 
have its acidity adjusted to a lower pH preliminary to 
the decontaminating ion exchange treatment, and there 
after the acidity can be restored to its normal higher pH 
level without the introduction of any foreign chemicals 
or materials into the milk. Except for the removal of the 
radioactive cationic material, and the replacement of 
those cations by other metallic cations taken up from the 
resin by the milk during its passage through decontomi~ 
nating section 28 of column 24, the milk delivered from 
electrolytic cell 14 through lines 38 and 40 is the same 
in its chemical composition and makeup as the milk origi 
nally delivered to the electrolytic cell 14 through line 12. 

Detailed description of FIGURE 2 

FIGURE 2 of the drawings illustrates another embodi 
ment of this invention, and presents features which are 
not shown in the system illustrated in FIGURE 1. It will 
be appreciated, however, that various components of the 
system in FIGURE 2 may be used with the system in 
FIGURE 1, and vice versa, as will be brought out here 
inafter. Insofar as seems practicable, the same element 
numbers employed in FIGURE 1 will be employed for 
like elements in FIGURE 2 in the following discussion 
thereof. 

In FIGURE 2, milk from storage tank 10, equipped 
with sight glass 302 communicating through valved line 
310, is drawn through pipe 304, controlled by valve 306, 
by pump 308. Reservoir tank 312, equipped with sight 
glass 314 communicating therewith via valved line 316, is 
arranged to deliver an approximately one molar h‘ydro 
chloric acid solution through valved line 318, under the 
action of pump 320 and through line 322 into pipe 304. 
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The hydrochloric acid solution in tank 312 may be more 
concentrated and means 321 provided for admixing water 
therewith at pump 320 to the correct dilution at agitator 
pump 308. The acidi?ed milk then passes via pipe 324 
to a pH sensing cell 328, thence to a hold tank 327, and 
?nally through a ?lter clari?er 326 and by valved pipe 
330 into the cation exchange resin column 24 at the bot 
tom of the decontaminating section 28 thereof. 
Hold tank 327 is of adequate capacity to provide a 15 

to 30 minute delay for the acidi?ed milk prior to ion ex 
change. This delay has been found to be important in 
order to permit the strontium-90 to be completely re 
leased from complexes with the protein content of the 
milk. Clari?er 326 removes any small amount of curd 
formed by localized precipitation during the acid addi 
tion. 
The pH sensing ?ow cell 382 constantly measures 

the pH of the milk ?owing through pipe 324, and its 
signal is delivered to the pH control servo-system, sche 
matically shown as 332, which in turn controls the speed ~ 
of pump 320. By this arrangement, the quantity of hydro 
chloric acid delivered to the milk in pipe 304 from reser 
voir tank 312 is constantly and automatically controlled 
to maintain the desired pH level of about 5.2 to 5.4 for 
optimum radioactive removal in decontaminating section 
28. 
As in column 14 in FIGURE 1, the milk passes up 

wardly through the decontaminating section 28, in FIG 
URE 2, and then is conducted out of column 24 via 
pipe 32. In this system of FIGURE 2, however, the milk 
in pipe 32 is not deacidi?ed as in FIGURE 1. Instead the 
milk is delivered through valved pipe 334, and optionally 
through a cooling heat exchanger 336, into a cooling heat 
exchanger, into a second ion exchange column 340, con 
taining an anion exchange resin. 
As shown in FIGURE 2, the acidi?ed but radioactive 

cation-decontaminated milk passes upwards through a 
combined deacidi?cation and radioactive anion decontam 
inating section 342 of column 340 is then collected and 
removed through valved pipe 344, again passing through 
a pH measuring ?ow cell 346, and is then delivered from 
pipe 348 to a receiving tank, not shown. 
The milk delivered from pipe 348 is decontaminated 

and deacidi?ed milk with its iodine-131 content also re 
moved, as will be explained morefully hereinafter. 

Referring again to the apparatus and system associated 
with column 24, in FIGURE 2, a regenerating salt strip 
ping solution is again provided with cooling-jacketed pre 
cipitating tank 100 and agitating-makeup delivery tank 84. 
Each of these tanks is ?tted with a suitable mixing means 
schematically shown as 101 and 85, respectively. Tank 
100 is also equipped with a reservoir 102 adapted to de 
liver a suitable strontium-9O precipitating solution to the 
contaminated recycled regenerating salt in tank 100, 
through line 104 controlled by valve 106. 
As shown in FIGURE 2, and as arranged in FIGURE 

