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THE SANITARY—CHEMICAL AND BACTERIOLOGICAL EX-
AMINATION OF NATURAL ICE.

By Edward Bartow, Director Illinois State Water Survey.

URING the past two or three years the Illinois State Water

D survey has been called upon to make some sanitary examina-

tions of natural ice. In a few cases we have received, with the

ice, samples of the water from which the ice was harvested. The com-

parative analyses are especially interesting. I wish every much that

there were more analyses to place before yvou, but the data obtained
are enough to warrant some interesting conclusions.

The analyses made have been arranged in two tables. The first
table shows the data obtained by the analyses of the specimens of ice.
The second table shows a comparison of the analyses of some specimens
of ice with the analvses of the water from which the ice was harvested.

The determinations made are the ordinary determinations of chem-
ical and bacteriological analysis, including turbidity, color, odor, residue,
chlorine, oxygen consumed, nitrogen as free ammonia, albuminoid
ammonia, nitrites and nitrates, alkalinity, the number of bacteria and
gas formers. Some of these tests are of little significance in ice analysis
but others have a decided wvalue.

Turbidity refers to the insoluble matter in suspension. It may be
dangerous or harmless. Ewven if harmless it renders a water or an ice
less attractive than a clear water. In only one ice did the turbidity
exceed five parts per million and in the one which is reported as greater
there is so small a residue that one must conclude that there may have
been an error in the work.

Color refers to colored substances in solution. It is due usually
to an extract of vegetable matter. Color is usually harmless, but a
colored water or ice arouses suspicion and people will not use it. The
color of all of the samples was very low; and in no case would it be
detected in an ordinary drinking glass.

Odor is a descriptive term and is reported as aromatic, earthy,
vegetable, etc. Only one of the samples was reported as having a notice-
able aromatic odor. Only one of the samples was reported as having
a noticeable odor.

“Residue’” comprises the solid matter left on evaporating the
water. It includes both organic and inorganic constituents. Unless
the quantity is excessive, it does not injure the water for domestic use.
Five hundred parts per million is a usual allowance in a drinking water.
Ice should have very little residue. The highest residue found in the
ice examined was 34 parts per million, but in most cases it was less
than 10, which is the equivalent of distilled water.

“Chlorine’’ refers to the quantity of chlorine in combination with



[OpUY

=G +1 €9 ¥ g1 000" ¥01° OBO" 6° | G R £ 1 CUUUeIUs|Ivg 1epa) '1DALY 1ePaD  LICET
- -1 ¢¥ 9 08z’ 2007 EBI® O0SI° BT %' 18 O )] | e i e ot Loum ‘Leqg SHundy  0FEET
it R =T LT 4 O0D0S: T007 (O¥TY DOTT 9B BE 8 - MELE b Crrtteopuay —  OLIET
=z =8 -1 LI d 0¥0° 000" 90Z° SI1° 91 9 8§ 0 T s e i Loum{ ‘Leg L>um  OFOLT
- —8 -1 9 ' 000" ¥00° 890" ¥60° L T = i G e e S * 3mnqsafe ‘—— 6E0ET
g S ) L ¥ 080" 000" ¥60° 0607 6 | Radier ) S il B R spyexuey] ‘}aaa) Auudg  Co0LT
= -1 2% ¥ 00z° ZO0° FOIT 960 81 8 ¥ 1 0 € crrecce o goXK] ‘IOAT JIOW  FOOET
-z -z -1 ¥8¢ 1 0zI" 000" ZZI' BIL" 6 I 8 M1 0 ¥ rfaqe A Fundg ‘Jaany soull  OGGEE
-z —I+1 —1 91 T o¥0° 000" 9SI° S8IT° 91 % o1 0 © g CUUtortctdangsapeD ‘v el £9623
-z = ] e I 091" 000" Z80° OF0° 6 TR er i 0 g st OOBOf MAN————== JONET
—% —8 -1 9 0 0¥0° 000 880° SIT" & "3BT e NESD D R L) e R )
-% —3 =T hET ¥ 000" 007 0607 OFO" LT it by E AT T PR AN e SROARE
—g =z -1 03 ] 091" 000" 008" ZIIT BT "8 4 0 O g Uttt 3mgssren a0ty el ZFRIE
—F = — i £ 000° 000" 81" 960 92 1 1] 5o | T ) R iy MO ‘100 PUES] UBAJAS  OZGZT
-% =0 +1 8 b 000" 0007 098" 991" 09 1 6 © 0 g CoUUotorounnol ‘39an8 UE ‘l1eod  ¥E063E
-7 = -1 ¢ I 000° 000" %98 ¥SI° 9°% O IT 0 O & =~ ounol '[0od PUBS UBAJAS  CEGGE
-3 +1=1 =1 ¢CZI P R O G B B G T S e S R R R D L) R B b B
- =3 —1 ol awes  seks wams  wen e peeeee s mf srtretTUOYSOR MAN ‘ABF UCARINIG . OLLIG
-z -z —1 o 21 00%° FO0° 9DLO° TOHOT B o AR A R b R Suimg ‘1A ¥ooy  CFOIE
B S b R R R O e R B [ S TR S =
P PRRSE RS g sl Vh B e e Res TR 2 e v
i S - 5 @ i = B B = s ok

