
Ag and Food Interprets 

b Are residues in milk and meat more hazardous than in other foods? 

b Soil testing becoming universally regarded as tool for farm managers 

b Food additives and pesticide residues-an international problem 

b Promising results piling up for food irradiation 

b Primary nutrient use increased 2.1% in 1957-58 

Pesticides in 
Milkand Meat 

Symposium speakers 
discuss whether hazards are 
actual, potential, or merely 
imaginary 

ODAY, it’s practically unavoidable; T under some circumstances, pesti- 
cides do appear in milk and meat. 
This fact has stimulated increasing 
research on the actual, potential, or 
imaginary hazards involved. At the 
same time, says George C. Decker of 
the Illinois Natural History Survey, 
“to those individuals dedicated to a 
continuing campaign for the defama- 
tion and condemnation of pesticides, 
the appearance of plesticide residues in 
meat and milk represented one more 
ghost which, when properly dressed 
\vith misinformatio-n, suspicion, and 
apprehension, could be paraded be- 
fore a perplexed and skeptical public 
:is another horrible example of the 
hazards involved in pesticide usage.” 

This observation was made . by 
Decker (see page 681) at the sym- 
posium on pesticide residues in meat 
and milk during the ACS National 
Meeting last month in Atlantic City. 
The da!,-and-a-half symposium, fea- 
turing 22 papers, covered not only 
the over-all problem of pesticide resi- 
dues but also specific details on resi- 
dues found in individual agricultural 
products. 

Use of pesticides is essential for the 
production of an adequate food sup- 
ply, emphasizes symposium speaker 
Mitchell R. Zavon of the University of 
Cincinnati. Yet USI: of these chemi- 
cals must be guided by the need to 
protect the consumer of the end-prod- 
uct. Studies must be made to deter- 

Many pesticides that would help dairymen to produce milk more efficiently are 
banned because of fears of possible hazards resulting from their residues in milk 

mine whether pesticides produce 7. Actually, what is the effect 
either acute or chronic injury or per- of the residue in the body? 
haps even cause harm to future gen- 
erations. 

In evaluating a pesticide residue, 
the researcher must answer at least 
seven fundamental questions: 

is there in milk and meat? 

the residue take? 

present after focjd preparation? 

ingested? 

excreted unmetabolized? 

mains in the human body? 

1. How much pesticide residue 

2 .  \+’hat chemical form does 

3. How much of the residue is 

4. How much of the residue is 

5 .  How much of the residue is 

6. How much of the residue re- 

Answers to these questions are often 
difficult to obtain. The situation is 
made particularly complex by the 
great number of new chemicals that 
have been introduced into our en- 
\ironmelit in recent years, as well as 
by the introduction of new sources of 
atomic radiation. 

Studies of population groups ex- 
posed to pesticides for long periods 
fail to show any differences in the 
incidence of illness or death attribut- 
able to pesticides, says Zavon. In 
one of the few controlled studies to 
date, DDT fed to a group of volun- 
teers for a prolonged period had no 
detectable effect. All evidence to 

VOL. 7, NO. 10, O C T O B E R  1 9 5 9  665 



Ag and Food Interprets 

Administering a radioactively tagged pesticide to test animal makes it possible to 
detect types and amounts of residues that remain in animal’s tissues and milk 

date, he says, fails to substantiate the 
charges that pesticide residues cause 
aplastic anemia, leukemia, psycho- 
neuroses, virus-like diseases, or other 
ailments. Until methods of clinical 
evaluation become much more refined, 
it probably will be impossible to de- 
tect the effects of the residues now 
found. he declares. 

I s  It Natural? 

Whether a chemical is natural or 
synthetic has absolutely no bearing on 
whether it is toxicologically safe, says 
John P. Frawley of Hercules Powder. 
Actually, many natural products are 
quite unsafe for human consumption. 
Only after centuries of trial and error 
has man learned to cultivate the prod- 
ucts that are edible and avoid those 
that are acutely toxic. Obviously, 
safety cannot be judged solely from 
the source of the chemical. 

The toxicologist has at least two 
ways to determine the safety of chemi- 
cals in foods. The first of these is 
based on trial and error or a long 
history of satisfactory usage. Better 

than 99% of our food is assumed to 
be safe because of long-term use 
rather than because of laboratory 
proof, says Frawley. 

