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INTRODUCTION

Precise chemical analyses of geological samples continue to play an
important role in geochemical research. During the past 10 years atomic
absorption spectrophotometry has become increasingly prominent as an
accurate and relatively simple analytical technique. The marine geo-
chemistry group at OST has used a Jarrel-Ash 82-820 atomic absorption
spectrophotometer (AAS) for the past four years to determine the elemental
composition of deep-sea sediments and oceanic rocks, This document

is meant to serve as a summary of the procedures which have been de-

veloped and adopted during this time.




THEORY OF ATOMIC ABSORPTION SPECTROMETRY

When light of a specific wavelength is incident upon a free ground
state atom, that light will be absorbed causing excitation of the electrons.
In the revér se process, light of the same wavelength is emitted.

Atomic absorption spectroscopy is based on the principle that the
amount of light absorbed is exponentially related to the population of

free atoms. The following equation describes this relationship:

C=Log . o
I

where C is the concentration of free atoms,
Io is the incident radiation and
Iis the transmitted light.

Since each element absorbs and emits light at its own characteristic
wavelengths, it is possible to analyze for the concentration of one metal
in a solution of many elements and eliminate the need for chemical
separation.

The instrumental components which are required for analysis are:

1) a light source (a hollow~cathode tube); 2) a method of producing atomic
vapor (a flame-aspirator system, carbon rod, tantalum ribbon, etc.}); 3)
a method of isolating the desired wavelength of light ( a monochromator)

4) a detector (a photomultiplier); and 5) a d-c amplifier and read-out

system.




OPERATION OF THE J. A. 82-820 A.A.S.

Introduction

The J. A. 82-820 is the same instrument as the J. A. 82-810
except for some minor electronic modifications. The 82-820 is a dual
channel, double beam instrument. It is essentially two complete spec-
trophotometers sharing the same flame and fore-optics. The dual channel
feature will allow the user to analyze for two elements simultaneously or
to operate in one of two compensated modes; 1) background correction,
or 2) an internal standard. It has been found, however, that only the
background correction feature is useful in our application. Since both

channels use the same set of fore-optics (mirrors, beam splitters, etc.),

both monochromators will receive light from both lamps. Therefore,
background correction can be done with a non-absorbing line of the
analyzed element or a non-absorbing line of a second element.

For a more detailed explanation of the Jarrel Ash 82-810, the

reader is referred to the instruction manual (11).




Preliminary Discussion

Before beginning this section of the manual, the reader should be

familiar with the JA 82-810 Instruction manual (11). Many of the instruc-
tions and precautions included in the instruction manual have not been
duplicated here.

Some of the procedures described here are considerably different
from those described in the instruction manual, In these cases, the pro-
cedure described in this manual should be used. In many cases the pro-
cedures described here were obtained orally from the manufacturer and
supersede the direction described in the manual,

The reader is specifically directed to:

Section
1 Theory of Operation
3 Controls and Indicators
4 Single Channel Operation

6 Background Correction




TABLE 1. INSTRUMENT SETTINGS

Sci, Wave- Slit Slit Lamp Oxidant/ Comments
Element Abbrev, length Width Setting Current Fuel
Aluminum 1 3093 A 4 A 4 10 ma N,0,/C,H,
Barium Ba 5536 2 3 15 NZOZ/CZHZ
Calcium Ca 4227 10 5 10 NZOZ/CZHZ
Cobalt Co 2407 2 3 12 Air/CZH2
Copper Cu 3247 4 4 7 Air/CZH2
Iron Fe 2483 2 3 8 Air/CZH2
Magnesium Mg 2852 10 5 10 NZOZ/ CZHZ
Manganese Mn 2795 4 4 10 Air/CzH2
Nickel Ni 2320 1 2 10 Air/CZH2 Bkgd 2316
Potassium K 7665 10 5 10 Air/CZH2
Silicon Si 2516 2 3 12 NZOZ/CZHZ
Titanium Ti 3653 10 5 12 NZOZ/CZHZ
Zinc ' Zn 2139 10 5 7.5 Air/CzH2 Bkgd 2100

%*This is a tabulation of the instrument settings found in the HEsher Scientific
Company's Atomic Absorption Analytic Methods Manual (10), This list also
includes any changes made by the geochemistry laboratory to the Analytic
Methods manual,




General Stepwise Operating Procedure

1. Turn on the instrument and allow it to warm-up for several minutes.

2. Plug it in the desired hollow cathode lamp, set the correct current

and allow it to warm up.
3. Turn on the acetylene gas main cylinder valve.

4. Set the pressure to 14 psig. (The pressure should never be higher

than this because acetone will become entrained in the acetylene

and acetylene becomes unstable above 15 psig.)
5. Set the acetylene flow rate to approximately 5 scfh,

6. If nitrous oxide is to be used:
Open the main supplybtank valve fully.
Set the regulator to approximately 125 psig and plug in the heater
cord.
Open the secondary tank valve fully.

Set the regulator to 50 psig.

7. Set the oxidant fuel rate to one or two marks below the maximum.

This will insure a steadier flow rate.

8. Be sure you are using the correct burner head.

The air/acetylene burner head is slotted and approximately 10 cm

long.




| The nitrous oxide/acetylene burner head is slotted and approxi-
\

mately 5 cm long.
9. Switch on the air, then the acetylene and push the ignitor button.

10. Adjust the acetylene flow rate so that the flame is a clear blue.
If the flame is uneven, the burner head and/or aspirator system

must be cleaned.

|

| 11. Allow the burner to warm up for several minutes.
This allows the adjacent electronic system to reach an equilibrium
temperature and the burner head to expand to its operating configura-

tion,
12. Adjust the slit width control to the proper setting,

13, Turn the monitor switch to HVA,

14. Move the wavelength control to the approximate setting and adjust

until the digital voltmeter (DVM) indicates a minimum value.

15, If background correction is to be used, repeat steps 12-14 for Channel
B. The monitor switch should be set to HVB.
When setting the proper wavelength, care must be taken to avoid
tuning into an emission peak which is adjacent to the correct value.
This is important for iron and nickel which have many emission

peaks close together.




16. Turn the flame off and be sure that the burner head is below the

light path.

17. Turn the monitor switch to RA. Push the (A) display button, the

light should go on.

18. While holding the autozero button down adjust the lamps until the
absolute value of the display is less than 2.00.
This indicates that the measure and reference beams appear

approximately equal in intensity to the detector,

19. If background correction is to be done, the same procedure must be
done for Channel B. The monitor switch is turned to RB and the
(B) button must be pushed. Remember to check RA if you must
adjust the lamp. Repeat until the absolute value of both RA and RB

is less than 2, 00,
20. Turn the monitor switch to OPERATE.
21. Turn the mode switch to %A and be sure the (A) button light is on,
22. Turn the integrate switch to 1 sec.
23. Autozero channel A,

24, Now move the burner head up until it is in the light path. This will

be indicated by an increase in the DVM readings.




25.

26.

27,

28.

29‘

30.

31.

32,

33.

34,

Turn the burner head down until the DVM readings return to zero.

The light will now pass through the most stable part of the flame.
Turn on the gases and ignite the flame.
Autozero aspirating the zero standard.
Aspirate a solution which will give an absorbency of between 30-60%.

Adjust the burner horizontal and rotational positions until a maxi-

mum absorbency is reached.
Adjust the nebulizer for a maximum reading.

Finally adjust the acetylene flow rate for maximum readings on the

DVM.

Turn the mode switch to ABS and autozero, aspriating the zero

standard.

If background correction is required, push the (B) button, turn the
mode switch to ABS and autozero as above,
Now push the (A-B) button and autozero using the channel A auto-

zero button, and while aspirating the zero standard.

Aspirate the samples and record an approximate absorbency value

for each one.
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35. Aspirate the standards and record an approximate absorbency value

for each one,

36. Decide which standards are required to bracket each sample - one

higher and one lower.
37. Turn the mode switch to CONC.

38. Set the THRESHOLD control to the approximate % absorption value
where the relationship between absorbency and concentration
becomes nonlinear.

This value may be obtained from the curves in Appendix A, The
absorbancy values must be converted to % absorption. This pro-
cess must be followed inany case since % absorption and concen-

tration are not linearly related.
39. Autozero aspirating the zero standard.

40, Aspirate the lowest standard (not zero) and set the CONCENTRATION
controls so that an appropriate value is displayed on the DVM.
NOTE: The maximum number that can be displayed by the DVM

is 1999.

41. Now aspirate the highest standard required and set the CURVATURE

control until the appropriate value is displayed on the DVM.

42. Check all of the standards for the appropriate values and repeat steps

39-41 until the proper values are obtained.
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43, The AAS is now ready to collect data.

NOTE: If the CURVATURE control has been turned to zero and

the readout is still too high, the THRESHOLD control must be

set to a higher value.
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Shutdown of the AAS

1. Turn off the lamps.

2. If nitrous oxide is being used, switch to air then turn down the

acetylene flow rate. This is important to avoid flashback.

3. Aspirate distilled water for at least 15 minutes. This is done to

remove any accumulated salts from the aspirator system,
4, Turn off the air,
5. Turn off the acetylene.
6. Close all main ﬁank valves,
7. Unplug the nitrous oxide regulator heater.
8. Drain all of the gas lines except the air line.
9. Close all of the regulator valves except the air regulator.

10. Empty the bucket which catches the overflow from the aspirator

chamber.

11, Turn off the power.
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Maintenance of the AAS

The only routine maintenance required on the AAS is the cleaning
of the burner-aspirator system. A good description of this procedure is
described in Section 4. 2.4 Burner Cleaning, on page 40 of the Instruc-
tion Manual (11),

An electronic checkout procedure has been obtained from Jarrel
Ash‘and is available in the laboratory.

The only other maintenance required is the cleaning of the exterior
windows and lenses. This should be done with optical glass cleaning

tissue and never with regular laboratory wipes. These contain too many

abrasives,
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PREPARATION OF REAGENTS AND STANDARDS

Introduction

Standard solution preparation techniques were developed with four
major objectives in mind., These were:
1) To match the samples in reagent composition,
2) To compensate for any inter-elemental interferences,
3) Produce solutions which had utility for a large variety of
samples with varying concentrations of minerals,

4) Ease of preparation.

