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A STUDY OF THE IODINE CONTENT QF REPRESENTATIVE
MISSCURI WATERS

INTRODUCTION

Investigations have shown that the iodine
eantent of natursl waters bears a direct relationship
to the goiter incidence of & given region. A number
of the states have anzlysed their water ‘fc:r this eon-~
stituent in the G.evelopment of this hypothesis.

A seareh of the literature revealed the fact
that with the exception of two instences the iodine
cantent of Missouri waters had not been determined.
Since in certain regions of Missouri there is quite a
prevelence of goiter, it was deemed important to deter-
mine the iodine content of Missouri waters. It wes
believed that such information would be a valuable
eontribution ta the study of the goiter situation of
Missouri and the possibility of effording date for the
adoption of some plan whereby simple goiter could be
prevented and the number of existing cases reduced.
The present investigation was carried out preliminary
to a goiter survey to be éond.ueted in this state.

The literature contains many references o
the work being dome an this subject. The following

is & brief resumé of the most importent references per—



taining to the iodine content af natural waters, the
relation of iodine ta simple goiter and the develop-
ments in the use of iodine compounds in the prophylae-
tic treatment of this malaedy.

A survey was made by J. F.o McClendont on a
nunbexr of representative river waters of the country
for their iodine content and a maep of the United States
prepared showing that the country could be divided into
more or less definite regions as regards iodine distri-
butione. From an observation of the map, it is readily
seen that Missouri lies adjacent to the low iodine belt.

The same au‘bhorz; in his research work on
natural waters and foods, has shown that an inverse
retio exists between the goiter in a given district and
the iodine content of natural waters and foads. This
simply means that 8 low iodine region indicates & high
goitrous region. He also demonstrated that the regions
in which weters are low in iocdine produce ceresals and
vegaetables of low iodine velue due to the very small |
smount of iodine in the soil. A goiter survey made by
Me€lendon and Williams® on men drafted in the World War
proved that men coming from low iodine regions showed
1. Am. Publie Heelth J., 14, 750, (1924}

2. J. &n. Med. Assu., 82, 1668, (1924]
8 J. Am. Med. Assn., 80, 600-601, (1923}



the greatest percentage of goiter.

4 in his research work aon the

We . Swingle
thyroid gland concluded that iodine wes the active prin-
ciple of the thyroid. The gland serves as a storage
base and distributing cemter for the icdine in the
body. When the bady receives iodine in some form,
either from food or drink, the thyroid gland remains in
& normel condition, administering properly its hedily
functionse However, when the foad and drink of a cer-
tain region do not contain the proper amount of iodine,
abnormalities develope. The thyroid, not finding suf-
ficient iodine in the blood stream to meet current de-
mands, adjusts itself to the new condition by increas-
ing in size. This abnormal growth is termed goiter.

The faet that iodine does play a very impor-
tant part in the cause, treatment and prevention of
simple goiter has been known some seventy or eighty
yesrse.e The use of iodine as a prophylactie in the
prevention of simple goiter was advocated by Chatinﬁ,
& French biocchemist, as early as 1852. Numerous ex-
pefiments on both man and animgl have been canducted,
sinee that time and the experimenters in practically

every case have concluded thet iodine in some form is

4. Bndocrinology, 2, 28%, (1918]
B5e Journel Am. W. W. Assn., 13, 76, (1984)



either the direct cause or the specific. The 1ldea of
using iodine as a prophylactic procedure, however, did
not gain much favor with the public for a number of

& carried

yearse. It was not until Marine and Ximball
out their work in the publie schools of Akron, Ohio,
that the prophylectic procedure was adophed. This was
the first application of the principle of goiter pre-
vention as a public—heal%h measure, beginning in 1916
and continuing until 1920. The conclusions drawn hy
them conform veny closely to the eonclusions drewn by
previous investigators. They make the following state-
ment, "After consideration of all the various substances,
agents, and theories that have been put forward as hav-
ing a role in the etioclogy or cause of golter, we at
present must fall back upon the view that goiter is a
compensatory reaction arising from a relative or abso-

7 makes a further

lute deficiency in iodine". Marine
statement that golter is one of the easiest known diseases
to prevente. Froum 100-200 milligrams of lodine adminis-
tered twice a year over periocds of two or three weeks is
sufficient to prevent goliter since the maximum storage of
the thyroid is not over thirty milligramse

Switzerland, having the highest goiter incidence

6. Rm. J. Public Health 8, 81 (1923)
7. Public Health F. (Miche.)}, 11, 23, (1923)



in the world, soon adopted the plan used by Marine
end Kimball. Haowever, instead of using sodium icdide
tablets, as did Marine end Kimball, they employed a
tasteless organie iodide. The results obtained here
were remarkshle and show eonclusively the importence
of iodine in thyroid activity. Before adopting the
prophylaxis treatment, a survey revealed the fact that
eighty-seven percent of all the school children of St.
Gallen, Switzerlsand hed goiter. Three years after
the plan had been adopted, & second survey showed that
the percentege of goiter had beem cut to thirteen per-
cent - almost one~ninth of what it was before the
treatment was started. Further p:mcf8 cf the import-
ence of lodine in thyroid activity is showm by the
fact that the Japanese, whose diet is essentially the
rieh iodine sea foods, have thyroids one-half to two-
thirds the size of the individuels in certain parts of
Europe or America and consequently they have a very low
goiter incidence.

