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PREFACE 

The series of manuals on techniques describes procedures for planning and 
executing specialized work in water-resources investigations. The material is 
grouped under major subject headings called books and further subdivided 
into sections and chapters. The unit of publication, the chapter, is limited to 
a narrow field of subject matter. This format permits flexibility in revision 
and publication as the need arises. Section A of Book 5 represents techniques 
used in water analysis. This chapter is the second of the series in water 
analysis. 

Each chapter is published individually and is for sale by the Superintendent 
of Documents, U.S. Government Printing Office, Washington, D.C. 20402. 
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l DETERMINATION OF MINOR ELEMENTS IN WATER BY EMISSION SPECTROSCOPY 

Paul R. Barnett and E. C. Mallory, Jr. 

Abstract 
With the emission spectrograph, the analyst is able 

to determine many minor elements simultaneously 
in water samples. Spectrographic methods differ 
chiefly in techniques of preconcentrating the elements. 
For waters with dissolved solids of less than 1,000 
milligrams per liter, the method of evaporating to 
dryness and determining the elements in the dried 
residue is sensitive, precise, and reasonably accurate. 
The lower limits of detection vary with the quantity 
of dissolved solids. Twenty-four elements are deter- 
mined by this method. 

For waters with more than 1,000 milligrams per 
liter of dissolved solids, it is necessary to separate 
the minor elements from the major constituents 
before spectrographically determining the former, in 
order to achieve adequate lower limits of detection. 
Such procedures generally require more time than the 
residue method. In the first of two such procedures 
given, 21 of the metallic elements are precipitated 
with thioacetamide prior to spectrographic deter- 
mination. In an alternate procedure, 18 elements are 
precipitated quantitatively with complexing reagents 
8-hydroxyquinoline, tannic acid, and thioanlide. This 
method is faster than the thioacetamide method, but 
at the sacriilce of some elements. 

A Fortran IV computer program for processing 
densitometric data is given in the section “Computer 
Program.” 

Introduction 

Applications 

The emission spectrograph provides a means 
of reasonably rapid analysis of water samples 
for many elements, simultaneously. Elements 
for which methods are explicitly given in this 
chapter are enclosed with solid lines in the 
periodic table of figure 1. Some of these ele- 
ments are ubiquitous in natural waters, and 
each of them has been found in various waters. 
One or more of the methods could be extended 
to include several more elements if the con- 
centration of these elements shouM increase, 
through pollution or natural geochemical 

processes, from its present low level to the 
lower limit of spectral detection. 

Limitations 

The spect.rographic detection limits vary for 
different elements. The detection limits for 
arsenic, cadmium, and zinc, for example, are 
relatively poor, whereas the limits for silver 
and copper are very good. As a result of poor 
spectral sensitivity, a few of the elements fre- 
quently are not detected and must be reported 
as less than some computed value. However, 
the methods described here, all involving 
greater preconcentration, are considerably 
more sensitive than so-called direct methods 
such as rotating disk, porous cup, vacuum cup, 
and plasma jet. 

Techniques 
The three analytical met,hods described are 

(1) residue, (2) precipitation as sulfides, and 
(3) precipitation as organic complexes. The 
first simply consists of evaporating the water 
and analyzing the residue. In the second, cer- 
tain elements are precipitated with thioaceta- 
mide, and the resultant sulfides converted to 
oxides and analyzed. In the third method, cer- 
tain of the metallic elements are precipitated 
by complexing with tannic acid, thioanlide, 
and 8-hydroxyquinoline. The precipitates are 
ashed, and t,he resulting oxides analyzed. 

Sampling 
Collect the sample in a clean polyethylene 

bottle. Clean the bottle by filling with dilute 
nitric acid and allowing to stand overnight. 
Repeat with dilute hydrochoric acid. Rinse 
t,he bottle thoroughly in turn with tap water 
and de-ionized water. Invert on a rack until 
dry. 

Filter the sample at time of collection 
through a 0.45-micron membrane filter, using 

1 



2 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

a plastic pressure-filter to minimize contamina- 
tion and hasten the filtering. The U.S. Geolog- 
ical Survey field-filter kit (Skougstad and 
Scarbro, 1968) is suitable for this procedure. 
A S-liter sample is sufficient if the dissolved 
solids exceed 100 mg/l (milligrams per liter). 
If the dissolved solids are less than this 
amount, proportionately more sample must be 
provided. 

Immediately after filtration, add sufficient 
1 :l double-distilled acid to the sample to lower 
the pH to 3 or less. Use nitric acid if the 
sample is to be analyzed by the residue 
method ; use hydrochloric acid if the sample 
is to be analyzed by either of the precipitation 
methods. 

Acknowledgments 

The authors express their appreciation to 
M. W. Skougstad for his assistance is assem- 
bling this manuscript and to Darwin Golden 
for his help in performing the many requisite 
laboratory exercises. 

Residue method 
Ultraviolet region 

This method is a modification of one orig- 
inally described by Haffty (1960). 

1. Summary 

The water sample is evaporated to dryness, 
and the residue is mixed with graphite powder 
and with a matrix identical to that used in 
preparation of the standards. 

The sample mixtures and the standards are 
packed into the cups of graphite electrodes and 
excited with a direct-current arc. Spectra. of 
a complete series of standards and duplicates 
of each sample are recorded on Eastman type 
III-O plates. Analytical lines are measured 
on a microphotometer. The emulsion is cali- 
brated by the two-step method, and transmit- 
t,ance readings of the analytical lines are con- 
verted to relative intensities (RI). The RI of 
the analytical line in the standards is plotted 
against the known concentration of the ele- 
ment for the construction of analytical curves 
on log-log paper. The transmittance of the cor- 
responding line in the unknown is converted 

and the coticentration determined from 
the analytical curve. 

In an alternative procedure to this manual 
processing of densitometric data, a digital 
computer is used to write the equation for t,he 
calibration curve, convert transmitt.ance read- 
ings of analytical lines to relative intensities, 
compute the ratios of the RI of t’he line to the 
RI of a hypothetical internal-standard line of 
20-percent transmittance, write the equation 
for each analytical curve, determine the per- 
cent concentration of each element in the un- 
knowns, and from the dissolved-solids figure 
supplied compute the concentration of each 
element in the original water sample. (The 
hypothetical internal-standard line is neces- 
sary because the program was written to utilize 
internal standards if desired.) 

2. Application 

This method is applicable to the analysis of 
natural waters whose dissolved-solids concen- 
trations do not exceed about 1,000 mg/l. For 
these waters, it is preferred over ‘the two other 
methods described in this chapter because it 
can detect a greater number of elements. 

The following elements may be determined 
in the ranges indicated: 

Concentratfon fahge, 
Element percentage of dried reeidue 
Aluminum ------ _______ - ___________ 0.000!%3.0 
Barium ----_- ______________________ .0003- .3 
Beryllium ___--- __________________ - .OOO& .03 
Bismuth _- __________-_-____________ .003 - .03 
Boron ________--___________________ .0015- .3 
Cadmium _______ - __________________ .006 - .03 
Chromium ______ ----__-_----------- .00X- .03 
Cobalt ______ ---- ___________________ .OO3 - .03 
Copper __________ ------_------_---_ .0003- .3 
Gallium __________ -___- ____________ .0003- .03 
Germanium ________________________ .015 - .03 
Iron _____________-_________________ .0015-3.0 
Lead ____________-_-_----__________ .0015- .03 
Manganese __----__--_------------- .00X--3.0 
Molybdenum ----- _____ -- _____ --_--- .0003- .03 
Nickel ______---_____--------------- .0015- .03 
Silver ________----_---_____________ .00015-.03 
Strontium __-- _____________________ .0003- .3 
Tin _-_-_-______-__________________ .003 - .03 
Titanium -_-_---- __________________ .00X- .03 
Vanadium _____ -----__--__-- _______ .00X- .03 
Zinc ________---_--_________________ .03 -3.0 
Zirconium --_- ___________---------- .003 - .03 

Lithium, rubidium, and cesium are also de- 
,termined by analyzing the residue, but because 
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Figure I.-Minor elements commonly determined in water by emission spectroscopy. 
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the spectrographic procedure varies consider- 
ably from that for the elements listed above, 
the spectrographic method for these alkali 
metals is described separately in the section 
“Infrared region.” 

3. Interferences 

As in all spectrochemical analysis, it is nec- 
essary to choose analytical lines that are not 
coincident with or too near a line of another 
element. For the relatively uncomplicated 
spectrum of a water residue, this is not a great 
task, and the lines given in table 1 are usually 
free of such interference. Matrix effect is a 
greater hazard, but is minimized as explained 
in the note on page 5. 

4. Apparatus 

4.1 Sample preparation equipment : 
4.1.1 Aluminum blocks, 1/ by 51/ by 6% 

inches, with seven rows of eight V4-inch holes 
countersunk to one-quarter inch and numbered 
consecutively from 1 to 56, for storing charged 
electrodes until arced. 

4.1.2 Balance, analytical. 
4.1.3 Balance, precision ; 25-mg (milli- 

gram) capacity. 
4.1.4 Cover glasses, 200-millimeter. 
4.1.5 Evaporating dishes, borosilicate 

glass ; approximately 850-ml (milliliter) ca- 
pacity. 

4.1.6 Film, plastic ; Dow Saran, or equiva- 
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4.1.7 Funnels, small, plastic; for filling 
electrode cup. 

4.1.8 Glass Christmas-tree ornaments, 2- 
al/s-inch diameter. Remove the necks by scor- 
ing with a file, and remove the paint by im- 
mersion overnight in a beaker of hot cleaning 
solution. The temperature is maintained by 
placing the beaker on a hotplate in a fume 
hood. Remove and rinse each bulb with tap 
water and de-ionized water and store on a 
50-ml beaker in a drying oven at 180% until 
needed. 

4.1.9 Shakers, high-speed impact, of small 
and intermediate sizes for mixing samples 
and standards. 

4.1.10 Ultrasonic generators and tanks, for 
cleaning and homogenizing. 

4.1.11 Vials, polystyrene, l/s-inch diameter 
by l-inch long. 

4.1.12 Weighing pan, locally prepared from 

i:i 

-\--------- _ \ 
\ / 
\ I 
\ : 
: : 

: 

Figure Z.-Drawing of weighing pan; scols 1:l. 
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0.014-inch-thick magnesium sheet using the 
drawing in figure 2 on a 1 :l scale. The metal 
is bent at 90” dihedral angles along the dotted 
lines. The bending must be done on a hotplate 
because the metal will crack along the bends 
if done at room temperature. 

4.2 Spectrographic equipment : 
4.2.1 Arc stand ; conventional arc stand 

with water-cooled electrode clamps. 
4.2.2 Calculating equipment ; all calcula- 

tions are computerized except for the manual 
processing of line-width data. 

4.2.3 Excitation source; a direct-current 
arc source at 220 volts and maximum current 
output of 13 amperes. Series’ resistance is used 
to control the current. 

4.2.4 Microphotometer ; capable of measur- 
ing the difference in transmittance of spectral 
lines with a standard deviation of not more 
than 0.2-percent transmittance. An attachment 
described by Barnett (1967) provides for the 
measurement of line widths to permit the use 
of lines too dark for ordinary microphotom- 
etry. 

4.2.5 Spectrograph ; the spectrograph has 
a reciprocal linear dispersion of 2.67 A (ang- 
stroms) per mm, second order, and set in the 
wavelength region 2,200-3,500. Lines as close 
together as 0.07 A can be resolved. 

5. Reagents and materials 

5.1 Purity of materials ; all materials used 
for making standards or buffering samples 
must be of spectroscopic purity ; that is, they 
should make no contribution to the analytical 
lines used. All equipment and apparatus with 
which the liquid or solid sample comes in 
direct contract must be kept as free as possible 
of the analytical elements. 

5.2 Electrodes, high-purity graphite; com- 
mercially available preforms. Sample electrode 
cup has an inner diameter of 0.144 inch, a wall 
thickness of 0.015 inch, and a crater depth of 
0.240 inch ; the crater has a 60” truncated cone 
ending in a 0.31-inch-diameter bottom. Counter 
electrode high-purity l/s-inch graphite rod 
(Ultra Carbon 1590, or equivalent). 

5.3 Iron bead, or globule for plate calibra- 
tion prepared from electrolytic iron powder in 
a graphite electrode formed locally on a lathe 
from ys-inch stock. Dimensions of this elec- 

trode are length, inch ; cup diameter, 
nineteen sixty-fourths inch; cup depth, one- 
quarter inch ; shank turned down to one- 
quarter inch at the lower one-h.alf inch of 
electrode. 

5.4 Photographic emulsion, Eastman III- 
0, or equivalent. 

5.5 Photographic processing solutions; Ko- 
dak D-19 developer and Kodak Rapid Fixer 
with hardener, or equivalent. 

5.6 Reagents (all powders) : 
Aluminum oxide 
Barium-carbonate 

Magnesium oxide 
Magnesium sulfate 

Beryllium oxide Manganous-manganic oxide 
Bismuth oxide Molybdenum\ trioxide 
Boric acid Nickel monoxide 
Cadmium oxide Potassium chloride 
Calcium carbonate Silicon dioxide 
Chromium sesquioxide Silver oxide 
Cobaltous-cobaltic oxide Sodium chloride 
Cupric oxide Strontium carbonate 
Gallium oxide Tin oxide (stannic) 
Germanium dioxide Titanium dioxide 
Graphite powder Vanadium pentoxide 
Iron oxide (ferric) Zinc oxide 
Lead monoxide Zirconium oxide 

6. Procedure 

6.1 Residue-On-Evaporation (R.O.E.) ; be- 
cause the elements are determined in terms of 
percentage of the dissolved solids, a dissolved- 
solids determination must be made in order to 
report the elements in terms of micrograms 
per liter of sample. 

6.1.1 Cool a tree-ornament bulb to room 
temperature in a desiccator and weigh to the 
nearest 0.1 mg. 

6.1.2 Homogenize the sample by placing 
the polyethylene bottle containing the sample 
in an ultrasonic bath for 30 minutes. Imme- 
diately pipet a 50-ml aliquot into the glass 
bulb (resting on a 50-ml beaker). Place the 
bulb under a heat lamp and pass a gentle jet 
of clean compressed air across or into the 
opening of the bulb to aid evaporation. A glass 
tube drawn at the end serves as a suitable 
nozzle. 