The 
safety of the casein, lactalbumin, and 
other components of milk is widely 
taken for granted. Man has consumed 
these for centuries and has maintained 
a satisfactory state of health-assum- 
ing that the degree of health and 
longevity associated with man’s tra- 
ditional diet is “satisfactory.” Ac- 
cepting normal cow’s milk as safe 
means assuming not only the casein 
and lactalbumin are safe but also some 
of the less commonly recognized in- 
gredients of cow’s milk, such as di- 
lactotetraose, pyridoxamine, hexadec- 
anoic acid, fluorine, and arsenic. But 
are these assumptions valid? 

Another way to evaluate the safety 
of chemicals in foods is to determine 
the safe dose for various species of 
laboratory animals. To the scientist, 
this is by far the better approach be- 
cause he gets positive results that he 
can measure. He determines the re- 
lationship between dosage and effect 

A good example is cow’s mi!k. 

and can more intelligently evaluate 
the potential risks involved in the use 
of a specific component in the diet. 
Usicg a margin of safety, he then 
arbitrarily sets a predicted safe level 
for man-one well below the estab- 
lished safe level for the laboratory 
animal. 

Despite considerable scientific evi- 
dence that many chemicals at speci- 
fied concentrations are entirely safe, 
they still are banned from certain 
foods, particularly milk. As Frawley 
points out: “Sufficient information 
is now available on a number of 
chemicals, especially pesticides, to 
permit scientists, by conservative ap- 
plication of the fundamental principles 
of pharmacology, biochemistry, and 
toxicology, to make positive recom- 
mendations for tolerances in milk 
which are safe beyond any reasonable 
doubt and perhaps even safer than 
some of the natural constituents of 
milk.” 

This view is echoed by George 
Decker, who says: “But while all 
seem to agree milk should receive 
special consideration, there seems to 
be no valid scientific or moral reason 
why it should be set apart as some- 
thing to be worshipped like the sacred 
cow of India if the establishment of 
safe tolerances falls within the realm 
of possibility. There are many com- 
petent scientists who feel that this can 
and should be done.” 

Finding Out How Much 

Analysis of pesticide residues in 
milk and meat offers a real challenge 
to chemists, says symposium speaker 
\.V. E. Westlake of USDA. In many 
cases, analytical methods available to- 
day need considerable improh ement. 

Particularly needed are better meth- 
ods that will detect and identify not 
only the original pesticide but any of 
its derivatives present in milk and 
mrat. And the methods must be able 
to determine very small amounts to 
check the requirement that there be 
no residue in milk, and exceedingly 
small amounts in meat. Now in use 
are procedures sensitive to 0.1 p,p.m. 
and, in a few cases, to 0.01 p.p.m, 

Significant strides have been made 
in the recent past. The infrared 
spectrophotometer, for example, is 
being modified to make it a more 
versatile analytical tool. Research is 
going ahead on the use of high-tem- 
perature gas chromatography in de- 
termining pesticide residues. This 
method makes it possible to separate 
and identify the pesticides present, as 
well as any stable metabolites and 
derivatives. Emphasis now is being 

666 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



Ag and Food Interprets 

placed on developing more efficient 
columns and more sensitive detectors. 

Fluorometric methods are attracting 
more and more interest, particularly 
since the advent of relatively inex- 
pensive fluorometers. Increased use 
is also being made of the coulometric 
titrimeter for determining chloride. It 
is especially useful in connection with 
combustion techniques for determin- 
ing organic chlorine. 

Use of radioactively tagged pesti- 
cides ( R ith paper chromatography to 
identify the compounds detected) has 
contributed much i oward understand- 
ing the metabolism and decomposition 
of pesticides. In pesticide residue 
analysis today, the big trend is toward 
greater use of instrumentation, stem- 
ming largely from 1 he development of 
new and better instruments, says 
\Ires tlake . 

Soil Testing 
More farmers are be- 

ginning to see the usefulness 
of soil testing. Before long, 
the soil test will be universally 
regarded as a necessary tool 
of farm management 

OIL TESTISG can be used for many S purposes-ranging from a psycho- 
logical tool that helps to sell fer- 
tilizer, to a guide in evaluating soil 
productivity. But whatever their use, 
there is no doubt soil tests are becom- 
ing more and more popular with far- 
mers. Between 1955 and 1957, for ex- 
ample, the number of soil samples 
tested by state and county laboratories 
jumped by nearly half a million. And 
in the period 1950 io 1954, total sam- 
ples tested in the U. S. rose 50%. 

