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BY 
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For many years the Winkler method with its various modifications 
has been the accepted procedure to determine the dissolved oxygen 
(D. 0.) in fresh and saline waters (Amer. Public Health Ass., 1946). 
The accuracy of this volumetric test has proven itself in the laboratory 
where proper facilities and apparatus are available for such determina
tions. However, this test is too awkward and elaborate to be utilized 
in the field for sanitary and biological studies. 

Although several attempts were made by Ramsay and Hofray 
(1901), Winkler (1911) and Rideal (see Discussion following Ramsay 
and Hofray, 1901) to utilize colorimetric procedures for a simplified 
D. 0. field test, their efforts were not successful. Isaacs (1935) and 
Gilcreas (1935) introduced the use of Amidol (diaminophenol hydro
chloride) as a colorimetric method for D. 0. in fresh waters. At a pH 
of 5.1, produced by sodium citrate buffer, the D. 0. would oxidize the 
Amidol at a reproducible rate. The oxidized Amidol in turn produces 
a polychrome reaction of yellow and red. The red shade of the 
reaction, when compared against the permanent Amidol standards 
formulated by Gilcreas (1935), proved sufficiently accurate to utilize 
this test for D. 0. work in the field. When applied to brine or sea 
water, however, Isaacs (1935) and Gilcreas (1935) also found that, 
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due to offshades in color and consequent high readings, this test as 
developed ·could not be utilized with any degree of accuracy. 

This study is an attempt to develop a means whereby the simplicity 
and practicability of the Amidol test could be applied in marine 
activity. 

PROCEDURE 
The procedure in this study consisted essentially of conducting 

comparative tests on sea waters of varying salinities by both the 
Amidol and Winkler methods. 

The details of this procedure were as follows. 
Preparation of Wat.ers of · Varying Salinities. A variation in the 

salinity was obtained by mixing proportionate quantities of distilled 
water with filtered sea water. The final salinities of the prepared 
waters were determined by the procedure proposed by Service (1928). 
This salinity test is in reality a chlorinity test, since it was determined 
on an aliquot sample of the water with a standard solution of silver 
nitrate, with potassium chromate as an internal indicator. In con
junction with the salinity test, the specific gravity and temperature of 
the waters tested were obtained. The following are the various sea 
water dilutions prepared: 

Approximate% Salinity in parts per 
dilution of sea thousand by wt. of Temperature Specific 

water total dissolved solids (•C.) gravity 
Zero 0 .0 22.5 1.0000 
10 3 .3 22.5 1.0020 
20 6.55 20 1.0050 
30 9.8 19 1.0075 
40 12.9 19 1.0095 
50 16.1 17.5 1. 0120 
60 19.1 18 1.0150 
70 22.35 16.5 1.0170 
80 ·25.65 18.5 1.0200 
90 28.95 14 1.0225 

100 32.0 16 1.0250 

Preparation of Waters of Varying D. 0 . Contents. Since it was 
necessary to prepare waters with varying D. 0. contents a method 
was devised to prepare water devoid of D. 0. This latter water 
mixe? proportio?ately wit~ an oxygen saturated water, produced 
solut10ns of varymg and desired D. 0. concentrations. 

Fig. 1 is a diagrammatic sketch of the apparatus used for the prep
aration of deoxygenated water. A two-liter pyrex flask (E) was filled 
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with water containing the desired salinity. The water was boiled for 
approximately five to ten minutes, after which time the flame was 
turned off. The siphon tube from suction fl.ask (o) was then inserted 
into and close to the bottom of fl.ask (E). All the pinchclamps (1, 2, 3 
and 4) were closed. The suction was turned on and pinchclamp No. 2 
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NO. I 
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Figure 1. Diagrammatic sketch of apparatus used for the preparation of deoxygenated water 

was opened slowly. This produced a partial vacuum in suction fl.ask 
(o) which caused a back-siphonage of the water from fl.ask (E) to 
fl.ask (o). Pinchclamps Nos. 1 and 2 had to be controlled carefully, 
because the reduced pressure created a state of ebullition. After the 
desired amount of water was back-siphoned into suction fl.ask (o), 
pinchclamp No. 1 was closed, the suction turned off and the deoxy
genated water allowed to cool to room temperature under reduced 
pressure. This apparatus facilitated the removal of the oxygen gas 
dissolved in the original water by 1, increasing the temperature which 
decreased the solubility of oxygen in water, 2, utilizing suction to 
reduce the solubility of oxygen in water, and 3, boiling the water 
under reduced pressure and employing the scrubbing action of the 
ebullience induced in the system. 