Surveys similar to the present investigation
have heen conducted in Michig&ng, Massachusettsl&', New
Jecrseafll, :Eemswlvani&la, and Uteh and the informatiom
8. Jep. Medical World, 2, 45, (1922}
9+ J. Am. Med. 4ssn., 82, 1328, (1924}

10. Eng. News Record, 95, 470, (1925])
11. Public Heslth News, (N.J.}, 10, 164, (1925}



obtained, with the exception of Pennsylvanisz, had
been used in conjunction with a goiter survey to
determine the prevalence and non-prevalence of goiter
in low-iodine and high-iodine regions. The results
obtained in practically every case have confirmed the
inverse ratic as set forth by*MbClendﬁh and differ-
ent methods are being adopted to prevent and reduce

the present goiter incidence.

METHODS OF LODINE ADMINISTRATICN

Many methods of administering iodine are in
existence bhut they all embaody the same principle,
namely, supplying iodine in some form or other to the
bodye. The methods of treatment may he classified
under the following heads:

1. Todine administered as medicine, such
as iodized chocolate candy, tablets,
kelp, etc.

2. Iodizing essentiel foods, i.e., sodium
chloride, hread, etce.

3. Iodizing water supplies.

A11 af the sbove methods are in use today and
all are criticized pro and eon. The first two methods
depend chiefly upon the individual and since individuals
between ﬂne ages of ten and twenty &re most susdéeptible
12. J. Am. Water Works Assn., 16, 22F, Aug. (1926)



to the ma.ladyls,, those which are most in need would
not reeceive the treatment. However, in e¢ities where
iodine in tablet form is being administered to school
children, considerable benmefits result.

Since the appearance of iodized salt on -the
market, many suthorities have recommended its usé,
This type of iodine administration is particularly
serviceable to the small communitye.

Icdization of city water supplies to furnish
the deficiency of iodine has been practised for sev-
eral years and is finding much favor in cities where
guch treatment is used. The chief objection raised
to this method is that much of the iodized water is
not consumed &s dm.nlclng water by the individual.
Nevertheless, this method carries its merits inm that
it reaches every individual. The method of iodizing
twice & year seems to have been a.d.cp{:ed. by all the eities
treating water supplies for the prevention of goiter
eltho the method of administering varies considerably.
In some cases the iodine is placed in bags and dis- -
solved in the reservoir. In other cases the ilodide
in solution is added to the main water line. The re-
sults achieved are vwirtuslly the same, however, in that
the iodine content is built up to a eoncentration of
1%. Ann. Glin. Med., 3, 487, (1925)



75 parts per billion for a considerable length of

times The cost of such iodization has been estimated
variously ranging f£rom one and one-half cents to five
cents per individual per year. Rochester, New Yorqu‘,
wes the first city to praectise the iodization of the
¢ity water supply and reports very satisfactory resulis.
The method as used by them eonsists of supplying Q.664
pounds of sodiuvm iodide per million gallons of water
per day for three weeks biannually. The estimated cost
of such treatment is three cents per caplta per year and
they believe it to be the cheapest as well as the most
effective means of administration. Some of the other
cities following the same practise as at Rochester are
Minneapolis, Minnesota; Anaeconda, Montana; Sault Steé.
Merie, Michigan; and Cinecinnati, Ohio.

Same of the eities supplying the iodi;de defiec-
iency by the use of sodium iocdide or iocdized tablets are
Akron, Ohioj; Kent and Revenna Counties, Ohio; Anaconda,
Montans; €Chicago, Illinois; Detroit, Michigan.

Meny figures have been given i‘oif the amount
of iodine necessary to prevent goitre. McClendonm
states that .0l milligrams of iodime per day is a suf-
‘ficient prophylectic for goitre. On this basis he

l4. J. Am. Water Works Assn., 12, 63, (1924)
150 Je Am. Water ‘HQI&CS ASS‘HA’ 12, 73‘,, (1924)



figures that O.1l pounds of sodium iodide per million
gallons of water is a satisfactory treatment for water
if continuved thruout the year. If this is not put in
the water continuously, a proportionately increased
guantity must be put in at intervals, the intervals
being determined by experiment.

In the cities where iodization of waber sup-—
plies is practised, sodium iodide is added to bring
the iodine concentration up to nine to ten parts per
billion when calculated to a daily basis.

Other guthorities recommend greater amounts
of ilodine consumption per year to prevent goiter.
Doctor Marinel6 recommends that from 200 to 400 milli-
grams he consumed per year. The minimum recommended
by him is more than 500 times as large &s that recom-
mended by McClendone.

Doctor Re L. Olinl? recommends bthet 300 milli~
grans he.given per year which is over 80C times as much
as that recommended by licClendon.

Assuning that an individual consumes two
liters of water per day, a normal sodium iodide content
of water on thils basis would be five parts per billion.
On the basis of one liter consumption per individual per

16. J. Pub. Health (Mich.) 11, 23 (1923)
17. J. Am. Med. Assn., 82, 1328, (1924)



day this would be ten parts per hillion. If ten
parts per billion is assumed %o be the iodine content
which a normal natursl water should carry in order to
obtain a low goiter belt, it affords a basis of com-—
paring the anelyses of natural wabers.

Besides the foregoing methods of iodine ad-
ministration, many methods of individual treatment
have been pointed out such as, adding small amounts
of solid sodium iodide, solutions of sodium iodide and
iodine tincture to water prior to use. These methods
are all good provided the individual uses the iﬂdiﬁe
within reasonable limits. Lany caseé have been cited
wherehy ilodine poisoning resulted from overdosing from
such treatment.

