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WATER ANALYSIS AND INTERPRETATION ey i
, PUBLIC FEAITH AND WELFARE TECHNICAL BULLZTL®
pa%W, GHQ, SCAP, APO 500 February 1951
i This bulletin presents sn explanation of standard procedures relating to ;
water examination. Significant quantities of imourities found in water and the
’ requirements for the measurement of a potable water are discussed.
| J 1. GENERAL
~ - A. All Public Health Officials should be aple to interpret laboratory and |
} fiol reports end records of water ena lyses 2nd they should have some knowledge :
| of the principles and techrniques of the verious tests. The water plant officials Lo
'3 are required to make physical, ohemical and bacteriological tests necessary for :
control of treatment processes and for providing sdequate records of treatment §
efficiency. The Fublic Health Section (prefectural and health center, is respon- §
sible for performing any tests necessary for ascertaining the potability of
weter supplies. The Pnvironmental Sanitary Inspector 1s particularly responsible f
for the supervision of water enalyses to sscertain the following: o

1. 'That the proper tests eare performed with sulficient frequency.

2. 'That semple collection procedures &are correct.
3, Thet all determinstions are accurate and dependable.

4. That proper reports are made and adequate records maintained.

B. The above procedures may be conveniently sonsidered in the following
five classes; |

| R Sy

1. Bacteriological tests to indicate indirectly the presence of patho-
genic organlisms or any impending threet of thelr presence.
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2. Chemical analysis for the quantitative determination of any poison-
ous, injurious, or harmfu! shemi cal constituent, organic or inorganic.

3, Physical tests to indicate =and measure oertain'physical properties
or conditions.

4. Microscopic examinatiors for the identification and quantitative
enumeration of objectionable tastes and odor-producing micro-organisms.
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3 _ 5. The ssnitary field survey, for the purpose of providing a physical L

8 picture of the entire water cycle in relation to potential sources of pollution. e
It is only upon the entire evaluation of ell five major examinations rather 1Eﬁ§ |

than upon the basis of any one specific procedure or test, that the cuality of

water for primary uses can be judged. However, the complete five evaluations

o are only recommended for advsnce planning of the necessary treatment facilities
of a water supply, specific water problems, or in the case of a serious cutbreak
of a suspected water-borne disease. All five tests are not routine tests but 4
each has its purpose in obtaining, providing, and maintaining a potable water S -
supply. Ususlly the chemical content of water at its source remains nearly the i
same dver a period of years. After the chemical content of water is determined B
to ascertain quality end recommend treatment designs, 1T 18 considered sufifi- 55
cient to complete chemical tests every six months for surveillance. Physical
tests are usually completed with chemical exeminations end when problems occa- J
sionally arise from water cdors., Microscopic tests determine those micro- R
organisms responsible for certain tastes snd odors in weter. :

Actually, the bacteriological characteristics have come to be recognized

generally as of most value in the sanitary examination of water supplies. They _ f
1 are also considered es the most importent from the standpoint of public health. E .
d | Bacterial tests, determining the presence of contemination indicators, are more

indicative than chemical enalysis. Standard water laboratory practice consider
bacteriological tests, as recommended, routine procedures to assure a criteria
of pollution or of weter safety. The sanitary survey will depend upon reports
of unpotable water from the various tests, as well es determining the physical
| § or ground conditions existing prior to the use of eny water source.
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It is desireble that a person who makes the field investigation of the
water supply slso collect the samples for bacteriological anelysis and interpret

the enalytical results. Epecisl prcautions are necessary in collecting the L
semples, end training end experience are also necessary in interpreting and - g

evaluating the results. Therefore, the assistance of the prefectural or health § ‘
center of ficisls should be recucsted if there is any gquestion conczerring the 8 -

safety of water.

Water for drinking end culinary purposes must be free from pathogenic bac-
teria, protozoa, and other disease procducing organisms, &as well as from physio-
logically harmful chemical or mineral substances. Clearness, softness, freedom

from objectionable taste, edor, and low temperature are desired.,

IT. PRELIMINARY PROCEDURES %

A. Sample Collection. Proper technique 1r samnle collection is absolutely
essential. Samples 1] be colleated only by competently trained individuals.

Some guiding principles are as follows:

1, Sampling taps should be selected providing representative samples. R
These will usually be in active parts of the water svpply system.
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2. 'Teps, especially for bacteriological specimens, should be easily
tdentifiable, should be ron-leaking, preferably with small orifices. They should
be so lecated that the specimen cean be cbtained with ease, avoiding spattering.

lied by the laboratory will be used. Sterile 120

ml. bottles ere recommended. When water which contains residual chlorine is to
be tested the sample bottles should be prepared in advanse, with approximately
0.02 $0-0.06 gm. of Sodium Thiosulfate added prior to -sterilization.

2. Only bottles supp

4. Bottles for bacteriological examination must be tightly stoppered,

chemically clean, and preferably glass stOppcred,'covered'with a hood of muslin

or strong paper, then sterilized either by sutroclaving at 16 1lbs. pressure
(120°C.) for one-half hour, OF in dry at 160-170°¢. for one hour. For chemical

examination, chemically clean S OF 4 liter bottles will be used.

5. Before collecting samples, the water should be rur sufficiently long

to flush out the pipe line providing representative semples. Samples for chemi-

cal exemination should ordinarily be collected as near the source as is practio-

esble; not from dead-end lines or lines having little circulation.