1, the regenerating salt solution is withdrawn from the re 
generating section 82 of column 24 through line 98 con 
trolled by valve 96. This solution, which contains the 
radioactive strontium-90 stripped from the cation ex 
change resin in column 24 (which strontium-90 had, in 
turn, been removed from milk in decontaminating section 
28), is then agitated in tank 100 and the strontium cations 
are precipitated, as in the system of FIGURE 1, and as 
will be more fully related hereinafter. The solution from 
tank 100 is withdrawn through line 108 via pump 118 and 
delivered to ?lter 112 wherein 90% of radioactive stron 
tium-90 is removed. 
The now-decontaminated regenerated salt solution is 

passed through line 114 into tank 84. This tank is provided ' 
with a second reservoir vessel 350 which is arranged to 
deliver through valve 352 whatever regenerating .dry salt 
mixture or concentrated salt solution is required to make 
up dilution occurring during operation of the overall 
scheme. The regenerating salt solution is then delivered 
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through line 86 by means of pump 88 through line 90, 
and into column 24 at the top of regenerating section 82. 
As will be seen, and as already related in connection 

with the description of column 24 in FIGURE 1, the re 
generating salt solution passes downwardly through regen 
erating section 82 of column 24 to a point where it is with- 
drawn through line 98 and recycled as just described. 
The anion exchange column 340 is constructed similarly 

to cation exchange column 24, although as shown, and 
for reasons which will become clear, its combined anion 
decontaminating and deacidifying section 340 is of lesser 
volume than the cation-decontaminating section 28. Con 
duit 354 extends downwardly from decontaminating sec 
tion 342 and then loops upwardly to resin valve 356. The 
portion of conduit 358 between drain line 360, controlled 
by valve 362, and regenerating alkali solution supply line 
364 is the anion exchange resin regenerating section 366. 
Conductivity probes 368 and 370 are arranged similarly 
to conductivity probes 152 and 154 (in column 24) as is 
valved wash water supply line 372 which enters column 
340 at a point below resin valve 374. 

In the other portion of the loop of column 340, above 
decontaminating section 342, resin valves 376 and 378 are 
arranged similarly to resin valves 60 and 63 in column 24. 
Again, also, a reservoir supply tank 380 is arranged for 
introduction of makeup resin through valve line 382 into 
the upper portion 384 of column 340; and line 386 is ar 
ranged to permit over?ow of waste water, from which 
resin ?nes may be collected in settler tank 390, the waste 
water being removed through line 392. 
As an important feature of the system, anion exchange 

resin column 340 may be provided with pH servo-control 
means 394 which are responsive to the pH sensed by ?ow 
cell 346, and, in turn, control the resin flow rate and the 
operation of pump 396. This pump is arranged to with 
draw an alkali solution from reservoir tank 398 through 
line 400 and delivery to regenerating section 366 through 
line 364. The pH servo-control 394 linkage with pump 396 
and the resin movement system is arranged so that the 
quantity of alkali delivered to the regenerating system is 

- balanced to conform with the resin movement to maintain 
the pH of the decontaminated deacidi?ed milk which is 
removed from decontaminating section 342 of column 
340. An increase in resin movement will tend to increase 
the alkalinity of the milk. 

The description of the operation of the continuous ion 
exchange columns 

The various continuous ion exchange columns in the 
system of this invention are operated in essentially the 
same manner. While the following description will refer 
particularly to column 24, it will be understood that it is 
equally applicable to column 340. For simplicity, this de 
scription will be made in connection with FIGURES 5—8, 
which are adapted for schematic illustration of the posi 
tioning of the various valves involved in the operation, to 
facilitate a better understanding of the same. 

Referring ?rst to FIGURE 5, this illustrates the condi 
_tion of ion exchange column 24 during the decontamina~ 
tion/regeneration cycle when milk is ?owing upwardly 
through decontaminating section 28, and a separate por 
tion of the ion exchange resin is being regenerated in re 
generation section 82. As seen in FIGURE 5, during this 
cycle, resin valves 57, 58, and 63 are closed, and resin 
valve 50 is open. Valves 20 and 34 in pipes 22 and 32, 
respectively, are opened, permitting milk ?ow through de 
contaminating section 28. Valves 92 and 96 in regenera 
tion salt lines 90, 94, respectively are also opened, permit 
ting downward flow of the regenerating salt stripping so 
lution through section 82. Valves 118 (line 116), 124 
(line 122), 138 (line 136), and 150 (line 148) are all 
closed. 
As already ‘mentioned, after a predetermined time of 

passage of milk through the decontaminating section 28, 
and in accordance with the principles described and 
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claimed in U.S. Patent 2,858,222, in the column 24 is 
operated so as to shift and replace the ion exchange resin 
bed contained therein by introducing a fresh portion of re 
generated resin. 
To effect this procedure, resin valve 60, milk pipe valves 

20 and 34, and regenerated salt solution line valves 92, 
96 are all closed. Resin valves 57, 58, and 63, and valve 
138 in hydraulic water supply line 136 are all opened, in— 
troducing a hydraulic thrust therethrough line 136 at the 
top of lower resin reservoir ‘59. Valve 150 on line 148 
remains closed to prevent any water outlet ?ow at that 
point. The condition of the valves during this cycle is 
shown in FIGURE 6. 
The hydraulic thrust is applied in section 11. The 

resin in the reservoir is pushed around the stainless steel 
loop, water and resin are pushed into water elimination 
section 64, milk and resin are pushed into feed rinse 
section 61, water is pushed into regenerating section 82, 
regenerated salt solution is pushed into regeneration rinse 
section 83 and water and resin are pushed into upper 
resin reservoir 56. As shown in FIGURE 6, the milk/ 
water interfaces 410‘ and ‘412 have also been moved about 
the loop along with the resin. ' ' 