To date the following procedure has proven to be very efficient
and no systematic errors have been detected for this method.
This section will describe the procedures used in the preparation

of the reagents and standards used in the analysis of geochemical

samples.
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Cesium Chloride

Introduction

Certain easily excitable elements, such as potassium and sodium,
are readily ionized in the flame. This will reduce the population of
ground state atoms of these elements and alter their absorption values,
In addition if these elements are present in varying amounts in samples
and standards, their ionization can affect the analysis of other elements.

To reduce these effects a standard amount of cesium chloride is
added to each solution., Cesium is more easily ionized than the other
elements which are present and the amount of cesium added is enough

to mask out any naturally present cesium., Therefore, any ionization

effects are approximately the same for all the solutions.




Preparation

The Cesium Chloride (CsCl) solution contains 25,000 ppm of Cs.

To make 1.0 liter:
1. Weigh out 31. 66886 gms of CsCl.
2. Transfer toa 1.0 liter volumetric flask,
3. Partially fill with D, D. water.
4. Shake until CsCl dissolves,
5. Bring to volume with D.D. water. Shake well and transfer
back to the poly bottles, rinsing once with a small amount

of the solution.

For smaller quantities:

500 ml 15. 83443 gms CsCl
250 7.91722
200 6.33377
100 3.16689

50 1.58344
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Aqua Regia

‘Aqua regia is a highly oxidizing solution made from one part concen-

trated nitric acid and three parts concentrated hydrochloric acid.

The reaction of HC1 and HNO3 forms three products, two gases,
Cl2 and NOCI, ;\x/hich will eventually escape from solution and water.
This reaction gives aqua regia its oxidizing characteristics. Therefore,
for this solution to be most effective in dissolving the sample, it should
be freshly prepared. In instances where a sample will not dissolve, a

new solution of aqua regia may solve the problem.

In addition care should be exercised when handling aqua regia since

one of the gases evolved is chlorine (Clz).
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Preparation of Stock Standards

Iron, Manganese, Magnesium

1.

%10,

Add 50 ml of Conc. HClto 1.0 gm of iron wire in a teflon beaker.
Let set until the wire dissolves (overnight).

Add 0.4 gm of Manganese chips (be careful - reaction is very

violent).

Add 0.4 gm of Magnesium chips (be careful - reaction is very

violent).

Transfer the solution to a 1.0 liter flask., Rinse beaker several

times with D. D. water.
Fill the flask to just below the mark.

Let set to equilibrate to room temp. (Room tefnp. should be

18-22°C).
Fill to mark.
Shake well.

Transfer to poly bottle.

*Do these steps for each stock standard.

19
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Calcium
1. Add 5 ml of conc. HCI to 50 ml D. D. water.

2. Slowly add to 2.49724 gm of Ca.CO3>:< in a 1.0 liter vol, flask.

3. Go to step six of Iron, Manganese, Magnesium stock preparation,

* CaCO3 (Calcium Carbonate) should be thoroughly dried in a drying

oven at 110°C before weighing,
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Figure 2. Preparation of Al, Ba, Cu, K, Ni, Zn Standards.
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Aluminum, Barium, Potassium

1.

Add 20 ml aqua regia and 5 ml D.D. H,O to 1.0 gm Aluminum

2

wire in a teflon beaker,
Let set until Aluminum dissolves,

Pour into 1.0 liter volumetric flask which contains
*a) 0.19067 gm Potassium Chloride

*b) 0.60651 gm Barium Chloride

Go to step six of Iron, Manganese, Magnesium stock preparation,

*Pbtassium Chloride and Barium Chloride should be thoroughly dried
in a drying oven at 110°C before weighing.
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Copper, Nickel, Zinc

1. Add 20 ml of conc. HCI to 1.0 gm of Nickel wire in a teflon beaker.
2. Set on a hot plate at the 1 setting until nickel dissolves (overnight).
3. Add 1.0 gm Copper turnings,

4. Add 0.5 gm zinc shot,

5. Go to step five of Iron, Manganese, Magnesium stock preparation,
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Preparation of Working Standards

Ca, Fe, Mn, Mg

1. Pipette 25 ml of Fe, Mn, Mg stock solution into a 500 ml volumetric

flask, Bring to volume with D, D. water.

2. Pipette 50 ml of Ca stock solution into a 500 ml volumetric flask.

Bring to volume with D. D. water.

3. Into each of ten 1, O-liter volumetric flasks add 20 ml of CsCl solu-
tion and 10 ml of the 0 standard or equivalent from the Al, Ba,

etc, standard,

4. Add to the flask the following:

Flask # ml of Fe, Mn, Mg ml of Ca solution
_____ solution .
0 0 90

.5 5 80
1 10 70
2 20 60
3 30 50
4 40 40
5 50 30
6 60 20
7 70 10
8 80 0

5. Bring to volume and transfer to polyethelene bottles.
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Al, Ba, Cu, K, Ni, Zn

1. Pipette 20 ml of Cu, Ni, Zn stock into a 500 ml volumetric flask,
2. Dilute with D. D. water.

3. Intoten30-o0z. polyethelene bottles, add:
28.0 gm Boric acid (H3BO3)
30.0 ml Hydrofluoric acid (HF)
10.0 ml Agqua regia

20.0 ml Cesium chloride (CsCl) solution
4, Shake well and transfer totenl. O-liter volumetric flasks,

5. To each of the flasks add the following amounts of the recently

prepared Cu, Ni, Zn solution and the Al, Ba, K stock solution.

Flask # ml of Al, Ba, K ml of Cu, Ni, Zn
' L stock solution s_czl}ltions_ -
0 0 0
.5 5 5
1 10 10
2 20 20
3 30 30
4 40 40
5 50 50
6 60 60
7 70 70
8 80 80

6. Dilute with D. D, water and transfer back to the poly. bottles.
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Preparation of Silicon Standards

1. Weigh out 0.53488 gm of silicon dioxide into the Parr teflon bomb

(14, 15).
2. Add 4 ml of aqua regia.
3. Add 12 ml of HF.
4. Cap and insert into metal body. Hand tighten,
5. Heatina 110°C oven for 1.5 to 2 hours.

6. Remove bomb from oven and let cool to room temperature. This
is very important because of dangerous fumes and the loss of

| silicon-fluoride compounds at higher temperatures.

7. Pour the slurry into a poly bottle containing 11.2 gm of boric acid.
8. Shake well and transfer to a 250 ml vol. flask.

9. Bring to volume with D.D. water.

10, Rinse the poly bottle with a small portion of the solution and transfer

the remainder,

11. To each of five 8-o0z. poly bottles add the following:
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Bottle no. Stock sol'n, Aqua regia HF H3BO3 CsCl
0 00 ml 2.0 ml 6.0 ml 5.6 gm 4 ml
.5 5 1.9 5.7 5.38 4
1 10 1.8 5.5 5.15 4
2 20 1.7 5.0 4,70 4
3 30 1.5 4.6 4.26 4
4 40 1.4 4.1 3.81 4

12. Pour into 200 ml vol. flasks.

13. Rinse poly bottles with small amounts of D. D, water.

14, Bring to volume with D. D. water and transfer the solutions back

to the appropriate poly bottle.
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Preparation of Titanium Standards

1. Pipette 50 mil of 1000 ppm Ti standard into a 250 ml volumetric

flask. Bring to volume with D, D. water.

2, To each of six 8-o0z., poly bottles add:
5.6 gm Boric acid
2,0 ml Aqua regia
6.0 ml HF

4,0 ml CsCl1 solution
3. Shake well and transfer to six 200 ml vol, flasks. Rinse twice.
4. To each of the above vol, flasks add:

Flask # mls. of Ti solution

5. Bring to volume with D. D, water. Shake well and transfer back

to the poly bottles rinsing once with a small amount of the

solution,
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Preparation of Cobalt Standards

Pipette 5 ml of 1000 ppm Co standard into a 250 ml vol. flask.

Bring to volume with D. D, water.

To each of six 8-0z. poly bottles add:
5.6 gm Boric acid
2.0 ml Aqua regia
6.0 ml HF

4.0 ml CsCl solution

Shake well and transfer to six 200 ml vol, flasks, Rinse twice.

- To each of the above flasks add:

Flask # mls. of Co _s_o_luEi_o_n_
.5 5
1 10
2 20
3 30
4 40
5 50

Bring to volume with D.D. water. Shake well and transfer back

to the poly bottles rinsing once with a small amount of the

solution.
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' SAMPLE PREPARA TION

Introduction

Samples are dissolved in a teflon crucible using hydrofluoric acid
and aqua regia. The technique is similar to that described by Bernas (1).
This method has proven successful for the dissolution of sediments,
basalts and manganese nodules.

Sediments are dryed at 100°C to remove absorbed water and insure
a consistent weight of sample. A suitable amount of sample is weighed
out; generally 400 mg. for sediments and basalts and 200 mg. for man-
ganese nodules, The sample is then transferred to a teflon crucible and
reweighed.

Two milliliters of aqua regia are then added to the sample in the
teflon crucible. The aqua regia must be recently prepared to insure the
dissolution of the sample. (See discussion on aqua regia.) Then 6 ml of
HF are added.

A teflon lid is placed over the crucible and it is sealed into the
stainless steel casing. The "bombs' are heated in a drying oven at
100°C for 1.5 to 2 hours. The longer heating time is recommended for
the darker colored sediments containing larger amounts of iron and
manganese oxides, which are more difficult to dissolve, Heating times
of three hours are recommended for manganese nodules.

The decompdsition vessel is then removed and allowed to cool to

room temperature,
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The sample is transferred to a polyethylene bottle containing 5.6 gms
of boric acid. The boric acid performs two functions; one is to
neutralize the excess HF so the solution can be accurately diluted in
glass \jessels and second to dissolve the fluorides which have precipitated
in the crucible.

Bernas determined that in the presence of excess boric acid, the
attack on glass vessels by HF was insignificant over a period of two
hours (1). However, since the accuracy of a volumetric flask would be
significantly changed over a period of several years, the solution should
be transferred to polyethylene bottles as soon as possible and the glass
vessels rinsed (see below),

Finally, four milliliters of 25000 ppm cesium solution is added and
the mixture is diluted to 200 ml, The cesium is added to the sample to
act as an ionization suppressant. (See discussion on cesium chloride
solution. ) All samples contain approximately 500 ppm of cesium.