6. TFor becteriologica. examination, the orifice of the tap should be

flamed, the water then permitted to flow until a representative sample can be
obtained, then collected in the special bottle which is {illed to the shoulder
. leaving some alr Space/ . The lip of the bortle will not be brought in contact

with the tap, nor will the stopper be contaminated. The hood is replaced and

secured with the i'astener.

7. 'The date, time, and place of aollection will be merked on each
bottle, and the proper ferms requesting laboratory examinetion will be complete-
ly end clearly £11led out and accompeany the specimen bottle.

to the laborstory immediately. They

8. Specimens should be taken
ble if delay in making analyses

should be kept in a refrigerator as long as possi
is unavoidable. '

9, Complete or special chemical .
as a matter of routine, but only for the purpose of secvrtggiconfirmatorz evid=-

ence concerning pollution and for the purpose of detecting significant changes

in mineral content.

10. Becteriological examination of specimens of drinking water will be
made at least once monthly as & routine. measure, and more frequently when indi-
cated or directed by hcalth officials. For large water supplies several samples

should be enalayzed deily or &s steted in "Standard Methods® .

8. Residusl Chlorine Test. It 1s required that all urbon water supplies

be adeguately “hlorinrted. 1t will therefore be necegsary that the residual
chlorine test be performed frequently and accurately. Weter plant operators
should daily meke residual chlorine tests in the water distribution system to
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assure continuous chlorinetion and to check operation of chlorinating equipment. ; :

When chlorine is added to water it is consumed by an unoxidized or inorganic
matter present end the bactericidal efficiency thereafter depends upon several 7
factors, such as the amount and nature of the residual chlorine (free or chlora-
mine), pH, and the temperature of the water. Chlorinated water will also lose fon 8
chlorine quite rapidly when gxposed to direct or bright ditfuse sunlight. It is %
thercofore necessary to add sufficient chlorine %o satisfy the demand of chlorine- L. A
consuming materials present, to allow for eny quentity which might be lost, and 20 |
sti11 leave 8 measurable quantity of chlorine for & period of at lesst Thirty

(20) minutes for bactericidal action.

Experience has shown that if the quantity of chlorine added to water 18 _
sufficient to yield, after o ten (10 minute contact period, a residual concen- b
tretion of one (1) part per million, 4 setisfectory bactericidal concentration ;
will usually be maintained for ev least thirty (30) minutes. The residual :
chlorine test, thereforc, 88 the neme implies ineludes the time factor of con- b

: tact period between the time of chlorine dosage end the time of testing. Pre-
liminary reports of chlorine residusl tosts should include statements such as;

10 minutes residual, 30 minutes, oOr l1-hour residual.

t'-"u-v. -
-

While not specific for chlorine, the orthotolidine test is the most reliable

simple quantitaotive test for messuring small quantities of chlorine in water.
The rcagent is & colorlcss 0.1% solution of orthotolidine in approximately 1.2

normal hydrochloric acid and 18 prepered as follows: | -
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g l. Weigh out 1 gram of orthotolidine crystals, transfeor to a 6-inch | =
g nortar and add 5 ml. "20 per cent” hydrochloric acid (Prepared by adding 100 ml. &
| of eoncentrated hydrochloric acid, gspecific gravity 1.18 - 1.19 to 400 ml. of
distilled water). ,

2. Grind to a2 thin paste and add 150 to 200 ml. of distilled water.
The orthotolidine goes into solution immediate ly.

'F":Iﬁli:h‘ﬁtl"“ r*__?"ﬂ Iy e b by T r | AL % . ,
¢ L

2 Pransfer to 1000 ml. greduste and make uvp TO 505 ml. with distilled

water. <

4, Mske vp to the 1000 ml. mark by adding the balance (495 ml.) of
the 20 percent hydrochloric acid. .

This reagent is commonly used in the proportion of 1 ml. of the rcagent to

f' 100 ml. of the semple. This is suf ficient to give the correct color reaction in

samplc8 containing not mors then spproximetely 3.5 ppm chlorine and approximate-
ly 600 ppm alkalinity. For higher concentration of chlorine a highcr proportion

' % of orthotolidine is required, and for samplcs having high alkalinity more of the
e i acid reagent is needed 1in order to roduce the pH value to below 1.8,
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When the ratio by weiht of orthotolidine to chlorine in a semple is equal

Tolent bold 18 present to lower the pH value of 5_?'

: to or oxceceds 3 to 1, end if suff
i the sample to below 1.8, the color produced is ycllow, and the depth of yellow

_ B color (shading into brown) is proportional to the concentretion of chlorine in
% the saemple. when the ratio 1s approximately 2 to 1 an orange red color i8 pro-
| duced, and when the ratioc ta 1 to 1 or less a cherry red color is produced -- the
depth of thcse colars being proportional %o actual concentration of orthotolidine

and chlorine invclved. . | v
. 1

ntains 1 milligrom of orthoto~

with 0.23 milligrams of chlo- e
lution is added to 100 samples ;

(not too highly'alkaline) containing from 0.1 to 3.3 ppm.chlorine,yelloW'colors :
wiil form with increasing depth of color in proportion to the concentration of | e
chlorine. At concentrations up ©O approximately 1.9 ppm the yellow color will ;
heve ¢ pale green tint, but ot concentrations above epproximately 1.0 and below oy
2,3 ppm the ssmples have e true yellow color becoming moderately deep at <.0 ppm
and only slightly deeper at 2,0 ppm. If one ml. of orthotolidine solution 1is
added to 100 ml. semples contairing in ©X0GSS of epproximately 5.0 ppm chlorine
the color developed will be orenge To Orungzé red to cherrv red, with the red

- color becoming aquite pronounced et o to & ppm. : .