This evidence of soil testing’s impor- 
tance was cited by James R. Miller 
of the University of Maryland at the 
September meeting of the American 
Chemical Society in Atlantic City, 
where the Division of Fertilizer and 
Soil Chemistry spent a whole day dis- 
cussing various ramifications of soil 
testing. 

51. S.  Anderson cif the Agricultural 
Research Service, IXDA, kicked off 
the symposium by tracing the history 
and development of soil testing. He 
also took a look at the present and 
future, SRW progress: Use of modern 
instrumentation in testing is under 
way, mainly with the flame photometer 
and spectrograph. This trend will 
grow, he thinks. And studies of minor 
trace elements have been expanded by 

instruments and deserve further atten- 
tion, he adds. 

What’s ahead in soil testing? A trio 
of scientists from the American Potash 
Institute did some serious mind search- 
ing, concluded: The farmer who lives 
strictly on farm income will be forced 
to practice soil testing to stay in busi- 
ness. .4nd the fertilizer industry will 
be a leader in promoting tests, R. D. 
h4unsoii of API told the division. 

The industry, itself, will probably 
increasingly give soil testing aid to the 
farmer, performing many services 
alongside the agricultural extension 
service, say Munson and coworkers 
Werner L. Nelson and J. Fielding 
Reed. 

And they think demand for soil test- 
ing and other services may reach the 
stage where it will be necessary for a 
group of farmers in a single region to 
employ a specialist to handle the work 
Or it might be feasible for one farmer 
to hire a full-time specialist as farming 
turns further to science. More com- 
mercial labs are also in the cards to 
meet the challenge of soil testing 
growth, Munson feels. 

Certainly, large well-equipped labs 
are prepared to do a top-notch job in 
soil testing. Standard Oil’s L. L. 
Schrader made this point at Atlantic 
City. As an example, Schrader cites 
Schrock Bros. Co., which set up a con- 
solidated lab for soil testing in Conger- 

ville, Ill. It serves the Midwest Corn 
Belt, has operated for one year. In 
that time it has tested about 20,000 
samples, each having been handled as 
prescribed by the state from which the 
soil came. 

Facilities installed at the lab include 
a Spectronic 20 used for interpretation, 
a custom-built pH meter, a distillation 
apparatus for determining available 
nitrogen, a soil grinding and screening 
unit, and automatic pipet equipment 
for metering reagents. These facili- 
ties make it possible to determine ex- 
change capacity, organic matter, pH, 
calcium, magnesium, hydrogen, nitro- 
gen, phosphorus, and potassium, and 
to interpret the test results. 

As a result of this service, Schradei- 
says, yields per acre have increased,. 
crop quality has improved, and fer- 
tilizer dealers are selling much more 
material. 

Other things to look for in the next 
10 years or so, according to hlunson: 

Soil sampling every three to five 
!-ears on each farm. 

Effort by soil testers to give ad- 
vance recommendations for three to 
four crops in rotation. 

Possible trend to fewer cores 
per composite sample, but more 
samples. 

Turning to the more technical as- 

Soil testing laboratory at Seabrook Farms inventories available plant food in each 
field and does research on farm practices. It handles 20,000 samples a year 
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The spectrograph (left) and the flame photometer (right) have modernized soil testing procedures 

pects of testing, Maryland’s Dr. Miller 
reported to  the symposium on current 
research in that state. Among the pro- 
posals based on his work: For investi- 
gating soil treated with rock phosphate 
or superphosphate, 0.0337 H2S04 and 
0.03N NH,F extract the most phos- 
phorus, show the best relationship with 
crop response. 

Extensive research by Eugene Kam- 
prath and J. W. Fitts at Sorth Carolina 
State College has centered on inter- 
preting soil tests. Kamprath calls for 
basic research into soil properties. 
Since soil fertility is an important factor 
in crop yields, he states, much data 
must be acquired on responses to fer- 
tilization-how to build fertility and 
keep it. 

Whether in symposiuni technical 
sessions or in corridors of Boardwalk 
hotels, those who participated in the 
symposium got around to the subject 
of soil test recommendations and the 
need for farmers to follow them. C. J. 
Jones, a North Carolina farmer, re- 
cently had something to say on this 
point. 