In the next step, valve 138 in hydraulic Water supply 
line 136 is closed, resin valves 5'7, 58‘, and '63‘ are 
closed and resin valve 60 is open. The resin that had 
been pushed into upper reservoir section 56 drops into 
lower reservoir section 59. Valve 20‘ in milk line 22 is 
now opened along with valve 150 in water line 148. As 
milk flows into decontaminating section 28, the milk/ 
water interface travels upwards into ‘water elimination sec 
tion 65. Conductivity probe 156 in section 65 senses the 
lower conductivity of water, and prevents milk from being 
transferred out of the column through line 32 by main 
taining valve 34 closed (see FIG. 7). When milk hits the 
conductivity probe in‘section 65, this closes valve 150', 
stopping the outlet ofiwater through line 148, and valve 
134 is opened to allow the processed milk to leave the 
column through line 132. 

Milk will also have surrounded conductivity probe 410 
in said rinse section 61, which senses the increased con 
ductivity, and signals water to enter section 61 through 
line 16 by opening valve 118. Valve 1118 is closed and 
the water ?ow ceases when the conductivity indicates that 
water is contacting the conductivity probe 152. In similar 
manner, the conducting regenerating salt solution in sec 
tion 83 is rinsed out with water admitted through line 
122 and conductivity probe 154 indicates when the water/ 
regenerating solution interface has passed below it (see 
FIG. 8). This conductivity control of water?ow in the 
column loop prevents dilution or loss of milk not going 
through the ion exchange column loop, and also prevents 
dilution of the regenerating salt solution. 

In the next step Valve 138, in hydraulic Water supply 
line 136 is closed, resin valves 57, '58, and 63 are closed, 
resin valve 60 is opened, and the resin that had passed 
into section 56 drops into lower reservoir section 59. Valve 
118 in water supply line 116 is opened, along with valve 
150 in water outlet line 148. The conductivity probe 156 
in section 65 senses the low conductivity of water and 
prevents milk from being transferred out of the column 
but allows it to be pushed counterclockwise and up 
through section 65 to displace water that came in with 
the resin, water being admitted through line 116 for this 
purpose (see FIG. 7). 

Valve 124 is now closed and valve 92 opened for 
cycling of the regenerating salt solution through regen 
erating section 82, the same being introduced through 
line 90 and withdrawn through line 94. After expiration 
of the established decontamination period, the resin move 
ment cycle is thereafter repeated through the steps just 
described in connection with FIGURES 5, 6, 7, 8, etc. 
An important part of this system lies in the use of 

the conductivity probes 152, 154, and 156, to detect the 
position of the variation interfaces between different 
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liquids in the column, and prevent dilution or loss of 
milk, and also prevents dilution of the regenerating salt 
solution. While there is a certain disturbance of the 
ion exchange resin in the column during its intermittent 
movement from one place to another, it has been found 
that the milk/water interface forms a de?nite boundary 
between the two solutions. Because of this phenomenon, 
it has been possible to maintain safeguards to prevent 
adulteration of the milk by inadvertent admixture there 
of with water or the regenerating salt solution. 

It will also be understood that it is a preferable feature 
of this invention to arrange automatic valve cycling in 
response to the basic time schedule and the sensing re 
sponse of the respective conductivity probes. Thus, con 
ductivity probe 156 may be arranged with suitable sole 
noid valves 150 and 34 so that valve 34‘ will remain 
closed and valve 150 will remain open until the milk/ 
water interface 412 is above probe 156, but should the 
interface fall below probe 156, valve 34 is automatically 
closed and valve 150‘ is automatically opened. 
During the cycling operations of the resin, as just de 

scribed, it will be understood that the introduction of 
the rinse and pulse water into the column is accommo 
dated through the over?ow means 68 (FIGURES 1 and 2) 
above delivery conduit 56. Some resin ?nes may be car 
ried with this water over?ow, and to permit recovery of 
the same, settling tank 72 is provided, so that waste water 
over?ows through line 78 and recovered resin ?nes may be 
removed from time to time through line 74 by opening 
line 76. 

Attrition of the resin during the operation is made up 
through supply of additional resin, as required, from 
reservoir 62, as already mentioned. 
Another feature of this system is that the milk flow is 

introduced and maintained through the operation of only 
one pump (pump 18 in FIGURE 1, pump 308 in FIG 
URE 2); and the ‘regenerating salt solution flow is also 
maintained through the operation of but a single pump 
(pump 88 in FIGURES 1 and 2 for column 24, pump 402 
for column 340' in FIGURE 2). 

Description of the cation exchange 
resin regeneration cycle 

In connection with column 24, as shown in FIGURES 1 
and 2, and as already mentioned, the cation exchange 
resin in section 82 is regenerated by treatment with a 
cation salt solution delivered from tank 84- through line 86 
by the use of pump 88‘. This is a balanced. salt solution of 
calcium, magnesium, sodium, and potassium chlorides at 
a concentration of 1.11 to 1.51 normal, preferrably about 
1.31 normal, and displaces the strontium-90 content on 
the cation exchange resin (acquired in decontaminating 
section 28, from the milk). This regeneration stage re 
quires about 3.5 to 4.5, usually about 4 volumes of salt 
solution per volume of resin. 