! Unfortunately the orthotolidine reagent is not 2 specified test for chlorine.
| The reection is on oxidetion process end certair other materiols, sometimes found

1 in water, will produce similar reactions. me -
| ferric iron, O.U1 ppm of mangenic mengencse, Or 0.3 ppm of nitrite nitrogen will
The reaction of ferric iron

give a false indication of the presence of chlorine.
-nd nitrite nitrogen on orthotolidine 1s quite slow as compared with the reaction
of chlorine, snd the color produced is & brownish yellow instesd of the typical S

clear deep yellow produced by chlorine. If samples being tested are placed 1in

the dark for the five minute period for color development iron end nitrites will
not produce cnough color to interfore seriously with the rosidual chlorine test.
The reaction of menganese is almost identical with that of chlorine on orthoto-

1idine. The coler development is rapid and g8 i8 the cose with the chlorine
renches meximum development within 5 minutes, cven in the dark.

me ml. of standerd srthotolidine solution ¢O

1idine or sufficient to form solely a yellow color

| riné., This means that if 1 ml. of orthotolidine so
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rm o blank orthotolidine test before chlori-

e interfering substances. Monganous mangan=
idized to the ~i¢c form on chlorination.
tested before and after thorough
due to the residual chlorine.

It is andvissble always to perfo
nntion to detect the presence of Thes
ese or ferrous iron may however be eX

When suspected, & chlorinated sample should be
aerction or boiling. Tho diffzrcnoe_in.valuus is

-

3 o '.’J‘Hﬁ' F i - - =k - — ! = B o EE - 4 g -
1&»’"" R P A v e O o T -r!-i-ﬂ-_«-fwn?: e
. '
’ : B g ¥ :
]
i

- t ) -
l_:l'_ o e - ‘-:,“'.' -
e W t’ U e i
~ -

of containing interfering quantities of
the orthotolidine tost should be supplomented by

tnssiun-iodine tcst. Residual ohlorine concentrations
a positive blue color when a few milli~

to O 5% solution) ond a few milll-

ssium iodide solution (5 to 10% agueous or alcoholic solu~-
The ordinary interfering quantities of irom, 4

When o water supply is suspected
iron, mengenese, or nitrites,
the neutrel starch-po

greoter than Q.1 to 02 ppm will produog
14 ters of fresh noutral starch solution (0.3

liters of neutral poto
tion) ere added to the sample.
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mengenese, and nitritos will not produce the blue color with starch-potassium &
iodide unless the pi value of the sample is reduced to below 5,0. '

111. Bacteriological Pests. =~ Tests for bactoerin of the.Coli~Aerogenes Group. ~§'

No procedure has been developed for detecting minimum infectious numbers of ' =
typhoid or other intestinal disease bocteria in woter. It has, however, becen b5
obscrved that almost inveriably when weter conteins infectious quentities of in-
testinul disense orgonisms, measurable numbers of colon bacilli rre present, -
Bocteria of the coli-form group (including both B. coli and the A agrogenes, re- St
ferred to rs the coli-rerogenes group) have thercfore been chosen as indicntor T -
orgenisms for bactcriologiczl examination of water. |

The coli-acrogenes group includes 2ll aerobic and facultative anacrobic |
grom-negative, nonspore-forming bacilli, which ferment lactose with gns forma- e

tion. Micro-orgenisms of this group are not pathogenic, and nre not necessarily
hermful to the water, but arec considered as egidence of fecal contemination, and
the potential presence of pathogenic fecal orgenisms of dysentery-typholid-

Salmonella or Cholera groups which are not so readily detected in routine tests.

The standard procedure for carrying out the test for the presence of bac-~

| 1 teria of the coli~-serogenes grovp on presumnble potable watcr somples includes
1 | the following steps:

z A. The Prosumptive Test. Inoculate a suries of lactose broth Durham fer-
; mentation tubes with greducted ounntities of the water, but not more than 10 ml.
. in & tube (10 ml., 1.0 ml., 0.1 ml., etec.). Usually 5-10 ml, samples are planted
. = and 1 -~ 1 ml., and 1 - 0.1 ml. for a single sample to boc tested. The quantity
? E of the medium must be ot Teast twice that of the water. Standnrd sterile lactose
broth is used. Incubate these tubes at 37 degrees centigrade for 48 hours.

Exemine them at 24 hours and 48 hours and reocord the formation of gns 1n the
small inverted vials. |

1 ; -h".ﬂ-# W s el gy v T - b »
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1. The formation within 24 hours of Z58 in the inverted vial consti- R ™
tutes a POSITIVE Presumptive [.st.

2« If no gas is formed in 24 hours but is formed in 48 hours, the test
18 doubtful and must be confirmed.