Mr. Jones had taken tobacco soil 
samples for years, but had not followed 
recommendations closely. Result: 
about 2000 pounds of mediocre 
tobacco per acre. But this year he ap- 
plied fertilizer amounts more in line 
with his county agent’s advice. As a 
result, he is “curing some of the best 
tobacco I’ve ever grown. . . the quality 
of my crop is up 507c.” 

Adds farmer Jones, “It’ll net me 
more money than any crop I have ever 
grown. And I know I have neighbors 
who could increase their income the 
same may, if they would use soil test 
recommendations.” 

This kind of testimonial gives strong 
evidence that research in soil testing, 
such as that described at Atlantic City, 
is of immense potential benefit t o  the 
practicing farmer. 
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Additives 
Abroad 

Control of additives 
and pesticide residues in 
foods is an international 
problem 

A S Y  CHEMICAL COMPANIES are M in the food additives business 
and are affected by foreign food laws 
withouk being aware of it, according 
to L. W. Hazleton of Hazleton Labo- 
ratories. For example, an American 
chemical company might sell a chem- 
ical for export to South Africa, where 
it is used in a preparation for treating 
tissue paper for wrapping fruit. The 
fruit is exported to a European coun- 
try. Officials there may prohibit the 
use of the particular chemical in food. 
and refuse to pass through customs 
any fruit exposed to it, although there 
is no prohibition against the chemical 
in the United States. So eventually 
the chemical company loses some of its 
export sales. 

Americans should change their atti- 
tude regarding foreign food laws, 
Hazleton feels. Instead of saying to 
officiaIs in Germany-where food Ians 
are being revised-“If it is good 
enough for the United States it is 
good enough for Germany,” Hazleton 
considers it more logical to recognize 
that Germans have different dietary 
and social customs from those of 
.4mericans, to explain just why the 
American regulations are what they 
are, and to try to find out the reasons 
behind the German regulations. 

The big problem is to secure pas- 
sage in various countries of food 1sn.s 
which agree one with another, at least 
to the extent that international trade 
will not bP hindered. The objective 
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of focd laws should be to allow safe 
and beneficial use of food chemicals, 
not to exclude their use. Food laws 
should definitely not be written so 
that they could be perverted to other 
purposes-such as excluding imports of 
some foods by unreasonable require- 
ments concerning additives, when the 
real object is to prevent imports for 
economic reasons. Tariffs and’ quo- 
tas should be used for this type of 
control. 

Ideally, the World Health Organi- 
zation should sponsor a universal food 
law. But this is a long way off. In 
the meantime the main problem is to 
exchange enough information that 
food chemists in different countries 
can keep well up to date on analytic21 
approaches, and can understand the 
attitudes of food chemists in other 
countries. Maintaining such an ex- 
change was the purpose of a sympo- 
sium on food additives and pesticide 
residues in foods held at the recent 
Munich meeting of the International 
Union of Pure and Applied Chemistry, 
where Hazleton gave one of the spe- 
cial lectures. 

Hazleton told the group that safety 
evaluation of chemicals in a biologi- 
cal environment is an applied science 
in its own right, and cannot be prac- 
ticed without firsthand knowledge and 
experience. It should not be con- 
fused with utility, consumer prefer- 
ences, national dietary habits, eco- 
nomics, or other aspects of the prob- 
lem which are also involved in regu- 
lation by individual countries. Mod- 
ern safety evaluation can be truly in- 
ternational, Hazleton points out, if de- 
tailed facts are available. 

In Canada the philosophy of can- 
trol of pesticide residues in foodstuffs 
is basically the same as it is in the 
U. S., although theie ‘ire some minor 
differences in the laws. In both 
countlies health authorities bear the 
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entire legal responsibility for estab- 
lishing residue tolerances. But this 
unilateral approach can mean prob- 
lems for agricultural agencies, accord- 
ing to H. Hurtig of the Canadian De- 
partment of Agriculture. 

Pesticide chemicals are often the 
only means of obtaining the required 
protection for crops during critical 
periods of attack by insects or other 
pests. In North America, where there 
are huge food surpluses, there is 
strong sentiment for erring on the 
side of safety in setting tolerances. 
However, after a tolerance for a new 
chemical has been set and enforced 
for a certain time, Hurtig feels, inves- 
tigations should be made to reconcile 
agriculture’s need with the real need 
to regulate the level of the chemical 
residues. 