6.1.3 When the water has completely evap- 
orated, place the bulb in a drying oven at 
180°C for 1 hour, allow to cool to room tem- 
perature in a desiccator, and weigh. The in- 
crease in weight in milligrams multiplied by 
20 is the R.O.E. in milligrams per liter. Re- 
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peat the determination until duplicate values 
obtained on different days differ by no more 
than 3 percent from their average. (Duplicates 
done together usually have good agreement be- 
cause of identical conditions, but both are sub- 
ject to the same possible errors.) 

6.2 Preparation of residue: 
6.2.1 Line an evaporating dish with plastic 

film. Pour about 500 ml of freshly homogen- 
ized sample into the lined dish. (If the R.O.E. 
of the sample is high, use less sample. More 
than 200 mg of residue is seldom needed and 
is more difficult to process than a smaller 
amount.) Cover the dish with a watch glass, 
place under a heat lamp, and pass a gentle 
stream of clean compressed air under the 
watch glass and across the sample. A 500-ml 
aliquot will go to moist dryness in about 14 
hours. The evaporation can be allowed to pro- 
ceed during the night if a timer is placed in 
the lamp circuit to turn off the lamp at the 
time of anticipated dryness. Prolonged heating 
after the water has evaporated may scorch the 
plastic film and thus spoil the residue. If in- 
sufficient residue is obtained with one filling, 
again homogenize the water sample and add 
more to the dish. 

6.2.2 Transfer, as quantitatively as possi- 
ble, the residue from the plastic film to a 
thoroughly cleaned agate mortar. Grind and 
mix thoroughly with an agate pestle, placing 
under a heat lamp occasionally whenever nec- 
essary to drive off moisture from hygroscopic 
materials. Transfer the homogenized residue 
to a glass vial and place in a drying oven at 
1SO’C for 1 hour. Cool and store in a desicca- 
tor. 

6.3 Preparation for arcing: 
6.3.1 Weigh into a l/2-inch-diameter by l- 

inch-long polystyrene vial 75 mg high-purity 
graphite, 25 mg sample residue, and 50 mg 
buffer-matrix. 

Nor&-The matrix material has an element composi- 
tion approximating the average major-element compo- 
sition of North American waters (Clarke, 1924) and 
is made by thoroughly mixing the following high- 
purity compounds in the proportions indicated : C&O+ 
46.6 percent ; MgSO,, 23.2 percent ; NaCl, 18.3 percent ; 
KCl, 3.6 percent; and SiOz, 3.3 percent. The addition, 
of 2 parts matrix to 1 part sample helps to smooth out 
major-element differences among samples and between 
the sample and the standards used for quantitative 

comparison, and minimizes the variation in the inten- 
sity of minor-element lines due to differing matrices. 
Occasionally a particular element may be diluted be- 
low its detection limit, but is sacrificed in the interest 
of increased accuracy for the rest. 

6.3.2 Mix for 3 minutes in a small, high- 
speed, impact shaker. Carefully weigh 24 mg 
into the magnesium weighing-pan on the pre- 
cision balance and transfer to the electrode, 
using a plastic funnel. Tamp the charge firmly 
in the electrode cavity with a clean glass or 
graphite rod. Place the charged electrodes in 
sequence in numbered holes in an aluminum 
block. Preheat the sample end of the electrode 
to red heat in a flame to drive off any remain- 
ing water or gases that might cause expulsion 
of the sample during arcing. (Tests have indi- 
cated that the loss of elements listed on page 
3 is negligible ; however, such volatile ele- 
ments as mercury and arsenic might be lost.) 
Store in the aluminum block on a hotplate or 
in a drying oven until arced, to prevent read- 
sorption of moisture. 

7. Standards 

Spectroscopic analysis is a direct-compari- 
son method in which the spectral lines of the 
unknown are compared with the lines in a 
sample or standard whose element concentra- 
tions are known. The usual practice is to pre- 
pare a series of synthetic standards containing 
in decreasing concentrations the elements to 
be determined in the unknowns. (See section 
“Standard preparation for residue method- 
ultraviolet region.“) 

The elements to be determined are 23 in 
number, varying in percentage of the residue 
from as high as 1.0 for some elements to as 
low as 0.00005 for others. If all 23 elements 
were int,roduced at 1 percent in the first step 
of the series of standards, the mixture would 
consist of about 35 percent of the oxides of 
,the elements and only 65 percent of the matrix 
material. Because of the matrix effect produced 
by such a situation, only those elements which 
sometimes occur in concentrations as high as 
1 percent are put into the first steps, four more 
are introduced at 0.1 percent, and the other 15 
at 0.01 percent. 

The optimum number of steps for good ana- 
lytical curves is three per order of magnitude. 
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The series 1.0, 0.1, 0.01, 0.001, etc., is a loga- 
rithmic series. If two intermediate steps are 
to be inserted between the numbers in this 
series, it is desirable that the new set also pro- 
duce a logarithmic series. This can be accom- 
plished by having a constant factor of 2.154435 
(the cube root of 10) between the steps. Thus, 
the concentrations will be 1.0, 0.464, 0.215, 0.1, 
* * * 0.0000464 percent. 

Internal standards are not used. The recom- 
mended procedure is to expose a series of ex- 
ternal standards on each sample plate. Experi- 
ence has shown that the precision of replicate 
analyses by this technique is better than that 
obtained when standards and samples are ex- 
posed on separate plates, even when internal 
standards are used. The addition of internal 
standards in the recommended procedure does 
not significantly increase the precision. The 
recommended procedure is also more econom- 
ical of time both in preparation of samples 
and standards and in analyzing the spectra. 

8. Excitation of samples and standards 

8.1 Electrode system; the lower, sample- 
carrying electrode is the anode. Set and main- 
tain the electrode gap at 4 mm. 

8.2 Electrical parameters; open-circuit po- 
tential is 220 volts. Gradually increase the 
current to 8 amperes during the first 7 seconds 
and then quickly to 12 amperes for the re- 
mainder of the exposure. 

8.3 Exposure conditions : 
Spectral region _______ 2,200-3,500 A. 
Slit width ___________ 25tL 
Slit length ___________ 1.4 mm. 
Neutral filter --------24percent transmission. 
Length of burn ------To completion. 

8.4 Emulsion calibration exposure; two- 
step filter (55 and 100 percent), 24-percent 
neutral filter, slit width 25,~~ slit height 4 mm, 
current of 4 amperes, go-second exposure of 
Fe spectrum recorded near center of plate. 

8.5 Replicate exposure ; record each sample 
in duplicate and include a complete set of 
standards on every plate. 

9. Photographic processing 

Develop plates for 4 minutes at 20% with 
mechanical agitation, rinse with water for 15 
seconds, fix for twice the clearing time, wash 
with tap water for 20 minutes, rinse thorough- 

ly with demineralized water, and dry in a plate 
drier. 

10. Photometry 

Measure with the microphotometer the per- 
centage transmittances of the analytical lines 
by using the lines given in table 1. Make a 
background reading for each line by scanning 
a short distance on each side of the line and 
recording an average of the two maximum 
transmittances observed. 

The analytical lines most frequently used 
are those given in table 1. The concentration 
ranges for ordinary densitometry are given 
for each line. The upper limit for most of 
these lines can be raised to the highest concen- 
tration occurring in the standards by using the 
line-width measuring device described by Bar- 
nett (1967). For some lines the range given is 

less than that which is possible to measure be- 
cause of the limited range of the element in the 
standards. 

Table I.-Analytical liner-ultraviolet region 

Concentration 

Element Wavec%gth 

Aluminum (Al) ___________ 3,082.68 
2,660.39 
2,652.49 

Barium (Ba) -_-___--____ 4,554.04 
Beryllium (Be) __-__---_-_ 3,130.42 
Bismuth (Bi) ___________ - 3967.72 
Boron (B) __-___--_---___ 2,497.73 

2,496.78 
Cadmium (Cd) _____--____ 3,261.06 
Chromium (Cr) _____-_____ 3,021.56 
Cobalt (Co) ________-_____ 3,453.50 
Copper (Cu) _______--____ 3.24754 

3,273.96 
Gallium (Ga) __----- ---__ 2943.64 
Germanium ( Ge) ___--____ 3,039.06 
Iron (Fe) __________--____ 2,719.02 

2.72358 
Lead (Pb) c---__-___-__- 2,833.07 
Manganese ( Mn) _________ 2.576.10 

2;949.20 
2.933.06 

Molybdenum (MO) -_----__ 3,170.35 
3,208.83 

Zinc (Zn) i--‘--- _______ -_- 3i345.02 

Nickel (Ni) _-_- -________ 3.414.76 
3;&0.82 

Silver (Ag) --_- _---_____ - 3,280.68 

3,345.57 

Strontium (Sr) __________ 4,607..33 

Zirconium 

Tin (Sn) ----__- _______ -- 3,175.02 
Titanium (Ti) -- ----_____ 3234.52 

(Zr) -- _________ 

3,241.99 
Vanadium (V) -- _________ 3.183.41 

3,279.26 
3,273.05 

- - 
0.0603-0.01 

.005-.2 
.Ol-.5 

6001-901 
.ooo2-.oa5 
.00001-.Ol 

.0005-.02 
.OOl-.05 
.002-.Ol 

.0005-.Ol 

.0005-.Ol 
6001-602 
6002-905 
9002-905 

.0005-.Ol 

.0005-.02 
.992-.2 

.0005-.Ol 

.0005-.Ol 
.OOl-.05 
.002-.l 
.02-1.0 

.OOOl-.Ol 
.ool-.Ol 

.0005-91 
.OOl-.Ol 

.02-.5 

60005-902 

.l-1.0 

9001-602 
.OOl-.Ol 

.091-.Ol 

6005.01 

.002-.Ol 

.002-.Ol 
.0005-.Ol 
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l 11. Emulsion calibration 

Use the two-step method of emulsion cali- 
replicate number, (3) RI of the line plus back- 
ground, (4) net RI of the line, (5) RI of the 
internal-standard line plus background, (6) 
net RI of the internal-standard line, (7) ratio 
of the RI of the analytical line to the RI of 
the internal standard, (8) concentration of the 
element in the solids, (9) concentration factor 
(dilution factor times R.O.E. times 10 [to con- 
vert percentage times milligrams per liter to 
micrograms per liter]), (10) concentration of 
the element in the original water sample, and 
finally (11) average of replicate determina- 
tions. 

bration described in method E 116-6’7 (Ameri- 
can Society for Testing and Materials, 1968). 
The details of this method are given in the 
section “Two-step method of emulsion calibra- 
tion.” 

12. Preparation of analytical curves 

12.1 Manual method ; convert the percent- 
age transmittance of the analytical line of the 
standards to relative intensity by reference to 
the emulsion-calibration curve. Plot this value 
against the known concentration of the element 
in the standard on log-log paper for all steps 
of the standard within the reliable micropho- 
tometer range. The curve fitted to these points 
is the analytical curve for the particular 
element line. Draw new analytical curves for 
each plate. 

12.2 Computer method; percentage-trans- 
mittance values for internal-standard lines 
(assumed) and analytical lines of the stand- 
ards are converted to Seidel-function values 
(A ) and the inverse ratio computed. A second- 
order equation is determined for each analyt- 
ical line with these ratios as a function of the 
concentration of the element in the standards. 
Details of the computer program for process- 
ing densitometric data are given in the section 
“Computer program.” 

13. Computations 

13.1 Manual method ; convert the percent- 
age-transmittance values of the analytical lines 
to relative intensities by reference to the emul- 
sion-calibration curve. (See section “Two-step 
method of emulsion calibration.“) Use the ana- 
lytical curves (item 12.1) to determine the per- 
cent concentrat,ions corresponding to these rel- 
ative intensities. Average the results from 
duplicate samples on the plate. Multiply the 
determined concentration of each element by 
3 (to compensate for &he 1~2 dilution with the 
buffer) and by the R.O.E. figure determined 
in item 6.1. Adjust the decimal point to report 
as micrograms per liter. 

13.2 Comput,er method ; the computations 
done manually in item 13.1 are executed by 
comr>uter. and the following: information is a printed dut : (1) Sample identification, (2) 

14. Precision and accuracy 
14.1 Two sets of data were accumulated 

for computing the precision of the method. 
The first set was acquired by repeating the 
analysis of a sample on a second plate and was 
done for about 12 samples on 24 plates in such 
a way that no plate recorded more than one 
of these samples. The formula for estimating 
precision by this method is 

S.D.= s %’ 
( 1 

where S.D. is the standard deviation, d is the 
difference between duplicate determinations of 
the element, and TZ is the number of duplicate 
pairs. Because there usually will be a wide 
variation in the magnitude of the values in- 
volved, it is better to take the logarithm of the 
values before using the formula. The standard 
deviation thus found is the logarithmic stand- 
ard deviation (L.S.D.) and its antilogarithm 
is called the geometric deviation (G.D.), the 
factor by which the amount found may be 
mult,iplied and divided to find the range of 
one standard deviation. The G.D. for this com- 
putation is given in table 2, column 4. 

Blement 

Table 2.-Precision of analysis 
set 1 Set 2 

Al _______ 11 
Ba ---_-- 11 
B ---____ 10 
Cr -_---- -- 
cu -_---- 10 
co ------ -- 
Fe ---___- 10 
Pb _- ____ __ 
Mn --____ 9 
MO --___- -- 
Ni ------ -- 
A&! --____ _- 
Sr ------ 10 
v ------- -- 

1 Measurements 

----- 
.00065 
----- 
.012 
----- 

.0030 ----- 
----- ----- 

I.029 ----- 
made by 

1.170 0.071 

1.108 1’3” 
1.166 2 

%46* 
--- .0018 

1.436 ii? I.011 
--- 

1.110 :‘1 :Eogol 
--- 

1.140 9 :ED 
--- .012 
--- 1; .0020 
--- 

1.120 E 
.00074 

1.031 
--- 12 .00061 

line-width method. 
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A second set of data for computing precision 
was accumulated by repeated analysis of a ref- 
erence sample over a period of several months. 
The formula used for computing the standard 
deviation under these circumstances is 

. 