This apparatus produced waters with D. 0. content of 0.2 p. p. m. 
as determined by the Winkler test. The deoxygenated water was 
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successfully stored in the apparatus under reduced pressure fo~ several 
days without an appreciable incr~ase in the D. 0. concentrat10n. 

Color Comparison of Amidol Samples. The Amidol samples were 
compared with the permanent Am.idol standards by use of a ~5-watt 
General Electric fluorescent daylight lamp. The light shades m color 
in the low Amidol range (from zero to approximately 6.0 p. p. m. D. 0.) 
were found simple to compare. However, it was found at concentra
tions greater than 6.0 p. p. m. D. 0. that it was more difficult to com
pare this color. Therefore it is advisable for the novice to acquire 
experience in comparing the Amidol color at higher concentrations. 

The Consolidation of Experimental Data. The tests were conducted 
on each of the prepared 11 dilutions of sea water. The Amidol tests 
were made according to the procedure outlined by Gilcreas (1935), 
with the comparison of the Am.idol sample and standards taking place 
after the lapse of 30 minutes. On doing the Amidol test on the 10 
and 20% sea waters it was noted in a few cases that a brownish off
shade was present in the developed color. These Amidol samples 
were allowed to stand for an extended period, after which they were 
again compared with the standards. It was noted that the samples 
which originally possessed a brownish offshade, on standing approxi
mately one and one half hours, approached the shade of the permanent 
Amidol standards. From that point, all Amidol tests were compared 
against the standards after the first 30 minutes, and then at 15 minute 
intervals until the lapse of two or three hours. 

On examining the consolidated data at the completion of the tests 
on all the dilutions of sea water, it was discovered that wherever off
shades occurred the colors blended back to the color range of the 
standards at the end of one and one-half hours. This increased the 
possibility of utilizing the Amidol test on sea water because it enabled 
the analyst to read a color which was no longer brownish but which 
compared favorably with the standards. Observations throughout 
the experiments indicated that the bulk of these offshades occurred in 
sea water with a D. 0. concentration of approximately 2.0 through 6.5 
p. p. m. The positive error also increased to a slight degree when the 
Amidol sample was allowed to stand one and one-half hours instead 
of only 30 minutes before comparison with the standards. However 
this. inc~ease in _error loses its signific3:nce: since the error occurs pri~ 
~anl~ m the high~r D. 0. rang~, ."'.hich 1s the less critical range in 
b10log1cal and sarutary field act1VIt1es. Table I contains only the 
significant data obtained from the Amidol tests after the lapse of one 
and one-half hours. 
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DISCUSSION 

As previously stated, from the standpoint of accuracy the Winkler 
test is the accepted method for doing D. 0. determinations. With 
that in mind it would be desirable to have any other method for testing 
D. 0. approach as closely as possible the results of the Winkler test. 
If the Amidol test

4
were as accurate as the Winkler test, the results of 

the Amidol test would always be equal to the results of the Winkler 
test for any specific concentration of D. 0. A graphic representation 
of this ideal situation, with Amidol plotted as the ordinate and the 
Winkler as the abscissa, would result in a line which would have a 45° 
angle, and whose equation would be X = Y. 

In actually comparing the Amidol tests with the Winkler tests it 
would be convenient to plot each of the Amidol results on a graph. 
These points would then be compared with the ideal line. As can be 
seen from the pertinent raw data, the results of the Amidol tests pre
sent a scatter of points on the graph which would be extremely difficult 
to interpret. To circumvent this difficulty it was decided that a more 
accurate and comparable statistical approach for the interpretation 
of the experimental data would be a necessary procedure. 

Since the Amidol results present a scatter of points, the objective 
would be to obtain a curve which would best fit the data. When 
these points were placed in a graph it seemed evident that they 
clustered in a path which followed a linear trend. With this in mind 
it was necessary to obtain a straight line which would best fit these 
points and which could then be compared with the ideal line.. The 
formulas of these lines (Lines of Regression) for each of the experi
mental runs were obtained by the statistical procedure of the Least 
Squares Method. Since the trend of the data is linear, the resulting 
equations for the Lines of Regression are of the type 

Y =a+ bX. 