S+ If no ges formation occurs within 48 hours this constitutes a NEGA-

;
TIVE Presumptive Test. - ' ¢
Very few bacterie other than those of the coli-acrorenes group oocuring in f
weter will forment lectose broth within twenty-four hours, but severcl non- i
significient bacteria, particularly chlorine-resistent spore-forming bacteria
may ferment lactose within 48 hours.
i
&
|
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;9 | B. The Confirmed Test. Mske two or more Endo or Ecesinmethylene Blue agar R
plates from the tube whi-h contains the smallest amovnt of water showing ges. &
| Incu- | } .

rrans fers should be made as soon as possible after the formation of geas.
bate the plates at 36 - 37 degrees C. for 24 hours. If typical colonies heve

! developed upon the plate within this period, the Confirmed Test may be con-

| sidered POSITIVE. If no typicel colonies develop in <4 hours, the test cannot
yet be considered Negative definitely. In such cases the test shouid be carried

on to completion. (Part C)

. ata COMFITMED test can be made using a liquid medium such as Bril-
1ient Green lactose Bile and Durham fermentation tubes &s described for the Fre~
sumptive test sbove. The procedure is to transfer from a lactose broth tube .
showing gas the desired portion tube tested, by wire loop, sterile capillary

tube or pipette, and add it to the fermentation tube containing B.G.1.B. Incu-

bete these tubes for 48 hours atv 35 - 47 degrees C. and observe the gas formed .

a® the end of 24 and 48 hours.

Ann altern

| 1. The productioi of any gas in B.G.l.B. tubes in 24 hours is cm8i~
dered POSITIVE. | |

2. The development of no ges ir 48 hours constitutes a NEGATIVE con-

‘{" firmed test.
| ; C. The Completed Test. From the Endo or E.M.B. plates transfer two or ;
| 21 more typical colonies, each to an asgar slant and lactose broth fermentation %

asppeared after 24 hours incubate for another
g to the coliform group,
d lactose broth fermen-

] tube. If no typical colonies have
| 24 hours, Then two or more colonies mos%v likely to belon

whether typical or not, are transferred to egar slants an
tation tubes.

A G G S A Srtag 3
" A
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the inoculated tubes are incubated until the formation of gas or for 48
hours. The agar slants are incubated for 24 hours. Then at least one culture,
corresponding to a tube which shows gas formation, is examined microscopically
for identificeation. 5.

The formetion of gas in lactose broth and the demonstration of Gram-negative, i
non -sporing bacilli iu the agar slants are COMELETE proof of the presence of a :
member of the Coli-Aerogenes group.

The absence of gas formetion or failure to demonstrate such bacilli consti-

>

tutes a Negative test. |

sumable potable water are almost invariably
and usually through the completed test. An

Bacteriological analyses on pre
carried through the confirmed test,

analysis of an individual sample showing a positive presumptive, positive, oon- he
ove oF the Tive 10-ml. portions tes- «3

firmed, or positive completed test on even :
fed indicates that the water suppTy at the p01' nt of collection at the time of '5
Check samples should be teken at this .

i  gollection was of unsetisfactory quality.
point and adjustments made in water treatment, until bacteriological tests
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repeatedly and consistently show the absence of coli-aerogenes organisms 1n five
10 ml. portions. A water supply receiving proper treatment will not show more
than one (1) unsatisfactory sample out of each one hundred (100) semples tested,
indicating not more than one (1) bacteria of the coli-aerogenes group per 5000
ml. of water (1/50uJ ml. less than 1 per gallon of water.) Many public supplies
have & record of two to five years with no more then one unsatisfactory sample
out of all samples tested, including three to five semples tested daily.

A laboratory report of a bacteriological analysis of a sample of water
should include a brief simple interpretation of the results of the test in terms
of the probable potability of the water. The use of one of the following state-

ments 18 recommended:

1. Potable bacteriologically. No evidence of contamination hes been

found.
2. Not potable bacteriologically. Tests reveal evidence of contamina-
tion. | |
3. Not potable bacteriologically. Colony sourit is too high; suggest
re-examination.

D. Test for Total Number of Bacteria. The epproximate number of bacteria

W

present in a sample of water may re determined by applying the nutrient agar
plate count, referred to as the "total colony count’'. The test includes the
following steps: (1) Trensferring a portion, usually 1 ml., of the water sample
to a sterile Petri dish; (2) pouring melted sterile nutrient agar over the por-
tion of water, mixing and permitting the agar to solidif'y; (3) incubation at

360, 3700 for 24 hours; and (%) counting the number of bacterial colonies deve-
loped.

The actual number of bacteria per ml. in & semple of water will probably

a

always be greater than the numbasr of colonies which develop on an agar plate
from one ml. All bactéria present may not grow, and a colony does not neces-
sarily develop from single bacterium. The test, however, gives & fair indica-
tion of total bacterial contents of water and is an excellent control test To
measure effectiveness of weater treatment processes. [he bacterial content of
water is progressively reduced by the consecutive treatment processes; sedimen-
tation, filtration, and chlorination. An adequately treated water supply will

consistently snow an egar plate colony count of lower than 5 per milliliter.

The test for total number of bacterie 18 Qf littlg_#qr no vealue unless ini-
tiated within two Oor three hours after the samplcs are solTcoted, or unless the

samples are held ot low refrigeration temperature. The bacterial content of
samples is not altercd seriously in twelve 10 twonty-hours if the temperature is
naintained below 40°F. Results reported from delayed tests often lead to erro-
neous ideas of water cuality. Water trcatment may render & supply almost com-
pletely froe of bacteria of the coli-aerogenes group, but does not effect com-
plete sterilization. Soon after a semple is collected any residual chlorine
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tarts. The hacterial

present is soon exhausted and bacterial‘multipliCation S
hin 24 hours and to mil-

content mey rise to several thousands per milliliter wit
lions per milliliter within 48 to 72 hours. e
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er supplies have becn ~ordemned solely on the basis of a high i

Freoguently wat ‘
time between collection and %

total bacterial count and no allowence given to the
testing. | .