From this solution other dilutions are made as necessary to analyze

the desired elements,

Hydrofluoric acid is prevented from attacking glass by the forma-
tion of fluoroboric acid with boric acid in a two step reaction:

H3BO + 3HF HBF3OH +2H,0

3 2

HBF3OH+HF HBF4+H O

2
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Fluoroboric acid will then hydrolyze to hydroxyfluoroborate ions

and hydrofluoric acid, hence the time limit the solution can remain in

contact with the glass,
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Step-by-Step Sample Preparation Procedures

1. Pour out the entire sample onto a piece of weighing paper.

2. Weigh out approximately 400 mg of the sample (200 mg for mangan-
ese nodules). Small portions should be taken from different

sections of the pile to prevent size particle fractionation.

a., Metalliferous sediments are transferred to a black capped
vial and dried in a drying oven at 110°C overnight, then
cooled in a dessicator to room temperature,

b. 2-20 u fractions must be sampled using a micro-splitter.

3. Brush the teflon portion of the dissolution bomb with the "Static-
master'' brush to remove some of the static charges which tend

to accumulate on teflon,

4, Weigh the teflon liner,

5. Pour the sample into the teflon liner. Use a piece of rolled weigh-
ing paper as a cylindrical funnel to keep the sample from flying
around and adhering to the side of the teflon crucible., (This is

caused by the electrostatic charges.)

6. Weigh the sample and crucible.

7. Carefully add 2 ml of aqua regia. A light colored sample indicates

high carbonate content and extreme care must be used to prevent
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bubble formation and spattering, It is suggested in this case that
the analyst wet the sample with approximately .5 ml of double
distilled water (DDW) then add the aqua regia in .1 ml aliquots
for the first .5 mls, then add .5 ml and finally a full milliliter.

(Use the pipette gun.)
8. Add 6 ml of HF.
9. Put on the teflon lid and insert into the metal bomb.
10. Tighten the metal cover to 250 in-lbs. of torque.

11. Put the bomb into a drying oven at 110°C for 1.5 to 2 hours. The
longer times are suggested for the darker sediments. (Up to 3

hours are recommended for manganese nodules. )

12. Remove the bombs from the oven and allow to cool to room tempera-
ture. While the bombs are cooling, they must be retightened to
250 in-1bs, of torque every 10 minutes to reduce leakage. Leakage
is caused by the cold-flowing of teflon under pressure and loss of

the seal on cooling,

13. After cooling remove the teflon liners from the metal body and pour
the dissolved sample into a polyethylene bottle containing 5. 6 gms

of boric acid (H3BO3). Be sure to rinse the liner and the lid care-

fully with DDW.
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14.

15.

l6.

17.

18.

19.

20,

21.

22.

23,

Shake the mixture; the solution should be yellowish to clear. If

brown or a dark color, the sample was not dissolved.

Pour the solution into a 200 ml volumetric flask. Rinse the poly
bottle with a small amount of DDW and pour into the volumetric

flask. NOTE: All flasks and pipettes must be Class A.

Repeat the rinsing,

Pipette 4 mls of cesium chloride (CsCl) solution into the vol. flask.

Bring to volume with DDW.

Rinse the poly bottle with a small amount of sample solution and

transfer the remainder.

Pipette 10 mls of the solution into a one liter vol. flask.

Add 20 mls of CsCl solution.

Bring to volume with DDW.

Rinse a poly bottle with a portion of the solution and transfer the

remainder,
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SAMPLE DECOMPOSITION HARDWARE

The acid decomposition vessels were machined from 1 3/4" dia.
virgin teflon rods and the metal casings from 2 in. and 23 in. dia, 304
stainless steel rods.

The teflon crucibles and caps were ''roughed out' to the approximate
size and shape. They were then annealed at 220°C overnight. This was
done to relieve stresses caused in the teflon by the cutting and machining
process (12),

The stainless steel shell was machined with a 1 1/8'" hexhead nut on
the cap to facilitate tightening. It was felt that the use of a torque wrench
to seal the vessles would insure more uniform results than '"hand tighten-
ing" which had been suggested by all of the other designers.

It was found that 250 in-1bs, of torque could be developed by ""hand
tightening' and this was the value that was decided as sufficient to seal
the vessels,

The aluminum plate used to hold the "bombs' while they are being
tightened and cooled has proven to be a very useful item. In addition to
increasing the efficiency of the tightening operations. The holder will
also act as a heat radiator to increase the rate of cooling.

There are several things which could be done to improve the design

of the vessels, The most important would be to increase the depth of the
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crucibles. This should be done to decrease the chance of losing the
sample when it is being transferred to the vessel and when the acid is

being added. Also a more acid-resistant grade of stainless-steel

(316 s.s,) should be used for the metal casings.




SAMPLE DECOMPOSITION VESSEL

7

L1

-

STAINLESS STEEL CAP, WITH 18" HEXHEAD NUT
STAINLESS STEEL PRESSURE CASING, MAIN BODY
STAINLESS STEEL REMOVABLE PLUG

TEFLON CAP

TEFLON CRUCIBLE

Figure 4. Sample Decomposition Vessel.
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MANUAL DATA COLLECTION

Wang 500 Prepare Punch Cards
No Formal Output CDC 3300
AAS Program

Computer Compatible
Output Cards

AUTOMATIC DATA COLLECTION

Paper Tape
PDP - 15
AAS Program
Formalized Output Computer Compatible
Paper Tape
From Lineprinter
CDC 3300

ASC 1I BCD Program

Computer Compatible
QOutput Cards

Figure 5
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DATA COLLECTION AND REDUCTION

Introduction

Data may be collected manually by the operator or automatically
using papertape produced by an ASR-33 teletype.

Data reduction procedures are related to the method of data collec-
tion. If the data are collected manually there are two devices for which
programs have been developed to reduce the data., One is the Wang 500
programmable calculator and the other is the CDC 3300 computer. Using
the teletype and papertape system for data collection, the operator must
use the School of Oceanography's PDP-15 computer,

As shown in the schematic drawing, with the Wang 500 only non-
computer compatable hard copy is obtained, whereas the other two
methods of reducing the AAS data result in a standard formatted, com-
puter compatable data card,

All of these systems are presently workable; however, the automatic
system seems to be the most satisfactory. Using this system a larger
amount of data can be collected more quickly than using the manual

systems. The data are also collected on papertape which can be

immediately fed into the computer without further preparation.
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Proceedings for Using the Wang 500 for
AAS Data Reduction

Preliminary Discussion

The program to reduce atomic absorption data on the Wang 500 is
availablre on a magnetic tape cassette, The reader is referred to the
Wang 500 reference manual (17) for operating instructions.

Utilizing this method of data reduction, the analyst may input any
amount of data for each sample or standard. The procedure is fairly
simple and reasonably fast.

The major drawback is that no computer compatable output is pro-
duced by the calculator and must be produced manually by the operator.

This process is probably best suited for check calculations and the
stray analysis which must be performed occasionally.

The output is interpreted as follows:

A - average
E - variance
D - standard deviation

J - percent metal in the sample

M - percent error
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Stepwise Operating Procedure

1. Be sure the PRINTER is OFF before turning the calculator on.

2, Turn the calculator on. The switch is on lower left, backside of the

calculator.
3. Depress RUN.
4. Insert the tape, push REWIND.
5. Key PRIME,
6. Depress TAPE READY.
7. Key LOAD PROGRAM.

8. Key VERIFY PROGRAM (1738 should appear in the display, if not,

repeat steps 5-8),
9. Depress f(x).
10. Key PRIME,
11. Key 0l.
12, Enter the LOW STANDARD READOUT VALUES.

13. Key GO.

14, Repeat steps 12 & 13 for all values.
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le.

17.

18.

19.

20,

21.

22.

23.

24,

Key 00 after entering all of the data.
Repeat steps 12 to 15 for all of the UNKNOWN READOUT VALUES.

Repeat steps 12 to 15 for all of the HIGH STANDARD READOUT

VALUES.

Key in the LOW STANDARD CONCENTRATION VALUE in P. P. M.,

GO.

Key in the HIGH STANDARD CONCENTRATION VALUE in P.P. M.,

GO.
Key in the SAMPLE WGT in milligrams, GO,

Key in the DILUTION FACTOR, GO (the no. which would raise the
actual dilution to 1000 ml, i,e. if the actual dilution is 500 ml the

factor is 2).
For further tests begin at STEP 12.

Be sure the PRINTER is OFF before turning the calculator off.

Switch the calculator OFF.
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An Example of the Data

Input to the Wang 500 and the
Results from the Calculator

201,0000000
202,0000000
199,0000000
197.0000000
203,0000000
199,0000000

2 D D M X

20041666666
§,966670800
2.228602880

o m>

231,0000000
233,0000000
235,0000000
231,0000000
232,0000000-
236.,0000000

o € < <

233,0000000
4,400000000
2097617696

omo»

410,00000C00
411,0000000
408,0000000
407.,0000000
409,0000000
410,0000000

NNNNNN

40941666666
2166674000
14671962635

o m>»

1.020000000
2040000000
397.5400000
$5.,000000000

MOIr

20593771310
v0007584712

.':h
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Procedures for Using the CDC-3300
for AAS Data Reduction

Preliminary Discussion

Atomic absorption data may be reduced using the Computer Center's
CDC-3300 computer operating under the OS-3 operating system,

Data must be taken manually then punched onto computer cards for
processing.

This is an intermediate step between the Wang 500 and the PDP-15.
The major disadvantage is that data must be punched onto computer cards
manually. This offers no real advantage over the Wang. However, all
results are punched onto computer cards which are -imrnediately available

for further work.

Data Card Formats

The program used to reduce the data performs all of the calculations
for one sample before proceeding to the next. Therefore, the data must be
arranged to conform to these requirements.

The formatting for each type of card is given and then a more de-

tailed description of the order follows.

Data Type Columns (inclusive)
Cardl: Sample name 1-24
Card 2: Geochemistry Ascession no. 1-6
IDK Ascession no. 8-14
Subsampling typing code 16-18

Sample weight (in mg. with a decimal) 20-30
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Card 3: Element analyzed (scientific
abbreviation) 1-2
Low standard concentration (ppm) *
High standard concentration (ppm) *
Dilution (ml, ) *

Card 4: Low standard readout values

1st value (with decimal) 1-8
2nd value (with decimal) 9-16
3rd value (with decimal) 17-24

etc. to a maximum of ten values

Card 5: Sample readout values
same format as card 4

Card 6: High standard readout values
same format as card 4

Card 7: Blank card to separate samples

* These three values are read by the computer using freeform input.
They may be typed in any column of Card 3 (following the Element name)
in the given order and must be separated by a space.