To complete the statistical analysis, the Standard Error of Estimate 
(S11) for each curve was calculated to determine whether the Lines of 
Regression calculated are the lines of best fit for the data. 

Sy= v~ i2)' 
S11 being the Standard Error of Estimate, d the deviation of the actual 
values of Amidol ( Y) from the theoretical values of Amidol ( Y c) as 
derived from the Lines of Regression, or (Y - Ye), and N the number 
of experiments conducted. 
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In order to determine the degree of perfection in the relationship of 
X (Winkler) to Y (Amidol) in the above analysis, the Coefficient of 
Correlation (r) was calculated for each of the experimental runs. 

r='~ 'V 1--;;-, 
. /~-(-Y)2-( ~=y~)2 

u 11 (Standard Deviation) = 'V N - N . 
Table II contains a consolidation of the complete statistical analysis 

for the data in Table I. A comparison of the coefficients of X in the 
formulas for the Lines of Regression show that the slope of these lines 
of best fit increase as the salinity of the water increases. Also, with 
this increase in salinity there is an increasing positive error in the 
range of higher D . 0. concentrations. 

As a visual aid in comparing these data, the Lines of Regression for 
each of the formulas were plotted in Figs. 2 and 3. These graphs show 
that all the Lines of Regression slope in such a manner that they tend 
to cluster around the "ideal curve" in the low significant D. 0. range. 
This low range contains the critical D. 0. levels which are so important 
to the sanitary engineer and aquatic biologist in their fi eld activities. 
The accuracy that can be obtained on saline waters in the low critical 
range is sufficiently adequate to enable the Amidol test to be utilized 
in fish life and pollution studies on tidal bodies of water. It is of 
interest here to note that the Line of Regression for distilled water 
compares well with the Amidol results obtained by Gilcreas (1935) on 
fresh waters. 

On examining the Standard Error of Estimate (Sy) in Table II, 
it is possible to predict a range within which all Amidol tests can be 
expected to fall. The average S11 for all the experimental runs 1s 
0.348. From that we can conclude statistically that 

a) 50 % of the cases would fall within 0.67 S11 = 0.23 p. p. m. 
(Probable Error), 

b) 68 % of the cases would fall within one S11 = 0.35 p. p. m., 
c) 95 % of the cases would fall within two S11 = 0.70 p. p. m., 
d) 99.7% of the cases would fall within three S11 = 1.04 p. p. m., 
of their respective Lines of Regression. 

The Coefficients of Correlation for these experiments as shown in 
Table II range from 98.69 to 99.65%. Since the Coefficients of Corre
lation are so close to 100%, they indicate that the S

11 
values are small 

and consequently that th~ determined Lines of Regression closely 
approach a perfect fit. This means that for each salinity the correla-
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TABLE I. COMPARATIVE R ESULTS OF THE WINKLER AND AMID OL T ESTS (P. P. M. D . 0 .) 

Distilled Water Sea Water 

10% 20% 30% 40% 50% 60% 70% 80 % 90 % 100% 

w. A. w. A. W . A . w . A. w. A. w. A. W . A . w . A . W . A . w. A. w. A. 
'"'· 0 . 2 0 .0 0 . 4 0.4 0 . 4 0.0 0 . 25 0 .0 0 .35 0 . 2 0.35 0 .0 0 . 8 1.3 0 . 5 0 . 8 0 .3 0 . 0 0.4 0 .8 0 .3 0.0 "' 0-

0.3 0 .0 0 .4 0 .4 1.0 1 . 1 1.2 1 .3 1 . 1 1 .3 0.35 0 .0 1.0 1.3 0 . 5 0 . 8 0 .3 0.0 0 . 4 1 .0 0 . 3 0 .0 "' 'i 

1.4 1.6 1.6 1 . 8 1. 7 1 . 8 1 6 1. 8 1.5 1. 8 1.3 1.5 1.0 1 .3 1 .4 1 . 8 1.1 1. 7 1 .2 1 . 7 1.6 2 . 0 § 
2 . 1 2 . 2 1.6 1.8 2.8 3 .2 8 2 .3 2 .4 2 . 8 1.3 1 . 5 2.8 3 . 8 1.4 1.8 1 . 1 1. 7 1 . 2 1. 7 1.6 2 .3 R. 
2 .6 2 . 5 1 . 7 2 . 0 3 .0 3 .3 2 1 2.6 3 . 0 3 . 3 2 . 1 2.3 2 . 8 3.8 2 . 2 2 . 8 1.6 1.8 2 . 4 3.0 1. 7 2 . 5 