———5T UIF0IN-———

"HOI 40 SHASATVNY—T HTHV.L

SIDLI0N] SEL)



e T e ==
S T
-t = [
= — . =
(=1 ] (£ m
s

—RIAUEA0,] ST —

6 —& =T 4 B0L &

0 06l ©
B e
[} L 0L
0c 09 0F
g1 08 ¥
b o ¥
¥ 08 0
R

B

]

¥F0°

‘g "ON

000"
010"
00n-°
£00°
000”
Qo0
aon”
000°

981"

‘wWmy qry

3 13d ————s® nalonN

Bl

oo’
s¥0°
(L
8GF°
oSt
HHIR
sl
880"

DY 333,]

'STWOD) o0

L L = TR -~ T = T~ T -+ Y - |

BREAXD o o

—

(]

e
it
¥a
Le

01

AnpIEay

=R = N = S =

4 |

= 2

“10P0) E

"pennyno—HII 0 SHSATVNY

W

73

WO e 5 o o o o

...... R e TR A Rt e R T ML i el

Craag fadf

Loumdy "aog

*reneJ ‘a0

LR L TH Rl B BT ) anu.u".-uu.—.—.-—ﬂ".“ﬁ ._.ﬂUH

2EIWO ‘30]

i

ﬁ”- ---.-hunmﬂﬂﬁnhﬂmm

ﬁ- ------------------ M.-u.nﬁEﬁHE -MUH
D $ % % % =8 @ass mEomEs o g

L]

g e R R ot BJOpOagy ‘ad]
G 11111111111111 -- LI R amﬂnﬂ"m .ﬁ.rH .uuH
.”L- -------------------

e | *2IN0G

5

2.

Ela

-m-_-

EFFEC
L¥ESE
HRGVE
£L6FE
00813
16L%3
0LLY¥G
LOTFE

2
‘qury



+ 4+ +

_I_

|

‘opur +

+2

g

+3&
—IF1
T2
=%
+g
-9
+ &
ol
+2

+1

oe
ooar
91
00FIL

GL9
5

0a%
val

On0ET

23 Jad
BLIR}oRH

!
08I

FFI

I

“Auie |V

00z"  a00°
orQ" 000
gl €00
000" 000"
089"  ¥00°
000" 000°
089" ¥00°
4 4
o o
(] [

‘mmy qry

SE UadoIjip]

960°

BIL”
FLG
e’
0s0°
¥o1°
cLn’

Wy 3334

00
6L
99
6

SUOY
Qadix()

S = - -

ULy D)

01
LLE
01
i)
Il
ERL

“INPISAU

g1

0 |

oI

0P

0g

=

=

*10]00)

aym
=

8 = 949 =

w

Appraan,

......... UOXI(] ‘JIALY FHO0Y ‘0]
............. UOXI(] ‘JIATY YOO
e fungsajesn ‘aary axe’ ‘ol
+0r - Hingsajen) jo 15ea ‘a01y e’

...................... aulo
‘Aovdmo]y 307 Oealdg wol] 291

.......... aujopy ‘jued s Aued
-mo7y ad] auaiopy asoddo [ood
...... auIop 07 A0] 2UI[oTAL 23]

©raunopy ‘pPouergs ajsoddo joog

............... Foaow 1m;ﬁﬁmu_ﬂw
Jjo 1sea apm T4 20y e ‘Ao
........................ u-.n—._._..u.
-S3[ET) |0 1583 AW &7 391y e

‘aAnog

HALVM LVHL WOHd d01 40 ANV HILVM 40 SHSATVNV—II ATdV.L

FODES
Z00ES
EO6ET
19623

bt il

CohoT
SE62T

12688

TLLIE

6OLIE
bLK
"qu’]



metals; for example, sodium chloride (common salt). Chlorine is a
constant and considerable constituent of sewage. Unless present be-
cause of the presence of salt wells, or the nearness to the sea, etc., its
presence in a water is a cause for suspicion. The chlorine in the ice
examined never exceeded 3 parts per million. It usually could be
determined with difficulty, and could well be reported as “trace.””