The data deck will consist of the above seven types of cards repeated
in a specific sequence.

For the first sample the operator will punch cards 1 and 2. Then
for each element analyzed for that sample, cards 3, 4, 5, and 6 must be
repeated sequentially, Aft;er all of the data for sample one has been
punched, a blank card is inserted into the deck. This signals the com-
puter that calculations have been completed for sample one. For further
samples the sequence is repeated.

It must be noted that if the decimal is forgotten in values for the

sample weight or the readout values, the computer will interpret an

erroneous value.
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Most of the common typing errors can be corrected while running
the data reduction program. However, care in typing the data deck will
save a great deal of time.

The program cannot operate correctly if any of the cards are out
of sequence or missing. If this type of error should occur, it may be
corrected by fixing the data deck and re-entering the deck to the computer.

Alternately, the data file may be corrected using the 0S-3 Editor (4).

To enter the data deck into the computer, the following cards must
be added:

Card 1l: Cover card (from Computer Center)

Card 2: ; JOB,es..c...card

Card 3: ; COPY, 0 = (datafile name)

(the data deck)

77
8 8
7

Card 5: 3 LOGOFF

Card 4:

Running the Program

Data is reduced on the CDC-3300 using a program calléd ATOMS
and subprograms AVE, VARI and DEKODE plus routines from library
files *CHEMULIB and *REGLIB. (16)

These programs have been compiled and an overlay program
called *AAS has been produced. (For instructions on these and other

procedures refer to the Control Mode Manual for OS-3 (13), the CDC

FORTRAN reference manual (2) and Dayton and Massic (3).)
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The procedure from this point will be described.

NOTE: When a name is in all capitals and enclosed by parenthesis, it

denotes a single key.

After getting the I/O center to hook-up your teletype to the com-

puter, type (CONTR)(A), the computer will respond with a #.

Type in your user number and validity code and type (RETURN).
The computer will respond by masking out your number and typing

the date and a #.

Type *AAS, (RETURN).

The computer will begin by asking you for your name, then proceed
with further queries and information. The operator must supply

the correct answers (usually a YES or NO).

After you have completed the data reduction process you must type

LOGOFF after the computer types a #.

The results will be punched on computer cards in the correct format.

To correct typing errors on the teletype the following procedures

may be used:

1-

For a typing error in your name

a. Type (CONTR)(A), the computer will respond with a #.

b. Type GO, (RETURN), (LINE FEED)
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c. Type in your name

An error in the data input file name will cause the computer to ask
you for the name again., (Unless the name also exists - in which

case you must reinitialize the program)

For errors in other alphanumeric names type (SHIFT)(L) for each
mistake, The computer will respond with a \ for each character

deleted counting from right to left.

For any numeric errors, type any letter except E. The computer

will respond with ERR. Then type in the entire number,
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A Listing of the CDC 3300 Data Reduction Program
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K=TEL IS (erHAT N EWUALS THE 3A0 OATA POINTAZZ)
Z(R)=T=_OS(2THE CORKECT Z=32)

IT (K OT W HZIYNZ=K

5C TJSDd

LoSTO=TELDSE£LO=3¢)

30 T2 398

ALST3=T2LI0089TI=uiC00)

59 T3 (S16, 160 TELOSLZARE THERE ANY MORE ERKDH Sag#)

SIEHNS ATOMIC NO TO THE ZLEMENT

CLEMHN=y
IF(ELEMWEQ.2HCUY ELEMNO=29

Lte127
G128
056129
Uid13y
£C131
£o132
LU133
00134
00135
3136
00137
00138
(0139
00140
00141
G142
60143
00144
60145
GU1ub6
L0147
(0148
60149
£0150
¢d151
00152
§d153
60154
50155
(4156
10157
19158
;0159
{01648
0161
0162
L0163
G164
L0165
(3166
L0167
L0168
60169
C0176
60171
00172
00173
v0174
60175
00176
v0177
60178
00179
t0184
(0181
(G182
00183
L0184
0018%
50186
006187
00188
00139
£01390
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OO0

aOaOo0n

IF(ELEY«EQ.2HFE) ELEMND= 20
IF(ELEM. £Qo CHMN) ELEMNO=25
IF(ELZ1.£Qe2HND) ELEMNO=2H
IF(ECEY«C0.ZHSI) ELEMNO=14
IF(ELEY.EQ2HZN) ELEMNO= 39
IF(ELEMWEQ.2HAG) ELEMNO=47
IF(ELEM.EQ.2HCA) ELEMND=24
IF(ELE.EQ.2HHMC)ELEMNG=12
IF(ELEMEQe2HAL) ELEMNC=L3
IF(ELEM«t Qe LHK)ELEMNO=1I
IF(ELEY.EQe2HBAY CLEMNO=56
IF(ELEYEN«2HCO)ELENNO=27
IF(ELEANONELYIZO TO 309D
PRINT 210.ELEM

213 FORMAT( z WHAT IS THE ATOMIZ NO. OF #,A2)
READ(HE 223 ELEMNO

223 FORMAT(I2)

0JTPUT T CARDS

3.y AMIMIT=AMIMET*10JCU
ERR=ERI*L0UI0
HQITE(52,901)A$3N0,IFR13sELEHsELEMNO.ANTHETsERR.PER,IDENv
LIRUN, ASSNIO ’
9.1 FORMATY( hHAASU'xsA6.X,Q3,X.AZ,X.IE.XsFlzahgx.FlU.%,X.FS-Z,X,
L2ABy ALy XyI24XyAT7)
5) T0 545
9.0 IFJIRUNL.GT.1)GO TO 510 )
ARITE(16,911) IJEN,IFRAZLASINID,ASCNO
914 FORMAT( 2A8,A74,10XsA343X4A745X,A6)
GO TO S1iv

FINAL UIRECTIONS AND OUT2JT OF CROSS REFERENCE CTARDS.

Ty PRINT 321,0PERATOR
et FURMAT(Z YOUR CARDS WILL BE SAVED FOR YOU UNDER THE NAME RS/
1# REMEMCER T0 LOGOFF2//7/¢ HEIXCI, NOUS SOMMES FINISvvvZ)
ENOFILE 13
REWIND 10
Jc REAND(13,925) IDEN, IFRAC, ASCNID,ASCNO
5 FORMAT(Z2AB,L AT 310X 4A3,5K43A7 45X 4A5)
IF(EOF(L10)Y)IGO TO 9Y3u
ARITE (52,311 ) IDINS IFRAZLASCNIO,ASCHO
G0 TO 924
CONTINJE
EMY
FUNCTION AVE (W,N)
DIMENSION W(1)
SuM=0
OUu 1 L=1,N
1 SUM=SUMENW (L)
AVE=SUM/N
RETURN
END
FUNSCTION VARI(WsN,AVEND)
OIMENSION W(L)
SUM=3J
JU 1 L=1,4N
1 SUMSSUAE ((HIL)-AVENQ)®®2)
VARI=3SUM/ (H-1)
RITURN
cND
SUBRDJTINE OEKODE(DATA,N,DAT)
DIMENSICN DATA(L) ,DAT(L)

Y]
(¥
o

tg1391
g9192
03193
0194
001389
601386
cg197
60193
60199
60206
Litey 1
08282
0203
bo20u
6020%
tuloe
L0297
co208
60209
0216
ty211
€0212
60213
(G210
go0215
ta216
pG217
tg218
60219
6022u
vudcl
Lue2é
Lu223
o224
yg229%
ggzze
€g227
L6228
00229
g0230
60231
Gp232
60233
0234
L0235
60236
L0237
o238
002239
g0240
Ca2ul
go2ue
Co2u3
(0244
0245
{G2u6
L6247
0248
00249
0250
80251
Gu252
€0es3
L0254




BLANKS=8H

N=0

DO 1 T=1,1u"

IF(OATA(I) JEQ.BLANKSIRITURN
N=N+1
DECODEL8,2,0ATA(I)IDATII)
FORMAT(F3.0)

CONTINUE

RETURN

£EMH0

60255
w0256
30257
L0258
L0299
00260
60261
€0262
60263
to264
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8 An Example of the Data

| Input Format for the CDC 3300
‘ Data Reduction Program

0C73-3-17P 75-88 CM

MSGR12 AAA 37 5. 41
FE 1.% 2.0 23000
473 479 47 5. 47Q. 47 4. 478
Ca4. €42, €4 5. 648. €D €51,
€€4. €663 659, CEE. 665, 6E7.
MN 3.0 4.0 20000.
5‘8 5- 584- 5840 68 6-‘ 589- 59?'
21, €2 5. 631 €2 e €32, €27,
784. 783. 782, 788. 788, 76 %
CU B.48 0.83 200.
139. 138. 137, 137 13%. 139.
252, 254. 257. 254, 257, 2 5%,
2(‘4- 263- 265- 2(‘4- 26(0 267'
NI B.40 D.80 200.
212, 21 5. 212. 21 €. 212 21 5.
2177. 27 6. 281. 283 . 279. 282.
437. 438 . 43\5- 43 S 438, 437
DSDP 34-319-8-5 114-11¢
MS1214 AAA 4B1.32
FE B3.25 @.53 208006G.
10 €. 108. 107, 108. 128. 199.
187. 18 5. 187. 188. 189. 187,
228. 209. 213. 207, 207, 213.
CU @.20 3.42 200.
102. 1P 4. 102, 101 10 S 19 4.
1¢4. 1 €5, 160, 159. 1 €3 159.
207. 210. 2nT. 207, 20 7. 212.
SI M. .37 2143,
-1 0. @. G 0. D
38- 38. 39- 4]- 39- 4@0
148, 151, 150, 152 152, 152,

! ’ MN 0+.10 B.20 20000

| 19 €. 208, 198, 119, 111, 10 €.

' 127. 131, 131, 129. 131. 131.
221. 223. 222, 221 . op2. 219.
DDDP 34-319-18-2 8 6-88CM
MS1215 AAX 210.00
MN .01 P.-20 20000.