2 . 8 2 . 8 1.8 2 .0 3 . 6 3.8 2 2 2 . 7 3 .3 4 .0 2 . 1 2 . 5 3 . 1 4 . 3 2 . 2 2 . 8 1.6 1 . 8 2 .4 3.3 2 . 3 3 . 2 '"' · A 
2 .9 2 . 9 3 .0 2.8 4 .0 4 . 3 2 . 6 2.8 3 . 3 4 .0 2 . 8 4 .0 3 . 2 4 .3 2 . 4 2 . 8 2 .4 2.8 3 . 1 4 .3 2 .3 3 . 3 

Go 
Go 

"' 3 . 0 3 .0 3 . 8 4 . 3 4 .0 4 .3 2.9 2 . 8 3 . 6 4 . 8 2.8 3 . 8 3 . 2 4 .3 3 . 5 4 .3 2.4 2.8 3 . 1 4 .3 3 .0 3 . 8 .. 
3 . 2 3 . 2 4 .0 4 . 5 4 . 1 4.4 3 . 9 4 .3 3. 8 5.5 3 . 6 4 . 8 4 .0 4 . 8 3 . 5 4 .3 3 . 2 3 . 8 3 . 8 4.8 3 .0 4.0 ::i:.. 
3 . 6 3 . 8 4 . 8 5 .3 4 . 2 4 . 8 4 .0 4 .3 3 .9 4 . 8 3 . 6 4 . 8 4 . 0 4 . 8 4 . 2 5 . 5 3.2 3 . 8 4 . 1 5 . 5 3 .1 4 . 3 

3 . 7 3 . 8 5.0 5 . 5 4 . 6 4 . 8 4 .0 4 .0 4 . 2 5 . 2 4 . 1 4 .3 4 . 2 5.5 4 . 2 5 . 5 4 .0 5 . 5 4 . 1 5 . 5 3 . 1 4.3 
... 
R. 

3 . 8 3 . 8 5 . 3 5 . 5 4 . 8 5.5 4 . 5 4 . 8 4 . 2 5.5 4 . 1 4 .3 4.2 5 . 5 4 . 6 5 . 5 4 .0 4 . 8 4 . 2 5 . 5 3 . 7 5 . 5 

4 .0 4 . 2 5.6 5 . 5 4 . 8 5 . 5 4.7 5 . 5 5 . 1 6.5 5 .4 8 . 5 4.4 5 . 5 4 . 6 5 . 5 4 .0 4 . 8 4 . 2 5 . 5 4 .3 6 . 5 '-3· 
"' 4 . 8 5 . 1 5 . 8 5 . 5 5 . 6 6 . 5 5 .0 6 . 5 5 . 2 6 . 5 5.7 8 . 5 4.4 5 . 5 5 . 4 7 . 5 5 . 1 7 . 5 4 . 7 6 . 5 4 .3 6 . 5 

5 . 2 5 . 5 6 .4 7 . 5 6 . 2 6.5 5.2 5 . 5 5 . 2 6.5 5.8 7 . 5 5 .0 6 . 5 5 .4 7 . 5 5 . 2 7 . 5 4 . 7 6 . 5 5 . 2 7 . 5 '"'· _;g 
5 . 9 6 . 5 6 .6 7 . 5 6 . 8 7 . 9 5.3 6 . 5 5 .6 7 . 5 6 .0 7 . 5 5 .4 6 . 5 6.3 8 . 5 5 . 2 7 . 5 5 . 7 8 . 5 5 . 2 7 . 5 tn 
6 . 4 7 . 1 6 . 8 7 . 4 7 . 1 8 .0 5 . 7 6 . 5 5 ·. 8 7 . 5 6 .0 7 . 5 5 . 6 7 . 5 6 .3 8 . 5 6 . 4 8 . 5 6 . 2 8 . 5 5 . 6 8 . 5 "' A 
7 . 0 7 . 5 7 . 4 8 . 4 7 . 6 8 . 5 6 . 2 7 . 5 5.8 8.0 6 . 4 9 . 5 5 . 6 7 . 5 6 . 5 9 . 5 6 . 4 8 . 5 6 . 2 8 . 5 5 . 6 7 . 5 