The ““alkalinity’ refers to the soluble carbonates or hydrates, and
helps to determine the value of a water for household uses. There
should be a very low alkalinity in an ice, as was found to be the case
In the specimens examined.

While they indicate very well the purity of the ice from a physical
and chemical standpoint, the tests for turbidity, color, odor, residue,
chlorine and alkalinity are of no significance with respect to the hygienic
condition of the water.

In Table 2 are shown analyses of ice and the water from which
the ice was taken. A consideration of the degree of purification effected
by freezing is quite interesting, from both a chemical and bacteriological
standpoint.

The turbidity, although not high in the original water, is practically
eliminated.

The high color in most of the samples was also eliminated, in two
of the cases being reduced from 50 to 0.

The residue was reduced from 183 to 11, 194 to 10 and 197 to 10
respectively.

The chlorine was reduced from 2.4 to 0, 2.3 to 1 and 3 to .2; the
alkalinity from 134 to 1, 144 to 3, 180 to 1.

The oxygen consumed was reduced, and, in most cases, free and
albuminoid ammonia, nitrites and nitrates were greatly reduced.

Where comparisons of the number of bacteria were made, the
purification was very striking. In one case, with 12,000 bacteria in the
raw water, there were but 125 in the ice; 520 were reduced to 3, 675
to 6, 1,400 to 16, and 4,060 to 22, in every case practically 999 reduc-
tion. Gas-forming bacteria were also greatly reduced.

In the purification of water by freezing both suspended matter and
soluble substances are removed. The removal of the suspended matter
is explained by the fact that water in freezing solidifies on top. The
formation of the coating of ice protects the water from disturbance
and enables the particles heavier than water to sink to the bottom.
Also in the normal formation of the erystalline ice there is no room for
solids between the crystals. This accounts for the decrease in the
turbidity and bacteria.

For the removal of soluble substances we must seek another ex-
planation. Let us compare the solubility of the ice with the solubility
of soluble substances. Ice is soluble in water at 4 degrees Centigrade

S



(39.2 degrees Fahrenheit) when the water is at its maximum density,
but insoluble in water at 0 degrees Centigrade (32 degrees Fahrenheit).
T'he substances occurring in river and pond waters are, as a rule, soluble
to a much greater extent than is their concentration in the rivers and
ponds. For example, the least soluble ol the common substances
occurring in pond waters is calcium bicarbonate. Tkis at 0 degrees
Centigrade has a solubility of 700 parts per million. In most of the
streams of the United States we find less than 200 parts per’ million
of residue and hence much less than that amount of any one compound.
Before very much calcium carbonate would be taken from the water
by the ice, there must be a concentration several times the ordinary
concentration in the water. The same is true of other salts. Mag-
nesium carbonate is soluble 1,300 parts per million. Calcium sulphate
is soluble to the extent of 2,050 parts per million. Magnesium sulphate
is soluble to the extent of 257,000 parts per million. Of the salts of
sodium, sodium chloride (common salt) is soluble to the extent of
55,000 parts per million. Other salts, sodium carbonate is soluble to
70,000 parts per million, and sodium bicarbonate to 79,000 parts per
million. None of these exist in the rivers and streams of the United
States to an extent greater than 200 parts per million. Only in sea
water do we find these salts present in sufficient guantities, so that on
cooling to zero degrees are they taken out with the ice. Sea water con-
tains 314 per cent of salts. The water obtained from the melted ice
from sea water is said to be fresh. This, however, has a bitter taste,
since but four-fifths of the salts present are removed.

Nature certainly does its share toward furnishing a pure natural
ice. If reasonable precautions are taken so that no ice is obtained
from grossly polluted ponds or rivers and the surface of the ice is pro-
tected, there need be no difficulty in placing a pure ice on the market.
This, I believe, is the aim of this Association, and it can not be too
highly commended.
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