While this salt solution is then disposed of by dumping 
to the drain, practical operation of the system of this in 
vention would not be desirable absent suitable means for 
disposal of the strontium-90 content stripped from the 
resin. The mixed chloride salts are the most expensive 
reagents used in the whole operation, and it is also desira 
ble to separate the strontium-90 from the solution for 
more compact disposal or for transfer to a burial ground 
rather than dumping 'back into the water stream. 
One method provided by this invention is to add stable 

isotope of strontium chloride to the chloride salt solution 
in quantities of about 3 to 4 grams of strontinum per liter 
in tank 100. Sulfate ion is added as calcium sulfate slurry 
in order to limit the amount that goes into solution. This 
calcium sulfate slurry is made at about 10 grams per liter 
and only about 3 grams per liter goes in solution. This 
slurry is stirred and heated to about 85-95 degrees, C. and 
held for from about 1 to 2 hours, preferrably about one 
hour. About 90% of the strontium-90 is thusly coprecipi 
tated with the strontium and calcium sulfates. This slurry 
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is then ?ltered through ?lter 112 to yield approximately 
25 gallons of ?lter cake, per 1,250 gallons salt solution, 
which is then ready for disposal. The treated salt solution 
has been slightly diluted and it is recommend that about 
10—20% be discarded. A fresh mixture of dry salt is added 
in tank 84 to make up the required solution volume and 
concentration for the next regeneration. By adding dry 
salts, evaporation step to maintain concentration may be 
avoided. 

This recovered salt solution may contain about 0.6 gram 
per liter of strontium, as essentially nonradioactive stron 
tium chloride. Most of this Will stay in the salt solution, of 
course, but a small fraction may be picked up by the resin 
and the stable isotope of strontium in milk (Sr88) may be 
increased slightly. The normal concentration of strontium 
in milk is about 1 mg. per liter. It is calculated that this 
precipitation method would at most contribute about 5 
mg./ liter to the milk. 

Description 0]‘ FIGURE 9 
Another method for removing strontium-90 from the 

regenerating salt solution is to run this solution through a 
?xed-bed cation exchange resin of a higher cross linkage 
than that used for the milk, which will have a higher 
af?nity for strontium-90. Used salt in delivered through 
line 93 to tank 500, and then passed down through lines 
502, 504, and through a bed of resin, e.g., Dowex 50—W, 
X—12 50-100 mesh in perhaps a 24 cu. ft. bed. Eighty per~ 
cent of the solution may be passed through lines 512, 514 
into tank 516, with only about ?ve percent breakthrough 
of the strontium-90. This salt is then ready for reuse with 
a twenty percent makeup of fresh or mixed salt from tank 
518 through line 520'. This method has the advantage that 
no normal isotope strontium is added to milk. The stron 
‘sium-90 and approximately twenty percent of the calcium 
and magnesium on the ?xed-bed Dowex 50 resin is re 
moved with a 5 molar sodium chloride solution delivered 
from tank 522 through lines 524, 526. The sodium-form 
resin is then reconditioned with about 250‘ gallons of fresh 
salt solution from tank 528, through lines 530, 504». 
The strong sodium chloride solution and the eluted 

strontium-90 and a small amount of calcium and magne 
sium are passed through line 532 to precipitation tank 534. 
Suf?cient sodium carbonate is added from tank 536 
through line 538 to completely convert calcium and mag 
nesium to the carbonate, and ferric chloride is added to 
form ferric hydroxide which aids in the scavenging. This 
precipitate will carry about 99% of the strontium-90. 
After ?ltration through ?lter 540 approximately 30—50 
gallons of ?lter cake is obtained which may be removed 
for burial. The ?ltrate is largely strong sodium chloride 
solution, quite free from strontum-90, which may be re 
cycled v-ia lines 542, 544 to tank 522 for the next regenera 
tion of column 506. In order to avoid dilution, a portion of 
this is thrown away (approximately 20% ), and new 
sodium chloride is added. 

Description of the anion exchange 
column operation 

Because of the very favorable distribution coef?eients 
for iodine-131 removal, it is possible to use a ?xed-bed ion 
exchange resin column as shown in FIGURE 1, with the 
pH of the milk restored from its acidi?ed level by the op 
eration of the electrolytic cell 14. However, it is preferred 
to use the continuous anion exchange resin column 340, 
because of the lowered overall equipment costs. 
Anion exchange column 340 is operated in a manner 

analogous to column 24 so far as valve manipuation, etc., 
is concerned. It is designed to accomplish neutralization 
of the original added acid by neutralization of hydrogen 
ions, and removal of iodine-131 falls within these condi 
tions. As shown in FIGURE 2, the decontaminating sec 
tion 342 may be of lesser volume than decontaminating 
section 28, because of the faster exchange rate for the ion 
exchange resin for neutralization of hydrogen ions (and 
removal of iodine-131); thus, a smaller quantity of resin 
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16 
is required for a given volume of milk. In practice, it has 
been found satisfactory to have an anion decontaminating 
section volume of about two-thirds that used for the cation 
exchange decontaminating section. 