It, therefore, follows that if icdine is to
be used as a preventative for simple goiter 1t should
he &dminiéteredhunder the direction of authorities wha
can control the dosage to sueh an extent that each in-
dividual will receive the maximum bénefit and that no
i1l effects will result %o those persons already suf-

fering L£rom exophthalmic or advanced stages of goiter.

METHOD AND MATERIALS
There are availeble numerous methods for the

determination of iodine. Baughman and Skinner18

18. Ind. & Eng. Chem., 11, 563, (1919)

recom-—

10~



mend the permangsnsate method whereby iodine in alkaline
solution is oxidized to iodate by means of potassium
permanganate aceording to the following reactionm,
Kl + Kin20g + H20 ------- KIO3 + 2KOH + 2¥n0Ogp

The solution them being acidified with hydro~
c¢hloric acid, potassium iodide added, and the liberated
lodine titrated with potassium thiosulphate. Brubaker,
Blarcom, and Welker® oxidized the iodine to iodate by
boiling with s solution of sodium hypochlorite aecidified
with phosphorie acid, boiling off excess chlorine, aéfing
potassium iodide and titrating the liberated iodine with
sodinm thiosulphate. The method used by mctf.enﬁ.onm
consisted of redncing any iodate to iodide by means of
arsenious acid, oxidizing the iodide to iodine with potas-
siun mitrite, extracting the libersted iodine with carbon
disuliphide and enalysing eola:cimetriczs;lly.

In seleeting & method for iodine detexmination
i was desirous to use a method whereby a rapid determina~
tion could be made with & minimom of apparatus and minute
amounts could be determined accurately and still not be
too accurate as to be incomsistent with the results re-
guired.

The method as finally selected for use was
19. J. Am. Chems S?Oco' 4&, 1503, (1926}
20. J. Biol., Chem., 60, 289, (1924)



thet of M. J. Dubief*l as modified and used by E. Fo
Eldridge®®, with slight further modifications to suit
the conditions at hande.

The varicus samples analysed during the course
of investigation wveried in guantity from 38 to 50 liters,
the majority, however, falling within the range of 45 to
48 literse.

4 ehloride determination was first made an
the raw water. This consisted aof titreting one hundred
cubic centimeter samples with one-fiftieth normel silver
nitrate, using potassium chromate as an indicator. The
entire sample was then measured into an emamel-lined,
steam jacketed evaporetor. About six grams of sodium
carbonate were added and the sample evaporated to a small
volume - from four toc five hours being required for the
actusl evaporatione The semple was then transferred
guantitatively into a large evaporating dish and evepor-
ated to a moist saline mass.

If the chloride content is gresater than 60-70
perts per million, a considerable quantity of 95% aleohol
is added to the ewaporated solution and the mixture £il-
tered. The residue is hoiled three times with 95% al-~
2. Ann. Falsifiecat, 16, 80, (1923}

22. Am. J. Public Health, 14, 75Q, (1924)
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qohcl, filtered, and the filtrates comhiﬁea. wo or
three drops of strong potassium hydroxide solution are
added and the alcohol removed by evaporation. The
residue is dissolved in a little water and the abhove
process repeated if necessary'until'the bulk of the
chlorides are removed. If the chloride content is
below seventy parts per million, the extraction with
alcohol is omittede. All the ssmples under investiga-
tion were below %Q parts per milliah sc the above modi-
Tication was unnecessarye.

The moist saline mass was extracted with a
small amount of distilled water, filtered, and agsin
evaporated to & volume of approximately 100 cubic cen-
timeters and finally filtered into a 250 cubic centi-
meter glass staoppered bottle. If not sufficiently al-
kaline, 4-5 cﬁhic centimeters of & saturated sodium bi-
carbonate solution was added. A solution of pdtassimn
permanganate {25 grems per liter) wes added, drop by
drop, until the permangenate cclor persisted. About
51 cﬁhic centimeters of the permangenete was added in
excess &nd the bottle placed in an iece bath and cocled
below ten degrees Centigrade. After being allowed to
stand for & periocd of from 38-40 minutes, & cublc cen-
timeters df carbon disulphide were added followed by

5 cubic centimeters of concemtrated sulphuric acid.

—L13=—



The sulphuric acid was cautiously added, drop by d&rop,
with constant agitation and coolings The bottle was
then shaken to insure the iodine thus freed being taken
up by the carbon disulphide. The ahove reaction mey
be represented by the following egquatiom,
10KI + Kg¥naOg+8HpS04-—--51g + 6KpS04 + 20nSoy + 8HO

| After the additiom of the p’émm.ngana,te is
eomplete the excess permanganate is destroyed by a care-
ful addition of hydrogen peroxide. A large excess of
this reagent was avoided. TWhen the solution had bdeen
thoroughly shaken the carbon disulphide was drawn off
from the sclution by means of & separatory funnel. The
extraction with carbon disulphide was repeated until no
further color developed and the extracts combined, trans-
ferred to a Du Boseg colorimeter and compared to a stan-~
dard containing a known amount of iodine. Previously
analysed potassium iodide was used in making up the
standard solution. The standard solution was treated
in identically the same way as was the sample being ana~
lysed. The standards were made up so as to contain
approximately the same amount of iodine as the unknown.

The preeeeding method gave resulis aecurate

t0 one part of iodine in & billion parts of water,

meaning that iodine as low as .06 milligrams in 1-2

BN 7



cubie centimeters of cerbonm disulphide could easily be
duplicateds This degree of accuracy was within the
limits of the results required since iodine in amounts
below one part in a hillion parts of water would be so
small as to have no bearing on the goitre situatione.