'r."'i‘.:f ‘_*-.

"total colony'count" or "plate count" techricoue 18 discussed

hcre, experiences by'bacteriologists have found that total counts have so little

gignificance in 2 water oxemination that they arc being abandoned 1in fevor of *
3 the more specific coliform tests. Another method is the value determined by the -

most probable number interpretation, as found explained in "Standard Methods" . el ;

Although the

- WL rr“i‘ . 1'%?:'_:":. '_[1".' f“

s When water samples for bacteriological examination are enroute to labora-

5 | tories in excess of 24 hours time interval, the possibility as reported by the
coliform bacterial con- o

leboratory should be determined only on the basis of the
tent.

b -
L

The presence therefore of a high count may or may not be of sanitary signi-
lways important.

ficsnce, but the prosence of Coli-aerogenes 18 8

8 Freguently, the bacteriological exemination of a sample of water collectied
* ' f a well which hes been recently constructed or re-

This is usually because surface contamination
into the ground weter or well during sonstruction or repeir and does =

not mean that the grovnd water was contaminated before the well was constructed
or repaired. If & well is properly located and sconstructed the water usually

will be bacteriologically aantigfactory after the well has been completed ond
disinfected. Samples of newly'developed“wells or wells which have been repaired
should not be taken for bacteriological analysis until after completion and dis-

infection of the well.
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1V. PHYSICAL CHARACTERISTICO

A. Turbidity |
The turbidity or cloudiness of water is due to the presence of suspended t
natter which obstructs the passage of light through the water. Generally speak-

ing, the degree of turbidity is proportional %o the quentity of suspended maters-
ial, but the size of the particles has an important bearing on the water's be- "
bidity producing particles may settle rapid~ |

havior during treatment. Coarse tur
tremely long periods.

ly, while the fine meteriel may remain suspended for eX

] . ¥y "' _u"_ _" .
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Turbidity producing moterials usually ere not toxic. But the more turbid
the water, the higher the ohlurine demand end the higher the total bacterial

sount are likely to be. 3
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Turbidity in water is measured by direoct or indirect photometric comparison
of a semple with stendardized suspeh8ions of Fuller's Earth or finely divided
8ilica. Water having a turbidity of 6 is perdeptibly cloudy in a drinking glass,
- and a turbidity of 20 is definitely objectioneble. Turbidity measurements serve
-3 as an index of sedimentation and filtration efficicncy. Properly executed coagu-
4 lotion, sedimentation and filtration processes will deliver 2 finished water hav-

ing a turbidity of less than 5.

In vorious areas it mey be necessary to use water having a turbidity as high
as 10U with no other treatment than chlorinetion. This should be avoided if pos-
sitlec becouse it is difficult to render such water nbsolutely safe by chlorina-
tien alone end the water is almost certain to have an objectionable taste.

With adequate coagulation, sedimentation, filtrotion, and chlorination faci-
lities it is possible to convert = highly turbid water (turbidity of 1000 %o
10,000) to a corystal clear safe water having only slightly objectionable taste.

Be Color

True color in water originetes in the organic matter leaching from swamp s
and forest-covered sreas on watersheds. Sometimcs it may be due to pollution
. from industrial sources. The color of water in itself is hermless, but its pre-
~3 .8 sence detracts from the physical appearance of the water and so may affect com-
munity complaints. It is not a szrious problem from the health viewpoint.

L T—— o
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Color in water is measured by direct or indirect colorimetrio compearison
with standardized platinum-cobalt solutiors. A color of 10 is equivalent to the
8 color produced by 10 milligrems of platinum per 1liter. "Apparent color” in water

18 that produced by both suspended and dissolved materials, and "true color” is
4 produced only by dissolved meterials. "True color", usually produced by dis-

: solved organic metter end colloidial iron, is not perticularly objectionable as
| color unless the color value exceeds approximately 20, but the color producing
materials either produce objectionscble tastes or nre associoted with taste pro-

ducing materials. Natural water heving "true color" in the reange of 100 or
greater should be avoided if possible. |

Ce Total Solids

The total amount of solids in water is measured by evaporating o measured
portion of a semple, end weighing the residue after drying at 103°C. for one
hour. A determination on a carefully filtered or centrifuged portion of a
sample gives the totul dissolved solids. The dif'ference between the tetal
sollds and the dissolved solids is reported as total suspended solids. Unless
the turbidity of 2 somple exceeds 10 it is nat practicable to make both deter-
minations.

Nater conteining total solids in excess of epproximately 1000 ppm hos o per-
ceptible mineralized or salty teste which may be objectionable to individuals
ccoustomed to water of very low mincral contcnt. It may be nccessary in various
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. arcns to use woter containing more than 1000 ppm mineral metter but no adverse %
i physiological difficultics will result unless e major portion of the solids are .