Infrared region 

S.D.= 
xxi*- (sxp % . 

n-1 

Again, the values were first transformed to 
logarithms in order to have precision expressed 
in the same way as for the first set. The G.D. 
for this computation is given in column 7 of 
table 2. 

The generally better precision of the second 
set is due largely to the higher concentration 
of the elements, resulting in microphotometer 
readings in a more reliable range. 

14.2 Accuracy is estimated by comparing 
the individual determinations of the elements 
in the same reference sample with the most 
probable values as det,ermined by other meth- 
ods, or as added to the sample when it was 
prepared. The formula used is that for com- 
puting the precision of set 1 in item 14.1. The 
results of this computation are given in the 
last column of table 3. 

Table 3.-Accuracy 

Avera e 
Assumed true f amoy;ifl$nd Number of 

B)lement value (fig/U determinations G.D. 

Al --------- 540 555 12 1.092 
Cr ____--_- 15 13.7 11 1.094 
cu -------- 119 82 :: 1.32 
co -------- 5 7.1 1.30 
Fe ________ 397 387 
Pb ----___- 15 14.6 

:: 1.643 
1.074 

Mn -------- 300 290 1; 1.052 
Ni _-_-____ 10 15.8 1.40 
Ag ________ 7 5.7 12 1.16 
Sr ________ 279 241 13 1.13 
v --------- 5 4.7 12 1.15 

Average ____________-_________________--l.ls 

In addition, the concentration of strontium 
found in 48 different samples were compared 
wit.h the concentrations determined by atomic 
absorption. The values ranged from about 
7Og/l to 3,500 pg/l. The G.D. was 1.13. The 
concentrations of manganese found in 22 sam- 
ples, ranging from 50 I*g/l to 700 pgll, were 
compared with atomic absorption determina- 
tions; the G.D. was determined to be 1.15. 

1. Summary of method 

A 1 :l mixture of sodium carbonate and the 
residue prepared in the previous discussion is 
ignited in a direct-current arc, and duplicate. 
spectra are recorded on Eastman type I-N 
plates, along with a complete series of stand- 
ards. The percent transmittances of appropri- 
ate analytical lines are measured on a micro- 
photometer, and analytical curves are con- 
structed by plotting known concentrations of 
the elements in the standards against percent 
transmission (or line width, as required). The 
concentrations of the elements in the samples 
are determined from these curves. 

2. Application 

This method is used to determine the fol- 
lowing element,s in the ranges indicated: 

Concentration 
Element range. (percent) 
Cesium ___-- ___________ -___-_- ____ 0.001-0.05 
Lithium --__--__--______-_-________ .0091-.05 
Rubidium __--_- ________ -_-----_-__ .0905-.05 

3. Interferences 

See this part in section “Ultraviolet region.” 

4. Apparatus 

Same as in this part in section “Ultraviolet 
region,” except that Eastman type I-N is used 
as the photographic emulsion. 

5. Reagants (all powders) 

Calcium carbonate Rubidium chloride 
Cesium carbonate Silicon dioxide 
Lithium carbonate Sodium carbonate 
Magnesium carbonate Sodium chloride 
Potassium chloride 

6. Procedure 

Weigh 12 mg sodium carbona*te and 12 mg 
of the residue prepared in the section “Ultra- 
violet region,” item 6.2, in the weighing pan 
(item 4.1.12). Mix thoroughly in the pan with 
a toothpick or a small, clean :artist’s brush.. 
Transfer to the electrode, preheat, and store 
as in the section “Ultraviolet region.” 

7. Standards 

Prepare a series of standards with decreas- 
ing concentrations of the analytical elements 
in a matrix approximating the major-element 
composition of natural waters. Mix eacb 
standard with an equal weight of sodium car- 
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bonate. (Refer to section “Standards prepara- 
tion for residue method-infrared region” for 
details for preparation.) 

8. Excitation of samples and standards 

Use same electrode system and electrical 
parameters as in section “Ultraviolet region.” 
Use the following exposure conditions : 

Spectral region ____ 6,569-9,300 A. 
Slit width ---------25~. 
Slit length - _______ 1.4 mm. 
Filter _____________ Yellow, no neutral. 
Time _--____------_ About 10 seconds beyond 

the disappearance of yel- 
low color of sodium. 

Do not record an Fe spectrum, because the 
emulsion is not calibkated. Record each sample 
in duplicate and include a complete set of 
standards on each plate. 

9. Photographic processing 

See this part in section “Ultraviolet region.” 

10. Photometry 

Measure with a microphotometer the percent 
transmittances or the widths of the analytical 
lines given in table 4. Background correction 

Table 4.-Analytical liner-infrared region 

Concentratfon 

Element Wa%=th 
range 

(percent) 

Cesium (Cs) - ___________I 8,521.10 0.091-0.05 
Lithium (Li) - _________-_- 6,797.84 .ool-.05 
Rubidium (Rb) ----_-- ____ ‘7,800.23 .ooo5-.05 

7,947.60 .ool-.05 

is not feasible and is not necessary if exposure 
conditions are properly followed. 

11. Emulsion calibration 

The emulsion is not calibrated. 

12. Preparation of analytical curves 

Plot the untransformed transmittance value 
of the analytical line against the known con- 
centration of the element in the standard on 
log-log paper for all steps of the standard 
within the reliable microphotometric range. 

For the concentration ranges where line- 
width measurement is n&essary (and this Gill 
be the rule rather than the exception) plot the 
line widt,h on a linear scale against concentra- 
tion on a logarithmic scale (semilog paper). 

In either case, the curve fitted to the points 
is the analytical curve for the particular ele- 
ment line. Prepare a new curve for each plate. 

13. Computations 

From the percentage transmittance or the 
width of the line in the sample spectrum use 
the analytical curves to determine the percent 
concentration of the element in the sample. 
Average the results from duplicate samples on 
the plate. Multiply the determined concentra- 
tion by the R.O.E. figure as determined in the 
section “Ultraviolet region,” item 6.1. Adjust 
the decimal point to report as micrograms per 
liter. 

14. Precision and accuracy 

No statistical analysis has been made for 
either precision or accuracy. Random compari- 
sons of lithium determinations with determi- 
nations by atomic absorption show good agree- 
ment. 

Precipitation method- 

thioacetamide 
When minor elements in water residues are 

determined spectrographically, high concentra- 
tions of the major constituents interfere by 
producing unpredictable matrix effects and by 
diluting the minor elements below limits of de- 
tection. Precipitation of minor elements can be 
used to remove major elements and to concen- 
trate the minor ones before spectrographic 
analysis. 

1. Summary 

In the procedure described here, thioaceta- 
mide is used as the precipitant for both the 
acid and the ammoniacal sulfide groups of ele- 
ments. Palladium is added to all samples as an 
internal standard. Tin is added ta the acid 
sulfide group as a spectrographic buffer and 
coprecipitant ; indium is used for the same 
purposes with the ammoniacal sulfide group. 

2. Application 

The thioacetamide procedure may be’ used 
to analyze a wide variety of waters, but is par- 
ticularly suited to waters having dissolved 
solids in excess of 1,000 mgll, in which cases 
the residue method has poor limits of detection. 
Quantitative precipitations are obtained for 
antimony, arsenic, beryllium, bismuth, cad- 
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mium, chromium, copper, iron, lead, titanium, 
ytterbium, yttrium, and zirconium. In addi- 
tion, the following elements are nearly quanti- 
tatively precipitated and can be determined 
with satisfactory reliability : Aluminum, co- 
balt, lanthanum, manganese, molybdenum, 
nickel, silver, and zinc. If a more rapid pro- 
cedure is desired, the method described in the 
section “Complexometric method” may be 
used, albeit at the expense of some reliability 
and the loss of beryllium, lanthanum, manga- 
nese, and ytterbium. 

Samples may be preconcentrated by reduc- 
tion of volume through evaporation up to 
saturation of the cooled sample or certain 
other practical limits explained in the follow- 
ing sections “Interferences” and “Procedure.” 

The elements quantitatively precipitated, 
their determinable concentration range, and the 
analytical lines used are given in the tables 
5 and 6. 

Table 54lements precipitated by thiwcetamide-acid group 

llement 
Ahnal[~yd line 

Antimony --_-_-- ____ ----__ 2,598.06 
Arsenic ___________________ 2,780.20 
Bismuth -- __________ -_--__ 3,067.72 

2.989.03 
Cadmium -___--_- ______ -_- 3,261.06 
Copper __--___-_- _________ 2,824.37 
Lead ---------_--_-___---- 2,873.32 

5.0-500 
10.8-500 
.23-10.8 

10.8-232 
5.+232 
5.0-500 
5.0-232 

Table 6.-Elements precipitated by thioocetamide- 
ammoniacal group 

Concentration 
Analytical line 

(A) Wb 

Beryllium ------ _______ --_ 3,131.07 0.23-10.8 
Chromium --_-- ______ ----- 3,021.56 J-23 
Iron --------__-- ________ -- 2,723.58 5-232 
Titanium ----__--__------- 3,241.99 1.1-50 
Ytterbium -_----_---__---- 3J89.88 1.1-10 
Yttrium _-___- ____________ 3,327.88 1.1-50 
Zirconium _----- __________ 3,391.98 23-23 

Elements listed in table 7 are nearly com- 
pletely precipitated under the conditions speci- 
fied. Furthermore, the precipitations are suffi- 
ciently reproducible so that reliable compari- 
sons can be made between samples and stand- 
ards. This has been satisfactorily demonstrated 
by repeated comparisons of analytical data for 
all these elements (except lanthanum) with 
data obtained by independent methods, such as 
atomic absorption, calorimetric, and spectro- 
graphic residue determinations. 

N~E.-TO gain an indication of the reliability of 
the lanthanum determinations, 30 pg/l of lanthanum 
was added to a water which had been analyzed and 
shown to contain no detectable amount of lanthanum. 
Comparison of the spiked sample with standards 
showed a value of 30 pg/l for the spiked sample. 

Table 7.-Elements nearly completely precipitated 
by thioacetamide 

Element 
Concentration 

Anal~~~~l line range 
(I&l) 

Aluminum ----- ____ --- ____ 2,652.50 10.8-500 
Cobalt ---------- ______ ---- 3,453.50 23-23 
Lanthanum ___- ___________ 3337.49 1.1-108 
Manganese _________ - ______ 2,949.20 2.3-50 
Molybdenum ______________ 3JO8.83 J-108 
Nickel ------_--- __________ 3,414.76 5-108 
Silver ------_-_- __________ 3,382.89 23-2.3 
Zinc ------------ ______ --__ 3345.02 2.3-500 

3. Interferences 

As in all spectrochemical analyt;es, analytical 
lines chosen must not be coincident with or too 
near a line of another element. Choosing such 
lines is not difficult because the major elements 
are removed, and so there are fewer lines in 
the spectrum. The lines given in tables 5, 6, 
and 7 are those which have no or only a minor 
amount of interference and are also of an in- 
tensity suitable for most water analyses. 

The matrix effect described under the resi- 
due method is no problem since the sample and 
standard precipitates have identical matrices 
of either tin or indium oxides. 

4. Apparatus 

4.1 Sample preparation equipment ; the 
chemical part of this procedure requires the 
usual equipment needed in a.n analytical 
laboratory. 

4.1.2 Agate mortar and pest&e; for grind- 
ing and mixing. Do not mix sam.ples and car- 
bon powder in plastic vials used in a mechan- 
ical mixer, because the precipitate tends to 
cling to the sides of the vials and thus uneven 
mixing results. 

4.1.3 Aluminum blocks. (See section “Ul- 
traviolet region,” item 4.1.1.) 

4.1.4 Balance, precision; 50-mg capacity. 
4.1.5 Bottles, glass, l-dram; with plast,ic 

caps. 
4.1.6 Funnels, plastic; for filling electrode 

cup. 
4.1.7 Furnace, muffle, electric; with auto- 

matic temperature control. 
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4.1.8 pH meter; maximum recoveries are 
obtained with the pH adjustments described 
under item 6. 

4.2 See section “Ultraviolet region,” items 
4.2.1, 4.2.3, 4.2.4, and 4.2.5 for spectrographic 
equipment. 

5. Reagents 

5.1 Ammonium chloropalladite solution; 
internal standard (0.1 mg per ml Pd) ; dissolve 
133.6 mg ammonium chloropalladite in 450 ml 
distilled-demineralized water acidified with 5 
ml concentrated H,SO,. Dilute to 500 ml. 
Dilut,e this solution 1 :l before use. 

5.2 Ammonium hydroxide solution (1N) ; 
dissolve 68.5 g (grams) ammonia gas in 1 liter 
distilled-demineralized water to make 4N (nor- 
mal) NH,OH. Dilute 25 ml 4N NH,OH to 
100 ml. 

5.3 Ammonium sulfite solution (0.2 per- 
cent, weight to volume) ; dissolve 0.5 g in 250 
ml distilled-demineralized water. Prepare 
fresh before use. 

5.4 Hydrochloric acid (12N) ; distill re- 
agent-grade concentrated HCl, collecting only 
the middle one-t.hird portjon of distillate. 

5.5 Hydrochloric acid (3N) ; dilute 25 ml 
of the redistilled 12N HCl to 100 ml with 
distilled-demineralized water. 

5.6 Indium sulfate solution (1 mg In per 
ml) ; dissolve 1.209 g In,@ in 40 ml concen- 
trated H,SO,, heating until solution is com- 
plete. Dilute to 1 liter with distilled-demineral- 
ized water. 

5.7 Stannous chloride solution (1 mg Sn 
per ml) ; dissolve 0.3802 g SnC1,*2H,O in 4 ml 
concentrated HCl and dilute to 200 ml with 
distilled-demineralized water. Prepare fresh 
before use. 

5.8 Stock solutions containing elements to 
be determined (standard solutions are made 
from these stock solutions) : 

Stock solution A, containing As, Bi, Cd, 
Cu, Pb, MO. 