All the reagents and solutions used in the
analyses were anslysed by this method for iodine. A
"negative result was obtained in each case. The re-—
sidue resulting in the evaporation was tested in a large
number of cases and no ilodine found.

In a large number of cases, the solutions and
standards, after heing extracted with carbon disuliphide
were further treated with arsemious acid and potassium
nitrite to see if any undecomposed iodides still remained.
Any traces of iodine extracted by this treatment were
added to the Original extractions before the solutions
were compared. In all cases the recovery by this treat-
ment was small, being considerahly less than one part
per hillion and practically the same relative amounts
were recaovered from hoth sample and standard.

Preliminary to the investigation, two series
of standards "A™ and "BY were made up containing known

amounts of lodine. Series "A"™ was treated with potas-

sium permenganate and sulfuric acid and series "B"™ with

15—



potassium nitrive and sulfuric acid. The carbon di-
sulfide extracts were then compared colorimetrically.
The caleculated results agreed within one-tenth part
per billiion of iodine.

In order to determine further the degree of
accuracy of the method used in the subsequent analyses,
fifty liter samplea of water were treated according to
the permanganate method and the extracts compared colori-
"metrically. The extracts were then titrated with a wvery
dilute solution of stenderd sodium thiosulfate. The
ealeulated results from the titrations were greater than
those derived from the colorimetric comparison bub in ne
case did the results differ by more than Live-tenths
parts per billion.

During the present investigation the chlorine
content of most of the waters was determined wolumetri-
caelly by the Mohr method. Attenpts to correlate the
jodine and chlorine content of the waters snalysed
showed that apparently no definite ratic existed.

Though ehlorine and iodine are usually found together,
we must eoncelude that & high ehlorine content does not
mean & high iodine content. This eonclusion confirms
the one dreswm by Wm. de Kleine®® in a similar investi-

gation earried out in Saginsw, Michigan. Here some
23. Pub. Fealth J. (Mich.) (Hew Series}, 13,146,(1925}

~16~



cne~hundred-and-seventy wells were investigated and
iodine and chlorine determinations mede. It was found
there that the chlorine content varied from 9-335Q
parts per million and the iodine varied from 6-342
parts per billion. The chlorine content of the vari-
ous waters examined in this state will be found in
tables three and four.

The samples under investigation were oh-
tained from all sections of the state through the
hearty co-operation of the Missourl State Board of
Health. Meny types of water were represented in the
anelyses - namely, rivers, deep wells, reservoirs,
shallow wells, ground waters, treated and untreated

waters were investigated.



TABLE T

Gravimetric Analysis of XTI

K1 taken AgT percent XI Percent

grams found caleculated error
grams

1l. 30026 o 42446 92.95 -0.05

2. 30006 «4247Q 10Q.08 +0.08

3. +30006 +42507 100.16  40.16

Average Purity 100.07%

The XTI was analysed gravimetrically by preci-
pitating AgI with Ag N0y in HWg3 solution, filtering thru a
Gooeh erucible and weighing the precipitated AgT. The
high purity wvalue was probebly due to the presence of a
small amount of Nal. However, the use of this reagent did
not introdvce an appreciable error due to the very small

amounts of iodine used in the comparisons.

-18-



City

New Nadrid

Joplin

Springfield

Neosho

Anderson

Webb City

Carthage

TABLE II

Source Depth
Well 110t
Surface

Shoal Creek
Wells & Springs 1404*

Springs

Well 100G+
Wells Deep
Wells Teep

Geological Strata

From Guaternary sands
and grevels, Or posS-—

g8ibly from unconsoli-
dated Tertiary sands.

Roubidoux sand 565°%-
600*. Gunter sand
958*-~995%. Sandy lime-
gtone from 993t-132Q"T.
Cherty limestone from
13280%-1404t. Illixed
watber.

Boone formation, cherty
limestone of WMississ-—
ippian Age.

No record, but from lo-
catlan and depth bulk
of water probably comes
from the Houbidoux.

#6 Water level 255' from
surfaee. 10" casing set
at 409*%. Some water at
450" in Jeffersom City

formation. White sand
945%-955%. Roubidoux
send. Probably & mixed

water.

#6 Roubidoux sand 890t~
915°*. Lamotte sand 1610
1815-205%. After passing
thru Roubidoux, test was
made and leter after
drilling, Lamotte pumping
test showed more water.
Mixed water.



Trestment

None

Chlorinated-alum
Settled & filtered

Chlorinated alum
Settled and filtered

Nane

Hone

None

None

TABLE IT

Todine Conhent Scdium Icdide Percent of
P.PeBe P.P.Be. Hormel
Qa0 JG Q.0
?
?
4

"]

TLess than one

"

w2 Q=



City

Yancy Mills

Bxecelsior
Springs

Sedalia

Sikestan

Jefferson
City

Crane

Hannibsal

St. James

TABLE II

Source Depth
Spring

Wells
Reservoir

Wells 4310°*
Mo. River

Well 890*
Miss. River
Well 700*

Geological Strate

No record, 29G* would prob-
ahly be in Pleasonton
formation, consisting of
shales and sandstones.

Promn tertisry formations
whieh underlie southeast
Missouri lowlands and
consist of ssnds, clays,
and gravels.