7.6 8 . 5 8 .4 9 . 0 8 . 2 9 . 5 7 .0 9.5 6 . 6 8.5 6 . 6 9 . 5 6 .0 7 . 5 6 . 5 9 . 5 6 . 8 9.5 7 .0 10. 5 6.0 8 . 5 A 

7 . 9 8 . 5 8 .4 8 . 5 8 . 3 10 . 2 8 .0 9 . 5 7 .2 9 .0 6 . 6 8 . 5 6 . 0 7 . 5 7.3 10. 5 7 . 6 11 . 5 7 . 0 10. 5 6 .4 9 . 5 
:;-
'i 

8.8 9 .0 ---- 8.4 9 . 5 8 . 2 10 . 5 8 . 2 10. 5 6 . 8 9 . 5 6 . 8 9 . 5 7.4 11. 5 ---- 7 . 8 11 . 5 6 .4 9 . 5 

---- ---- ---- ~ -- - --- 6 . 8 9 . 5 8 . 0 11 . 5 -- -- ---- 7 . 8 11 . 5 7 . 5 11.5 

---- ---- - --- - --- ---- 7 . 8 11 5 - - -- -- -- - --- 8.9 12.5 -- --
---- ---- - - -- ---- - - -- 8 . 2 11 . 5 - ----- -- ---- - - -- ---- -.... c.,, 
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tion between Amidol and Winkler tests is high when expressed as a 
linear function as shown by the Lines of Regression. This high 
correlation makes it possible to determine what either X (Winkler) 
or Y (Amidol) would be when one of these is known. 

TABLE II-CONSOLIDATION OF STATISTICAL RESULTS 

Water T ested 

Distilled Water 
10 % Sea Water 
20% Sea Water 
30% Sea Water 
40% Sea Water 
50% Bea Water 
60 % Sea Water 
70% Sea Water 
80 % Sea Water 
90 % Sea Water 

100% Sea Water 

Line of Regression Standard 
Error of 

Estimate (S.) 

Y = l . 103X - 0 .2229 0 .176 
Y = 1.069X + 0 .0336 0 .334 
Y l.191X - 0 .3380 0 .230 
Y l.275X - 0 .4236 0 .430 
Y = 1.325X - 0.2220 0 .262 
Y = l.475X - 0 .6010 0 .560 
Y = l .341X - 0.1227 0.348 
Y = 1.470X - 0 .4600 0 .442 
Y = l.473X - 0 .5053 0 .367 
Y = 1 . 450X - 0. 1720 0 . 342 
Y = 1.536X - 0.3860 0.258 

Average 0. 348 

Coejfictent 
of 

Correlation 
(r) 

99.25% 
99.25% 
99.65% 
98.79% 
99.60% 
98.69% 
98.99% 
99.05% 
99.36% 
99 .60% 
99.65% 

TABLE III-KNUDSEN's (1901) TABLES (INTERPOLATIONS MADE BY THE SANITATION UNIT. 

NEW YORI[ STATE CONSERVATION DEPT. ) 

Specific Chlorides Sea Water 
oraflity 60° F. p. p . m. (100% = 17,500 p . p . m. Cl-) 

% 
1.000 0 0 
1.001 720 4 
1.002 1440 8 
1.003 2160 12 
1. 004 2880 16 
1.005 3600 21 
1.006 4320 25 
1.007 5040 29 
1.008 5760 33 
1.009 6480 37 
1.010 7200 41 
1.0ll 7920 45 
1 .012 8640 49 
1 .013 9360 53 
1 .014 10080 57 
1.015 10800 62 
1.016 ll520 66 
1 .017 12240 70 
1 .018 12960 74 
1.019 13680 78 
1.020 14400 82 
1.021 15120 86 
1.022 15840 90 
1.023 16560 95 
1.024 17280 99 
1.0243 17500 100 
1.025 18000 
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As shown previously, the use of the Amidol test on fresh or saline 
waters is sufficiently accurate in the low critical D. 0. ranges to be 
valuable as a field test. Because of the high degree of association 
between the WiJ\kler and Amidol tests, as shown by the high Coeffi
cients of Correlation, it is now possible to utilize the Amidol test with a 
greater degree of accuracy in the high as well as in the low D. 0. range. 
This can be accomplished as follows: 

1. Determine the specific gravity of the water being tested when its 
temperature is approximately 60° F. This can be done with a 
urinometer whose specific gravity range is 1.000 to 1.025. 