Stock solution B, containing Sb. 
Stock solution C, containing Al, Be, Cr, 

Co, Fe, Mn, Ni, Ag, Zn, Zr. 
Stock solution D, containing Ti, La, Y, 

y-h 
Detailed instructions for preparing stock 

solutions and standards are given in the section 

“Stock and standard solutions for thioaceta- 
mide method.” 

5.9 Thioacetamide solution (2 percent, 
weight to volume) ; dissolve 2 g CH,CSNH, 
in distilled-demineralized water and dilute to 
100 ml. Stir or expose the solution mixture to 
ultrasonic agitation until dissolved. Ignore any 
small amount of insoluble white residue which 
may appear. 

5.10 Wash solution 1 (acid precipitation) ; 
dissolve 80 mg thioacetamide in distilled-de- 
mineralized water and dilute to 1 liter. Adjust 
the pH to 0.75 with 3N HCl. 

5.11 Wash solution 2 (ammoniacal precipi- 
tation) ; dissolve 0.5 g ammonium sulfite and 
2 g thioacetamide in distilled-demineralized 
water and dilute to 1 liter. Adjust the pH to 
8.0 with 1iV ammonium hydroxide. 

6. Procedure 

Collect, a sufficient volume of representative 
sample according to the procedure in the sec- 
tion “Sampling.” 

6.1 Transfer measured volumes (table 8) 
of the samples into 400-ml beakers. Prepare 

Table E.-Volume of sample used according to specific 
conductance of sample 

Volume 
(ml) 

Specific conductance 
(pmhoe per cm) 

1,000 -----------------_-_ <2,ooo 
500 _______________ ----_ 2,000-5,000 
500 and 100 1 --___-_--- 5,000-10,000 
100 and lOI ----__----- >lO,ooo 

‘A water high In dissolved solids is usually hlgh In come 
elements and low in others; then, two separate altquots 
must be analyzed. 

one aliquot each for the acid-sulfide and the 
ammoniacal-sulfide precipitations. 

6.2 Add 2-5 ml HCl to keep salts from 
forming. Evaporate the acid-sulfide aliquots 
in 400-ml beakers to loo-ml volume. Waters 
containing more than 5,000 mg/l dissolved 
solids may require more HCl. Dilute aliquots 
of less than 100 ml to 100 ml. 

6.2.1 Pipet loo-ml aliquots of standards 
made from stock solutions A and B into 400-ml 
beakers. This gives standards of 500, 232, 108, 
50, 23, 11, 5, 2.3, 1.1, 0.5, 0.23, and 0.1 ~11. 
Standards made from stock solutions A and 
B may be combined in the same beaker if they 
contain the same micrograms per liter. Evapo- 
ration is not necessary. Treat standards and 
samples alike from this point on. 
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6.2.2 Add 3 ml ammonium chloropalladite 
solution and 30 ml stannous chloride solution. 

6.2.3 Adjust the pH to 0.75 with 3N HCl 
and add 20 ml thioacetamide solution. 

6.2.4 Cover beaker with a watch glass and 
heat the sample to just below the boiling point. 
Cool and allow to stand overnight at room 
temperature. 

6.2.5 Filter the solution through a fine filter 
paper (Whatman No. 42, or equivalent). Wash 
the precipitate several times, using the acid- 
thioacetamide wash solution 1. Discard the 
filtrate and washings. 

6.2.6 Place the paper and precipitate in an 
uncovered porcelain crucible and ash in an 
oxidizing atmosphere at 450°C. Store ashed 
precipitates in a desiccator. Thoroughly grind 
and mix the cool, dry precipitate with an equal 
weight of spectrographic-grade powdered 
graphite in an agate mortar. Store in glass 
vials and keep in a desiccator. 

6.2.7 Weigh a 24-mg portion of the sample- 
graphite mixture and tamp firmly with a glass 
rod into the cavity of a graphite electrode. 
(See section “Ultraviolet region,” item 5.2.) 

6.3 Evaporate the ammoniacal sulfide ali- 
quots in 400-ml beakers to loo-ml volume. Add 
2-5 ml HCl to keep salt,s from forming. Waters 
over 5,000 mg/l dissolved solids may require 
more HCl. Dilute aliquots of less than loo-ml 
to loo-ml volume. 

6.3.1 Pipet loo-ml aliquots of standards 
made from stock solutions C and D into 400- 
ml beakers. This gives standards of 500, 232, 
108, 50, 23, 11, 5, 2.3, 1.1, 0.5, 0.23, and 0.1 
pg/l. Standards made from stock solutions C 
and D may be combined in the same beaker if 
they contain the same micrograms per liter. 
Evaporation is not necessary. Treat standards 
and samples alike from this point on. 

6.3.2 Add 3 ml ammonium chloropalladite 
solution and 30 ml indium sulfate solution. 

6.3.3 Adjust the pH to 7.0-7.2 with 1N 
NH,OH and add 20 ml ammonium sulfit,e 
solution. 

6.3.4 Add 20 ml thioacetamide solution, ad- 
just t,he pH to 8.0 with 1N ammonium hydrox- 
ide and allow sample to stand overnight at 
room temperature. 

6.3.5 Filter the solution through a fine filter 

paper (Whatman No. 42, or equivalent). Wash 
the precipitate with several portions of wash 
solution 2, the ammoniacal-thioacetamide solu- 
tion containing a small amount of ammonium 
sulIite. 

6.3.6 Place the paper and precipitate in 
an uncovered porcelain crucible and ash in an 
oxidizing atmosphere at 450°C. Store ashed 
precipitates in a desiccator. Thoroughly grind 
and mix the cool, dry precipita.te with an 
equal weight of spectrographic-grade powd- 
ered graphite in an agate mortaz. Store in 
glass vials and keep in a desiccator. 

6.3.7 Weigh a 24-mg portion of the sample- 
graphite mixture prepared in item 6.3.6 and 
tamp firmly with a glass rod into the cavity 
of a graphite electrode. (See section “Ultra- 
violet region,” item 5.2.) 

6.4. Use the same exposure conditions in 
the spectrographic procedure described in the 
section “Ultraviolet region,” item 8 (Residue 
method), except for using a maximum of 8 
amperes for excitation. 

6.5 Use the same procedure for photo- 
graphic processing described in the section 
“Ultraviolet region,” item 9. 

6.6 Measure with a microphotometer the 
percent transmittances of the analytical lines 
and their corresponding internal-standard 
lines. 

6.7 Precautions: 

6.7.1 Take extreme care to prevent contami- 
nation of standards or samples. Thoroughly 
clean all glassware with hydrochloric or nitric 
acid, then detergent, and finally demineralized 
water. Do not use chromic acid, because enough 
of this acid can remain on the glassware to 
cause contamination. Dry glass equipment on 
a pegboard with plastic pegs or on plastic 
film spread over a sheet of clear or white 
plastic. Avoid colored plastics, for they may 
cont,ain trace metals. Plastic-coated spatulas 
are preferred to metal ones. Use wooden in- 
stead of metal filter racks. Store reagents and 
standards in plastic bottles. 

6.7.2 A porcelain plate held above the sam- 
ples by porcelain crucibles prevents particles 
of muffle lining from falling into samples be- 
ing ashed. 
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l 6.7.3 If the dissolved-solids concentration 
of the sample exceeds 5,000 mg/l, omit the 
preconcentration by evaporation for the am- 
moniacal precipitations. Waters with dissolved 
solids of this magnitude require considerable 
hydrochloric acid to keep salts from forming 
during evaporation. More than the usual 
amount of ammonium hydroxide is required 
to adjust the pH to 8.0. Finally, the saturation 
point of the water is exceeded, and solid salts 
form. These salts are hard to dissolve during 
washing of the precipitate and will dilute the 
minor elements below limits of detection. 

6.7.4 Use 2 or 3 filter funnels and papers 
to filter the precipitates obtained from water 
with dissolved solids above 5,000 mg/l. Wash- 
ing the precipitates then removes most of the 
occluded filtrate which otherwise would dry to 
salts during the ashing process and thus dilute 
the minor elements below limits of detection. 

6.7.5 Nitric acid is sometimes used to keep 
dissolved solids in solution or to oxidize excess 
organic material in a water sample. To remove 
nitric acid, evaporate the sample with no more 
than 10 ml sulfuric acid to sulfuric fumes, cool, 
add 10 ml distilled-demineralized water, and 
boil for a few minutes. 

6.7.6 Hydrochloric acid is probably best for 
keeping dissolved solids in solution if the thio- 
acetamide-precipitation method is to be used. 
Nitric acid in the samples would tend to de- 
compose some of the sulfide precipitate. 

7. Computations 

IJse same procedure as in the section “Ultra- 
violet region.” 

8. Report 

Report elements below 10 ,g/l to one sig- 
nificant figure ; for elements 10 pg/l and high- 
er, report results to two significant figures. 

9. Precision 

Precision data are not available. 

Complexometric method 
Precipitation of microgram amounts of 

minor elements with complexing reagents is 
faster than the thioacetamide method, because 
only one precipitation per sample is necessary. 

The three complexing reagents used, however, 
often contain traces of the elements for which 
the waters are being analyzed. Purification of 
these reagents is, therefore, necessary if accu- 
rate determinations are desired below 10 pgfl. 
This method is a modification of the one de- 
scribed by Silvey and Brennan (1962). 

1. Summary 

In this procedure, the complexing reagents 
Chydroxyquinoline, tannic acid, and thiona- 
lide are used to concentrate traces of alumi- 
num, arsenic, antimony, bismuth, cadmium, 
chromium, cobalt, copper, iron, lead, molybde- 
num, nickel, silver, titanium, vanadium, ytter- 
bium, zinc, and zirconium. Indium is added as 
a co-precipitant and spectrographic buffer ; 
palladium is added as an internal standard. 

2. Application 

The complexing reagents can be used to 
analyze the same types of waters described in 
the section “Precipitation method-thioaceta- 
mide,” item 2. 

When the complexing reagents were not 
purified the elements given in table 9 were 
quantitatively precipitated. The determinable 

Table 9.-Elements completely precipitated- 
complexometric method 

Concentration 
Anal$t)cal line range 

ha/l) 

Arsenic ___________________ 2,780.20 
Antimony _________________ 2,598.06 
Bismuth ___- __________ -___ 3,067.72 
Cadmium _-_-___- _____ -___ 3,261.06 
Cobalt ________---_----_--_ 3,453.50 
Molybdenum __ ___ __-_____ _ 3J70.35 

3,208.83 
Silver - ___________________ 3,382.89 
Titanium _--- ___________-_ 3,241.99 
Zinc ---__----___________-- 3,345.02 
Zirconium ---_--- _________ 3,391.98 

50-500 
lO.S-500 

1.1-23 
1.1-500 

1.1-23 
Z-23 

2.3-108 
.2-10.8 
1.1-108 

lO.f&500 
Z-108 

concentration ranges and the analytical lines 
used are also shown. 

Elements given in table 10 were nearly com- 
Table IO.-Elements nearly completely precipitated- 

complexometric method 

ConcentrBtlon 

Element 
Anal$i;al llne 

Aluminum ---_-- _____ - ____ 2,660.39 
Chromium --- ___________-_ 3,021.56 
Comer - -___ - _____________ 2.618.37 

range 
(/a/l) 

10.8-500 
1.1-108 
23-500 

I& _____----____-____-___ 2;723.58 5-500 
Lead -___---- ____ -__-_-___ 2,833.07 2.3-108 
Nickel - ____ - ____- - ________ 3,414.77 10.8-50 
Vanadium -- _____ - ____ -___ 3,102.30 1.1-50 
Ytterbium -_-_---------__- 3,289.85 1.1-23 
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pletely precipitated under the conditions speci- 
fied. Precipitations were sufficiently reproduci- 
ble, and reliable comparisons could be made 
between samples and standards. 

Precipitations for beryllium, lanthanum, 
manganese, and yttrium were found to be too 
erratic or incomplete for accurate determina- 
tions. 

Silvey and Brennan (1962) used the com- 
plexometric procedure for gallium and ger- 
manium determinations. 

3. Interferences 

Interferences are t,he same as those described 
in t,he section “Precipitation method-thioacet- 
amide,” item 3. 

4. Apparatus 

The apparatus needed is the same for both 
t’he complexometric and thioacetamide methods. 

5. Reagents 

Purification of complexometric reagents is 
discussed in the section “Stock and standard 
solutions for complexometric method.” 

5.1 Acetic acid (17N) ; redistill reagent- 
grade acetic acid. 4N solution: dilute 100 ml 
17N to 400 ml. 

5.2 Ammonium acetat,e solution (2N) ; mix 

1 liter 4h7 NH,OH with 1 liter 4iV acetic acid 
solution. 

5.3 Ammonium chloropalladite solution, in- 
ternal standard (0.1 mg Pd per ml) ; dissolve 
133.6 mg ammonium chloropalladite in 450 ml 
distilled-demineralized water acidified with 5 
ml concentrated H,SO,. Dilute to 500 ml. Di- 
lute this solution 1 :l before use. 

5.4 Ammonium hydroxide solution (4iV) ; 
dissolve 137 g ammonia gas in 2 liters distilled- 
demineralized water. 

5.5 B-hydroxyquinoline solution (5 percent, 
weight to volume) ; dissolve 25 g B-hydroxy- 
quinoline in 59 ml 17N acetic acid and dilute 
to 500 ml. 

5.6 Hydrochloric acid (12N) ; distill re- 
agent-grade concentrated HCl, collecting only 
the middle one-third portion of distillate. 

5.7 Indium sulfat,e solution (1 mg In per 
ml) ; dissolve 1.209 g InzOs in 40 ml concen- 
trated H,SO,, heating until solution is com- 
plete. Dilute to 1 liter with distilled-demineral- 
ized water. 

5.8 Stock solutions containing elements to 
be determined (standard solutions are made 
from these stock solutions) : 

Stock solution A, containing As, Bi, Cd, 
Cu, Pb, MO, V. 

Stock solution B, containing Sb. 
Stock solution C, containing Al, Cr, Co, 

Fe, Ni, Ag, Zn, Zr. 
Stock solution D, containing Ti and Yb. 

Detailed instructions for preparing stock so- 
lutions and standards are given in the section 
“Stock and standard solutions for complexo- 
metric method.” 