Water enmcountered at 160°*
in the lower Burlington
formation 285F%, &85HF%, and
695% in the Jefferson
€ity formation, and the
bulk was obtained from
the sands in the Roubi-
doux formetion from 790%-
875¢°%.

Rouhidoux sand 135%, 1957
furnished some water.

Bulk comes from crevice in
Dolomite at about 7QQ*
probably in Gesconsde or
Eminence formation.



Treatment
Iione

Aerator-iron
removal .
Filter-lime.

Coagulation,
filtration,
chlorination,iron,
lime,alun,chlorine.

None

Coagulation,
filbration,
ehlorination,iron,
lime,chlorine.

None

Coagulation,filtra-—
tion,chlorination,
elum, lime, ironm,
¢hlorine.

Hone

TABLE IL

ITodine Content Sodium Todide

Percent of

FP.PBe P.P.B. Normal
T.ess than one
Q.42 0o 5.0
Q.66 0.78 7.8
067 0.79 7.9
Q.67 Q.79 Z.9
Q.93 1.1 11.0
Q.96 1.13 11.3
1.0 1.18 11.8

-22-



City

Palmyre

Kennett

Ghilicothg

Independence

Farmington

Thayer

Meramec
Snrincss

Eldon

Willow
Springs

Kirksville

TABLE IIL
Source Depth

Sopring
Worth River

Well 80Q.r-84"®
Surface
Grand niver

Mo. River from
Kansas City

Geological Strata

Water comes from 44°* of
send, from 41r-6" to
36*-a%,. Probably ter-
tiary sands.

Wells (2] . B2QT &
Fa0*r
Casling
290* & 409r*
Wells No record
Spring o record
Wells Deep No record.
Another well at this
place hit sandstone, prob-
ably the Roubhidoux at
380%-420*. The Gunter
would be found at this
place at about 725-50r.
Wells (2) a72¥-350¢"
Casing
azae
Surface -

Chariton fiver

23—~



TABLE IT

Tregtment Jodine Content Sodium Icdide Percent of
P-P -B- PuPsBs : NOI‘IIL&:L

Coagulation, 1.0 1.18 11.8
filtration, '
chlorination,
alum, chlorine.
None | 1.14 1.35 13.5
Alum-Lime- 1.2 1.42 14.2

c¢hlorine, settled
and filtered.

Coagulation, 1.31 le.8& 15.5

chlorination, -

lime,glum,chlorine.

None loﬁé 1. 58 15‘08

None 1.37 le.63 1643

None Teb 1.65 1635
4']!"'0/

Nane le46 1.72 17.2°

Xone ' 1.68 1.98 19.8

settled and filtered.
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City

Unionville

10« School
of Iines

Bonne Terre

Tebanon

Trenton

Flat River

Odessa

Rolla

Xirkwood

Moberly

Maryville

TABLE IT

Depth

Source

Surface -
Impounding Res—
ervoir

Well 6Q0*

Lead liines

Wells 9856

Surface
Thompson River

Lead Mines

Surface
Impounding Res-
ervoir

Well 93Qs®

Wells (2}
Meramec River

Surface,
Impounding Res-~
ervoir

- Surface,

One Hundred &
Two River

- -

Geological Strate

Roubidoux Sandstone from
284.*-314%., Dolomite to
hottome

Roubidoux sand 429t-459°t,
Gesconade or older lime-

stone 459'-980°*. Quarbtz-
ite 98Q*-285*. OQOpening
2t --620'-622t'. (Opening

%' --761lT-764"%.

Sandstone probably the
Roubidoux from 210'-3A00°t.
Dolomite from 30QT-930°.
Mixed water.



TABLE IX

Tregtment TIodine Content Sodium Todide Percenmb of
P.F.B. FoPeBe Tormel

settling & Filtration

None 2ol 2499 25.9

Chlorination 2042 Z2.86 28.6
Nane 3el? 374 37 4
Lime-glum~-chlorine G326 3.85 38.5
gettled & filtered

Chlorination dedd 4.06 40.6
Adum-lime-chlorine 4,55 5.37 53.7

gsettled & filtered

None 4.6 5.43 54.3
Coagulation,filtra- 5.32 6.28 62.8
tion,chlorination, :
lime,chlorine.

Lime,alum,chlorine, 7e4 8.74 87.4

settled & filtered.

Lime,elum,calcium, 14,77 17.44 174.4
- hypoehlorite.
Settled & filtered



City

Maryville
(Before
Treatment)

Maryville
{After
Treatment)

Source Depth
Surface

Cne Tundred &
Two River

Surfece
One Hundred &
Two River

A

Geolaogical Strata




TABIE II

Tregtment Todine Content Sodium Jodide Percenk of
P.P.B. P.P.B. Normal
l.86 2el 23.0
Lime,gium,calciun,
hypochlorite. le61 1.90Q 19.0

settled & Filiered.
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Table (2} shows the source, depth,and geologi-~
cal strata of wells, types of treatment, iodine content,
sodium iodide comtent, and the percent of normal sodium
iodide contained in the varicus waters analysed. The
percent of normal is caleulated from the assumption
that a normal water contains the eguivelent of ten paris
per billion of sodium iodide.

It is seen from the table that all the waters
of Missouri thus fear analysed are below normel, varying
from Q-7.4 parts per billione. The one exception shown
in the table is the first sample from Maryville which
gave an iocdine content of 14,77 parts per billiom.
Since this was the only exceptional case showing such
an extremely high result, two more samples were obtained
for anelysis and the results found as tebulated in the
table. The high result was probably due to contamina-
tion of some sort preliminary to the analysis.