¥ sulfate sclts. . _ 4
' In routine analysis of w-ter from the ssme source, such doterminations: are %f~
of value in the control of the operation of a water purification plant. - g -

V. CHEMICAL TESTS | ' S - &

| A. Alkelinity, Acidity ond pH. Hydroxides, carbonntes, and bicarbonetes,
which tenﬁ%ﬁm%'water asbove 7.0 are the common alkaline ma-
torianls found in water. Mineral acids and carbon dioxide; which tend to keep
the pH velue below 7.0, ere the common acid maotericls in water. Alkalinity ond .
nzidity are measured by titrating semples with standerd acids or boses, using p
methyl orange end phenolphthalein gs end-point indicators. Results are common-
ly reported as perts per million of eguivalent calcium carboncte. Thot is, an

annlysis report of 150 ppm of bicarbonnte alkalini ty mecans thet there is a quan-
tity of bicorbonate iron present in the sample that is chemicolly equivalent. of
150 ppm of conlcium carbonatc. A report of 100 ppm of carbop dioxide acidity
means a quantity of corbon dioxide equivnlent of 100 ppm of calcium carbone te.

A totnl nlkelinity of 300 ppm usually mostly bicarbonote, means o total quantity
of the alkanlirne materinls equivalent to 300 ppm of calcium carbornte. Carbon
dioxide, howover, is somctimes recported ms ppm of cerbor dioxide. )
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Hydroxide ond earbornte alkalinity scldom occur except in water which has
been subjected to lime or lime-scdg=-2sh softening treatment. The presence of a i
moasurable quantity of hydroxide alkelinity indicates that an excessive quantity - E
of lime has been andded. The nmount of ceorboncte alkalinity in a lime or iime- '
sodo-nsh softened wnter denends upon the nature and ocucntity of hardness nnd al-
kaline moterials originally in the weter, and upon the degree of softening ef- 8. -
feoted. In any cose carbonatc nlkalinity seldom exceeds 100U ppm. - ¥ .

Bi carbonate olkalinity occurs in prnctically all natural waters, renging
from ns small quantitices as § or 10 ppm elkalinity to as much 28 1000 to 1200 ppm

in waters thet are often used for humen consumption.

The significont limits of alkalinity in water are less than approximately
50 ppm and more then approximctely 500 ppm. A highly turbid natural water con-
tairing less then 50 ppm of alkalinity ususlly rcsponds slowly end incompletely
to congulation troctment. If a heavy dose of coagulant is recguired for clarifi-
ention it is necessary to add lime or soda ash to assure that there is sufficient

alkalinity for the reaction with the eeidic coagulant.

Ve - e S

Weter containing 500 ppm of alknlinity has a distinet "soda” taste. At a
content of 1000 ppm the taste is particularly objectionable To many individueals,
but even ot this concentration of alkalinity it would produce only a very slight
physiologicel reaction. An alkelinity of 1000 ppm is equivalent to cpproximate-

ly 1 teaspoon of sode per gellon.
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& | Mineral acidity scldom occurs in neturnl water. Its presence indicates pol-
| lution of woter with ncid industricl wagtes. Carbon dioxide is present in varye- i !
ing quaentities in most neturdl waters. It has no significonce other then its - e

corrosive action. As small a gusntity ros 2 to 3 ppm of carbon dioxide in a very .
soft water may render it quite corrosive, while 10 to 15 ppm of carbon dioxide i

may not be objectionable in a hard water. | 18

The pH value of 2 wrter indicates the degree of acidity or alkelinity but e
tclls little of ouantitics present. Certein pH values and ranges tell much of b nk
the types of alkalinity ond ncidity matcrials present in water: ~ s

1. Above the pH value of approximately 4.2 (mcthyl orange end-point) e s
water contains no measurable quentity of mineral acidity; below this point the ; .
rincral acid ond cerbon dioxide content may be very high. “ .

of the common 2cid and nlk2line ma-

2, In the pH rangc of 4.2 to 8.5,
present in measurable quantitiess

- terinls, only carbon dioxide ond bicarbonate are
_._‘,__-._——_-————-———-_'-— ¢

3, Above the pH veluc of 8.4 (phenolphthalelin end-point) no measurable
quentity of carbon dioxide 1s prcsent in water. - '

4. Below the pH value of 10.0 = measurable quentity of hydroxide sel- §

dom oCcurse.

A

=

e of 8.4 to 10.0 carbonotes nnd bicorbonates may be
nd hydroxides cannot be

. bk

el » -ﬁhi—u—-..
—
h-ﬁ‘

5. In the pH raong
present but mensurable quantities of both bicarbonctes «

present together.

P A A L TN LN AR SN T P e
)
L]

nre useful to minimize the ~mount of chemicnls

Knowledge ond control of pH
cney of bacterial removal,

needed in water purification, to increase the effici
snd to prevent corrosion.

B. Chloride. Chloride comes mainly from dissolved minerul chloride or
harmless inorganic substances. A shloride content of 250 ppm gives to a water 2
perceptibly salty taste, but the taste does not become particularly objectionable
unless the chloride content exceeds 600 to 700 ppm. Water having n salt content
of 500 to 800 ppm,(equivnlant to 700 to 800 ppm of sodium chloride) might be ad-
vantageous to use for people 1n tropical areas or during extremecly werm weather. :
A chloride content of 600 to 700 ppm 18 cquivalent to the amount of sodium :
chloride (0.1%) recommended to be andded to ordinary water as on 2id in maintain- 9
ing the proper salt cont cnt of body fluids of laborers engeged in activities pro- b
ducing heavy perspiration end resultant scrious loss of salt. =

;_f
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The chloride test is precise and may be performed rapidly and reliably. 1%
i s therefore often used ns en indicator test for changes in mineral content.
Surfoce weter, porticularly streams, may have frequent and considercble changes
in salt content, ond such changes may Or may not be of significance. Wells and ]
springs, however, should have & uniform chloride content. If an appreciable |
change in chloride contont of a well or spring occurs it 1s probably due to

12
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entrance surface water, or due to "over-pumping’ , or to defective well casing re- |
sulting in encroachment of water from undesirable water strata. ke

£ .
: High chlorides indicate a possible pollution with sewage, particulary if the
normal ohloride is known. Urine contains sbout 60L0 ppm of chlorides. Normal

sea water has approximately 34,000 ppm of salt.