. 121. 120. 121, 125, 122. 121,

152, 149. 121. 1 54. 1 48. 151
228. 209. 231. 233. 232. 23t.
FE @.25 5.00 2080000,
10 €. 108. 107, 108. 108, 189 .
187, 18 S 167, 188. 189. 187,
238. 209. 213. 2017, 207, 213.
CA 6.0 7.0 20800.
&34, €4 . 64T 640 . €3 €. 638.
T44. 735. 742, 737. 743. 740 .

745, 749 . 745. 751, TA7. T44.
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An Example of the Operation of the CDC-3300 Program

CESSESEAReAR
AUGUST 22,

#xAAS
GUTEN TAG!!

197¢%

BY TYPING THE RETURN KEY.

PLEASE TYPE YOLR LAST NAME.

FUKUI

WHAT IS THE DATA FILE NAME ?

XXSDATA

NAME NOT FOWND
WHAT IS THE DATA FILE NAME ?

AASDATA

IDEN= 0C73-3-17P 75-808 CM

GEO= MS@2%12
OK?Y ES
TRIAL RUN=1
MSBB12 FE
LO= 1. 5200
OK?YES
MS@2812 MN
LO= 3.2030
OK?NO
N X
1 85
2 584
3 S8 4
4 €8 €
S 589
é 592
WH

X

WHAT N EQUALS THE BAD DATA POINT?4
THE CORRECT X=5B8¢

I1DK=

19.4129

Hl= 2.0000

1 €70 59

Hl= 4.0000

Y

€27
625
€31
€2 ¢
632
€217

AT VARIABLE IS INCORRECT ?

ARE THERE ANY MORE ERRORS?NO

MsS2812 MN

LO= 3.2000
OK?YES

MsS@812 Cu
LO= 115 1%
OK?YES

MsS@gi12 N1

LO= - 4200

OK?YFES

17.0928

HI= 4.0000
- D 409

Hl= « 8000
D276

Hl= - B000

11:04:07 AM TFRMINAL B73-045B

LASS INS ZUSAMMEN RECHNEN.
EXCEPT FOR YES-NO ANSWERS,

37 5. 41

. 2223
DILUTION=

1.3588
DILUTION=

184
783
182
788
788
785

« 1468
DILUTION=

«P0B0B €
DILUTION=

«0003
DILUTION=

ALWAYS END YOUR RESPONSES

FRAC= AAA

20000.000

20000.000

20000 .000

200.000

200.0008
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IDEN= DSDP 34-319-8-5 114-116

GEO= MS1214 1DK= WGT= 4081.32
OK?YES
TRIAL RUN=1
MS121 4 FE 2.2185 .0 608
LO= .2 530 HI= . 020 DILUTION=
0K?Y ES ‘ .
MS1214 cu <8155 . 0004
LO= <2000 HI= . 4000 DILUTION=
. OK?YES

MS1214 SI . €539 .0218
LO= ) HI= 59.3700 DILUTION=
OK?Y ES
MS1214 MN . 6461 <1829
LO= .1000 MI= .2000 DILUTION=
OK?NO

N X Y Z

1 10 6 127 221

2 8 131 . 223

3 108 131 222

4 110 129 221

5 111 131 222

é 10 6 131 219
WHAT VARIABLE IS INCORRECT ?
X

WHAT N EQUALS THE BAD DATA POINT?3N ERR 2
THE CORRECT X=1@8
ARE THERE ANY MORE ERRORS?NO

MS1214 MN « 5945 «B124
LO= 1000 HI= 2000 DILUTION=
OK?YES

IDEN= DDDP 34-319-18-2 8 6-88CM

GEO= MS1215 IDK= WGT= 18.00
OK?NO

WHICH VARIABLE IS INCORRECT?

IDEN »

TYPE IN THE CORRECT IDENTIFI ER.

DSDP 34-319-10-2 B8 6-88CM

OK?NO

WHICH VARIABLE IS INCORRECT?

WGT

THE CORRECT WGT=410.98

OK?Y ES

TRIAL RUN=1

MS51215 ™MN « 2537 -18 59
LO= 0180 HI= « 200D DILUTION=

FRAC= AAA

20000.000

200.000

200.000

20000.000

20000.000

FRAC= AAX

20000-.000




OK?NO
N X Y
1 121 182
2 120 149
3 121 121
4 125 154
S 122 148
6 121 151

WHAT VARIABLE IS INCORRECT ?

LO

LO=.1

ARE THERE ANY MORE ERRORS?YES

WHAT VARIABLE IS INCORRECT ?

Y

WHAT N EQUALS THE BAD DATA POINT?3
THE CORRECT Y=151.

ARE THERE ANY MORE ERRORS?NO

MS1215 MN . €1 €9
LO= 1080 Hl= « 2000
OK?YES
MS1215 FE 192+ 62 57
LO= 2 590 HI= S5.0000
OK?NO

N X Y

1 10 € 187

2 108 185

3 187 187

4 108 188

S 198 189

6 109 187

WHAT VARIABLE IS INCORRECT ?
HI

HlI=«9S
ARE THERE ANY MORE ERRORS?NO
MS51215 FE 21. €639
LO= «2 90 HI= « 5000
OK?NO
N X Y
1 106 187
2 108 185
3 187 187
4 108 188
S 198 189
6 109 187

WHAT VARIABLE IS INCORRECT ?
DILUTION

DILUTION=2000@.

ARE THFRE ANY MORE ERRORS?NO

MS1215 FE 2.1664
LO= 200 HI= « SO0
OK?YES

MS

2es8
229
231
233
232
231

«9138
DILUTION=

6e T675S
DILUTION=

208
209
213
297
297
213

« 5937
DILUTION=

208
209
213
287
207
213

D4
DILUTION=

20000.000

200000.000

200000.009

20000.000
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MS51215 ca 33.7636 1.5787
LO= €-0000 HI= 7.0000 DILUTION=
OK?YES

YOUR CARDS WILL BE SAVED FOR YOU UNDER THE NAME
REMEMBER TO LOGOFF

MERCI> NOUS SOMMES FINISt!!

END OF FORTRAN EXECUTION

#LOGOFF

COST $1.30

CPU TIME SEC. 9. ¢
MFBLKS 2
SFBLKS 255

WC TIME MIN. 13.8
PUN RECORDS 15

20000.000

FUK UI
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A Listing of the Data Cards Output
by the CDC-3300 Data
Reduction Program

AASU 45,412 AAA FE 2b  154128,5770 2222.6104 2

AASJ 43.312 A4A MN oo 2412 «13 0073-3-17P 75-80 1
Ao 4f'”f‘ N 25 170927.9647 1467.5397 <85 0C73-3-17P 75-80 1
U A43.312 AAA CU 29 409,3991 6.4278 1.97 0C73~34~17P 75-80 1
AA§9 M3.812 AAA NI 28 27546925 34122C 1413 0C73-3-17P 75-89 1
AASY 31214 ABA FE 20 22185.33357 607.9628 2.74 0SDP 34-313-8-5 1 1
AASy 131219 AAA CU 23 155. 1841 4.L807 Ca62 DSUP 34-319-8-5 1 1
4ASJ AS1214 ARSI 14 6533.7532  217.9448 3433 0SOP 34-319~8-5 1 1
:iS{ ji;;T:-AAA MN 25 59456353 123.5306 2.3 DSOP $4-~319-3-5 1 1
AASJ 5243 AAX MM 25 6158,5925 137.641C 2.23 0S0P 3u=-319-10-2 1
Aagu ﬂzfafg AAX FE 28 21663.9179 593.6727 2.74% 030P 34-319-104-2 1
U M31215 AAX CA 2y 337635.9133 15787.07ul 4.68 0SUP 34-319-1C-2 1
OC7$‘3‘17P 75‘30 cH AAA MSJd312
DSOP 34-314-8-5 114-116 AAA MS1216

OSUP? 34-313-15-2 86-8873 AAX H51215
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The BCD-ASCII Converter - Teletype System

Introduction

The BCD-ASCII converter used to obtain teletype compatable output
from the AAS was designed by Mike Cranford and assembled and installed
by Ron Stillinger and Milo Clausen. It will take the parallel, BCD output
signal from the spectrophotometer's digital voltmeter and convert it to a
serial, ASCII signal which is teletype compatablé. ‘

The speed of the system is limited by the teletype which can handle
approximately one six-character output every second.

This system of data handling has proven to be very efficient if the
directions are followed completely. The operator should be thoroughly
familiar with the following directions before attempting to use this
system because the correction of errors must be done on the papertape
before being introduced to the computer. If these types of errors are
not corrected immediately following their occurrence, the process to

remedy the situation will become long and tedious.

Operation

The BCD-ASCII converter is switched on and off by the AAS on-off
switch. Therefore, the converter is operable any time the AAS is on.

Startup and shutdown of the system must be done in the following
order to avoid miscellaneous characters on the tape. The characters

are caused by electrical transients which occur when a switch is turned

on or off,
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Startup

1. Turn on the AAS
2. Turn the teletype switch to (ONLINE)

3. Push the tape-punch (ON) button

Shutdown
1. Push the tape punch (OFF) button
2. Turn the teletype switch to (OFF)

3. Turn off the AAS

In addition to the three switches above, an additional push button
is located on the right side of the teletype keyboard. This will disable
the converter so that data may be typed onto the paper tape from the
keyboard.

As an added precaution the tape punch should be turned off before
turning any switches on the AAS., The flame igniter in particular will
produce transients which will cause the teletype to print miscellaneous

characters.

Special Editing and Code Characters

To give the analyst a data reduction program which is flexible
enough to handle a variable number of samples and data points and allow
him to easily correct typing errors, the_following characters are used
to indicate to the computer that it should perform the specified operation.

These characters should not be used as part of the sample name or

subsample typing code. Their use in these instances would cause the
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data reduction program to malfunction,

In addition to these special characters the computer will ignore

rubouts, line feeds and nulls. -

e Backslash (\\)
This character will delete the last character typed in a line. A
series of backslashes will delete characters from right to left until a

carriage return is encountered. The backslash is formed by typing

(SHIFT)(L).

o« Commercial at sign ( @)

This character will delete the entire line up to the previous carri-
age return.
NOTE: The automatic carriage return produced by the teletype is not
punched onto the papertape and has no effect on the character or line
delete symbols.
NOTE: The backslash and commercial at sign do not affect the following
code characters except for the asterisk and the first pound sign in the
two set series, To erase the other characters, the tape must be manually

backspaced to the correct position then a (RUBOUT) must be typed.

e Asterisk (%)

Two asterisks typed in succession indicates the end of the sample

identification data to the computer.
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« Pound Sign (#)
A single pound sign, when first encountered by the computer indi-
cates to it that all of the following data are numbers which originated
from the AAS. The next pound sign encountered by the computer, signi-

fies the end of the data from the AAS, The sequence is then repeated.

e« Ampersand (&)
The ampersand signals the end of the data for a particular element,

It is used in place of the second pound sign after all data has been taken

for a particular element.