5.9 Tannic acid solution (10 percent, weight 
to volume) ; dissolve and dilute to volume with 
2N ammonium acetate. Make a fresh solution 
for each set, of samples. 

5.10 Thioanlidel solution (1 percent, weight 
to volume) ; dissolve and dilute to volume with 
17iV acetic acid. Make a fresh solution for 
each set of samples. 

5.11 Wash solution (0.05 percent) ; dilute 
100 ml B-hydroxyquinoline solution to 1 liter 
with distilled-demineralized water. Adjust to 
pH 5.2 with 2iV ammonium acetate. 

6. Procedure 
Collect a sufficient volume of representative 

sample according to the procedure in the sec- 
tion “Sampling.” 

6.1 Transfer measured volumes (table 8) 
of the samples into 400-ml beakers. Only 1 
aliquot per sample is needed. 

6.2 Add 2-5 ml HCl to keep salts from 
forming. Evaporate the aliquots in 400-ml 
beakers to loo-ml volume. Waters containing 
more than 5,000 mg/l dissolved solids may re- 
quire more HCI. Dilute aliquots of less than 
100 ml to 100 ml. 

6.3 Pipet loo-ml aliquots of standards 
made from stock solutions into 400-ml beakers. 
This gives standards of 500, 232, 3.08, 50, 23, 5, 
2.3, 1.1, 0.5, 0.23, and 0.11 e/I. Evaporation 
is not necessary. Treat standards and samples 
alike from this point on. Standards of the same 
values (pg/l) made from stock solutions A and 
B may be combined. Standards of the same 
values made from stock solutions C and D 
may, likewise, be combined. 

1 Thio-glpcollle-fl-amino-naphthalide. 
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6.3.1 Add 3 ml ammonium chloropalladite 
solution and 30 ml indium sulfate solution. 

6.3.2 Add 10 ml %hydroxyquinoline solu- 
tion; adjust the pH to 1.8 with 4N NH,OH 
(use a pH meter). If large amounts of iron 
are present, the solution will turn green at this 
point. 

6.3.3 Add 45 ml 2N ammonium acetate so- 
lution, 2 ml tannic acid solution, and 2 ml 
thionalide solution. 

6.3.4 Adjust the pH to 5.2 with 4N 
NH,OH. An exact pH is important, so a pH 
meter should be used. 

6.3.5 Let the sample sit overnight for com- 
plete precipitation. 

6.3.6 Filter through a fine filter paper 
(What,man No. 42, or equivalent). Wash thor- 
oughly lo-12 times with the wash solution. 

6.3.7 Place paper and precipitate in a por- 
celain crucible and ash off overnight at 450°C. 
A fluffy, golden-yellow precipitate is obtained. 
Store ashed precipitates in a desiccator. 

6.3.8 Thoroughly grind and mix the cool, 
dry precipitate with an equal weight of spec- 
trographic-grade powdered graphite in an 
agate mortar. Store in glass vials and keep in 
a desiccator. 

6.3.9 Weigh a 24-mg portion of the sample- 
graphite mixt,ure and tamp firmly w&h a glass 
rod into the cavit,y of a graphite electrode. 
(See section “Ultraviolet region,” item 5.2). 

6.4 IJse the same exposure conditions in the 
spect,rographic procedure described in the sec- 
tion “IJltraviolet region,” item 8, except for 
using a maximum of 8 amperes for excitation. 

6.5 IJse the same procedure for photo- 
graphic processing described in the section 
“IJltraviolet region,” item 9. 

6.6 Measure with a microphotometer the 
percent transmitt,ances of the analytical lines 
and their corresponding internal-standard 
lines. 

6.7 Precautions: 
Precautions are the same as those described 

for the thioacetamide method. (See section 
“Precipitation method-thioacetamide,” item 
6.7.) 

7. Computations 

Computations are the same as those described 
in the section “Ultraviolet region,” item 7. 

8. Report 

Report elements below 10 pg/l to one signifi- 
cant figure; for elements lO,.& and higher, 
report results to two significant figures. 

9. Precision 

Silvey and Brennan (1962)) using synthetic 
samples, reported standard deviations for their 
method as shown in ,table 11. Precision data 
for t,his modification of their method are not 
yet available. 

Table 1 I.-Standard deviations of synthetic samples 
[After Silvey and Brennan, (1962)I 

Standard 
Element 

Anal$al line Number of deviation 
determinations (oercent) 

Aluminum --_- ____ 2,652.49 
Bismuth ____ - ___-_ 3,067.72 
Cadium ---__-___- 2,980X3 
Chromium -- ______ 2,780.70 
Cobalt -__-- _____ - 3,409X3 
Copper -__---- ____ 2,824.37 
Gallium ----_-___- 2,450.07 
Germaninm __----- 2,651.68 
Iron -__--___-__-_ 2,823.28 
Lead -__--___---__ 2,833.07 
Molybdenum -___- 3,208.83 
Nickel _--___- ____ 3,414.76 
Titanium -_-_- ____ 3,239.04 
Vanadium -__--___ 3,110.71 
Zinc ----_--- ___-_ 3,345.02 

22 
8 

18 
18 
20 
22 
18 

z 
20 
16 
20 
22 
22 
14 

zk3.9 
22.6 
-c4.1 
22.6 
+2.0 
+5.3 
27.5 
22.6 
k1.0 
23.0 
f1.4 
22.0 
21.4 
22.8 
25.8 

Average --__-___---__-__----_________ 23.3 

Standards preparation for residue 
method-ultraviolet region 

1. Prepare a standards matrix in the fol- 
lowing proportions : Weigh. 10 g graphite 
powder into a plastic mixing jar of lOO-ml 
capacity. Shake to coat inside of jar. Pulverize, 
weigh, and add the following compounds: 

CaC03 _____----_---____---__________ 4.662 g 
iMgS0, _-_----__-______-____________ 2.325 
NaCl --________-___--_______________ 1.828 
KC1 --_______---______-_____________ .356 
SiO9 ___--____---____________________ .829 

Total ___-_-_------__---__---- 10.000 g 
Graphite powder __--_-----__________ 10.000 

Grand total ----- _____ --- ____ -- 20.006 g 
Put, in four or five $&inch-diameter plastic 
balls and mix t,horoughly in mixer mill. (This 
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is the matrix used in making all steps of the 
standard series. More than this will be needed 
and may be made up in one batch if large 
mixing equipment is available. 

2. For l-percent Al, Fe, Mn, and Zn (5,000 
md Y2 

25 mg Al +(25X1.88946) mg AllOa = 47.24 mg 
25 mg Fe + (25X1.42973) mg Fe203 = 35.74 
25 mg Mn+ (25X1.38831) mg M&O, = 34.71 
25 mg Zn+ (25X1.24476) mg ZnO = 31.12 

Total _-___-_--------___-______ 148.81 mg 
Graphite powder ----- _______________ 148.81 
Matrix prepared in step 1 -----------4,702.38 

Grand total ------------..-----5,OOO.OO mg 
NOTE.--Pulverize individual ingredients before 

weighing and weigh them in the following order: 
First, weight the graphite powder into a plastic 
mising jar of lOO-ml capacity. Shake to coat inside 
of jar. Weigh matrix next and add to jar. Weigh 
pulverized oxides last. Mix in mixer mill using four 
or five %-inch-diameter plastic balls. 

3. Dilution of l-percent Al, Fe, Mn, and 
Zn to 0.464 and 0.215 percent. For 0.464-per- 
cent Al, Fe, Mn, and Zn, take 2.3208 g l-per- 
cent standard and 2.6792 g of above matrix. 
For 0.215-percent, take 2.3208 g of 0.464-per- 
cent st,andard and 2.6792 g of above matrix. 

The total amount made of each concentra- 
tion is 5 g. The fraction of the elements in the 
new step is 0.464 (or 2.320/5, or 112.154) of 
that present in the previous step. It will be 
noted that the unused portion of each step is 
5.00-2.32 or 2.68 g, enough to charge more 
than 100 electrodes. 

4. Introduction of Ba, Sr, B, and Cu at 
the O.l-percent step: First, prepare a mixture 
containing these elements at l-percent concen- 
tration as 

10 mg Ba+ (10x1.43694) mg BaCOI= 14.37 mg 
10 mg Sr+ (10X1.68489) mg SrCOp = 16.85 
10 mg B + (10X5.71946) mg HIBOI= 57.19 
10 mg Cu+ (10X1.25181) mg CuO = 12.52 

Total -_---_-_------__-------- 100.93 mg 
Graphite powder __---___------------ 100.93 
Matrix prepared in step 1 -----------1,798.14 

Grand total ____ ---- ____ ------2,OOO.OO mg 
Weigh graphite powder into mixing vial of 
appropriate size. Shake vial. Weigh matrix 
into vial. Pulverize in an agate mortar the in- 

s The graphite powder is not taken into consideration 
when computing percentages, because the samples and 
standards contain identical (1 :l) proportions of this 
material. 

dividual element compounds above before 
weighing, weigh into vial, and mix thoroughly 
in mixer mill. 

5. For O.l-percent Al, Fe, Mn,, Zn, Ba, Sr, 
B, and Cu, take 2.3208 g 0.215-percent Al, Fe, 
Mn, and Zn standard ; 0.5000 g l.O-percent Ba, 
Sr, B, and Cu mixture; and 2.1792 g matrix 
prepared in step 1 (5.0000 g total). 

6. For 0.0464 and 0.0215 percent of these 
eight, elements, take 2.3208 g 0.l and 0.0464 
percent, respectively, and 2.6792 g matrix pre- 
pared in step 1. 

7. Introduction of 15 addition elements at 
the O.Ol-percent step. First, prepare a mixture 
containing these elements at 1.0.percent con- 
centration as 

10 mg Be+ (10X2.77530) mg Be0 = 27.75 mg 
10 mg Bi + (10X1.11484) mg BL03 = 11.15 
10 mg Cd+ (10)<1.14235) mg Cd0 = 11.42 
10 mg Cr + (10)(1.46151) mg Cr203 = 14.62 
10 mg Co + (10X1.36197) mg Co,O, = 13.62 
10 mg Ga-, (10X1.34423) mg GazOI = 13.34 
10 mg Ge + (10X1.44083) mg GeOl = 14.41 
10 mg Pb + (10X1.07723) mg PbO = 10.77 
10 mg Mo+ (10X1.50031) mg MoOI = 15.00 
10 mg Ni + (10X1.27254) mg NiO = 12.73 
10 mg -4g+ (10X1.07416) mg AgzO = 10.74 
10 mg Sn + (10X1.26961) mg SnOz = 12.70 
10 mg Ti + (10~1.66806) mg TiO, = 16.68 
10 mg V + (10)<1.78518) mg VzOs = 17.85 
10 mg Zr + (10)<1.35080) mg ZrOI = 13.51 

Total -___---___-_--------____ 216.29 mg 
Graphite powder ______ -__---___---- 216.29 
Matrix prepared in step 1 ----------1,567.42 

Grand total -- ____ ------------2,OOO.OO mg 
Pulverize before weighing and mix in mixer 
mill. Dilute the above mixture t.o 0.1 percent 
by taking 200 mg of the above mixture and 
1,800 mg matrix prepared in step 1. 

To make t,he standard containing 0.01 per- 
cent of each of the 23 elements, take 2.3208 g 
0.0215-percent eight-element standard, 0.5000 g 
O.l-percent 15-element standard (above), and 
2.1792 g matrix prepared in step 1. 

8. For concentrations 0.00464 through 
0.0000464, proceed as in step 6. 

9. Flow diagram to aid in preparing this 
series of standards (fig. 3). 

Standards preparation for residue 
method-infrared region 

Prepare a matrix as in the previous discus- 
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1 percent Al, Fe, Mn, Zn 

J 

I 0215 percent Al, Fe, Mn, Zn I I I 0.1 percent these 15 elements I 

1 0.04648yc~hese j 

0.0215 percent these 
8 elements 

0.01 percent 23 elements 1 

Figure 3.-Flow diagram for preparation of standards. 

sion for the ultraviolet region. Then prepare 
a mixture containing 1 percent of cesium, lith- 
ium, and rubidium in this matrix by weighing 
the quantities of materials listed as follows: 

Matrix ______-_--_--__ -_- 2,405.30 mg 
CsSOa (25)(1.22576=‘) -_- 30.64 
LtC03 (25X1.14749=) -__ 28.69 
RbCI (25X1.41477=) _____ 35.37 

Total _----_---__- .-_-- 2,300.W my 

To this, add 2,500 mg sodium carbonate3 and 
mix thoroughly. 

3 The sodium carbonate is not taken into consideration 
when computing percentages, because the samples and stand- 
ard contain identical (1 :l) portions of this material. 

To prepare a O.l-percent standard, mix to- 
gether 0.5 g of the mixture just prepared, 2.25 
g matrix, and 2.25 g sodium carbonate. 

To prepare a 0.0464-percent standard, mix 
together 2.3208 g O.l-percent standard, 1.3396 g 
matrix, and 1.3396 g sodium carbonate. 

Repeat until 0.0001 percent is reached. 

Stock and standard solutions 
for thioacetamide method 

Four separat,e stock solutions are necessary 
to provide stable elemental mixtures used to 
make standard solutions. The components of 
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each of these stock solutions are given in table 
12. Compounds used in stock solutions must be 

Table 12.-Stock solutions for thioacetomide method 
[Stock solutions require 50 mg/l of each element given] 

Stock 
solntion 

Element Co;mmd ryi$> (Uses?%ntHCl ; 
36N H&011 

B 

C _----__- Al 

:r” 

E 

Ian 

BizOa 
Cd0 

“,% 
MOOS 
KSbOC4H4 

Oe* ‘h Ha0 
Alz(SO& 
Be0 

i!%ZO 
Fe.01 

Mm01 

NiO 
i%%? 
Zr(SO4)n 

- 
66.02 10 ml HCl (warm 

55.74 1o”12~cl. 
57.12 10 ml HCl. 
62.59 10 ml HCl 
53.86 15 ml HCl 
75.02 15 ml HCI. 

137.14 HaO. 

Hz-O. 
7 ml HaSO4. 
HaO. 
12 ml HzSOr. 
5 ml HCl for solvent, 

gegoFrne In 5 ml 

5 ml*HCl for solvent, 
then fume in 5 ml 
H&04. 

