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A STUDY OF PRECISION AND ACCURACY OF LABORATORIES AND
METHODS OF ANALYSIS OF AMMONIA NITROGEN IN LAKE MICHIGAN WATERS

A Report to the Technical Committee of the Calumet Area-
Lake Michigan Enforcement Conference

by

The Laboratory Directors of the Calumet Area-Lake Michigan
Enforcement Conference

I. INTRODUCTION

This is a report of comparison studies performed by coopérating
laboratories concerned with analysis of Lake Michigan waters and stream
waters in the Calumet Area of Indiana and Illinois.

A series of comparison studies is to be made for determinations of
ammonia nitrogen, phosphate, phenol, cvanide, and threshold odor. Part I
presents the findings from a series of five comparisen studies on ammonia
nitrogen completed between September 9, 1965 and April 26, 1946,

The objectives of the comparison studies are:

1. To determine the reliability (precision and accuracy) of the
analytical procedures as normally used in the desired concentra-
tion range.

2. To determine if there is a change in the zccuracv of these
procecdures arising from departures from prescribed analytical
routine. '

3. To cdetermine the degree of variation between the participating
laboratories.

L. To find the sensitivity of the methods as used.
5. To recommend necessary changes in procedures.
The laboratories participatinz in the ammoniz nitrogen study were:

1. American 0il Company
2. Cities Service 0il Company
3. City of Chicago, Bureau of Water, Dept. of Water and Sewers
L. Garv-Hobart Water Corporation
S. GOreat Lakes-Illinois River Basins Project
6. Indiana State Board of Health
7. 1Inland Steel Company
8. Lake Huron Program Office, GLIRBP
9. Lake Ontario Program Office, GLIRBP
10. Metropolitan Sanitary District of Greater Chicago
11. Robert A, Taft Sanitary Ingineering Center






II. PROCFDURES, CHRONOLOGICAL DEVELOPHMZNT

This section of our report presents a brief chronological cormentary
on the conditions, implied and explicit, which obtained in the varicus
Test Series. It is intended to provide background for assessment of the
results obtained in individual Series and also for comparison cf any or
all Series. All results, excenting those of Series I, are sunrarized in

Tsbles 1 to 6 in the Appendix.

SERIES I. Seotember 9, 1955

Number of samples analyzed: Four: Saw Lake “ater, preserved and
unpreserved, from Cary-Hobart and from Chicago South District
Filtration Plant.

Conditions: Samples stored at room temperature 2l hours.,

Particirating labora*ocries:

1. Citv of Chicago, “ure
2. GCarv-Fobart 'aiter Cor

- An
ot Tl - K 2 = aw Do ~ X
3. Great Lakss-I1linnis diver Zasins Project
- L q < s F i I S ; -~ i S I
L. ebrepolitan 3Saniitary Disirict of Zrea‘er Chicazo
There was nc direct stlipulation cf the mzthz? to be wsged In this Series.
< s Pal nl a2 - L JE - - PR
As it “urned out, of the Tour variicipzstiing ;rsorajar_CD, no TWo uses the

, of &
same method. The resul
values from the four p

Chicago--SICP Carv---ctart
Unpreserved Treservad npreserved rreserved
n,C2L C.082 0,026 2,110
0,160 C.200 0.150 0.260
0.C5 .09 .06 0.Ch
0.01 0.C2 C.C1 C.02
These results revealesd that the labcra=cries -rere consistent within
their own nethods, but ne two larcraiories agresd as to the conceniration
of ammonia found.
Because of the wide disagreasment, the Technical Comnittes, lalurma?d
Area-Talce Michigan "nfcercement Conference, rezusstiac thot comp-rison 3tudiss
be made bv laboratories ccrcerned -rith Calumet Arvea surveillzrce, The
GLIRBP lebcrator prerared a working draft of the propesed ceormpsricon siudies,
These were distributed to the Laboratory Dirscicrs for review,
L
September 30, 1555
) A meeting of the Czalumet Area leboratecrv Zirsctors, under the chair-
manship of Ir, Clifford [isley, Jr., was held %o discuss and revise the
proposed procedures Ior future cormparison studies. The members cf tre
Technical Committee of the Calumet Area-lake !Michigan “nforcement Confererce






met with the Laboratory Directors during the first hour to review the
problem and offer their suggestions.