Chemists, engineers, and biologists 
can collaborate in research to enable 
smaller amounts of pesticides to per- 
form more effectively, with predicted 
persistence and selective toxicity. In 
this way research effort can be appor- 
tioned very effectively, with less 
waste of research talent on problems 
of the moment. Arbitrary regulations 
can place a serious drain on available 
research personnel, and limit more 
constructive work, says Hurtig. 

The types and quantities of pesti- 
lcides and food additives used in dif- 
ferent countries vary in direct rela- 
tionship with the degree of mass pro- 
duction and distribution of food, ac- 
cording to B. L. Oser of Food and 
Drug Research Laboratories. Hence, 
food regulations must be adapted to 
local conditions, and therefore will be 
different in different countries. 

The new lams in the United States 
requiring prior toxicological testing 
and approval of pesticides and food 
additives are enforced and assure 
safety of food produced domestically. 
However, enforcement is difficult 
with imported foods-one more inter- 
national problem for food chemists. 

Food Irradiation 
Its use i s  still in the fu- 

ture, but promising results are 
piling up 

ILLIOXS OF DOLLAP.S and a dec- M ade of intense research have 
gone into developing food irradiation 
as a processing technique. Today, an- 
swers to some of the big problems are 
slowly coming in. However, food ir- 
radiation is still plagued by unresolved 
questions in the areas of public ac- 
ceptance, wholesomeness, and eco- 
nomics. 
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Researchers are optimistic, but are 
proceeding with caution, since irra- 
diated foods must be acceptable to the 
consumer in taste, odor, appearance, 
and texture when they are first placed 
on market shelves. The big push now 
is on resdving the basic mechanisms 
of rad ia t ia  reactions, with an eye 
toward blocking those that cause flavor 
and texture damage. 

The performance picture is mixed. 
Radiation doses vary from around 
7000 rads for low levels, through the 
range of 50,000 rads to 1 megarad for 
pasteurizing, and on up to 3 to 5 
megarads for sterilizing. Pasteurizing 
shows the most immediate promise. 
Shelf life of chicken, for instance, can 
be extended some 21 days by pasteur- 
izing doses of radiation. Such doses 
can also prevent the sprouting of pota- 
toes and delay the molding of straw- 
berries. 

Fish and certain other types of sea- 
food will most likely be the first ir- 
radiated products commercialized. 
Irradiation does not affect texture, 
color, flavor, or odor of many fish 
items, according to tests. 

Milk performs badly, and she11 eggs 
are just about out as an item for ir- 
radiation, since whites become water 
thin. Frozen eggs show some prom- 
ise, however, even though there is a 
noticeable, mild effect on flavor and 
baking properties. 

Beef Draws Interest 

Most research today is going into 
meat, and of this effort, beef gets the 
biggest share. It is the most important 
item from both the military and the 
civilian standpoint. It is also the 
worst performer. 

Meats other than beef have not 
fared too badly under irradiation. 
Pork, for instance, is almost unaf- 
fected. Chicken likewise develops 
very little off-flavor. Lamb and veal 
fall between pork and beef, but their 
market volume is not too significant. 

Off-flavor in beef has been traced to 
the formation of carbonyls, free amino 
acids, and volatiles, such as methyl 
mercaptan, and hydrogen sulfide. 
Certain techniques, such as removal of 
oxygen from the irradiation atmos- 
phere, the use of free radical acceptors, 
and freezing the meat before irradia- 
tion help s3me by limiting the influ- 
ence of free radicals. However, some 
off-flavor is still present, and other 
techniques are needed. 

It now appears, for instance, that 
blanching-heat treating the meat at 
140” to 160” F.-will always have to 
be combined with irradiation. The 
reason: proteolytic enzymes. These 
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enzymes cause meat proteins to hy- 
drolyze, giving amino acids. It takes 
two to three times the bacteria-killing 
irradiation dose to inactivate the en- 
zymes, and this is impractical. Thus 
irradiation will be used to kill bacteria, 
blanching to inactivate the enzymes. 
The meat becomes cooked to some ex- 
tent with blanching. However it is 
much better than canned meat, proc- 
essed at around 250” F. for extended 
periods. 

Current work on basic reaction 
mechanisms in irradiated beef falls 
into two areas, and some significant 
results are being obtained. One area 
is the use of additives. Researchers 
find that using a tomato preparation 
results in little off-flavor in the meat 
after irradiation. 