63.63 12 ml H&04. 
53.71 5 ml HzSOb. 
62.24 5 ml HPSOI. 

194.81 5 ml H&04. 
.‘4Hni) 

D ________ Tt (N(I$&)siO 306.93 HsO. 
I P 

*Ha0 
Ia 58.64 3 ml H&04. 
Y i”o: 63.50 10 ml HISOL 
Yb Y2bzOs 56.94 10 ml H&O&. 

1 Use a microburet to measure 3.175 ml of 10 percent spec- 
trographic-pure solutlon. 

of known high purity or the absence of harm- 
ful impurities otherwise confirmed. The com- 
pounds are dissolved separately, mixed to- 
gether, and diluted to exactly 1 liter with dis- 
tilled-demineralized water. 

Stock solutions A and B contain those ele- 
ments whose sulfides are precipitated from 
strongly acid solution. The oxides of all these 
elements except antimony are readily soluble 
in hydrochloric acid. Antimony must be pre- 
pared as a separate stock solution because of 
its tendency to hydrolyze and precipitate as a 
basic chloride in dilute hydrochloric acid SO- 

lution. This stock solution is stable for at least 
30 days. 

Stock solutions C and D contain those ele- 
ments whose sulfides or hydroxides are precipi- 
tated from neutral or slightly ammoniacal so- 
lution. Use either the high-purity oxide or sul- 
fate of each element, except for chromium, 
where a dichromate salt is satisfactory, and 
titanium, where the most convenient compound 
is ammonium titanyl oxalate. This titanium 
stock solution is stable for at least 30 days. 

Prepare a series of standard solutions de- 
creasing in concentration by logarithmic steps. 

1 (a). Dilute 100 ml stock solution A to 1 

liter with water. This gives a standard con- 
taining 5,000 l/g/l of each element. 

(b) . Dilute 200 ml of the 5,000 pg/l stand- 
ard with 229 ml water and 1 ml hydrochloric 
acid. This gives a standard of 2,325 g/l. 

(c). Dilute 200 ml of the 2,325 ,ug/l stand- 
ard with 229 ml water and 1 ml hydrochloric 
acid to make a standard of 1,081 pg/l. 

(d) . Continue the dilutions as above so 
t.hat standards of 503, 233, 108, 50, 23, 11, 5, 
2.3, and 1.1 pgll are obtained. Elach standard 
solution contains 46.5 percent of the elements 
found in the next higher standard. 

2. Dilute standards made from stock solu- 
tion B the same as in step 1 except use 230 ml 
water. No acid is necessary. 

3. Dilute standards made from stock solu- 
tions C and D the same as in step 1 except use 
1 ml sulfuric acid instead of 1 mll hydrochloric 
acid. 

Stock and standard solutions 
for complexometric imethod 

The four separate stock solutions needed for 
the complexomet,ric method are much like those 
used in the thioacetamide method except that 
vanadium is added to stock solution A, beryl- 
lium and manganese are omitted from stock 
solution C, and lanthanum and yttrium are 
omitted from stock solution D. The amounts 
of elements and the solvents useId for A, B, C, 
and D are given in table 13. 

Table 13.-Stock solutions for complexometric method 
[Stock solutions require 50’mg/l of each element given] 

Weight n 
I+,.“tr lmnmn.., I--nm...-...nA mn..‘ml IT‘ solvent 
YlYCP YlCily.z‘l, ~“Y~p”“‘sY ‘Cc#,.L’CY , Jse 12N HCl : 

solution used (w/l) 36N HISO&) 
A--------.As AsaOs 66.02 lClfixnnV~Cl (warm - 

tJf zl% 
10”LiJriicl. 
10 ml HCl. 

F:: 2,” 
1 10 ml HCl. 
i 15 ml HCl. 

MO MOOS I 15 mlHC1. 
B--------.:b ale:% T4 ) EiHC1* 

C---------AI 
El 

A1&~o 1 
KL!rzO? 
ChOI 

Fe Fez08 

4&b RR%: 
6S.10 12 ml HAO.. 
71.49 5 ml HCl for solvent, 

ghesnofume in 5 ml 

63.63 112 nil H1;SO.. 
53.71 5 ml HzSOd. 
62.24 5 ml H&OI. 
94.81 5 ml HPSOI. 

Ni NiO 

2 k% 
Zr Zr$X&a 1 

De-------. Tl (NH&T10 306.93 BhO. 
$2&), 

Yb YbtOs 56.94 10 ml H&n, I__. - 
1 Use a microburet to measure 3.175 ml of 10 percent spec- 

trographic-pure solutlon. 
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Prepare a series of standard solutions de- 
creasing in concentration by logarithmic steps 
as described in the previous discussion for the 
thioacetamide method. 

Purification of chelating reagents.-Farqu- 
har, Hill, and English (1966) passed a dis- 
tilled-demineralized water solution of tannic 
acid through a cation-exchange resin column 
to remove trace elements. They purified 8-hy- 
droxyquinoline with two dry distillations. 

Dissolve thionalide in redistilled acetic acid 
and then recrystallize it by letting part of the 
acetic acid evaporate at room temperature. 

Two-step method 

of emulsion calibration 

Manual method 
It is not necessary to convert transmittance 

values to densities or Seidel-function values if 
the following procedure is used. Take loga- 
rithmic paper with a two-cycle ordinate and 
a three-cycle abscissa. Plot the percentage 
transmittance of the weak step of each line, 
as ordinate, against the percentage transmit- 
tance of its corresponding strong step, as ab- 
scissa. Draw the best curve, called the prelimi- 

2 3 4 5 6 78910 20 30 40 50 60 708090100 200 
PERCENTAGE TRANSMITTANCE OF STRONG LINE (PRELIMINARY CURVE) 

RELATIVE INTENSITY (CALIBRATION CURVE) 

Figure 4.-Emulsion calibration CUWBL. 
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nary calibration curve, through these points 
(fig. 4). Prepare a table similar to table 14. 

Table 14.-Points for preparing calibration curve 

Percentage 
Point RI transmittance 

1 _--__________------_-~~~ 1 
2 __________________~_____ 1.8 iz 
3 ____-_-__---____________ 3.3 
4 -_-_______-______-______ 6.0 ii 
5 _--___-__-______________ 10.9 37 
6 __-______---_--_________ 19.9 20 
7 ----~~~~~-~~~---~-I---~~ 36 10.2 
8 ----_________----------- 66 5.2 
9 ----_____---_----------- 119 2.55 

10 --_-_________-------____ 217 1.2 

The first column assigns a number to the 
points to be plotted to construct the final cali- 
bration curve. To point 1 assign an arbitrary 
relative intensity (RI) of 1. To assign a RI 
to point 2 multiply the RI of point 1 by the 
transmittance ratio of the step filter (in this 
example, 100 percent/55 percent or 1.818). 
Multiply each RI thus obtained by this ratio 
to obtain the RI of the next point. To obtain 
the values in the column titled “percentage 
transmittance” assign a value in the best micro- 
photometer range to one of the points of 
medium intensity, such as 20 percent, to point 
6. Consider this the percentage transmittance 
of the weak line and from the preliminary cali- 
bration curve determine the percentage trans- 
mittance of the strong line (10.2 percent). 
Enter this as the percentage transmittance of 
point 7. Now consider this as the percentage 
transmittance of the weak line on the prelimi- 
nary curve and determine the percentage trans- 
mittance of the strong line (5.2 percent). Con- 
tinue this process to point 10. Go back to the 
assigned value of 20 percent for the transmit- 
tance for point 6 and now treat this value as 
the percentage t,ransmittance of the strong line 
of the preliminary curve. The corresponding 
percentage transmittance of the weak line will 
be found to be 37. Enter this in the third col- 
umn for point, 5. Continue the procedure as 
before until the percentage transmittance for 
point 1 has been found. 

Plot the pairs of values in the table on 2 by 
3-cycle logarithmic paper. The ordinate (2- 
cycle) is the percentage transmittance and the 
abscissa (3-cycle) is the RI. Draw the best 
curve through the points. This calibration 

curve is used to convert percent transmittance 
values to relative intensities. 

Computer method 
A computer program written in Fortran IV 

for use on the IBM 360 is ordinarily used in- 
stead of the manual method of plate calibra- 
tion. The percentage transmittances of the 
weak and strong lines are converted into 
Seidel-function values (A) by means of the 
equation 

The equation of the regression line for th.ese 
pairs of values is determined, and t,he coeffi- 
cients are printed in the output. ‘To establish 
the final calibration, the computer transforms 
coordinate pairs of weak-line-strong-line Sei- 
de1 values from the preliminary c.urve to cor- 
responding pairs, of Seidel value-relative- 
intensity values in a manner similar to the 
previously discussed manual procedure. The 
quadratic equation of the curve through these 
points is determined, and the three coefficients 
are printed as output. 

Computer program 

The computer program used for processing 
densitometric data from spectrographic plates 
is given in table 15. The language is Fortran 
IV. 

The variables used in the program are de- 
fined in the table ; however, those defined by 
the program or by convention are not included. 
For convenience in reducing the number of 
variables some of them are used in portions of 
the program as variables not fitting the defini- 
tions. 

The first phase of the program (program 
cards numbered A 310 through A 890) deals 
with plate calibration. The den&tometer read- 
ings for the weak-step and strong-step halves 
of selected lines from the iron spectrum are 
transformed into Seidel-funct.ion values (cards 
A 390 and A 400) by the transformation 

1100 \ 
A=log\T-11, 
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BL 

X 

Y 
RI 
OPT 

SID 
CONSTD 
SBL 

STLINE 
DBL 

Table 15.~Computer program for processing densitometric data 

Option for furnlshlng or computing coeIliclents DALINE Percentage transmittance (analytical line In 
of emulsion calibration curve. sample). 

Densitometer readings for strong half of Fe CONCF Concentration factor. 
Ilnes. SRIR Ratlo of relative lntenslty of analytical line to 

Densitometer readings for weak half of Fe lines. relative fntenslty of internal-standard line 
Relative intensity. (for standards). 
The Seldel-function values used in wrltlng equn- DRIR Rntlo of relative Intensity of analytical llne to 

tion of emulsion calibration curve. relative intensity of Internal-standard line 
Sample identiflcatlon. (for samples). 
Concentration of element ln standard. RN Replicate number. 
Background readtng (percentage transmittance) SFAC Factor to be applied to background before sub- 

(standard). tractlng from line in standard. 
Percentage transmittance of llne (sample). DFAC Factor to be applied to background before sub- 
Background reading (sample). troctlng from line In sample. 

C 
c 
C 
C 

: 

: 
C 
C 
C 
C 
C 

e 
C 

EMISSION SPECTROSCOPY 00006 

TRANSLATED AN0 ;EVISED FROM B 5500 
EXTENDED ALGOL EM SPEC 00006/USGS 

BY WAYNE C SCHCMBURG 
RE PAUL R BARNETT 

DATE *26 SEPTEMBER 1968 LGEOMET SUBROUTINE ADDED) 
DATE ** 5 JUNE 1969 LWOOIFIED BY BARNETTT 
27 FEB 1970 CALL PUNCH WITH OPTION COOPT LCOL 75 = I T 

CALL GEOMET WITH OPTION GEOPT LCOL 80 = 1) 
PCT DEV OF LAST ELEMENT FROM MEAN 

INTEGER !3L,RN,CARD,CDOPT,GEOPT 
REAL NORMrHEAN 
DIMENSIGN IDtlO), X150). Y(5O)t RI(50). GPT(50). COEFt4)r NORML 

1). EID~50r2lr SID(50.21, CONSTOL501, SRL(50,501, STLINEL5OrSOT, 
2LL50.50). OALINE(50,50j, CONCFLSOTr EXALSO), SRIRL50r501, DRIRL 
350), EXB1501, RN(501, SFACt50,50), DFACL50r50). Gf5%50) 

C 
C 

EXD(X)=lO.+*X 
C 

C 

C 

CARD=5 
LI NE=6 
IPCH=8 

CALL JULOAT (IYR,IHO,IDYl 

110 READ LCAR0,450.END=440T ID,BL,NIAIB.C~CDOPTIGEOPT 
WRITE (LINE.5201 IO,IHO,IOY,IYR 
IF LBL.EP.1) GO TO 190 
REAO LCARD.460) LXIJ),J=lrN) 
READ (CARD.4601 LYLJI,J=l,N) 
SUHX=O. 
SUHY=O. 
00 120 I=l,N 
X~II=ALOG10(100./XII)-1.) 
Y~I~=ALOG10(l00./YII~-l.) 
sUNX=SUHX+Xtl) 

120 SUMY=SUHY+YII) 
XBAR=SUMX/N 
YBAR=SUMY/N 
SUMX=O. 
sunY=o. 
SUMXY=O. 
DO 130 I=l,N 
X1=X(I)-XBAR 
YI=Y (I I-YBAR 
su~x=suux+xI*xI 
SUMXY=SUMXY+XI*YI 

3r4 
1 OR 
50* 

A 10 
A 20 
A 30 
A 40 
A 50 
A 60 
A 70 
A 80 
A 90 
A 100 
A 110 
A 120 
A 130 
A 140 
A 150 
A 160 
A 170 
A 180 
A 190 
A 200 
A 210 
A 220 
A 230 
A 240 
A 250 
A 260 
A,270 
A 280 
A 290 
A 300 
A 310 
A 320 
A 330 
A 340 
A 350 
A 360 
A 370 
A 380 
A 390 
A 400 
A 410 
A 420 
A 430 
A 440 
A 450 
A 460 
A 470 
A 480 
A 490 
A 500 
A 510 
A 520 
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Table lb.-Computer program for processing densitometer data-Continued 