The Laboratcry Directors agreed that Series IT should consist of
ammonia nitrogen, rhosphate, phenols, cvanide, and odor standards and
samples.

SERIES II. October 13, 1965

Number of sarples for armonia nitrogen: Nine (5 synthetic)
(L4 raw water)

10 samples

"

Additionally: phosphates
phenols

!
oo

cyanide "
odor - "

(@

l. American 21 Ce
2. Citr of Chicazo, Zureau of ‘Jater, Dent, of "Jater and Sewers
3. Jarv-Schart “Tater Corporation
Le Oreat Lakes-Illinois River Zacins Troject
5. Indi=na Stats 2sard of Health
6. 1Inland S3eel Corzany
7. Metrcoeolitan “Sanitarv Tistrict of Zrezter Chicag
0/13/55; swmtnesic 1C/11/85.
.
ation, and distributicon crocedurss
25 s-mchrenized., Torms ers Jis-
rlicate, ~herevar vracticatle.
il recoided on s renort forns,
istillation trcoccedurs
lgwed a3 descr in
=rater, J1th n,

arl 2 s
7ith e enpnasis on the Iollioving points.

Py

"5
1.
of disti
<4 - .-
stean oz
2 adiusted ‘o0 a 0= of

a
seven, using a oi meter o

3. Use a 500 ml sam

1 rd and ¢isti’l over aprroxirately
250 ml, collecting +he distill 1fu

Tre Aistillate

s 2
ate in 0,002 sulfuric acid. 2
is then concenirzted br ewvapcration on a hot plate. The resuliting solution
should be made up to 100 ml and nes i concentration
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)
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o
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The Sodium Phenate method was also outlined for the Technicon
AutoAnalyzer.(2 However, the final paragraph of these instructions
read as follows: "Any method or methods that are being used by any of
the laboratories may be emploved in these analyses. The method used
should be spelled out for the purpose of interpreting the results.”

At the Yovember 29 meeting of the Laboratorvy Directors, the follow-
ing points were made in discussing the results of the las* comparison,
Series II., Considerable variation existed among the laboratories both in
their procedure and in the results reported. ZFach laboratory, however,
displayed good reproducibility within itself. Values obtained bv the
Technicon method were judged best, followed in order by distillation and
direct nesslerization. The following excerpts from the November 29 meeting
are pertinent at this point:

"], It appears that some of the laboratories were not experienced at
running analyses in the low range (0.00-0,06 mg/1) desired and/or
by the prescribed methods. It also appears that too mch pres-
sure was placed on the laboratories to accomplish a large amount
of work in a short period of time. Tt was recomrended that the
study be conducted again, at a more relaxed pace, and with a
fixed number of samples and standards for each run.

2. An indispensable condition for conducting a successful inter-
laboratorv-study is skill and familiarity with the method on the
part of all participants. The methcds used, when applied to the
low concentrations found in lake water, i.e. at or near the
maximam sensitivity of the methed, cannot be used successfully
without a great deal of skill and familiarity with the method on
the part of the individual analyst. This was not the case in
this series of comparison studies.

)

3. Identical copies of a detailed description of all steps to bte
followed in this test procedure for comparison siudies should
be provided to each participant.

. One standard sarple, plus a sample of Gary raw water and
Chicago raw water, is enough for each laboratorv to check at
one %time.

5. Although one laboratorv used research qualitv instrurentation,
the Spectronic 20 is considered to be good enough to give the
desired results.”

Under the chairmanship of Mr. LeRoy Scarce, the Laboratory Direcilors
met February 17, 1966. Here it was decided that future studies would be
limited to one parameter at a time. Ammonia nitrogen was selected for the
next test series, using standard samples only.