With this arrangement, the milk flow volume rates 
through the two columns in the system illustrated in 
FIGURE 2 may be comparable, and essentially continu 
ous milk ?ow achieved. This arrangement for constant 
throughput of the milk in both columns is also important 
to avoid any need for holdup or Waiting periods with the 
milk being processed. As already mentioned, unless the 
raw milk is held to a temperature of about 38° F.—40° F., 
its bacterial count will go up quite rapidly. 

During the operation of column 340, the anion ex 
change resin is loaded with hydroxyl anion in section 366, 
and, in section 34-2, selectively adsorbs the chloride, and 
iodide, ions while neutralizing the acid with the hydroxyl 
ions. 

Accurate control over the degree of exchange taking 
place in decontaminating section 342 is possible through 
pH sensing cell 346 and the pH servo-system 35% through 
driving pump 402. This is, if the pH of the milk deliv 
ered through pipe 348 is the same as that originally sup 
plied through pipe 340, then due to the characteristics 
of the anion exchange loop 340, and the selective ex 
change system, it is clear then that only the same amount 
of anions have been removed. Any excess exchange would, 
of course, be re?ected in too high pH. 
Any change in chloride content of the milk would in 

dicate other anions are being exchanged, but the chloride 
content has been observed to be quite constant. The 
hydroxyl ion added to the milk in section 342 is, in 
fact, equal to the chloride and the iodine-131 ion con 
tent removed. In molar quantities, however, the iodine 
131 content of the milk is extremely small, and, conse 
quently, restoring the original pH of the milk removed 
effectively the same amount of chloride ions that has been 
added as hydrochloric acid. 

Especially when using a weak-base resin, it is im 
portant to use hydrochloric acid to acidity the milk, as 
other acid anions do not exhibit this selective exchange 
of the anion with the ion exchange resin. For instance, 
the phosphate acids are apparently not suf?ciently ion 
ized, and the citric acids are generally too weak to permit 
this operation. Furthermore, because of the selective ex 
change in column 340, it has been found unnecessary to 
regenerate this ion exchange resin with a balanced salt 
regenerate. 

It is not practical to adjust the pH of the milk with 
an anion exchange resin in this manner with a ?xed bed 
system because of batch-Wise type pH formations in the 
milk, because the exchange rate varies so much from top 
to bottom in the ?xed bed during operation and as it 
becomes loaded. Tests produced pH ranges fluctuating be 
tween 5.5 and 7.5 when ?xed beds were used, even with 
rapid regeneration cycles. 

It will be appreciated that the use of the strong hy 
drochloric mineral acid in this system is generally con 
trary to past practice in which strong acids were avoided 
because of more dif?cult mixing conditions and the dang 
ger of the precipitated milk protein resulting from local 
ized high acid contents. Citric acid was employed because 
edible and a weaker acid. Agitation of the milk in the 
system of the present invention coupled with the exchange 
operation of column 340 permits the use of hydrochloric 
acid in a practical and effective manner. 
For the anion exchange resin, two types may be em 

ployed, either a strong base type or a weak base type. 
The weak base anion exchange resin has the advantage 

that the iodine-131 can be eluted with the sodium hy 
droxide regenerating solution, and this resin’s inherent 
buffering effect was initially thought to have less possi 
bility of causing undesirable fluctuations in milk pI-I. 
However, only about one-third of the iodine-13], is readily 
removed. 
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It has also been found possible to use strong base 
styrene type resins such as Dowex 2-X8, for these ex 
hibit a very strong a?inity for iodine-131. When these 
resins are used, it is actually very di?'icult to remove or 
elute the iodine-131 with the sodium hydroxide regenerate 
solution. While this would normally ‘be considered a dis 
advantage, in this particular system, operation is possible 
wherein the iodine-131 is never removed from the resin. 
With an eight-day half-life, the maximum buildup of 
radioactive iodide ion that can be established on the resin 
is an eight-day accumulation. 

In experiments to determine the feasibility of this rather 
radical procedure, the sample of the strong base anion 
exchange resin ‘was loaded very heavily with iodine-131, 
while above background readings. On contacting this resin 
in the usual way with milk at a milk-to-resin volume ratio 
of about 10 to 1, it was still ‘found that at least 76% 
and perhaps as much as 95% of the iodine-131 content 
would be removed at a steady state operation. These ?g 
ures are conducted with induced iodine-131 concentra 
tions in the milk approximately several million fold larger 
than the maximum concentrations so far observed. 

Regeneration of the anion exchange resin, is achieved 
in section 366 with sodium hydroxide strip solution which 
may the supplied, as shown from reservoir tank 398. Only 
a very low volume of strip solution is required in practice, 
and this regenerating solution may be discarded without 
seriously affecting the economics of the system. 

Caustic solution of one-fourth molar sodium hydroxide 
is introduced through line 364 for this regeneration, and 
pump 402 may be a dual-head positive displacement dia 
phragm type pump mixing 12 molar sodium hydroxide 
from tank 398 with 48 volumes of water. The ?ow through 
line 364 is adjusted to regenerate .about 40% of the resin 
capacity to the hydroxide form by selectively displacing 
the chloride ions, iodine -131 being in no way a?ected by 
the hydroxide regenerant solution. 