130 SU~Y=SUHY+YI*YI 
XVAR=SUMX/(N-1) 
BI=SUMXY/TN-l)/XVAR 
AI=Y@AR-BI*XBAR 
slMx=o. 
00 140 I=l,N 

140 SUMX=SUHX+(Y(I)-(AI+BI*X(I1))**2 
SE=SCRTTSURX/TN-21) 
WRITE (LINE.530) AI,BI,SE 

C 
C THIS COMPLETES REGRESSION FIT TO PRELIMINARY DATA 
C 
C NOk ESTABLISH RELATIVE INTENSITY CURVE 
C 

R1(51=AL0~10~19.869491 
DO 150 I=lr4 
J=5-I 

150 RI~Jl=RI(J+1l-ALOG10(1.8l8l82I 
DO 160 I=698 

160 RI(II=RILI-ll+ALOGlO(1,818182I 
XI=ALOG1014.0) 
GPT(S)=XI 
DO 170 1=1,4 
J=5-I 
GPTlJl=AI+BI*XI 

170 XI=GPTLJI 
XI+ALOG10(4.0) 
Do 180 I=698 
GPTIIl=tXI-AI)/81 

180 XI=GPTtII 
CALL FoRHEQ (8rGPT,RI,NDRMl 
CALL SINE0 I3,NORH,COEF,C19oI 
A=COEFTll 
B=COEFT2) 
C=CDEF (3) 

190 WRITE (LINE.5401 A,B,C 

PHASE 2 
READ (CARD.4701 NE,NC,NS 
READ (CARD,4801 LEIO(I,lI,EIOTI~2I,I=l,NEI 
DO 200 I=l,NC 
READ (CARD.4901 CONSTDIIl,~SBL~I,JI,SFAC~I,JI,STLINE(IIJI~J=lt8l 
IF TNE.LE.81 Go TO 200 
READ (CARD,5101 (S0L1I~J~,SFACII.J~.STLINE(I~J~.J=9~l6~ 
IF tNE.LE.161 GO TO 200 
READ (CARD,5101 lSBL~I,Jl,SFAC(I,Jl,STLINEOrJ=l7.24l 
IF INE.LE.24) Go TO 200 
READ (CARD,5101 tSBLl11J),SFACII,J~,STLINE(IIJ)1J=25rNE) 

200 CONTINUE 
DO 210 I=l,NC 
IF (S8L~I,ll.E0.01 SBL(I,ll=99.9 
IF LSTLINEL1,ll.EC.O) ST~INE(1,11=20.0 

210 CONTINUE 
DO 220 I=l,NC 
DO 220 J=l,NE 
IF LSBLTI,J).EO.O) GO TO 220 
SBLII,J~=AL~G~~~~~~./SBL~I,JI-~.~ 
STLINElI,Jl=ALOG1011OO./STLINEo-1.) 
SBL(I,J)=EXD(A+B*SBLo*C*SBL(lrJ)*+2) 
STLINE(I,J)=EXD(A+B*STLINE(I,J)+C*STLINE(I,J)**2) 

220 CONTINUE 
DD 260 I=l,NC 
DO 260 J=l,NE 
IF TSTLINE(I,J).EQ.O) GO TO 240 

A 530 
A 540 
A 550 
A 560 
A 570 
A 500 
A 590 
A 600 
A 610 
A 620 
A 630 
A 640 
A 650 
A 660 
A 670 
A 680 
A 690 
A 700 
A 710 
A 720 
A 730 
A 740 
A 750 
A 760 
A 770 
A 780 
A 790 
A 800 
A 810 
A 820 
A 830 
A 840 
A 850 
A 860 
A 870 
A 880 
A 890 
A 900 
A 910 
A 920 
A 930 
A 940 
A 950 
A 960 
A 970 
A 980 
A 990 
Al000 
Al010 
A1020 
A1030 
A1040 
A1050 
Al 060 
A1070 
A1080 
A1090 
A1100 
All10 
A1120 
A1130 
A1140 
A1150 
A1160 
A1170 
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Table W.-Computer program for processing densitometer data-Continued 

IF fSBLfI.J).EQ-0) GO TO 250 
C 
C IF SBL = 0 AND A VALUE IS INPUT FOR STLINE, SRIR=STLINE/lO 
C 

FAC=l. 
COOE=SFACfI,J) 
IF fCODE.NE.0) FAC=CODE/fCODE+l.) 
SRIRfI,Jl=STLINEfI,J)-SBLfI,J)*FAC 
SBLfI,J)=SRIRfI,J) 
IF fJ.EQ.1) GO TO 260 
IF fSRIRfIvJ1.LE.O) GO TO 230 
SRIRfI,J)=SRIRfI,J)/SRIRfI,l~ 
GO TO 260 

230 WRITE (LINE,6301 CONSTDfI).EIDfJ,l),EIDfJ,2) 
240 SRIRfI,J)=O. 

GO TO 260 
250 SRIRfI~J~=STLINEfI,J)/10. 
260 CONTINUE 

C 
IF fNS.EQ.0) GO TO 320 

C THIS BRANCH WILL GIVE PRINTOUT OF SRIR (RATIOS1 ONLY 
C 

DO 270 I-1rNS 
READ (CARD.5001 SIDfI,l~rSIDfIr2~rRNfI~,CONCFfI~,fDBLfI,J~~DFACfI, 

1J),OALINEfI,J)rJ=l,8) 
IF fNE.LE.8) GO TO 270 
READ fCARD.510) fDBLfI,J)~DFACfI,J~,DALINEfI,J~,J=9,l6) 
IF fNE.LE.16) GO TO 270 
READ fCARDe510) fDBLfI,J).DFACfI~J~,OALINEfI,J~~J=l7,24) 
IF fNE.LE.241 GO TO 270 

270 

280 

290 

300 

READ (CARD.5101 fDBLfI,J~,DFACfI.J~.DALINEfI~J~,J=25,NE~ 
CONTINUE 

A1180 
A1190 
A1200 
A1210 
A1220 
A1230 
A1240 
A1250 
A1260 
A1270 
A1280 
AL290 
(A1300 
A1310 
A1320 
Al330 
A1340 
A1350 
A1360 
A1370 
Al380 
A1390 
A1400 
A1410 
A1420 
A1430 
A1440 
Al450 
A1460 
A1470 
A1480 
A1490 

DO 280 J=l,NS 
IF fRNfJ).NE.lI CONCFfJT=CONCFfJ-1) 
CONTINUE 
DO 290 I=l,NS 
IF fDBLfI.lL.EQ.0) DBLfI,l)=99.9 
IF fDALINEfI,I).EQ.O) DALINEfIrl)=20.0 
CONTINUE 
DO 310 I=l,NS 
DO 310 J=l,NE 
IF fDALINEfI,J).EQ.99.9.OR.DALINEfI,J).EO.OJ GO TO 310 
DBLfI,J)=ALQGl0f100./DBLfI,J~-1.1 
DALI~EfI,J)=AL0610flOO./DALINEfI,J~-1.1 
DBL(IrJ)=EXDfA+B*DBLfI,J)+C*DBLfI,J)+*2) 
DALINEfI,J~=EXDfA+B*DALINEfI,J~+C*DALINEfI,J~**2~ 
FAC=I. 
CDDE=DFACfI,J) 
IF fCDDE.NE.0) FAC=CODE/fCODE+l.l 
DRIRfI,J)=DALINEfIrJ)-D8LfI,Jb*FAC 
DBLfI,J)=DRIRfI,J) 
IF fJ.EQ.l) GO TO 310 
IF fDRIRfI,J).LE.Ol GO TO 300 
DRIRfI,JI=ALOGlOfDRIRfI,J~/DRIRfI,l~~ 
GO TO 310 
WRITE fLINEv620) SID~I,l~,SIDfI,2~,RNfI~,EIDfJ~l~,EIDfJ,2l,DBLf~~J 

Al500 
A1510 
A1520 
A1530 
A1540 
A1550 
A1560 
A1570 
A1580 
A1590 
A1600 
A1610 
A1620 
A1630 
A1640 
A1650 
Al660 
A1670 
Al680 
A1690 
Al700 
Al710 
A1720 
A1730 

11,DALINEfI.J) 
DALINEfItJ)=O. 

310 CONTINUE 
320 WRITE (LINE.5201 ID,IMO,IDY,IYR 

YRITE fLINE.550) 
K=2 
LI M=NE 
IF fNE.GT.10) LIM=IO 

330 WRITE (LINE.5601 fEIDfI,1)~EIDfI,2lrI=K,LIM) 

A1740 
A1750 
Al760 
A1770 
A1780 
A1790 
A1800 
A1810 
A1820 
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Table 15.-Computer program for processing densitometer data-Continued 

00 340 I=l,NC 
340 WRITE (LINE.570) CCNSTO~IJ,SRIR~I,lJ.~SRIR(IIJ)rJ=K,LItJJ 

IF tLIkEO.NEJ 60 TO 350 
K=K+9 
LIW=LIH+9 
IF (kE.LE.LIRJ LIR=NE 
60 TG 330 

C 
350 IF (CODPT.EQ.OJ 60 TO 360 

WRITE tIPCH.640) IRO,IOY, IYR, 10 
CALL PUNCH tNE,NCJ 

C 
360 IF fNS.EQ.0) GO TO 110 

IF tGEOPT.EO.0) 60 TO 380 
00 370 J=l,NS 
G(J,lJ=O.O 

370 GtJ,ZJ=O.O 
380 DO 430 K=t,NE 

N=O 
00 390 l=l,NC 
IF (SRIRtI,KJ.EO.OJ GO TO 390 
N=N+l 
EXA(NJ=ALOGlOtSRIR(I,KJJ 
EX8~NJ=ALOGlO~CONSTDo) 

390 CONTINUE 
CALL FORHEO (N,EXA,EXE,NORHJ 
CALL SIMEO ~3,NORM,COEF,E110J 
A=COEF(lJ 
B=COEF(2J 
C=coEF(3 1 
WRITE (LINE,520J ID,IWO.?OY,IYR 
WRITE (LINE.580) EID(K,lJ,EID~K,2J 
YRITE tLINE.590) 
MEAN=O. 

!i”420 I=l,NS 
IF (OALINE(I,KJ.EO.99,9.OR.DALINE~I,KJ.EO.OJ GO TO 420 
XI=EXD~A+8*DRIRlI,KJ+C*DRIR~I,KJ**2J 
JJ=RNtIJ 
J=I+l-JJ 
G( J, JJJ=XI 
YI=XI*CONCFtIJ 
DRIR(I,KJ=EXD~DRIR(I,KJJ 

C COMPUTE UEAN 
HEAN=WEAN+YI 
N=N+l 
IF (I.EO.NSJ GO TO 400 
IF ~SID(1,2J~NE.SID~I+1,2JJ GO TO 400 
IF (SIO(I,1~.NE.SID~I+L,lJ) 60 TO 400 
IF (DALINE(I+l,KJ.NE.OJ GO TO 410 

400 HEAN=HEAN/N 
WRITE (LINE,~oO) SID(I,~J,SID(I,~J,RN(IJ,DALINE(I,~J,O~L(I,~~,D~LI 

~NE(I,~J,~~L~I,~J,DRIRO~XI,CDNCF(I)~Y~.~EAN 
PCT=ABStYI-MEANJ/WEAN*lOO. 
WRITE (LINE,6101 PCT 
MEAN=O. 
N=O 
GO TO 420 

410 WRITE (LINE.600) SID(I,IJ,~ID(I,~J,RN(IJ.DA~.INE(I.~J.D~L(I,~J,DALI 
lNE(I,lJrDBL~I,lJ,DRIR~I,KJ,XI,CDNCF~IJ.Y~ 

420 CONTINUE 
IF (GEOPT.EO.lJ CALL GEDMET tNS.6) 

430 CONTINUE 
GO TO 110 

440 STOP 

A1830 
A1840 
Al850 
Al860 
A1870 
Al 8.80 
A1890 
A1900 
A1910 
Al920 
A1930 
A1940 
Al950 
A1960 
A1970 
A1980 
A1990 
A2000 
A2010 
A2020 
A2030 
A2040 
A2050 
A2060 
A2070 
A2080 
A2090 
A21W 
A2110 
A2120 
A2130 
A2140 
A2150 
A2160 
A2170 
A2180 
A2190 
A2200 
A2210 
A2220 
A2230 
A2240 
A2250 
A2260 
A2270 
A2280 
A2290 
A2300 
A2310 
A2320 
A2330 
A2340 
A2350 
A2360 
A2370 
A2380 
A2390 
A2400 
A2410 
A2420 
A2430 
A2440 
A2450 
A2460 
A2470 
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Table 15.-Camputer program for processing densitometer data-Continued 

C 
450 FORMAT ~10A4r11~12,3F9.5,4X,11~4X.11) 
460 FORMAT (16F5.1) 
470 FORMAT ~5X,I2,3X,12,3X,12~ 
480 FORMAT (I~x,~~A~,IXI 
490 FORMAT (5X,F10.0,8~1X,F3.l,Fl.O,F3.l~) 
500 FORPAT ~A4,A3,11,F7.0t8(1X,F3.1rF1.OIF3.1)) 
510 FORRAT ~15X,BI1X,F3.l,F1.O~F3.l~~ 
520 FORMAT (‘1’,‘00006 - EMISSION SPECTROSCOPY (2/27/70) ‘rl5X,lO 

lA4,lOX,sDATE ‘,12,‘-‘,I2,‘-‘,X2) 
530 FORHAT (‘O’,‘PRELIRINARY CURVE COEFFICIENTS A = ‘,F9.4,8X,’ R = ’ 

l,F9.4,8X,’ SE = ‘rF9.4//) 
540 FORMAT (‘O’r’GAWRA CURVE COEFFICIENTS A = ‘,F9.4,8X,’ 0 = ’ 

lrF9.4.9X.’ C = ‘rF9.4//1 
550 FORMAT (‘O’,!iOX,’ RATIO RI ST LINE TO RI INT ST LINE’) 
560 FORWAT I’O’,‘CONC OF ST0 RI INT ST ‘,3X,9(3X,2A4)) 
570 FORMAT (’ ‘rF10.6rF11.2r5X.9Fll.2) 
580 FORMAT (‘O’,‘ELEMENT = ‘,2A4//) 
590 FORMAT (’ ‘,‘SAHPLE ID RN B+L L INT ST0 B+L ‘,‘INT 