SERIES III. March L, 1966

Number of samples analyzed:
Participating laboratories:
l. American Cil Cecmpany

2. Cities Service Cil Company
3. City of Chica*o, Bureau of -

Six (syntheti

and Sewers

L. Garv-dobart Jater Corpor at;on
5. Great Lakes-Tllinois Piver Basins
6. Indiana State Roard of Health

7. Inland 3teel Commany

8. Lake Huron Program Office
9. Metrovolitan S;nltary Dis
Analysis date: March l, 1965

Conditions: The following con

eater Chicazo

by azvarce

n~tice tc the parsicipa’ing iaboratcries.

Distillation levhod:

3
erphasis on tie folloring points:

fal
led Ior Co 20211 sulfur

Concentration of distillaie ©
requirad in nrevious series.”

March 17, 1965

the results cbtained from the
Series III shcwed a substantial irp
of these results, it was agre=sd tha

Calumet Area Labcratorv Dirsc
rc

listillate in C.O

-~ -
CVEDr Lerles

an additional studyr

it was requested and azreesd that a prescribed nrocedure

nitrogen test be vrovided for us

2 in future co"par'scn
standards

done as requested, with oartlculdr erphasis on dist
in preparing calibration curve and volume cf

QlStlLlatEa






SERIES IV. March 23, 1966

Number of samples: Six
Participating laboratories:

l. American Oil Company
2., Cities “ervice 0il Company

City of Chicago, Bureau of “Jater, Jept. of Water and Sewers

L. Garv-Hobart Uater Corporation

S. Great Lakes-Illincis River Basins Project

6. Indiana State Beoard of Health

7. Inland Steel Company

8. Lake Huron Program Office, CLIRBP

9. Lake Cntario Program Crffice, GLIRBP
10. Metrcpolitan Sanitary District of Greater Chicago
11, Robert A. Taft Sanitary Ingineering Center

Conditions: "All laboratories zare Yo focllow the procedure e

.r".'d\.,'.wf

as cutlined. Tor the first time conformity in procedure is insisted upon.”

April 21, 1966,

Calumet Area Laboratory Tirectors met to rsvisw latest res:lts of
Series IV. There were some lsboratorv difficuliies which still presented
a problem -« the obtaining of ammoniz-free water, amrcnia background of
laboratorwr, collection o distillate in boric acid, and use of rubzer
stoppers. 1t was agreed that one nore comparison series oe carrizsd out.
SERI®S V. April 26, 1966, ’

Participating laboratories:

American (211 Commany
Cities 3ervice D_l Corpany

Gar—r-Hebart ater C rporation

Great Lakes=-Illincis River Zasins Projec:
Indiana State Bcard of Health

Inland Steel Company

Lake Huron Program JOffice, GLIABP

Lake Ontario ®rogram Office, CLIRBP

Metropolitan Sanitary District of Greater Chicago
Robert A. Taft Sanitary Engineering Center

HOW o~ WLETW M
L]

=

Citv of qucaﬂo, Bureau o “"ater, Dept., of “ater and Sewers

Conditions: The procedure to be followed was the same as prescribed
for the last series with no changes. Points emphasized: collecting 300 nml

of distillate and distilling standards in preparation of a standa

rd curve.






At the meeting of the Calumet Area Laboratory Directors May 19, 1966,
for the purpose of reviewing recent comparison Series V for ammonia nitrogen,
the Laboratory Directors unanimously decided that further testing would be
of little value. Series V showed that when all laboratories followed the
same procedure, most of the laboratories obtained an accuracy of + 0,02
mg/1 or better, in analyzing standard samples containing 0,00 and 0.0L mg/1
ammonia nitrogen.

The subject of direct nesslerization was again brought up and the
opinion was expressed that this method should not be entirelv excluded from
the future thinking of the members of this group.

Problems which existed throughout the Series were as follows:

From the beginning of the Series there was a question of ammonia-free
water and ammonia-free reagents (buffer and sulfuric acid). Ordinary
distilled water was found to contain significant amounts of ammonia.
Redistilled water, upon concentration, still contained some ammonia. The
best procedure for obtaining ammonia-free water was found to be the addition
of sulfuric acid to the redistillation, if a carbon or ion-exchange columm
couldn't be attached to the still. Once the ammonia-free water was preparsad,
keeping it free from ammonia contamination was an important factor.