- _ C. ' Sulphate. ‘iater containing epproximately 250 ppm of sulfate has a per-
: ceptible " Epsom alts" taste, and may produce considersble temporary physical .

- a1 scomfiture for individuals not accustomed to drinking water of high sulfate o
content. A sulfate iron content of 250 ppm is equivalent to one teaspoon of =
Epsom Salts, or Glebers Salt per gallon of water. Water containine in excess of

500 ppm sulfate should be avoided if possible.

_ - Calcium sulphate or gypsum causes hardness in water as it is more soluble
3 in cold water than in hot. It separates from the water on boilers and forms

| , scale on the boiler tubes.

| D. Hardness. Most of the hardness in water is produced by calcium and mag-
~3. | nesium salts. The total hardness of water can be determined approximately by
f titrating samples with standard Soap solution.,. Total hardness is reported as

ppm of equivalent calcium carbonate. .

__hh-_'_w F -

% : Hardness in water has no physiological significance but is objectionable be-

] cause of its soap consuming and boiler inecrusting properties. Hardness does not
become objectionable unless the total hardness exceeds approximately 100 ppm. In &
various asreas it may be necessary to use water having & hardness of several hun-
dreds ppm but the softest availeble supply should be selected. Hardness above :
300 ppm may be of considerable senitary significence, because of the serious in- %
torference with effective use of soap in laundry, bathirg, cooking, and washing g

E. Iron and Manganese. A common and troublesome impurity found in deep- £

= well weter 18 dissolved iror in the form of ferrous bicarbonate. As soon &8
2 water containing this impurity is exposed to air, oxygen changes the iron into

insoluable oxides which give the water a rust color and cause stains. The f{ine
red particles setile out as & rusty sediment.

Iron in water in excess of approximately 0.3 %0 0.5 ppm and mengenese in
excess of 0.1 to 0,2 ppm are objeotionable for the following reasons:

1. Weter will have an "inkish" sweet taste becoming ocuite objectiorable
when the iron content is as high as 0.3 - 0.5 ppm.

2. The taste of coffee and tea made with the water is seriously im-

pai red. P5
_ : : : ’ G{ *
f 32, Plumbing fixtures end laundry are objectionably stained. 29
"
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. 4. Serious interference with the orthotolidine test for residual chlo- |
i rine may occur. As small a cusntity es 0.0l ppm of manganese will produce a b
” measurable color with orthotolidine. '

5. Iron in the process water is most objectionable in certain indus- 5
tries, notably in the textile trades and in paper meking. '

- B Fe Nitrite. Nitrites in water usually occur through bacterial oxidation ~ L~ 3
of nitrogenous organic matter or bacterial reduction of nitrates. Their pre- 5o
sence, therefore, indicetes bacterial growth in weter. As small a quantity ns i
0,001 ppm nitrite nitrogen may be of sanitary significance. An adequately treat-
- ed and chlorinated water will seldom has this quantity. WNitrites in excess of |
. 8 approximetely 0.3 ppm nitrite nitrogen may give a false positive test for resi- 4
' dual chloriné when the orthotolidine test is used, particularly when the test is
being made by an inexperienced individual. This interference with the residual
chlorine test is often encountered when inadequate treatment is being applied to ;
heavily polluted water or swimming pool wster, or when the test is being used 1in |

connection with chlorination of sewsge treatment plant effluents.

G. Nitrate. Since nitrates are produced by oxidation of nitrogenous or-
ganic matter, their presence in water may be of senitary significance. The va-
riation in the quentity of nitrate in e weter (particularly s ground-water) and
not the actual quentity is e significant factor. If the guantity is constant
the nitrate is probably coming from the water bearing stratum which may have been
formed millions of years before. A variable nitrate content in a ground weater

{4 is an indicetion of fairly recent surface pollution.

i.w

sent in sufficient amounts, over 1.5 parts per million of fluorine, it causes an _
incureble injury to teeth known &s "mottled enemel"” which is very disfiguring to ™
the teeth in these cases where fluoride water has been consumed. The injury is .
done during the age period from birth to nine years, while calcification of 'the {-
permanent teeth is in process. No harm is apparcntly done after that age. §‘ #

' ¥, Plueride. Fluorine is sometimes found in weter as fluorides. If pre-

Although a fluoride content of over 1.5 ppm has beer found to be detrimental, §

less than that amount appears to provide protection against dental caries or 3
tooth decay. Inspections of teeth in arcas where the fluoride content is natural- :

ly 1.0 to 1.5 parts per million show 60% or lcss dental caries than where the
water is fluorine-free. Severasliten year studies and other experiments are in §
progress to increese knowledge of fluoride application.

b " TR R
] .