It has been found that so long ‘as the iodine remains on 
the resin in iodide form it is not picked up by the milk 
but, if it is oxidized to elemental iodine, it can be removed, 
possibly by adsorption or complex formation with the 
casein or protein content of the milk. To prevent this, 
care should be taken to preserve a nonoxidizing environ 
ment for the resin. This may be done by using SO'Z/Water 
for cleaning a resin of the apparatus (instead of the more 
conventional chlorine water), and small amounts of so 
dium sulfate may be added to the hydroxide regenerating 
solution. Similar reducing agents could also be used. 

Description of distributor means illustrated in FIGURE 3 

FIGURE 3 illustrates in greater detail the distributor 
means which are employed to introduce and remove the 
milk in" the ion exchange column loops. 
As shown in this ?gure, in section, the ion exchange col 

umn 24,,(lwhich, it will be understood, may also be col 
umn 340) is provided with mounting member 450 having 
a circumferential ?ange 452, suitably tapped to receive 
fastening bolts 454 at spaced points about the circumfer 
ence of the ?ange. Mounting member 450 has a central 
bore 456 in alignment with a matching ori?ce 458 in the 
wall of 460 of column 24. The bore 456 is generally con 
ically enlarged outwardly from the juncture with wall 
460, as shown at 462. 

Disposed within and sealingly engaging the bore 456 
of mounting 450 is the distributor member 464. As shown, 
the 'outer diameter of this distributor 464 is made just 
suf?ciently smaller than the bore 456 of mounting member 
450 as to permit sliding insertion of the distributor meme 
her 464 into the interior of column 24. Complementing 
the con?guration of the interior of mounting member 450, 
the exterior pro?le of distributor 464 likewise conically 
enlarges exteriorally of the bore 460, with a taper sub— 
stantially matching that of taper 462, as shown at 466. 
Application of a suitable grease, e.g., a silicone grease, on 
the surface of tapers 462 and 466 provides an adequate 
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liquid-tight sealing engagement of the distributor to the 
mounting member 450. This is further secured by the 
tightening of fastening bolts 454 forcing the surfaces 
of tapers 462 and 466 tightly against each other, the 
?ange member 468 on distributor 464 pressing against 
and engaging a gasket member 470. 
The outer end of distributor 464 is further provided 

with the standard coupling member 472 for engaging the 
conventional milk union couplings now used in the dairy 
industry. When so connected, the interior bore 474 com 
munioates with the milk supply, and permits delivery of 
the same to the'interior of column 24 through holes 476. 
It will be seen that the distributor pipe has a closed in 
terior end, but the plurality of holes 476 permits even 
distribution of the milk across the horizontal section of 
the apparatus. 

Depending upon whether the distributor pipe is em~ 
ployed .as an inlet or as an outlet, a screen is disposed 
within or without the pipe, and about the holes 476. This 
is a stamped metal screen having a large number of 
small holes rather than the conventional woven screen, 
and, of course, blocks movement of solid particles, e.g. 
ion exchange resin beads, through holes 476. 

In FIGURE 3, this arrangement is illustrated in which 
the screen 4781, with holes 480, is arranged within dis 
tributor pipe 464; whereas, in distributor pipe 464a in 
the upper part of the drawing, the screen 47811 is ar 
ranged on the outside of distributor pipe 464a. It will 
be understood, of course, that this arrangement is shown 
only for purposes of illustration. Referring to FIGURE 1, 
all the distributor heads at distributor 26 in decontam 
inating section 28 would be arranged with the screen as 
shown in connection with distributor 464 at FIGURE 4; 
whereas distributor 30 would be provided with both dis 
tributor heads arranged as shown with. distributor pipe 
464a in FIGURE 3. 

Discussion of speci?c embodiments of the invention 
As a presently preferred and speci?c embodiment of 

the invention, and with reference to FIGURE 2 of the 
drawings herein, this system may be conveniently ar 
ranged for the decontamination of 100,000 pounds or 
12,000 gallons of milk per six-hour period. 
For this purpose, the diameter of decontaminating 

section 28‘ may be about twenty-four inches and about 
?ve-feet long between distributors 26 and 30. Regen 
erating section 82 can then be constructed with a twelve 
inch diameter, with the inlet and outlet for the circulat 
ing regenerating salt solution being about six feet apart. 
Conduit sections 54 and 56 may also be of twelve-inch 
diameter, and the washing section 83 of about three feet 
in length. 

Using such an ion exchange column loop as just de~ 
scribed, the column loop 340 would .appropriately have an 
approximate diameter of twenty inches. With the distance 
of approximately three feet between the milk‘ distribu 
tors in this section. For the arrangement in which the 
iodine-131 is simply left on the anion exchange resin to 
there decay, it is su?‘icient to have a distance of about 
four feet between the inlet and the outlet for the sodium 
hydroxide regenerating solution delivered from supply 
tank 348. 