Flavor damage seems to come from 
changes in the proteins. Vitamins A 
and E, among other tomato constitu- 
ents, appear to play a big part in pre- 
venting off-flavor. They most likely 
react with protein to form complexes, 
which have higher energies of disso- 
ciation. Heat, along with the addi- 
tive, is also needed during irradiation. 
It seems to “unfold” the proteins so 
that the added material can react. Re- 
searchers have also used a synthetic 
mixture of tomato constituents which 
has given a beef product with little if 
any off-flavor. 

Using a fractionating technique, 
other researchers are trying to pin 
down the fractions of meat that con- 
tribute to off-flavor, and to determine 
the mechanisms involved. Results to 
date show that off-flavor is pretty 
much limited to two fractions. One 
contains small-chain peptides, amino 
acids, sugars, and any salts present; 
the other contains mostly connective 
tissue. 

Wholesomeness Tests 

Licking the off-flavor problem is 
only part of the struggle. The foods 
must meet Food and Drug Adminis- 
tration requirements for wholesome- 
ness. A huge, multimillion-dollar pro- 
gram to get proof that such foods are 
not harmful is now being sponsored 
by the U. S. Army Quartermaster 
Corps along with the Office of the 
Surgeon General and FDA. 

This program includes an animal 
feeding test program: four-generation 
feeding studies using two species- 
rats and either dogs, monkeys, or 
chickens. Twenty-one foods or com- 
binations of foods irradiated with 2.8 
or 5.6 megarads are being fed to the 
animals after the foods have been 
stored at room temperature for six to 
nine months. So far, no ill effects on 
growth, reproduction, longevity, and 



Ag and Food Interprets 

the like can be traced to irradiated 
foods, according to researchers. 

But induced radiation is still a big 
question. It can be calculated, but it 
is difficult if not impossible to detect 
with existing equipment. Thus, no 
one has yet deterinined the signifi- 
cance of the calculated amounts. 

This is a real prokilem, though, since 
FDA may decide that any induced 
radiation violates the Delaney clause 
in the new food additives law. This 
clause prohibits use of any carcin- 
ogenic additives-and radiation is 
carcinogenic. 

Economics Still Not Known 

The third area still holding unre- 
solved questions is that of economics. 
Theoretical and laboratory cost esti- 
mates form the only basis for eco- 
nomic evaluation right now. But the 
U. S. Army ionizing radiation center 
"pilot plant" being built at Stockton, 
Calif., should come up  with some cost 
figures that will claiify the picture. 

IVhether or not cost will be the de- 
termining economic factor is a subject 
of debate in food irradiation circles. 
Some feel that costs must be competi- 
tive if the process is to be economically 
acceptable. But at the same time, 
others feel that irradiated food prod- 
ucts will be succea,sful regardless of 
added costs, as long as they are ac- 
ceptable to the consumer and offer him 
benefits. 

The over-all food irradiation picture 
contains many unanswered questions. 
But partial answers are piling up. No 
one doubts that food irradiation will 
some day be put to practical use. 
Likewise. no one is predicting when. 

Fertilizer Use 
1957-1958 

, 

Fe r t i I i + e  r industry 
managed to increase use of 
primary plant nutrients by 
2.1 % despite ain unfavorable 
season 

EHTILTZER COSSUZIPTION slipped F slightly in 19:57-58: by 0.9%. 
But on a primary plant nutrient basis, 
consumption actually achieved a new 
high-6,512,387 tons, an increase of 
2.17; over the previous year's total. 
This record \vas accomplished in a year 
of generally unfavorable conditions- 
bad weather, tight money, and the 
Soil Bank. Furthermore, it was ac- 
complished despite a set-back in con- 

Facts from the Scholl Report for 1957-58 
Total fertilizer tonnage-down o.9y0 
Total tonnage of primary plant nutrients-up 2.170 
Mixtures consumption-down 2.4% 
Top-selling mixture-5-10-10 
National weighted average of primary nutrients in mix- 

tures-5.96"Jo N, 1 2.53y0 available P205, 11.73% K20 
Tonnage of direct application materials-up 2y0 
Total nitrogen in fertilizers-up 7% 
Total available P 2 0 5  in fertilizers-down 0.5yo 
Total K 2 0  in fertilizers-down 0.1% 

sumption in the South, the fertilizer 
industry's old stand-by and stronghold. 
MidLvestern and western states in- 
creased their consumption sufficiently 
to offset southern lethargy. 