I. Other Chemicel Impuritics. Water should not contain an excessive amount

e o e oigp— e TN ——

of soluable minecral substances, nor excessive amounts of eny chemicals employed
in treatment. Various amounts of the following chaemical substances will oonsti-
tute grounds for rejection of the supply: lead, ersenic, selenium, vanadium,
boron, hexavalent chromium, copper, megnesium, zirc, and phenolic compounds.
Ordinarily enalysis for these substonces need be made only semiannually. 1If,
however, there is some presumption of unfitncss because of these elements, pe- b By
riodic determination for the c¢lement in question should be mede more frequently. |
Where experience, examinetion, and cvailable evidence indicate that such 4
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i substances are not present or likely to be present in the water supplies involved,
semiannual examinations ere nov necessary,unless requested by health authorities.

J. Interpretation of results of Chemical Analysis. It is impossible to de-
: termine the quality of a water I'rom & chemioal enalysis alone. If chlorides,
| esmmonia, and nitrates were due only to the decomposition of organic matter, water
| analysis would become an exact means of determining the degree of contamination.
But since these various substances usually are not dengerous in themselves, and

; may be found to be present in a potable water in varying gquantities, knowledge
' of the origin of the water is important in interpreting analyses. |

From the public health standpoint the presence of materials which cause A
high chlorine demend, which give rise to shlorinous tastes, which make the waver
di fficult to treat, is important. Again it is emphasized that periodic chlorine

: residual tests throughout the distribution system of a water supply be coordina-
’ ted by the health center inspectors and the water plant operators to maintain

daily surveillance of actual operations and conditions,

'ujﬁ Nitrites normally are present in very small amounts or are absent, because

nitrites are transitory compounds thet are soon converted into Nitrates. The
results of the vitrogen tests, when used collectively, help to show the pcesible

i presence of sontaminating substances end the probable length of time they have
?? been present in the water. The relative amounts, rather then the actual amounts

of the nitrogen compounds indicate the state of vollution. If the organic mat-
ter is fresh, nitrites will not have formedy if it is old the nitrites will have

turned into nitrates.

In general when @ ochemical analysis of water shows the presence of large
emounts of chlorides, ammonia, nitrites or nitrates, pollution with sewage shou 1d
be suspected. An examination of the water source should then be carefully made
to determine the cause of the trouble, the suitability for treatment, and the

type of treatment necessary.
VI. SIGNIFICANT  UANTITIES.

Comparison of American and Japanese maximum allowances for presumably pot-

ahle water are listed below. These signifiocant quantities are not ,.standards.
They are merely guides or rather indicators which are desireble, within limits

or less, for a recommended quality of water.

TEST A AMERI CAN JAPANESE .
| Residual chlorine 0,05 = 01 0.1 = 0.2
| | 1.0 = 2.0 (chloramines) s

Hacterio Og cals : —————————————————
' Gas formetion in 10% - Gas formation in 10%
| Coli -aerogenes group of tubes planted of tubes-planted

Total bacteria 5 per ml 100 per ceo
(8ee footnote 1)
15
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VR e v _ 3
'3, %
TEST AMERI CAN _ uees 0
odor none none 2%
_L Taste ' not objectionable | not objectionable
fi Temperature * B0 - §8° Fs % , :
@ Color | 20 1 3 ~ cll
“' furbidity T s _ g ' )
Total solias 500 ppm 500 ppm
. . _m____m_____ﬂ._________ﬂ-—--—-——-~—ﬂ—-—~—————ww*~—“-—--—_fﬂﬂﬂ“—*ﬂ* i
Alkalinity 120 ppm o -
] ph Less than 7.0 eand Less than 5.8 and E
- over 10.6 over 8.C -
Hardness 100 ppm 300 ppm :
Chloride 250 ppm - 80 ppm
o] Sulphate - 2560 ppm g 1
4 | Pitrite - 0,001 rpm ‘ trace
k Nitrate Any measurable 10 ppm
“ g ' . varisble quantity
& (s Sookuste 8) I L ED S e |
g tron and Mangénese (total) 0.5 ppm 0.3 ppm '
i ? Fluoride . 1.5 ppm 1.5 ppm | i
Lead 0.1 ppm 0.1 ppm y
Arsenic V.06 ppm 0.05 ppm
Selenium 0,05 ppm * :
: Hexavalent chromium 0.05 ppm 0.05 ppm
Copper 3.0 ppm 0.7 ppm
Magnesium 125.d ppm * %K *
Zinc 15.0 ppm 1.0 ppm g:
£ Vanadium 1.0 ppm e ?? '
Boron 1.0 ppm A E
Pheneolic compounds 0,001 ppm OxO1l ppm g
(See footnote 3) _ ;
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5 NOTE: Tests as Dissolved Oxygen, Biochemicel Oxygen Deémend and Oxygen Consumed ;i
£ are not recommended for routine tests in the maintenance of potable water sup- ¢
. plies. However, they are rccommended for streem pollution studies, control of ‘
'\ purification processes, sewage trestment observations, and specific waler prob- :
s lems. | %
1/ Recommended routine tests are the chlorine residual and the bacteriological |
tests. Sole relisnce in determining the safety of water supplies cannot be b ‘
: placed on the results of infrequent bacteriological enalysis; supplies which are a i
: = potentially hezardous may be erroneously judged to be safe if* oontamination is ~ '
L : not present at thc time the samples are collected although there may be faulty <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>