Milk feed tank is maintained at a temperature of about 
38° F., and pump 308 is established for a pumping rate 
of about 1,950 gallons per hour, with tank 327 having a 
capacity of 650 gallons, providing a twenty-minute hold 
up. It is suitable to have hydrochloric acid supply tank 
having a capacity of approximately 50 gallons, to supply 
300 pounds of 10 molar hydrochloric acid with 3,000 
gallons water mixed therewith, per six-hour period through 
line 132. The pumping rate for pump 320 will, under 
these conditions be approximately one gallon per minute, 
although this will be adjusted as described hereinabove 
in accordance with the pH control system 332. 

In the operation of this system, conditions are ade 
quately maintained for a removal of some 99% of the 
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strontium-90 and removal in the range between 85 to 
95% of the iodine-131 (with a strong base resin). Milk 
?ow is maintained for three minutes, with an interruption 
of about ten seonds for (a) shifting the cation resin at 
a rate of 3.1 liters/minute or some ?ve inches in twelve 
inch diameter reservoir section 59, (b) the anion resin 
some 15 liters/minute or some 8 to 9 inches in twenty 
inch diameter reservoir 377, and (c) for restoration of 
the liquid interfaces, as related in connection with FIG 
URES 5—8. This establishes an overall milk ?ow rate to 
cation resin volume movement rate of about 40: 1, and a 
similar ratio for the anion resin of about 8:1. The anion 
exchange resin distribution coe?icient for iodide is ap 
proximately two hundred and ?fty volumes to one vol 
ume, well within the above rate for the hydroxide/chlo 
ride exchange. 
With this system, it is satisfactory to maintain a pres 

sure head at pump 308 of approximately 30 pounds per 
square inch, but this may vary within the range of about 
15 to 30 pounds per square inch, to achieve the desired 
constant ?ow throughput. 

During this operation, for a period of six hours, the 
makeup regenerating salt circulated from tank 84 will 
amount to approximately Caclz, 360 lbs.; MgCl2, 41 lbs.; 
NaCl, 132 lbs.; and KCl, 290 lbs. 'Usually about 20% of 
the total recovered regenerating salt solution content is 
replaced from tank 350 during an operating period of 
six hours. 

It will be appreciated that generally in the operation of 
this invention, the factors principally determining the size 
of the apparatus and the parameters of the manipulative 
steps will be the overall production capacity desired, the 
distribution coe?icient of the strontium-90 cation be 
tween the milk and the cation exchange resin, and the 
ion exchange rate. 

Generally, in a typical dairy, the capacity of the system 
should provide for a processing of at least about 50,000 
pounds of milk in a six-hour period, and a unit for proc 
essing 100,000 to 150,000 pounds is preferred. 
The distribution coe?icient generally observed between 

milk and the cation exchange resin is about 50 to 1. It is, 
therefore, desired to maintain the ratio of the volume of 
milk ?ow to the volume of resin ?ow in the decontaminat 
ing section as close to the ratio of 50 to 1 as is feasible, 
having in mind equipment size and desired capacity. The 
higher this ratio is maintained, while securing su?icient 
e?icient removal of strontium-90, the less resin that is 
required. It is advantageous to maintain the resin volume 
at a minimum, in order to reduce the requirements for 
the regenerating salt solution. At the same time, the lower 
the milk flow to resin ?ow ratio, the more complete will 
be the removal of strontium-90. In the practice of this 
invention, it is preferred to maintain this ratio at at least 
about 70% and preferably at about 85 to 95% of the 
distribution milk/resin coe?icient. In these ranges, ade 
quate strontium-90 removal of the order of 90 to 95 % 
can be obtained at practical ?ow rates. 
The milk flow rate through the decontaminating sec 

tion is also preferably maintained to provide a contact 
period of about two minutes, and within the range of be 
tween about 1 to 3 minutes, depending upon the percent 
removal of strontium-90 which is required. This contact 
or “holdup” time in the resin bed is determined by the 
rate of exchange of stronium-90 from the milk for the 
cations in the resin, which is affected, in all probability, 
by the extent of the complex retention of strontium-90 
in the protein components of the milk (which is as afore 
mentioned (in turn, affected by the pH). 
The distribution of reagent to resin, for the cation ex 

change resin regenerating system, for removal of stron= 
tium-90 from the latter, is about 3 to l, perhaps vary in 
the range of from about 2.5 to perhaps 5 to 1. It is im 
portant here to secure complete removal of strontium-90 
from the resin, and consequently the ratio of regenerating 
salt solution flow to resin ?ow in the regenerating section 

10 

20 

30 

40 

50 

55 

60 

20 
will ‘be maintained in excess of the distribution coef? 
cient, within the range of from about 110 to 140%, pref 
erably at least about 120 to 125%, for economically prac 
tical operations. 
The shape of the columns, whether long and narrow 

or short and wide is not a determinative factor in the op 
eration of the system, and the volume of the respective op 
erating sections are essentially established from calcula 
tion in the distribution coefficient and, hence, the liquid 
?ow to resin ?ow rate ratios and the rate of ion ex 
change. 

It will be understood from the foregoing description 
that this invention is not limited to practice according to 
the speci?c embodiments illustrated and described here 
in, and that variations thereof can be made while not 
departing from the principles involved. This invention is, 
therefore, to be understood to be limited only by the 
spirit and scope of the following claims. 