Clean glassware was imperative. Cleaning zlassware with chromic acid
soluticn and then rinsing with ammonia-free water was found to be the best
preparation for glassware.

It was sugzested that rubber stoppers be replaced with .special neoprene
stoppers since armonia does adsorb to rubber. :

This section on procedures indicates that with conformity of procedure,
reliahle results can be obtained.

The results of the above comparison series are discussed and surmmarized
in detail in the next section of this report.

IIT, FINDINGS AND DISCUSSION
Distillation Method

As indicated in the preceding sectien, progressive improvement in
agreement of results from the individual laboratories was realized in
application of the distillation method. Uniform test procedures were not
followed by all laboratories for the first three series and results were
erratic, After uniform procedures were followed, the results were more
consistent and gave better indications of the accuracy that can be achieved
when the recommended procedure is carefully followed.

Tables la and 1b present individual laboratory average results
chronologically and anonvmously. When analvzing samples containing 0,00 mg/1
of ammonia nitrogen, an accuracy of + 0.0L mg/1 (one standard deviation) was
obtained in Series II, whereas in a Tepeat analysis in the last series, an
accuracy of + 0,02 mg/l was realized. The same improvement was noted when






analyzing standdrd samples containing concentrations in the range of 0,02
to 0,05 mg/1. In general, the average values indicate a slight tendency
to be on the high side in these determinations.

Even closer agreement was dercnstrated when analyzing Lake Michigan
sarples from the City of Chicago and Garv-rcbart water intakes, vhere a
precision of + 0.CL mg/l was obtained in October 1965 (Series II), and in
April 1966 the precision had improved to + 0,01 mg/1.

Recoveries of known amounts of ammonia nitrogen by the distillation
process are shown in Table 3, The precision and accuracy were, in
this instance, the same and was + 0,02 mg/l for recoveries of 0,10 and
0,05 mg/1 arronia from Lake Michigan water. The precision and accuracy for
recovery of 1.0 mg/l1 armonia niirogen from river water (collected from the
Indiana Harbor Canal) was + 0.29 mg/l.

Autcinalyzer Methed

From the inception of the studies, the AutoAnalyzer methcd provided
resulis demonstrating precision and accuracy superior to those of the
distillation rethod. These resulis are shown in Tatles 2, 5, and 6.
Precision and accuracv, ir terms of one standard deviation for standard
and lake samples, was most often + 0,01 mg/l.Tor the recoveries of the
known amounts [0.C5, .10, and 1.0 mg/l) added to lake and river water,
the accuracy was * C.0l, + 0,01, and + 0,09 mz/1, respectively.

Data Evaluation

Figures 1 through 7 summarize the res:lts from both methods in terms
of deviation from the known amounts of armonia nitrogen. The range of
deviation from kxnown amount and distribution of indiwvidual values zre
presented as percent of all determinations accruing from all varticipating
jaboratories. The reliahilitv of the method as. uzed in the various

laborateries mav, in this manner, be estimated. Approximztelv 32 to 957
of all the distillatica determins*ions for standard sampiss rarnging from
P " >
0.00-0.C6 mg/1 are within + 0.02 mz/1 {(one standard deviati
3 4

»

be noted *hat a significant percentace of Autcinalvzer debterninsii
no cdevia*ion at all from the dmcwn zrounts (50 to 9C7).

Forty-nine to 57% of all distilla*ion resulis were within + C,C
for standard szmples in the range 0,11-C.15 rmgz/1 ammonia nitrogen; 2 .
were within + C.CL for standard samples in the range 0,30=0.38 ng/1 ammonia
nitrogen; and LS-61% were within + C,08 mg/l for standard sarples contain-
ing 0,72-0,97 mg/l ammonia nitrogen.

z/1
I

The findings are presented in further graphic detail in Figures 9
through 1, lccated in the Appendix in the form of probability curves for
each sample in the entire study.