On the first page of table (2) it is observed
that the iodine contemt of the waters from Joplin,
Springfield, Neosho, Anderson, and Carthage is guestion-
able. During the analyses of these waters a brownish
color wes imparted to the carbon disulphide extract

which could not be remaved. The coloer was so distinet

that it masked the color due to the iodine and the deter-
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minations were ruined. ¥t was at first thought that
' the color was due to the presence of bromides but upon
treatment with potassium sulphocyanate the color remain-
ed wnaffected.

| Since all of the waters apnslysed were found
low in iofine, it indicates that the seils thru which
the water is percolating must be low in this constitu-
ent, as any increased iodine content over that contained
in surface waters must come from the soil thru which it
flous. This increase of iodine content must depend
upon the iodine content of the soils thru which it is

flowing, the length of contact or repidity of water flow.



TABLE III

Iodine and Chlorine content of variocus waters anslysed

city Source Iodine Content Chlorine Content
Surface Waters P.PoBe PoFP oM.
Maryville 102 River 14.77 .5
1.86
l.61
Moberly Reservoir : Feld 3e33
Kirkwoad Mersmec River D32 28.74
(2) Wells
Odessa. Reservaoir 4,55 2.12
Trenton Thompson River 3.26 2405
Unionville Reservoir 1.99 : 2.0
Kirksville @hariton River 1.79 6.8
Independence  Missouri River 1.31 19,15
(from Kensas City)
Chiliecothe Grand River le2 4.42
Pelmyra Spring 1.0 26463
North River
Hannibal Migsgissippi River Q.96 5.6
Jefferson Gity Missouri River Qe &7 10.46
Sedalia Reservoir Q.66 2,37
Joplin Shoal Creek ?
Mersmee Springs 1.4 C.88
Yancy KMills Less than aone
Neosho ?

-3k~



TABLE IIX

City Source Iodine Content Chlorine Content
Wells snd Ground P.P.B. PP
Waters

Rollie ’ 4e6

Flat River Lead Mines 5 S 21l.02

Léba.uon G617 3419

Bonne Terre Lead Mines 2e42 19,25

Missouri School

of Mines ‘ e

Willow Springs (2) Wells 1.68 3.26

Eldon 1.46 0.71

Thayer _ 187 2056

Farmington (2) Wells 1.34 2e4

Kennett .14 33461

St. James 1.0 10.0

Crene Q.23 3.16

Sikeston Q.67 8.68

Excelsior Springs Q.42 4.18

Webb City ' Less than one

Anderson : ?

Carthage ?

Springfield ?

New Medrid 0.0 5.0
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Teble (3) shows the city, source, iodine
content in parts per billion, and chlorine content in
parts per million of all the waters analysed. Both

treated and untreated waters are included in the table.



TABLE IV

Todine and Chlorine content of Untreated Waters

City Source Icdine Gontent Chlorine Conient
Spring FPoPeBo PP olle
Meramec Springs 1.4 J.88
Wells

Lebanon | Ge17 Sel9
Willow Springs 1.68 3.26
Eldon le46 G.71
Thayer 1.37 20.56
FPermington 134 2+4

Kennett l.14 3361
St. James | 1.0 1C.0

Crane d.82 316
Sikeston Q.67 8.68
New Madrid 0.0 5.0



Tahle (4) shows the iodine content and chiorine
eontent of natural untreated waters. It is interesting
to note from the table that there is no definite ratic
or relation between the iodine and chlorine content of
a netural uwntreated water.

Theyer being in the extreme south and Kennett
being in the extreme southeastern part of the state
both show a relatively high chlorine content. Hew NMad-
rid being only a short distence from Kennett has a much
lower chlorine content, wheress, the water from Sikeston,
g few miles north of New NMadrid, conbtained almost twice
as much cehlorine as did that from New Madrid. This, as
well as the fact that the iodine content for New Medrid,
would tend to indicete that the soil in that vieinity
has been leached to a greater extent than has that of
Sikeston or Kennett. New Madrid being located near the
Mississippi River, it is guite plausible for suech a
conelusion %o be drawne.

It is ealso noted that Crane and Willow Springs
being on an almost horizontal line in the southern part

of the state show practically the same chlorine content.



TABLE ¥

Analysis of Iodized Table Salts

Trade name of salt Wgt.Sample Percent Iodine Percent NaI orxr

Srams. found KX calculated
2.00 0118 «013% Xel
Coloniel Iodized =salt
2.00Q «0118 +0132 Nal
200 0114 +015 KI
Mortons Iodized salt
200 +Q0128 +OL68 KT

Table (5} shows the analyses of two iodized
salts on the market. The determinations were made
according to the method of Grlger® with some modifiea-
tions. The solution of the salts were first treated
with aleohol to preeipitate the ehlorides. After com-
plete precipitation the iodine, as sodium iodide or
poteassium iodide, was converted to iodate by means of
potassiun permangansate. The excess permanganate was
destroyed with aleohol, the solution filtered, potas-
sium iodide and hydrochloric acid added and the liber-

ated iodine titrated with sodium thiosulphate.

* Ind. & Eng. Chem. 11, 564 (1919}
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SPECIAL MAPS AND SHEETS.

[Measurements ave approximate.)

Aurora, Mo. This map shows paris of the Carthage and Greenfield quadrangles, especially the mining
region adjacent to Aurora, on a larger scale. Limiting parallels. 98° 36" 356" and ¢4° 15 40", Limiting
meridians, 86° 50° and 37° 07 30", Size, 20 by 39} inches. Heale, 1:62,500, or about 1 mile to 1 inch. Con-
tour interval, 10 feet. Price, 30 cents; if included in wholesale orders, 18 cents.