1STD L RATIO E(CoNC) CONC FACTOR ELEHENT’,8X,‘HEAN 
2 PCT DEV’I 

600 FORMAT (’ ‘rlX~A4,A3~4X,I1,3X~F6.2,2X,F6.2,4X,F6.2.7X,F6~2,5X,F7.4 
1~2X,F9.5,4X,F9.0,5X,F9.3,4XvF9.3) 

610 FORMAT (‘+‘,120X,F6.2/) 
620 FORMAT (‘O’,‘ERRCR AT ‘,A4,A3,5X,Il,5X,2A4,5X,F5.2~5X,F5.2r5X1’V 

1ALUES SET TO ZERO’) 
630 FORRAT I’O’r’SRIR SET TO ZERO AT ‘,FlO.6,5X,2Ab) 
640 FORMAT (’ PAUL BARNETT’,5X,I2,‘-‘,12,‘-‘,12,5X,20A4) 

END 

FORHEQ SUBROUTINE 

SUBROUTINE FORMEQ (N,A,B,C) 
L 

DIMENSION A(50)r B(50). C(3,41 
c L 

sucIx=o. 
SWY’O. 
SUHX2=0. 
SUHX3=0. 
SUMX4=0. 
SUWXY=O. 
SUWX2Y=O. 
DO 10 I=l,N 
SUHX=SUMX+A(Il 
SUMY=SLiMY+B(I) 
SUMX2=SUMX2+A~Il**2 
SUMX3=SUMX3+A(I)**3 
SUMX4=SUWX4+A(I)**4 
SUWXY=SUMXY+AtI)*B(I) 

LO SUWX2Y=SUHX2Y+B~Il*A~I~**2 
C(l,l)=N 
C(lr2)=SUMX 
C~2r11’SUMX 
Cfl,3)=SUMX2 
C(2,2)=SUMX2 
C(3rl)=SUWX2 
C(2.31=SUMX3 
C(3;2,=SUMX3 
C(3*3)=SUMX4 
C(l,4)=SUMY 

A2480 
A2490 
A2500 
A2510 
A2520 
A2530 
A2540 
A2550 
A2560 
A2,570 
A2580 
A2590 
A2600 
A2610 
A2620 
A2630 
A2640 
i2650 
A2660 
A2670 
A2680 
A2690 
A2700 
A2710 
A2720 
A2730 
A2740 
A2750 
A2760- 

B 10 
B 20 
B 30 
B 40 
B 50 
I3 60 
8 70 
B 80 
B 90 
B 100 
B 110 
f3 120 
B 130 
B 140 
B 150 
B 160 
B 170 
B 180 
B 190 
6 200 
0 210 
B 220 
B 230 
0 240 
B 250 
B 260 
B 270 
0 280 
B 290 
B 300 
B 310 
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Table Id-Computer program for processing densitometer data-Continued 

Cf2,4l=SUHXY 5 320 
Cf3,41=SURX2Y B 330 
RETURN u 340 
END R 350- 

E 
SIXEC SUBROUTINE 

SUBRCUTINE SIHEQ (N,A,Xe*i 

E GAUSS-JORDAN REDUCTION KiiTfi BEST PIVOTAL ROW 
C ARRAY A(N,N+ll WITH N+l CGLl;YN = CONST TERMS 

DIMENSION A13.41, X131 
LINE=6 
K=N+l 

10 L=l 
D=O. 
DO 20 1=2,K 
IF IbBStAII-l,l)).LF.DI GC T(! 20 
L=I-1 
D=ABSLAIL,lil 

20 CONTINUE 
IF .(L.EQ.l) GO TO 48 
DO 30 J=lrK 
D=ALL,Jl 
AiL,Ji=AilrJ) 

30 Afl,J)=D 
40 DO 50 I=lrN 
50 X(I)=AlI,l) 

IF (K.ECi.11 RETURN 
IF (X(l)-EQ-0) GO TC 80 
DO 7C J=2,K 
D=A(lrJ)/X(l) 
DO 60 1=2,N 

60 A(I-l,J-11=A(ItJl-X(IleC 
70 AiN,J-li=D 

K=K-1 
GO TO 10 

80 WRITE (LINE,901 
RETURN 1 

90 FORCAT (‘0’. ‘SOLUTION OF t’ATRIX VOID CETERHINATE ZERO’) 
END 

C GEOMET SUBROUTINE 
r 
L 

SUBROUTINE GEOPET ihlS,X 1 
C 

DIHENSION X(50.501 

LIST=6 
C 

MAX=0 
slJn=o. 0 
suMl=o.o 
DO 10 I=l,NS 
IF IX~l,2~.EO.O.OR.X~I,1).EQ.O~ GO TO 10 
HAX=WAX+l 

c 10 
c 20 
c 30 
c 40 
c 50 
C 60 
c 70 
c A0 
c 90 
c 100 
c 110 
c 120 
c 130 
c 140 
c 150 
C 160 
c 170 
c 180 
c 190 
c 200 
c 210 
c 220 
C 230 
C 240 
C 250 
C 260 
c 270 
C 280 
c 290 
c 300 
c 310 
C 320 
c 330 
c 340 
c 350 
C 360- 

0 10 
D 20 
0 30 
D 40 
0 50 
0 60 
D 70 
D 80 
0 90 
0 100 
cl 110 
D 120 
D 130 
D 140 
D 158 
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Table ld.-Computer program for processing densitometer data-Continued 

suHl=su~l+x~I,1J+x(I,2J D 160 
SUW=SUH+~ALOG~X~I,lJJ-ALOG(Xo))*L2 D 170 

10 CONTINUE D 180 
IF (RAX.EQ.0) 613 TO 20 D 190 
SD=SC!RTtSUM/(2.0*MAXJ J D 200 
vALUE=EXP(SDJ D 210 
AVERAG=SUMl/(2.0*KAXJ D 220 
WRITE (LIST.401 AVERAG,VALUE D 230 

20 DO 30 J=l,NS 0 240 
XfJ,lJ=O.O D 250 

30 X( J,2)=0.0 D 260 
RETURN D 270 

C D 280 
40 FORHAT ( ‘0’ ,45X 9’ AVERAGE = ‘,F9.5/‘0’,45X,‘CEOMETRIC D D 290 

1EVIATION = ‘rF9.51 D 300 
END D 310- 

C PUNCH SUBROUTINE 
L 

SUBROUTINE PUNCH (NE,NCJ 
c 
L 

DIMENSION CONSTOfSOJ, SRIRl50,50J, NRAT(50r50J 
C 

I PCH=B 
C 

DO 10 I=l,NC 
DO 10 J=l,NE 

10 NRAT~I,JJ=SRIR~I,JJ*lOO.+O.5 
N=O 
K=2 
LI M=NE 
IF (NE.GT.81 LIM=8 

20 N=N+l 
DO 30 I=l,NC 

30 WRITE (IPCH.50) IrN,CONSTD(IJ,~NRAT(IIJ)rJDKILINJ 
IF (LIM.EO.NEJ GG TO 40 
K=K+7 
LIM=LIb!+7 
IF (NE.LE.LIMJ LIW=NE 
GO TC 20 

40 RETURN 

C 
50 FORMAT 1212,3X,F8.6,9X,7(13,5XJJ 

END 

E 10 
E 20 
E 30 
E 40 
E 50 
E 60 
E 70 
E 

E :?I 
E 100 
E 110 
E 120 
E 130 
E 140 
E 150 
E 160 
E 170 
E 180 
E 190 
E 200 
E 210 
E 220 
E 230 
E 240 
E 250 
E 260 
E 270- 

where A is the Seidel-function value and T 
is percentage transmittance. These paired 
values are used as coordinants of points to 
which a regression line (preliminary calibra- 
tion curve) is fitted. Cards A 550 and A 560 
give the coefficients of the equation for this 
straight line. The equation of this curve is of 
the form 

A,=A+BA,, (2) 

where A, and A, are the Seidel-function 
values of the weak step and strong step, re- 
spectively. Card A 600 gives the standard error 
of the points about the 4ine. 

Cards A 7’70 through A 890 determine the 
emulsion calibration curve from the prelimi- 
nary curve by the same technique suggested in 
method E 116-67 (American Society for Test- 
ing and Materials, 1968), section log. Cards 
A 860, A 870, and A 880 produce the coefficients 
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of the equation of the new curve (a parabola). 
The equation is of the form 

log RI=A+Bn+CnZ, (3) 
where RI and n are relative intensity and 
Scidel-function value, respectively. 

The second phase processes the light trans- 
mittance of analytical lines in standards and 
samples and computes t,he concentration of 
ettch element in each water sample in the fol- 
lowing steps : 

1. Each transmittance value is converted 
t,o RI by successive ‘applications of equations 
1 and 3. 

2. The net RI of each line is obtained by 
subtracting the RI of the background from 
the RI of the line. 

3. The ratio of the RI of the line to the RI 
of the internal-standard line (RIR) is com- 
puted. 

4. An equation of the form 
log conc.=log[A+B (RIR) +C (RIR) ‘1 

is determined for each analytical line, from the 
standards data. 

5. The RIR for the line in the sample is 
substituted in this equation and the concentra- 
tion of the element in the arcing mixture 
determined. 

6. Replicat,e determinations are averaged. 
7. The concentration in the water is com- 

puted by 
concentration in water (&I) =concentra- 

tion in arcing mixture (percent) /100X 
dilution factorXR.0.E. (mg/l) Yl,OOO. 

The forms used to record densitometric data 
and from which dat,a cards are punched are 
illustrated in figures 5 and 6. On each form 
there are 80 numbered columns corresponding 
to the 80 columns of a data card. The rows 
(numbered on the left-hand margin to facili- 
tate this explanation of t,he forms) correspond 
to the sequential arrangement of the cards in 
t,he data set. 

Form 1 

Row 1 

The first 40 columns are used for plate iden- 
tification and any other pertinent information. 

These columns are “quoted” as the first line 
of computer printout. Column 41 provides an 
option in regard to plate calibration. A “0” 
(zero) or a blank indicates that data are sup- 
plied in rows 2 and 3 for the calibration com- 
putations. The number of pairs Iof these weak 
line-strong-line values must be given in col- 
umns 4243. A “1” requires that coefficients 
from an emulsion calibration curve must be 
supplied (from another plate or atverage values 
from two or more plates) in columns 46-51, 
55-60, and 64-69. 

Rows 2 and 3 

The calibration data as labeled are entered 
to the nearest 0.1 percent. All 16 fields need 
not be used. 

Row 4 

In columns 6-7 must be recorded the number 
of analytical lines read and recorded. The in- 
ternal-standard line, real or hypothetical and 
always recorded as the first element line, is 
included in this number. In columns 11-12 
must be recorded the number of steps of the 
standards read and recorded for all the ele- 
ment lines taken together. In columns 16-17 
must be rec0rde.d the number of samples re- 
corded on Form 2. Each replicate is counted 
as a sample. 

Row 5 

Entered here are the element symbol and the 
wavelength of the particular line, as, for ex- 
ample, Ba 4554. Columns 17-23 are reserved 
for an internal-standard line. 

Row 6 to last step of standard 

Columns l-2 and 4 are used to keep the cards 
in proper sequence and are not used in the 
computer program. Columns 8-15 record the. 
concentration of each step of the standard. If 
no decimal point is recorded, the computer 
puts a decimal point in column 15, and the. 
placement of the digits in the other columns 
determines the size of the number. 

Columns 25-27, 3335, 4143, etc., record the 
percent transmittance of the background ad- 
jacent to the analytical line to 0.1 percent, but 
without a decimal point (098 is equivalent to 
9.8 percent, for example). Columns 29-31, 37- 
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do . 
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39, 45-47, etc., record the transmittance of the 
analytical line. If no number is recorded for 
background but there is one for line transmit- 
t,ance, the computer multiplies this number by 
10 and uses it as an RIR in later computations. 
This provides for using RIR’s from other 
plates if perchance no standard is recorded on 
the present plate. 

Columns 28, 36, 44, etc., record the code for 
the fraction of the background RI to be sub- 
tracted from the line RI. A “0” causes all the 
background to be subtracted; “l”, 0.5; “2”, 
0.67 ; “3”, 0.75 ; “4”, 0.8 ; etc. This provides for 
the correction for any impurity in the matrix 
used for mixing with samples. 

Columns 17-23 are reserved for the internal- 
standard line and have the same coding as the 
other fields of seven digits except that, if left 
blank, 999 is understood for the background 
and 200 for the line. This eliminates having to 
rephat the recording of these numbers for an 
imaginary internal standard. 

Form 2 
Line identification should not be repeated 

on punched card. 
All rev/s 

Columns l-7, alphanumeric sample identi- 
fication ; 

Column 8, replicate number; 
Columns 9-15, the factor by which the con- 

centration of the element (in percent) must be 
multiplied to compute the concentration of 
the element in the water (in rg/l) is 

R.O.E.(mg/l) Xl,OOOXdilution factor1100 
Columns 17-23, for internal-standard data 

for samples ; 
Columns 25-79, data from analytical lines in 

samples; each line must be in columns corre- 
sponding to those it occupies on Form 1. 

Column 80, a card sequencing aid not used 
in computations. 

If more than seven analytical lines are read, 
it is necessary to use a second sheet of both 
forms; if more than 15, a third sheet; and so 
forth. On Form 1 the first four rows are left 
blank for a11 sheets after the first. Row 5 is 
filled out with the proper data. Columns 17-23 
on any sheet after the first are not used for 

internal-standard lines, but for an analytical 
line. For the remaining rows the st,andards are 
numbered in sequence in columns l-2 as before. 
In column 4 a “1” is entered for the first sheet, 
“2” for the second sheet, and so forth. The 
concentrations in columns 8-15 need not be 
entered on any sheet after the first. Columns 
17-79 are used for data from analytical lines. 

In setting up the data deck, all cards for 
each concentration are assembled together in 
sequence as indicated by the number in col- 
umn 4. 

On Form 2 the sample identification and 
replicate number are repeated on all sheets, 
but the concentration is not. Columns 17-79 
contain analytical-line data corresponding to 
the lines listed in row 5’ of Form 1. In column 
80 is entered the card sequence number as in 
column 4 of the corresponding sheet of Form 
1. Card assembly follows the same pattern as 
for the standards. All cards from the first 
spectrum of the first sample are assembled by 
the numbers in column 8. These are followed 
by all the cards from the second spectrum of 
the first sample, and so on for all the sample 
cards. 
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