By other standards, 1937-38 was 
not an unusual year for the industry. 
Trends that had been apparent for 
several years were operating again- 
especially the trend to higher analysis 
materials and the popularity of the 
newer fertilizers such as anhydrous 
and aqua ammonia, nitrogen solutions, 
and ammonium phosphates. And for 
the fifth year in a row, the quantity of 
mixtures decreased. 

Shipments of fertilizer in 1957-58 
added up to the grand total of 22,31.5,- 
763 tons-21,576,035 tons of it in 
products containing one or more of 
the primary plant nutrients, and 939,- 
728 tons of materials containing sec- 
ondary and trace nutrient elements. 

Mixtures consumption for the 1958 
year amounted to 14,353,023 tons, a 
decrease of 2.4% (349,784 tons) from 
the previous year's total. Mixtures 
use increased in most of the states of 
S e w  England, West Xorth Central, 
Mountain, and Pacific regions, but in 
other areas, mixtures use fell off. 

The 15 best-selling mixtures ac- 
counted for 61.3% of total mixtures 
sold. As in the year before, 5-10-10 
led the list. h newcomer to the list 
was 3-10-13, which replaced 3-9-6 at 
the bottom of the list. Relative order 
of the other top 15 grades remained 
the same, with t\vo exceptions: ,5- 
20-20 moved up a notch ahead of 
3-12-12 to become third, and 4-10-7 
moved ahead of 2-12-12 to become 

National weighted average of pri- 
mary nutrients contained in mixtures 
was 5.96% N, 12.53?/; available P,O,, 

11th. 

and 11.73% K,O-for a total of 
30.22%. Corresponding values in the 
1957 year were 5.74%, 12.367;, 
11.43%, and 29.537;. 

FOLW nutrient ratios (1-2-2, 1-4-4, 
1-1-1, and 1-3-3, in that order) ac- 
counted for 55% of the mixtures sold. 
Each of those ratios accounted for at 
least 107~ of the market, whereas the 
next big-selling ratio-1-2-l-accounted 
for only 5.7% of the market. 

Materials for Direct Application 

Total use of materials for direct ap- 
plication, including the secondary and 
trace nutrient products, amounted to 
8,162,740 tons-36.3% of all fertilizers 
used, compared with 35.3% for the 
preceding year. Total tonnage was 
2 %  above that for 1956-57. 

Chemical nitrogen materials and the 
natural organics showed gains of 4.8% 
and 2.6% over the previous year's 
totals, but phosphate and potash ma- 
terials both declined. 

Among the nitrogen fertilizers, ni- 
trogen solutions made the best per- 
.' -.- gain-up 32% for a total of 
334,336 tom. Anhydrous ammonia 
also gained-by 29% for a total of 
383,434 tons. Ammonium sulfate was 
up 12% to a total of 577,111 tons. 
Ammonium nitrate climbed 1% to a 
total of 1,116,908 tons. On the down 
side were aqua ammonia, urea, am- 
monium nitrate-limestone mixtures, 
and sodium nitrate. 

In some areas, increased use of an- 
hydrous ammonia, aqua ammonia, and 
nitrogen solutions bordered on the 
phenomenal (see table on page 672).  
For instance, the East North Central 
region used 65.4% and the Lf'est 
Sorth Central region 43.3'4 more an- 
hydrous in 1937-58 than in 1936-57. 
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New England 
1957-58 
1956-57 

Tonnage of Anhydrous and Aqua Ammonia, and 
Nitrogen Solutions by Regions 

ANHYDROUS AQUA 
AMMONIA AMMONIA 

0 
0 

0 
0 

Middle Atlantic 

1957-58 2,485 y/f% 0 
1956-57 2,100 0 

South Atlantic 
1957-58 25,175 ."p 846 
1956-57 21,820 0 

C 5 - X  
East North Central 

1957-58 57,151 j . l I * ,  . E::",:: 
1956-57 34,542 

West North Central 
1957-58 139,082 
19 56-57 96,924 2,854 

East South Central 
{(p? L'l' 

1957-58 51,832 /ciYG 46 
1956-57 57,450 258 

West South Central 
l. 