Joplin district, Mo.-Kans.-Okla. This wap shows parts of the Carthage and Joplin.quadrangles,
especially the mining region adjscent to Joplin, on & larger seale. Limiting parallels, #1% and 37° 15
Limiting meridians, 34° {5’ and 94° 45'. Bize, 22 by 31 inches. Secale. 1:62,600, or about | mille to 1 inch.
Contour interval, 10 feet. Price, 20 cents; if included in wholesale orders, 12 cents, Counted as two
atlas sheets in the text of this circular because it is twice the size of a standard topographic map.

Leavenworth and vicinity, Kans.-Meo. This map ehows the Leavenworth quadrangle and part of the
Oskaloosa, quadrangle, Limiting parallels, 89° 13" and 89° 0. Limiting meridians, 01° 45' and 95° 09'.
Hize, 22 by 24 inches. Seale, 1:62,500, or about 1 mile to 1 inch. Contour intervai, 20 feet. Price, 20
cents: if included in wholesale orders, 12 conts.

Missoarl (State). This map is in blaek and white and does not show contours. Size, 443 by 40 inches.
Seale, 1:500,000, or abont 8 miles to t inch. Price, 25 conts: if included in wholesale orders, 15 ¢ents.
Algo published on a seale of 1:1,000,000, or about 16 miles to 1 ineH; price, 5 eents; if included in whole-
gale orders, 3 cents, i

Platte County, Mo. This map Is in three colors. Size, 29 by 82 inches. Seale, 1:62,500, or about I wile
to 1 inech, Contonr interval, 20 feet. Price, 20 cents; if included in wholesals orders, 12 dejis

St. Louis, Mo.-11l. This map embraces an area of one-eighth of a square degree, eqoivalumk m this
latitude to 467 square miles. Limiting parallels, 38° 30' and 38° 45", Limiting meridians M qnd #0° 30,
Size, 20 Ly 83 inches. Scale, 1:62,500, or about 1 mile to 1 inch. Contour interval, 200 fuat, - FPrice, 20
ecents; if included in wholesale orders, 12 eents. Counted as two atlas sheets in the text wf this vircalar
Decause it is twice the size of & standard topographic map. w

North Amerlen. This map dies not show confours. Size, 20 by 28 inchea. Seale, 1:10,000,000, or about
158 miles to 1 ineh. Price, 48 ¢&ila; if included in wholesale orders, 24 cents,

Sheet of conventional signs. HBhows symbols and abbreviations adopfed by the U. 8. Geographie
Board and recomnended for nse on Government maps. Size, 20 by £8 inches. Price, 20 ceats; if
inelnded in wholesale orders, 12 gents.

Shieed Ul lettering and conventional slgns. Shows Jettering and symbols used on the topographie
miaps of the U. 8. Geological Survey. Size, 16} by 20 inches. Price, 10 cents; if ineluded in wholesale
orders, 6 cents, X

Maps of the United States.

A wall wap, 55 by 85 inches, in two sheets, on a seale of 37 miles to 1 inch, without contours, showing
coal fields. Price, %i; if incladed in wholesale orders, 60 cents.

A wall map, 49 by 76 inches, In two sheets, on a seale of 40 miles to 1 ineh, either with or without eon-
tours, Price, 60 cents; if included in wholesale orders, 88 cents.

A wall map, same size and scale as next above, without contours, showing producing coal districts.
1922, Price, 75 cents ; if ineluded in wholesale orders, 45 cents.

A wall map, 40 by 62 inchee, on 2 seale of 50 miles to 1 inch, on which js indicated by depth of brown
and blue colors the relative heights of the land and the depth of the sea. The position of the principal
cities and the boundaries of the Status are shown., Priee, 75 cents; in lots of 10 or more, 0 cents.

A wap, 18 by 28 inches, on a scale of 110 miles to 1 ineh, eigher with or without contours. Price, 15 cents;
if ineluded in wholesale orders, 9 centa.

A relief or hypsometric juap, smne size, seale, il price #5 next above; elevations indicated by eolors.

A base wap, 11 by 16 {nches, on a seale of 190 wmiles to 1 inch. Price, 5 cents: if included in whnlesale
orders. 3 cents. .

A base map, 8} by 12 in2W, on a seale of 260 miles to 1 inch. Price, 1 cent; if included in wholesale
orders, five for 8 cents. .

LOCAL AGENTS FOR TOPOGRAPHIC MAPS.

Purchagers may save delay inecident to ordering through the mails by buying of the following
agents, who ecarry in stock maps of areas in their vieinity and sell them at prices slightly in
advance of rates mentioned in this eireular:

MISSOURI
COLUMBIA: 871. Louis:
The Missouri Store Ce. Arcade Book Shop, Eighth and Olive streets.
JOPLIN: C. Weller, 18 South Broadway.
MeGehee & Co, 118 West Foarth Street WARREXSBURG:
T. W. Osterloh, 312 Main Street. W. H. Beazell.

Kaxsag CrTy:
F. E. @altup Map Co., 919 Baltimore Avenue.

ORLAHOMA.

OrnanoMA CITY:
Adams Engineering & Blue Printing Co., 306 North Robinson Street.