2. Convert the specific gravity of the water to the percentage sea 
water by using Knudsen's (1901) Tables (see Table III). 

3. Do the Amidol test on the water according to the procedure 
outlined by Gilcreas (1935). 

4. Compare the intensity of the color developed at the end of one 
and one-half hours with Gilcreas' permanent Amidol standards. 

5. Utilize Figs. 2 and 3 to correct the Amidol D. 0. to the true 
Winkler D. 0. for the percentage sea water tested. 

CONCLUSIONS 

(a) Although the Amidol test on sea water is less accurate than the 
Winkler test, the former results compare favorably enough with the 
Winkler results to make the Amidol test satisfactory for D. 0. de
terminations in field activities. 

(b) The results of this test compare favorably with the Winkler 
test results in the low range of D. 0. concentration. 

(c) Additional accuracy with the Amidol test, both in the low and 
the high D. 0. ranges, can be accomplished with the use of an hydrom
eter, Knudsen's Tables and the Lines of Regression for each salinity. 

(d) This test can be of valuable assistance to sanitary engineers 
and marine biologists once they become accustomed to comparing the 
developed Amidol color. 

(e) The equipment needed is not fragile and is economical, thus 
making this a practical field test. 
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APPENDIX 

In order to facilitate the use of the Amidol test, the following 
summation is presented. . . 

Preparation of Permanent A midol Standards. A~cordmg to G1!
creas (1935), the preparation of the permanent Am1dol standards IS 

made with cobalt chloride and potassium dichromate. . 
1. Stock Cobalt Chloride Solution: To 4 76 g. of cobalt chlonde add 

approximately 800 ml. of distilled water. Dissolve the CoCb · 6H2O, 
add 100 ml. of concentrated hydrochloric acid and make the volume 
up to one liter with distilled water. The solution may require fil 
tration. 

2. Stock Potassium Dichromate Solution: Dissolve 2.5 g. of K2Cr2O1 
and 20 ml. of concentrated hydrochloric acid in distilled water and 
make up to one liter. 

TABLE IV. G1LCREAS' PERMANENT STANDARDS 

p . p . m . Amidol 
D. 0. Standard 

0 .0 
1.0 
2.0 
4.0 
6 . 0 
8.0 

10.0 
12.0 
14.0 

ml. Stock 
CoCl, Solution 

0.3 
0.6 
1.5 
3 . 8 
6.8 

10.4 
14.4 
19.5 
30.0 

ml. Stock 
K,Cr,O, Solution 

0 . 5 
1.1 
2.0 
3 . 1 
4.6 
6.0 
6.6 
5.1 
3.4 

The accuracy of the Amidol test can be increased by utilizing a 
greater number of permanent Amidol standards within a desired D. 0. 
range. This can be accomplished by plotting Gilcreas' data in Table 
IV which in turn will give the curves for the stock color solutions. 
To prepare a specific standard, the quantities of stock solutions re
quired are read from the curves. These solutions, diluted to 50 ml. 
with distilled water and placed in a two-ounce French square bottle, 
will give the desired standard. 

The A midol Test. Reagents: a) Saturated solution of sodium 
citrate made by adding 750 g. of sodium citrate per liter of distilled 
water. b) Solid Amidol (diaminophenol hydrochloride). 

Procedure: Collect sample according to the standard technique by 
the upward displacement of water in a two-ounce French square glass
~toppe~ed bottle. Ad~. ~.0 ml. of sodium citrate reagent, followed 
immediately by the_a~01t10n of approximately 0.26 g. of solid Amidol. 
(Because of the stammg effects of Amidol on skin it has been found 
advisable to add the solid Amidol from the tip ~f a spatula.) Im-
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mediately replace glass stopper in bottle to avoid the entrainment of 
air, mix sample well by inverting bottle several times and theft let 
stand. After the lapse of 30 minutes for fresh water, or one and one
half hours for tidal waters, the sample is compared colorimetrically 
with the permanent Amidol standards. 
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