« Dollar Sign ($)
The dollar sign is used to indicate the physical end-of-tape to the
computer. It must always be the last character on all tape segments.
Any data following a dollar sign on a tape will be ignored by the com-

puter.

Tape Format

The formatting required on the paper tape is very restrictive and
any deviations from the prescribed patterns will cause the data reduction
program to malfunction,

Mistakes made in the tape format must be corrected by repunching
the tape and editing out errors manually - a very tedious process. It
cannot be performed on the computer as with the CDC-3300 program.

This is due to the lengths of some of the data lines and the internal pro-

gramming of the PDP-15,
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Since these types of errors do occur, even when great care is
taken, it is strongly suggested that the data tape be divided into several
segments. This is done by use of the dollar sign ($) which is described
later,

Tapes should be segmented between each element and in addition
the sample identification data should be punched on a separate tape.
NOTE: All tapes should have a long leader to make it easier to load
into the computer. Leaders and trailers are made by typing (HERE IS),

The sample identification tape must be formated as follows:

DATA COLUMNS (inclusive)
LINE 1: Sample name 1-24
LINE 2: Ascession No, 1-6

Subsample typing code 8-10

Sample weight (in mg. with a decimal) 12-20
LINE 3: Trial Run number (right adjusted) 1-2

The above sequence is repeated for all of the samples run in a
particular experiment, up to a maximum of twenty samples. The last
sample is followed by two asterisks (*) and then a dollar sign ($) on the
next line. The tape may then be removed from the teletype.

The order of the samples in the above list is very important since
the first one is labeled unknown one (U0l ) by the computer, the second
unknown two (U02), etc.

The description of the element - data tapes are more difficult since

many different possibilities exist for the formating of each line.
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Line 1:

- Line one must always contain the element name in its scientific

abbreviation in columns 1 and 2.
Line 2 - (4 to 9):

- The néxt set of data will describe the first set of solutions to
be run through the AAS and their sequence.

- In one group, two standards and from one to seven unknowns are
run.

- Standards are identified with an ''S'"" and a two digit number to
identify which standard. i.e. S02 would indicate standard
number two to the computer, This data must be in columns
1-3. The number will normally match the number on the
standard solution bottle,

- Unknowns are identified with a ""U'" and a two digit number which
will coincide with its position on the sample identification
tape. i.e. U0l would indicate the first sample in the list.

This data must also be in columns 1-3.

Following all unknown listings and on the same line is the dilu-
tion number., This must include a decimal and be in columns

5-13.

The standards and unknowns may be listed in any order, but
they must be analyzed in that order.

One of the standards should have a higher concentration of the

element of interest and the other should have a lower
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concentration than the sample being analyzed.
- After all samples and standards are listed for this group, a single

pound sign (#) should follow in column one.

The following data lines are automatically formated by the teletype.

‘The operator should begin aspirating the first solution listed above.
‘Data are obtained by pressing the BCD-ASCII converter enable-
disable button on the teletype keyboard.

A maximum of 125 data points (10+ lines) are allowed at one time for
one solution,

After enough data points have been obtained the operator will again push
the BCD-ASCII converter enable-disable button.

Then he must type (RETURN)(LINE FEED), This signals the computer
that the next number is for the next solution in the sequence,

NOTE: The automatic return - line feed is not punched onto the paper-

tape and has no effect on the program,

The operator will then repeat the above sequence for all of the solutions
in the first list.

He may then repeat the sequence starting with the first solution and ob-
tain up to 125 more numbers.

The sequence may be repeated seven times for each group.

After the first set of data has been obtained, the operator may stop any-

where in the sequence.

After enough data have been collected, the operator must type a pound
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sign (#) in column one.

The next group of samples is listed and run as above. This sequence
is repeated until all of the samples have been run for this element.

The ampersand (&) is then typed in place of the pound sign (#) at
the end of the data. The ampersand is then followed by the dollar sign

($) in column one of the next line.

This tape may now be removed and the entire process repeated for

another element,
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Operation of the PDP-15

Introduction

The PDP-15 computer utilizes a main program called AAS and
fourteen subroutines to complete its tasks. Most of the routines, in-
cluding AAS, have been written in DEC Fortran IV. (6) Subroutines
Editor and Erase have been coded in Macro-15 assembly language.(7)

All of these programs have been compiled or assembled and the
binary routines have been combined under the name AAS using the
UPDATE utility program. (9)

For a more complete explanation of the DEC PDP-15 system the

reader is referred to the Digital Equipment Corporation reference

manuals (5, 6, 7, 8, 9).
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Stepwise Operating Procedure

NOTE: When a name is in capitals and enclosed by parenthesis, it

denotes a single key or switch,

l. Mount the Dectape marked Geochem on to one of the drive units, Turn
the cogwheel to 5 and move the two switches on the drive unit to

WRITE LOCK and REMOTE.

2. Mount a scratch tape onto another drive unit, Turn the cogwheel to

4 and move the two switches to WRITE ENABLE and REMOTE.
3. Switch Dectape unit 0 to WRITE LOCK and REMOTE.

NOTE: If this tape is not marked B/F MONITOR (background/fore-
ground), it must be removed and the proper tape must be mounted.
The system then must be loaded into the computer, Directions
for this procedure are located in the PDP-15 Operations Note-

book,

4. Turn on the line printer. Push the (SELECT) button (the light should

go on) and be sure the paper is mounted correctly.
5. Turn on the Tekscope. This is done with the key.

6. Push the (ASCII-TTY) button., The light should be off,

7. Push the (ONLINE-LOCAL) button., The light should be off.
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10,

11.

12,

13,

Turn on teletype 0 and type (CTRL)(C). The computer should respond
by typing a $. If the computer does not respond, see the directions

for reloading the system in the PDP-15 operations notebook.

After the computer responds properly, type BCONTROL 3 (CR).
This transfers control of the background portion of the computer

to the tekterminal.

Mount the paper tape with your sample identification data onto the

high speed tape reader.

Push the Reader (FEED) button to clear the reader. Be sure that none

of your data has passed by the read head.

On the tekterminal:
Push (ERASE) to clear the screen and type (ETX). This is equiva-

lent to typing (CTRL)(C).

After the computer responds with a $, type in the following informa-
tion:

A TT3 4,5/TT2 3 (CR)
GLOAD (CR)

The first statement assigns the tekterminal to logical units 4 and 5
and the line printer to unit 3, The second statement invokes the

program loader. After the first line the computer will respond with

$. After the second line the computer will type BGLOAD V2A.




14.

15.

16.

17.

18.

19.

20,

21.

22,
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Now type
(L)AAs(T)
This will load the data reduction program into the computer.
The papertape should be read in and the computer should ask

MORE DATA?

Mount the next paper tape and then type
YES(CR)

This should be repeated until all tapes have been read.

The rest of the program is operated by answering queries from the

computer,

After you have finished, type BCONTROL 0. The computer will

respond as before.

Push the (TOP OF FORM) button on the line printer until you can

remove your data,

Push the paper tape punch's (FEED) switch until you have a tail of

blanks on the tape. Then remove the tape.

Turn off the line printer, tekterminal, teletype and all of the tape

drives.

Remove the Geochem tape from the drive.

Record the time you used the computer into the log book.
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The computer has output all of the final data onto the line printer
and punched the same information in card image form onto the paper
tape.
This tape must now be taken to the computer center and copied into

‘their computer. This ASCII coded information is then converted to BCD

code and punched onto cards.
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Program Listing For
The PDP-15 Data Reduction Program
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O THE LIMEFRIMTER FOR FILING

fw

o0
'R

— 1y

-+

m
Lol w R w DN

[
]

T T T

oD
-

PiThio FRODICE
R OF THE

b
1T

oo oGO0

[

I» ' [
| - THE FISSIGHMEMTS IM THE . DAT MHICH HAYE T BE [
o o OFACE RRE: o
o s . i
C C GEWICE LRT =
[ i

I -

DFELTREF DMTT <

UMIT 5

b

(PSR
S0 T O

RTRALIE A I R A OV
T OO

T

SO0 000 oo

DRGNS 0

D

o

]
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SERED ALLTOF THE ELEMENTS 0F  mREAY CONC

[ R )

FEEAD CODE FOR QUEITION MA

[e Na ey

CHLL SEE
F: -
Sl FORMA

CHRLL ERASE

CHLL THE MACED SUBFROGHEFA:

[ B i w g

VOLWISH T USE THE STRNDES
OGN WYALOES OM FOLE. AL

TR HOO YOl WTEH 70 RERD TN FARELE TEFES ALY

ChRL EOITOR

SEEK THE ORTH FiLE
IT 30 THAT IT CFN

CATED By REDL TR Al OFEM

e e Ne Ry

[

L

CRLIL SEERCL, BT

il

LE HpRE.  Hil

FEAD M THE
WETGHT OF  THE
FEREN FUM

min

D i

1

30

{

CRLL SAMPLECENT »

REMAD IH THE ELEMENT NAME,
ELEMENT RMD F Iord 1T A FLAE
Fp GITFUT TO THE LINEFPRINTER.

SEAL 1M THE

Pr THE Ll IRTR I

(e N R i i ]

e T AvE
CHLL ELF




9

ELMOSRT »=tthi

RERD TH THE CGRDER OF SAMPLES AMD STENDEE

CILUTION OF THE DHEMCORMHS

LI LOH HAVE

EEER RUM, FiMND THE

[sReReRyEwie)

SCTALDILCL R

]

=

FERAD IM THE WYWALLES FROM THE SFECTROFHOTOMETER.

Xt
IF
FERD L,

HE FORMAT C1ES

CHLCULATE THE MEAM AND THE STAMOHED DEWIAT ION

[sNeNulivNel

L =

ELIMIMATE SLL YALUES GRERTER THEMH TGO STHNDRFD GEVIATIONS

FikiFY FRIZE THE MERAM.