1957-58 139,927 AGO 7,844 
1956-57 105,836 1,614 

Mountain 
!%' 26,937 1957-58 42,754 

1956-57 32,785 16,904 
:jf 4 

Pacific 
1957-58 124,256 
1956-57 

Hawaii and Puerto Rico 
19 57-58 77 2 28,087 
1956-57 904 72,011 

Total I' S. 
1957-58 583,434 :&% 365 I 062 
1956-57 452,702 381,432 

904 
224 

3,692 
2.955 

83,748 
75,941 

59,373' 
38,147 

9,420 
8,854 

22,586 
17,688 

mAe 5,668 

f 5 7 %  5,879 

56,382 
45,816 1 70 
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Ag and Food Interprets 

In marked contrast to the nitrogen 
materials were phosphate and potash 
materials, Until this year, direct ap- 
plication potash materials had been 
steadily increasing, but this year 
brought a decrease on both a tonnage 
and a primary p h t  nutrient basis. 
For the phosphate materials there was 
again a decrease on a total tonnage 
basis, but an increase of nearly 7000 
tons on a primary plant nutrient basis. 

Among the phosphate materials it 
was the newer, higher analysis ma- 
terials that showed the increases. 
Ammonium phosphate ( 11-48-0) was 
up 30%;  ammonium phosphate sulfate 
(16-20-0) showed a 13% increase; 
ammonium phosphate nitrate (27- 
14-0) was up 60%; and the grades of 
superphosphate over 2276 showed a 
slight, 0.1% increa,se. 

The dip in total use of direct-appli- 
cation potash materials in 1957-58 
was the first in many years. The de- 
cline amounted to 112,361 tons (2 .7%) .  
On a primary plant nutrient basis, it 
was 4,474 tons. Use of 50 to 62% 
grades of potash materials, which com- 
prised over 81% of total consumption 
of direct application potash, decreased 
by 11,379 tons (3"k). The only pot- 
ash materials to sliow increases were 
potassium-inag~iesium sulfate (up  
28'2 ) , potassium-,sodium nitrate (up  
38'; ) ,  and potaijsium sulfate (up  
2% ) , 

Primory Plant Nutrients 

The fertilizers used in 1957-58 con- 
tained a total of 6,312,387 tons of ni- 
trogen, available P,,O,, and K 2 0 .  That 
total was 2.1% ahead of the 6,377,202 
tons consumed in 195647 .  Making 
up  the total were 2,284,359 tons of 
nitrogen ( a  gain of 7 %  over the previ- 
ous year),  2,292,890 tons of available 
P20,  ( a  decline of 0.5% ) ,  and 1,935,- 
138 tons of K 2 0  ( a  decline of 0 .1%) .  

Regional Shifts 
The South Atlantic region still con- 

sumes more fertilizer tonnage than any 
other region of the U. S., but top 
rank on the primary plant nutrient 
basis continues to 'be held by the East 
North Central area. In 1957-58, the 
South Atlantic consumed 5,668,527 
tons, 4'; less than the year before, but 
only 1% less on a primary plant nu- 
trient basis. The East North Central 
increased its use of fertilizer in the 
1958 year by 370 to 4,677,993 tons- 
representing 3% more 011 a primary 
plant nutrient basis than in the 1957 
year. 

The table at the top of this page 
gives results for all regions. 

New England 

Middle Atlantic 

South Atlantic 

East North Central 

\Vest North Central 

East South Central 

West South Central 

Mountain 

Pacific 

Total Tons 
Fertilizer 

437,717 

1,93 1,781 

5,668,527 

4,677,995 

2,312,096 

2,624,855 

1,341,419 

551,030 

2,613,445 

Change 
from 1956-57 

+ l %  

-170 

-4% 

+3% 

+6% 

-9% 

+2R 

+17% 

+ 6 7 c  

Change in Primary 
Plant Nutrients 
from 1956-57 

+3% 

0 

-1% 

+5 $2 

+87c 
-8% 

$476 
+20% 
+ l l 7 c  

Pikes Peak granules 
at new low prices! 

Available in an@ mesh size. 

When you buy Pikes Peak Clay 
you get - one carrier that: 

and hydrocarbons. 

sity, or fluffing field strength dusts. 

A Is highly compatible with both organic phosphates 

A Is perfect for concentrates, for adjusting bulk den- 

A Has exceptionally low moisture content and pH of 5. 

A Is highly absorbent, less hygroscopic. 

A Has remarkably free flowability. 
A Protects the stability of your finished product or 

concentrate. 

Write today or call GRaceland 7-3071 in Chicago to find out 
more about Pikes Peak Clay and obtain samples for testing. 

GENERAL REDUCTION COMPANY 
1820 ROSCOE STREET CHICAGO 13. ILLINOIS 
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