Laboratory Evaluation

Since the data are herein presented ancnvmously, a direct comparison
of laboratory performance in using the distillation method is nct possible.
However, all laboratcries, of course, did not show equal performance. As
indicated in the Procedure Section, consistency of relative achievemont was
present at the beginning of these comparisons. Meost of the laboratories






did demonstrate.that, with enough effort and special precautiocns, the
data so generated might be considered as interchangeable if a standard
deviation of + 0.02 mg/l is allowable.

A statement by Mr. Dwight G. Ballinger, consultant to the Laboratory
Directors, is quoted below:

"Adequate data is lacking on the precision and accuracy of the
ammonia nitrogen determination at concentrations below 0.1 mg/l.
Standard llethods, Twelfth Fdition (1965), indicates a repro-
ducibility of 5% for the distillation procedure, but this

figure was obtained at concentrations found in polluted waters.

In a recent study, Dr. David Jenkins, University of California,
investigated ammonia nitrogen concentrations of aporoximately
0.03 mg/1 in San Francisco Bay waters. Dr. Jenkins found that
the standard deviation of the distillation-Nessler procedure,
using 10 replicate determinaticns of the same sample, was

+ 0,005 mg/l. T"xperience in ‘he Analytical Reference Service
of the ”af* Center indicates that a cormarison of resulis
between laboratories yielids a deviaticn at least three times
greater than the deviation within the single laboratcry. Thus,
an extrapolation of the Jenkins data sugzgests an interlaborator
compariscn of approximetely + 2.02 mg/l at the C,03 mg/l level.

It should be noted that the University of California siudies
were conducted with 10 replicate deterninations, in a very
carefully controllied test. The resul*s cbtained zre probably
supericr to these ncrmally found in routine survey werk.

Cn the tasis of the available informa*ion on ihe precisicn znd
accuracy of the amrmonia nitrogen devermination, it is rw
opinion *rzT the wvzlues veported br the average laberaiorv ray
be expectzd to deviate from the *rue conceonirstion tr ar lsast
+ C,02 mg/1 at amrionia nitrogen levels balow 7,05 mg/l. Fow-
ever, in order to ensure the best possible results, cnly thoze
laboratories demenstra*ing abilitv to meat this precisicn level
should be includad in a nutrient mcnitering opsraticn.”

In conclusi“n, this section on prccedure shows *that good results can te
attained in the distillation method for ammonia nitroceﬂ, especially at the
low levels encountered in Lzke Michigan water, provided trat: a great ar

of care in preparation and skill in technique are exercised, and that there
is strict adherence to the method ocutlined in Standard llethods with *
modifications as described in the Appendix of this report.







IV. CONCLUSIONS-AND RECCOMMFENDATIONS

1.
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ANALYTICAL: PROCEDURAL DETAILS FOR THE ANALYSIS OF AMMONIA NITROGEN

The sodium phenate method, using the AutoAnalyzer, is reccmmended by the
authors of this report for the analysis of ammonia nitrogen, as are the
methods found in the 12th Edition of Standard Methods for the Examination
of Water and Wastewater, in particular the distillation-nesslerization

method (pages 186 through 19L), with the modifications presented herein.

l. AutoAnalvzer Procedure - Ammonia Nitrogen

Sodium Phenate Method:

Reagents:

1.

2.

3.

Procedurs:

1,

2.

3.

Alkaline phenol solution: Dissolve 83 g phenol in 200 ml of
distilled water at room temperature and add 180 ml of S-N-
sodium hydroxide solution to the phenol solution. Make up
the volume to 10CO ml with distilled water and store in an
amber bottle; keep in refrigerator when not in use. If the
sodium phenate turns dark, discard it.

Scdium hypochlorite solution: 5% available chlorine.

Sodium nitroprusside, 0,C05%: Dissolve 1 g in 100 ml of
distilled water. Dilute 5 ml of this solution toc 1000 ml
with distilled water., Store in refrigerator at L°C.