. ‘ Y
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DEPARTMENT OF THE INTERIOR

UNITED STATES GEOLOGICAL SURVRY

TOPOGRAPHIC MAPS OF

MISSOURI

MADE AND FOR SALE BY THE UGNITED STATES GROLOGICAL SURVEY.

Thw Lnited States Geological Survey is making a topographic survey and atias of the United
States. The unit of survey is a quadrangle measuring 15, 30, or 1° each way, an area covering
one-gixlienth, one-fourth, or one “square degree.”’ The unit of publication is an atlas sheet 163
by 20 inéhes, and each sheet is a topographic map of one of the above arcas. As the sheets are
uniform in size, the larger the area covered the smaller the seale of the map. The scale of the full-
degree D is 1:250,000, that of the 30" map is 1:125,000, and that of the 15" map is 1:62,500.
Each map is desiguated by the name of some well-known place or feature appearing on it, and
the nami® of published maps of adjoining quadrangles are printed on ils margins. The maps are
engraved bn copper and priuted from stoue, in three colors. The cultural features, such as roads,
railroads, citics, and towns, as well as the letfering, are in black ; the water featuves are in blue;
and tlig Featuves of relief—hills, mountains, ete.—are shown by brown coutour lines. The contour
interval ‘fliffers aceording to the scale of the map and the relief of the country. Sume maps of aveas
thall e teonomically important do not conform with the general scheme; these are called special
maps.

P'ha progress of this work in Missouri is shown on the index map within, The surveys from
1907 ta 1016 and from 1920 to 1922 were made in cooperation with the State. Fach of the reetan-
gles auriliiied in red on the index map shows the location and area of a quadrangle of which a topo-
graplilg #irvey has been made. The name of the resulting topogmphic map, if published, is also
shown, @i it scale is indieated by the size of the rectangle; thus the Jurger rectaugles indicate
the smuiller-scale maps and the smaller rectangles the lurger-scale maps.  For areas represented by
small mtlangles within larger ones maps on different seales have been published. Hach of the
maps mjresented by the smaller reetangles shows a gquadrangle measuring 15" cach way (one-
sixtepnth of a ‘‘square degree’?), or from 227 to 236 square miles, the avea differing aecordiug to
the lifltmle. The scale is 1: 62,500, or about 1 mile to 1 inch, and the eontour interval is 20 feet.
e o Lhe sheets represented by the larger rectangles shows a quadrangle measuring 307 each way
(amefonrth of a “square degree’’), or from 912 to 962 square miles. The scale is 1:125,000, or
about 2 miles to 1 inch, and the contour interval is usually 50 fect. The whole number of pub-
lished tmpographic maps of gunadrangles in Missouri is 78. A list of special maps and sheets is
given mm page 4,

Tl pprice of the standard maps of either large or small quadrangles is 10 cents each, but a
dksoounk pf 40 per cent is allowed on an order amounting to 5 at the retail price—that is, the
w holeslle rate for standard topopraphic maps is #3 for 50. The discount is allowed on an order

“~for wafe alone, either of one kind ov in any assertment, or for maps together with geologic folios,

et thie folios reduced in price becausc of damage by fire. (Bee p. 2.) Prices for maps other
"ihiny i 'standard ave given on page 4 of this cireular, No discount will be allowed on an order
amouiting to less than %3, Prepayment is required and may be made by money order, payable
to the Iirector of the United States Geological Survey (nob postage stamps), or in cash—the exact
amouiif—at sender’s risk.

If mmips ordered are not in stoek the rvight is reserved to substitute other sheets rather than
return Yt smail sums of wmoney by mail, unless directions to the conlrary are given in the order,
Numa of bty should be included in post-office address.

The Survey can nofi sapply mounted maps.

All orrespondence should he addressed to—

TaE DIRECTOR,
INITED BTATES GEOLOGICAL SURVEY,
Wasaingron, D. C.
July, 1922,
3—86,000
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The map shows the location, type, treated
end untreated waters and the iodine content in parts
per billion of 2ll the wabers analysed. The southern
and southeastern sections of the state show the lowest
iodine values. Thig would indicate that the highest
gaiter incident would prevail in these sections.

Scme of the surface waters contained con-
siderable more iodine than did some of the deep wells.

The date on the map emphasizes the fact that
econsiderable varisation in the iodine content of waters
may ocecur in a given area or in waters located rela-
tively short distances from one another.

Teble of Averages for Waters Analysed

1. Average for 29 resuliS cceescccsscesccs 204
2. Average 0f wells (15]) esceccococcccccens L1o72
3. Average of rivers (10} cecececscccccnce 1o9
4. Average o0f reservoirs (4) ceececevescces Gebh
5. Average of rivers plus reservoirs (l4). 2.4
6+ Average of northern half .ccceceecccsces 22

Te Afarage of southernm half cececcecceecss 1a8



SUMMARY

1. A1l the waters analysed show & low iodine
content when eempeared to 10 parits per billion of sodium
iodide as mnormal. |

2. In certain parts of Missouri a& high inei~
dence of goiter must exist if an inverse relatiom be-
tween the iodine content of water and goiter existse.

3e Cistern or rain wabter is entirely de-
ficien® in iodine and in its use provisiom should be
made for an increased consumption of iodine.

4. Waters from shallow wells and springs
are ususlly deficient in iodine. Iodization of
these ﬁa.ters may be practised without danger.

5. There is no definite ratio or relation
bebtween the iodine and chlorine content of a natursl
untreated water.

6. Waters from the northern portions of
Missouri are slightly higher in iocdine content than

those from the southerm portions.

-5~
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