:1 claim: 
1. A system for decontamination of radioactive milk 

consisting essentially of, in combination: 
(a) means for ?rst acidifying the contaminated milk 

to be processed, to reduce its pH to a level between 
about 5 and 6, said means comprising a vessel adapt 
ed to contain an acid, said vessel being in valved 
communication with means for passing said con 
taminated milk to a ?rst ion exchange column sys 
tem; 

(b) said ?rst ion exchange column system having de 
contaminating and regenerating sections in valved 
communication with each other, for containing 
a cation exchange resin; 

(c) means for restoring the original pH of the decon 
taminated milk after passage from said ion exchange 
column system; 

(d) means operative during a ?rst predetermined time 
period for ?owing a ?rst portion of milk through 
said deeontaminating section and for ?owing a re 
gernating salt solution through said regenerating sec 
tion of said ion exchange column system, and for 
maintaining the liquid-?lled space of said decontami 
nating section with milk throughout said ?rst prede 
termined time period; 

(e) means operative during a second predetermined 
time period for ?rst interrupting said ?ow of said 
milk and said regenerating salt solution, and second 
ly to shift said cation exchange resin in said ion ex 
change column system from one section of said col 
umn to another continguous section therein during 
said second predetermined time period; 

(f) means operative thereafter for re-establishing the 
liquid content of said decontaminating section to con 
sist of milk and to initiate a repetition of the opera 
tion of said ?rst predetermined time period, and to 
repeat successively said operations of said ?rst and 
second predetermined time periods as long as de 
sired; 

said means (c) for restoring the original pH of the de 
contaminated milk after passage through said ?rst ion 
exchange column system comprising: 

(g) a second ion exchange column system having re 
generating and decontaminating sections in valved 
communication with each other and containing 
therein an anionic exchange resin; 

(h) means operative during a ?rst predetermined time 
period ‘for ?owing milk through the decontaminat 
ing section of said second ion exchange column sys 
tem, and for ?owing a regenerating aqueous alkali 
Solution through the regenerating section of said sec 
ond ion exchange column system, while maintaining 
the liquid-?lled space of the decontaminating sec 
tion of said second ion exchange column system with 
milk throughout such ?rst predetermined time pe 
riod; 

(i) means sensing the pH of the milk removed from 
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said decontaminating section of said second ion ex 
change column system; 

(j) means responsive to said sensing means and opera 
tive during a second predetermined time period for 
shifting said ion' exchange resin in said second ion 
exchange column system from one section of said 
column to another contiguous section therein to the 
extent required to maintain the desired pH level 
sensed by means (i); 

(k) means also operative during said second prede 
termined time period for interrupting the flow of 
said milk and said regenerating aqueous alkali so 
lotion; and 

(l) means operative thereafter for re-establishing the 
liquid content of said decontaminating section of 
said second ion exchange column system to consist 
of milk and for initiating successive repetitions of 
the operations of said ?rst and second predetermined 
time periods as long as desired. 

2. The system of claim 1 further including means as 
sociated with said regenerating section of said ?rst ion 
exchange column system operative for removing said 
regenerating salt solution therefrom during said ?rst pre 
determined time period and for purifying the same by 
elimination therefrom of the radioactive cations removed 
from the milk, for separate disposal of said radioactive 
cations, and for recycling of said regenerating solution to 
said regenerating section for further use during successive 
intervals corresponding to said ?rst predetermined time 
period. 

3. A system for decontamination of radioactive milk 
consisting essentially of, in combination: 

(a) means for ?rst acidifying the contaminated milk 
to be processed, to reduce its pH to a level between 
about 5 and 6, said means comprising an electrolytic 
cell having inlet means for delivery of contaminated 
milk thereto whereby said contaminated milk is acid 
i?ed, said electrolytic cell having outlet means in 
communication with an ion exchange column system 
for passing acidi?ed contaminated milk thereto; 

(b) said ion exchange column system having decon 
taminating and regenerating sections in valved com 
munication with each other, for containing a cation 
exchange resin; 
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(c) means for restoring the original pH of the decon 
taminated milk after passage from said ion exchange 
column system comprising an electrolytic cell having 
inlet means for delivery of decontaminated milk 
thereto; 

(d) means operative during a ?rst predetermined time 
period for ?owing a ?rst portion of milk through 
said decontaminating section and. for flowing a re 
generating salt solution through said regenerating 
section of said ion exchange column system, and for 
maintaining the liquid-?lled space of said decon 
taminating section with milk throughout said ?rst 
predetermined time period; 

(e) means operative during a second predetermined 
time period ‘for ?rst interrupting said ?ow of said 
milk and said regenerating salt solution, and second 
1y to shift said cation exchange resin in said ion 
exchange column system from one section of said 
column to another contiguous section therein during 
said second pretermined time period; and 

(f) means operative thereafter for re-establishing the 
liquid content of said decontaminating section to 
consist of milk and to initiate a repetition of the op 
erations of said ?rst predetermined time period, and 
to repeat successively said operations of said ?rst 
and second predetermined time periods as long as 
desired. 
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