Standards: Dissolve 3.819 g of ammonium chleride in
ammonia-free water, add 0.8 ml conc. HpSOj, and make up to
1000 ml. This solution contzins 1 mg of nitrogen per ml.
Appropriate standards are prepared by diluting this stock
soluticn,

Set up the analytical system in accordance with the attached
flow diagram. Allow 30 minutes for instrurment to warm up
and establish a base line using distilled water as the sample.

Filter turbid samples through a pledget of cotten or membrane
filter, discarding the first 10 ml of filtrate.

Arrange five standards, ranging from C-0.75 mg/l, and sarples
on the turntable with a single distilled water wash between
each sample and standard.

There should be a set of standards placed in each row.

Set the cycle time at two minutes and the sample time at
one minute and 59 seconds.

A1l readings made at a magnification of 2X when the NH3-N
levels are very low, and at 1X at higher levels.
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Distillation Procedure - Ammonia Nitrogen

Of all the methods listed in Standard Methods, 12th Edition, the
distillation method is preferred for the determination of ammonia
nitrogen, in trace or appreciable amounis, especially when inter-
ferences of any nature are suspected. The distillates may be
titrated® or nesslerized. WNesslerization of the distillate is the
method of choice for distillates containing 1 mg or less of armmonia
nitrogen. (In the absence of interfering substances, the direct
nesslerization method may be used but this method is reserved for
samples containing armonia nitrogen in excess of 0.2 mg/1.)

Nesslerization Method:

Apparatus:
le All-glass distilling apparatus with 800-2000 ml czrpzciny flask
2. Spectrophotometer or filter photometer for use at L?S:A,
and providing a light path of 1 em or longer,
3. Nessler tubes 50 ml tall form.
Reagents:
A1l reagents prepared in ammonia~free distilled watzsr.,
1. Ammonia~free water may be prepared by redistilling ziz-illed

water containing 1 ml of concentrated sulfuric zrid r=r liter,
or as stated in Standard Methods, p. 189.

2. Phosphate buffer solution, p. 189-190.

3. Stock ammonium solution, p., 190.

be Standard ammonium solution, p. 190.

5. Neutralization reagent 1.0N sodium hydroxide, p. 10.

6. Neutralization reagen® 1. sulfuric acid, p. 157.

7. Nessler reagent, p. 190.

8. Rochelle salt solution, p. 19k.

9. Sulfuric acid 0,02N, p. 50,

10, Boric acid sclution, p. 190.

Procedure:

l. Preparation of equipment: Add 500 ml of distilled -:=---,
10 ml of phosphate buffer soluticn, and 2z few boil . . s
to a 800 m1 flask., Steam out the distillation appara-=.

until the distillate shows no trace of ammonia, p. 1°7.

2. Sample preparation: Use 500 ml of sample., Neutraliz= oA
pH of about 6.6 using a pY meter for the measuremsat. -
10 ml of the phosphate buffer, mix and check the ¥ hic
should now be 7.h4. If it is not, add another 10 ml of &
buffer solution and again check the pH, p. 190,

* TIf titration is used, collect in beric acid as given in
Standard Methods, p. 191, Sec. L.l and p. LOL, Sec. L.3.
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Disti%lation:

Distill over 300 ml into a 500 ml Erlenmever flask containing
50 ml of 0,02N sulfuric acid for nesslerization (or 50 ml 2%
boric acid if titration is used). Distill at the rate of 6-10
ml/min. Lower the collected distillate free of contact with
the delivery tube, and continue distillation during the last
minute or two to cleanse the condenser and delivery tube.

Preliminary nesslerization:

Nesslerize a 50 ml porticn of the distillate to determine if

the concentration of ammonia in the distillate is in the
satisfactory reading range for the coloriretric equipment used.
For example, for a Spectronic 20 with a 1 inch cell, the satis-
factery range is 0,10 to 1.h mg/l. If the concentration is below
0,10 mg/1, the ammonia in the distillate should te concentrated
by boiling. If the ammonia nitrogen is above 1.0 mg/l, the
titrimetric method may be emploved for measuring the ammonia in
the distillate, or bv nesslerization of a suitatle aliquot.