HOD 0O

o
Iy i -al

THEM THO ZTRMOLARD DEVYIAT IONS

ok LT TRGHMED TO P8

FRECALCILATE THE MEAM A CRLCULATE THE WAkKIANCE,

SO0

C T IHUE

PEF=T-1
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O0O0O0a0

OO0 O000

EOHUMBER,  THE
So0THEN FSHE THE

CaGa TO e

IFCRN=.

THE FROGEAN MW ALLOWS F BEOTTLE
PeUPZER R DILLTION U i THE OFEEATOR TO
CELETE AHY FNVERBGES WHICH HE T ARE DHVEL LG

it
WHICH YREIAELE IS IM ERROE. AL, ZiH cBETL, Ik
ETC 22

o

[oule
IR LR Sl A e
N E:

DR CRT.ED
ARV T DTN ST 2
I T =R PSS YT I TN SO SN

Ry

Iz

MHE THOD. MNOL L HLs

ST HEMET T2 THE OORRECT BT RUMSER. AL

-

TRO D g Tl
T L
20033 TOoanE

T L

Skt (Tt e
bt e £ 'S £ e P10 O

—

IS THE CORREECT DILUVIGH. Rl




1
CHaLL YESHOOA
IFCAMZ. B YES
G0 T 95

RYERFIGE THE MERAM OF Tl'}E GROUPZ FOR EACH SAMPLE

NN e NwNy]

1zZZ D 125
HWR="FN
o149
H=1

TO 1Z4

FEEF+1.
MIE

FOUTINE T3 DETERMINE MHIUH BOTTLES IM THE LIST ARE
STAMDRELE.

o000 00n

1
(4]

AR Y Y Ve i I RO
A - n

ETOT D BN ey T 1S3
CRLGDEDL L

Jh e YO

™
I

-~
.

__‘;T‘.
-
-
T

CETLCH, B,

154
PIRTOH WE S T 3 S
1. oG T

DOPIED CRAGD O LSE
Foocfn DRG0 19

il L -
ol ELMOSE

CALCULATE THE COMCEMTEARTION, SREEGE AHL ~ERCEMT

[y e Nule Nyl

LoE BTLCE=A




OO 7S J=N2T, HEM
MST=J

T AT

S, ML BTLIZE S
DT 25

LIl T

FT. HUM3 =
T, HLING =1, £ EL 4+
L , L AWERCNEE S 0

CERT. MU

HRITE THE RESULTES OMTD FRFER TRFE

O00O00

LL=MNLiN+Z
Le=pl—-1
RIS -2

ML, ELMC=RT
(T FUND

BT, RN PO

e Pz, oL,

FZs 1. Hz, L, T2,
1F1a 4, 1,
CHONT I MUE
IFOM B,

IF oM 2

[
-~
o

T A6

T Za

WREITE RLL O THE FIMAL RESILTS TO THE LINE FPRINTER
AME BLL OF THE CR02S REFERSNLE THRFORMATION TO THE
FRFER THFE FUMNCH.

[ R N o e W

175 CALL LPLISTORHT, ELMY
CALL UREFCEHT

@6 COMT THUE
STOF
EHD
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FLIMCT IO FWERAGOH)

[}
Dl
O
fw]
)

FHOTOMETER. >

Loy B O W e B O Y

IS0 0 S 1 1 )

SGOOOoOO0O00DO0O00

CIMEMSION “odl2Sh, CMoias
COpar Do, -
| SUM=C0IUMNT =0

SR D I ' B

!
| 1 CONTI
| AVERFAS=SLIMACOUNT

FETURNM
EMND




OOOO0Oao0000O0n

SUBROUTIME CTREFCENT >

[ W G 01 0 0 S0 0 0 0 0 1 0 0 O 0 200 00 0 0 I O

bl

THIS SUBROUTIME WRITES THE CROSS REF-
EREMIE IMFORMATION 0N THE FAFER FLNCH.

Croa o 7

T Ty T

et
-
o
]
o
I
[

INTEGER RLM
CTMENSTON DL L@, DRCL25 0, SHMOLIZE . ASHC 40, SE0
Lo R 23D

SO COdr, Doy Dot MRG

H=r=0

L3 10 I=i, EWT
FiH=H-

{=HNS

PiFi=rL

M=FM+L

GO To 16
[RES IR L 010 P ¥ D CAcY wi e SLIFIENS 508 & RU IR I £ 818 R U B
SRS, FL, L P SIS PO S

WETTECT,
FORMAT (1M &
ST T HUE

FETURM
Efil
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CTITLE EDITOR

AAA AN DD S A A e

- y B S I N S SN A A AN s A s A
v R A g T g i LA A A
id -

’ .
'd -

NN M N

& : SUBRGUTINE ECITOR WAS WEITTEM T TRANSFER . e

- . DATE. FROM PAFERTARFE TO CERTARE 1M R FORM MHICH '
Is < COULD BE USED BY ARS. -
e & IN THE FROCESS OF TRENSFERFING THE ORTR -

~

s ERITOR MILL DELETE IHDIVIDUAL CHRERCTE ik '
I o ENTIRE LINEZ, REMOIVE = ez FROM THE DRTH I
R FECIEVED FROM THE ECC WERTER. AND -

OUTRUT SPECIAL CODES WHICH MILL COMTROL SRS, &

~

NN

e THE SPECIAL CHARFRCTERS UZED BY ECITOR FAFE: I's
.‘/ o

NN NN

SN,

CELETE th FREVIOLE:: CHRRACTER o
CELETE HATIRE LIME o
CENOTES E EEGINMIMG AND END !
OF DATH FREOM THE B8CD-RSCII o
CVERTER

& DENOTEZ THE END OF LATAR FOR Es
THE F&E HT ELE 47 TUSE o

. IM FPLACE OF THE #) o
¥ DEMOTES THE EMD OF THE THFE I

™,

#* o> o

NN N
.

N
NN WM N

NN
N
.

s JRRILL DGHURE CRFREIAGE PETUEMNS AR “
- B Cud BT OTHE BESIMANING OF LINES, FUEGUTS, «
- o rLLL S, fléb LINEFEED:S, o
i
’)

CGLOEBL EDITOR

B =iy
L OTR.TTZ0, TTEI
M. THL RESTET
CINIT OTR DU RESTRT
CINIT T ST RESTR
Zla INLFRESTRT

FobimiE SWURITE FLLENARE OGN DECTRFPE

DM CFLAGH

STRET




.

-
.

.

NN

FILL THE EILWF
HHL THE PRIOFER

ELEM. FAMND DUONE WITH HEARDER
O =
ELEM:=
GiIME

SFIRZST HERDER MWORD

EFT
ITEFT.
ELEMPT
& DOMEET
ELEMPT
DOMERT
ITRET

CODERT

vt} i SSECOND HERDER MWORD

Gz« ITRFT
“M4 ELEMPT
+ DOMEFT

c
152 ELEMFT
LA CZ34am7
DACH ELEMPT
=2 ELEMPT

LA DT

AT (Sg2dEE

1 ST
L

CHC DOMNERT
I

I

T

ITERT
ITRFT

JMS STROVE
FERD FROM THE FAFER THFE

- REERD FTR. IMAGE. RUBLIFF, =&
L HAIT FTE

GET THE MWORD FAIR COUNT. MULTIFLY &% THO AND SETUR
FEAL COUNTER CROCHTR

LA RDELUFF
Shitirdt

AND CZ7V
oL

THRD (-1

HORDS

I'HE

PGP TN




FLTOR
FOFTER
FLFTERH

< CHECE FERAD BUFFER TO SEE IF IT 1% EMPTY.

FELETER

FLDICNHTE
JHE TR

JME REALR

|

r

|

\

|

|

|

|

I3 GET A CHRREACTER FROM THE RERD GUFFER AMD CHECK IT.

~

L0yl

SFHCE MHEHN

L CHECK

SHD i

CHARPCTER B SFRCEY
JrtE
eOIT
E CHEENMCTER A&

CHEFEAIDTER A 87
CHARFERICTER A CCRTY
= CHAEACTER A CLF 17

CHRFEPIZCTER A RLUEIT?

= LHEBRACTER A F7
= CHARFRCTER RO™W7

: CHREACTER

T

HLILL

E THE POZITION WHERE THE RNEST WORD I3 10 BE FRACKED

|
\
i
l
\
i
!
i
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JHE OME
SHE L2
JEE TRD
SRD E
JHF THREE

R

.

FACH IW LOCATION 4

N

LAz ZHECK SERCE IMN LOCATION 9
FHEL
FiMHD
THD i
DFC+ BUFFPT SDERISTT WORD IM STORAGE BUFFER
WOPRCTH#

ELIFFFT#

1 FRCERT SRESET THE PACKIHG FOTMTER
ITRCHT

WRIT

* EHGLM
HEST

.

FHOE ITH LOCATION &

[ I N W W

" EHGLML
© NERT

e
< FHIZE IM LOCATION 1

CDNE LHAZ CHECK
ETL
BT
R

S FaCKE IN LOCHTION 2
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THO LAC CHECK
RTR

AR

AN <17

TR FACK
FICH BUFFRT
EUFFET
40 CHECK

i P
|

D MRIT

JHF ENDLMHZ
JiF HERT

NN

FARCE IM LOCATION 3

-

.

THREE LHC CHECE
| ZhHA

FHR
j HMHD {FP3aa
; TAHE FACK

ez T
i

2 FECEFT
LAC WRIT

; e
- FINDS THE LOCHATION OF THE CHARACTER TO EE ERASED
e WHEM P 15 EMCHINTERED
v
(I

ERHIE LA PACKFT

FRCFTS
TS
¢ FRCPTL

" FRCPTZ2

SED (3
JHF FACFTE

'd
.
’ EFFISE CHAFACTER
l/

LAC o
L
L
FitdCs

IM LOCHTION 3




NS

FRACFTS

i

~

NN N T

FHZFTL

-,
.

NN

-m

AR

PHOFTZ

NN

SN

-
~

.