Concentration of armonia in the distillate:

Since the distillate is in the preserce of acid (C.02N sulfuric
acid) it may be boiled with no loss of ammoniz.

1. Add boiling chips to the flask and boil cn a hot plate
to a volume of about 100 or 50 ml deperding upon results
from the preliminarvy nesslerization.,

2e If the concentration of ammonia is less than 0,10 mg/l, the
sample should be concentrated bv evaporation. Transfer to
50 ml nessler tubes and “rinz the volume up “o *he 50 ml
mar¥k with ammgnia-free water. The concentration facter in
this case is igg, cr 10,

3. If the concentration of armonia nitrogen ir the distillate
is in the satisfactorv range 0,10 to 1. rmz/1} the
concentration factor is 500 or 1.L3.

300 £ 50

be To each 50 ml sample or aliquot in the nessler tubss, add
1.0 ml of nessler reagent and mix by inverting the tube
six times. Allow for color developrient at least 10 minutes,
but not more than 20 minutes if the ammonia nitrogen is very
low, but in any event run the samples and ‘he standards
the same length of time. Read at L25 mu wavelength. The
occasional formation of cloudiness following nesslerization
may be prevented by the use of two drops of Rochelle salt
solution (Standard Methods, p. 189),
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Preparation of standard curve:

The standard curve should be prepared under the same conditions
as the samples, The blank (reagent blank) and the appropriate
aliquot of standards - diluted to 500 ml each - are distilled
in the same manner as the samples. The 300 ml distillate and
50 ml of 0,02 N sulfuric acid are brought up to the 500 ml
volume before taking the 50 ml portion for nesslerization. The
phosphate buffer, Rochelle salt solution, and nessler reagent
are used as for the samples,

Sample Preparation and Collection

Several NH.-N standards were prepared by the Great Lakes-Illinois
River Basins Project and Indiana State Board of Health. Standards
were prepared from anhydrous ammonium chloride dried at 100°C and
dissolved in ammonia-free water., Ammonia-free water was prepared
by redistilling distilled water containing sulfuric acid.

Lake samples were collected from the water intakes of the Gary-
Hobart Water Corporation and Chicago's Central District Filtration
Plant. These samples were collected in three five-gallon carboys
and then blencded in a small drum or tank in drder to obtain a
homogeneous sample, One-half gallon sarples were drawn off for

- the 11 laboratories and the remainder of the sarmple was spiked

with the standard NH3-N solution. A second set of 11 half-gallon
samples were drawn off for the participating laborateries,

River sarples were collected from Indiana Harbor Canal at 151s%
St. These samples were collected and prepared in the same manner
as the lake samples., All samples were preserved with.0.8 rl of
conc, HZSOh per liter,

Analvsis of Data

The datawsra analvzed accorcding to the method of least squares to
obtain one and two standard deviations. A line of best fit was
plotted on provability paper. The slope of this line was based on
one standard deviation: the mean (or knowm) value, plus and mirus
3L percent, plotted at 16 and 8L percent on the abscissa.

The standard deviations were plotted in relation to the kncwn amount
of ammonia nitrogen, or in relation to the mean, in the case of lake
and river samples., The standard deviations are indicated by broken
lines and the known amounts or means are indicated by a sclid line.

Probability curves like those shown in Figures 9-1l; were prepared
for each individual sarple,
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Key to Symbols and Abbreviations in the Tabulated Data

GRW~P
GRA-NP
SDFP~RY.P
SDFP-RW-NP

Lake

River

Data deleted; ( ) number of results deleted before
final computation

Géry Raw Water, Preserved

Gary Raw Water, Not Preserved

South District Filtration Plant, Raw Water, Preserved
South District Filtration Plant, Raw Water, Not Preserved

Lake Michigan water taken at Gary-Hcbart Water Corp. Raw
Water Intake

Indiana Harbor Canel water taken at 151st St.
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