DHC FRCH -
JHF NERT

ERASE CHARRCTER IMN LOCATION 4

LAC <4
CRC FACEFT
LHC BUFFFT
TRb (-1
CRC EUFFRT
LAC WDFRCT
THE <—1
DA WDFRCT
JHF HENT

ERHSE CHARRZTER I LOCATIGH 9

L&t FROKFT
JiF MEET

ERASE CHARACTER IM LOCHTION 1

LAHC 1
s PRCE

LHRC PRCKE

Itd LOCATION 2

-~
18]

HZ PRCERT
LA BUFFFT
THO =21

O BILFERY
LAC+ BEUFFFT
FitiD (PP TER
LA PRCE
JHF MERT

WM TERED

ALL

S ENCOLNTERED
1 T BE

CHECKSZ THE C0RE CHARRCTER # IF [T I3 THE FIRST & EMNCO
SET CFLAG AMD REFZST VO Ok FEFCAT MILL Cad
IWE D TO RE iGN COUMTTL PO THER CHEERCT
THE =SECOMND ZET OF #5 Ta -
AR ITTEM. CFLAG MILL BE CLE
SET UHTIL FrhaTHES TR




CHCODE  LAC REFERTH
SZH
JME MNEST
152 REFEAT
LAC CFLAG
SZR
JHF CHRITE
152 CFLAG
JMF FPRCER

R

CRUSES (CR> AMD -0 TO BE IGMORED IF THEY ARE AT THE EEGIMMING
OF H LIME

SN

[

i_l'i

FOT  LRAZ FACKRT
| SEA '
JHF TR
LAC T
HAL +2
SHU BUFFFT
JHE HESRT
[ LAC CHECK
SHED 4
JMF ERAZE
SE WRITH
JMFP FRCER

ZTR

ERDLH JHS STROVE
JEE MERT

¢ IMITIALIZES THE FOIMTERS AMND COUNTERS

STROVE

SGET RDDREZS OF STORAGE
s TUORISTR SEUFFER

HIZ TORELF 8

- b

SECILT FOR HOR WOy FRIR

ST CHRERCTER OF THE LINE

e T OPRCEED I THE FIRST WORD OF THE PHIRF

EMLLML LAC

DHC* BUFFRT




{11/ Ve W e W

MRS

ENCLM

NN

EIMDEC

ISZ BUFFFRT
LI+ BUFFFT
1SS WDFRCT
JMF ENDLM

COMFLETES THE SECOND WORD OF THE RORED

LAC FACK
DRCH BUFFFT
ISE WEFRCT
Jis HDER
LAC CFLAG
SHA )
JMF WRITR

FACKS THE DATA PT. COUNT INTD BUFFER

SFD N Z

JHiE BEIMNOEC
SE CFLAG

JHF WMRITR

LRC CE2

CHC FPRCK

LAZ ITRCHT
L

sl

[

JMs DIVIDE

ShHA

RAR

AMLe (77
TRE FRCK

[AC FHA

CLA

P

Jrs pIVIDE

DRC TeEMFH#

&TFE

RTH

FiF0 © FEEsas
THAL FRCHK

CRCH: ITRFRT

LA ITRFT
TAD -1

CRC ITRFT

LRz TEMF

ETR

FEFFR

AHD CLT

LA FPRCE
CLA

[

JHE CIVIDE
RTL

JEIM T CGEC CoMY.

FRIR.

ITRATE.



7
e
e
/

v
e
DIVIDE

Y

HLE

0

Ch=ITE

MELM

HEITR

HEITR

RTL -
AMD (Z7E0
TAL FHCK
DAC PARCK
CLA

CLL

JHME DIVIDE
SHHA

FETL

FAMND (774080
TAD PARCK
DRCH ITRPT
I=2 ITRFT
JHP IMRITR

DIVIDES A BIMARY MUMEER BY OCTAL 13 CEITHARY 1818 TO GET

THE CECIMAL ECUIVALENT

o
DIv

1z

AMND 217

TAD <266
JEP DIVIDE

FLEMZ Thd HERCER LJ-0S FoR THE GUFEER

%

LAC WOFRCT
ZhHA
(Sigie
HFAZ
DRC+ TOFBUF

[252 TOFEUF

D2M+ TOFEUF
JMF+ HOER
CMWRITE OTFR, 1OFS,
CWAIT OTR

bZM CFLRAG

JME MENT

LAis FEFT

SZH

JEF HEXT

IZZ FEFRT

CHRITE OTR, IO,
CWAIT TR

DZr TFLASG

JME HEST

CHRITE CTR. TOPS,
CWARIT TR
CMRITE TR, I0FE.
CHAIT DTE

JMES STROWVE

JHE NERT

COGE, 9

ITERTE, ¢

STOREL 254

.

STOREed

93
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CODERPT
ITRFT
ELEMFT
CIONERT
ROTOF
TOF=TR
COLE
ITRAHTE
ELEM
COtE

Mz

- ANSHER

REOEUFF
STOREL
RESTRT

MNAME

s

-
e
s

-/'

FIMISH

b2

FIry

COGE
ITEATE
ELEM
DiarE
ROEUFF
STOREL
. BLOCE
. BLIOCE
L BLOCE

FHEZHER-MIG-/ 2w 108E
)

CASCIT "PORE CATH?ZCLSH
&)

CEBLOCK 4

CBELOCK 54

L

SENCES
CCLOSE PTR
L CLOSE OOR
JHF STRRET
CEISET "AASDATARED"

CHECES To ZEE IF THE DFERATOR HAS FINISHEDR
ALL OF THE FHFER THFES

CHRITE TTZ0L TOFS, MEG. 34

Vs

P TT

LA
il
SHE
Jilp
LF
Fitdl
ST
JHF
JF
LA
HME .
D SIS THE ANZHER YEST?
JHF AVEE

JMFEFIHIZH T

CHEITE DTR, IOFS, DONE. ¢

CWARIT TR

CHMTAFE DTFE. EOF

CCLOZE TR

ST% THE AHSMER MO7?
STES

THz AHIMWER YES?

JHF+ EDITOR

. EMD

FEAD IS




SUEROUTIMNE ELMERT CELEM. SRET, HOEL, FNOLTST

[ 6 00 0 0 S S 10 0 0 0 5 0 0 U A 1 1 T O

[N

THIS ZUBROUTINE MATCHES THE ELEMENT [
HAME T THE ATOMIC MIMEER AMND CALLS SUE- [
FOUTIME STHMD TO RERD THE STRHDARD YALLES [

FROM A FILE ELMZET ALZO A3 = ERCH
ELEMENT A UHIZUE MNUMEER (SRT> 20 THAT IT
CHM BE RELODCATED.

ELEM ELEMENT HAME CAEREW)

SRT MHLUMEER ASSIGHED 1O EACH
ELEMENT

HOEL HTOMIC NUMEER

T ONONC00NNO00N0000
OOO0DoOO0ND 0000

B D00 I T O

I I I I 00 S I W

[ W N

OODoO0OoO00N00N0N0D 000000

IRTEZER SRT
FEAL FL ST, MG FGESTO MM MHST. MEL HASTD. NI HISTE

ly]

TOod v, BASTE
HLASTE HE TLE.
' PO Lo, CUSTDN S0

LSHCUZ T, 4HF [LE,
CHGSTO L o, HGSTDY

PTG 4HEF ILE
HUSTOO L, HisThe2a s
SHEESTD. SidF [TLES
TIZTLOLM TISTDY
’ AT 0 AHFILES

WL e R SHEHDME . dHE ILEAS,

DATA SI1%
LSHTIETL, -
SRETDO L, S

]

CTH THE CORFECT ELEMEMNT HWAME, AL

18 FOEMATOLH L Z4HEHAT 19 THE COREECT WAME, AL




A

i

IFCELERM. ME ALXSO TO 5
CHLL STAHMDORLETD. ELEM S
IRET=1

HOEL=1%

RETURM

IFCELEM ME. BRXGD TO 16
CRLL = FHETO. ELEMY
SRT=Z

FHIEL =005

FETURN

IFCELER. MHE CRXGO TO 15
CRLL STRMOCCASTD, ELEM?
ZRT=2
NGEL=C_
FRETURM

IFTELEM. NE. z8
CALL STRMDOCOSTD, ELEM)
ZRT=4
HOEL=27
RETURMN
IFTELEM. NE
CARLL
TET=5
HOEL=23

FRETURM
IFCELEM NE FEXGD TO ZH

L OETENDIFESTO, ELEM)

5]

T 25

T, ELEMD

!
bt

T =
FETUREN
IFCELEM NE HGYG0 TO 35
CHLL STRMNDCHGETE, ELEM?
SRT=7

HIZEL =20
FETURMN
IFCELEM. ME
CHLL STRMND

ZRET=3

FIOGID TO 40
STC ELEMD

FETURM
IFCELEM HE I S50 TO 4%
CHLL STANDOMGSTD, ELEMD
SRT=2

MNCEL=12

FETLIRM
IFCELEM ME. MM>GD TO =93
CARLL STARMOCOMHETD, ELEM
SET=10

FETLRM
IFCELEM ME. M

PETOTO 55

1T ELEMD

Rl STHNDC
SRET=11
HIOEL=11
FETURM
IFCELEM ME, HIXMGD TO 28
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CHLL STAMNDOHISTD. ELEM
TRT=12
HOEL=22
FETURM
} =3 IFVELEM ME. FEXGO TD &85

CHLL STANDCFPESTOD. ELEM?
SRET=1Z2
RIJEL =22
FETIIRM

3 IFCELEM ME. SIDGH TO 7O
CALL STAMDCSISTD. ELEM
SRT=14 '
MOEL =14
FEETLIREN

C8OIFCELEM ME TIHGO TO ]
CHRLL STAMDCTISTD. ELEM
SET=15 '
HOEL=22
EETLIRM

C3OIFCELEM ME. ZMXE0 TO £9
CARLL STANDS ZHSTO. ELEM)
ZET=15
HOEL =323
FETIIRM
Z0 WRITECY, JSHIELEM
208 FORMATCLH . AZ. Z3H IS HOT OpM THE PROGRMAM FILE LIST. ~

11H L ZEHIT WILL BE ASSIGHED THE ATOMIC MO B )
| DO 588 Ix=1, SOHEss
CONTINUE
SO CONT THUE
MOLIST=NOLIST+1
TFOHOLTAT. GT. 1050 To 260

FETURM

IFCHOLIST. GT. 2360 TO 219

SN0 TO 226
Cabl STAMDCRMDM, ELEM:
FT=1%

TRT-
HEL=0
FETURM
WETTE Y, =550
FoEMaT s »AEHYOL HFEYE ESCEEDED THE LIMITS SET BY THIS
LiH . G IHFE UF YOLE LAST ELEMENT

ISR T MEAM OLTZT uiIll MNOT ARPESRE
ZiH L asHT THTER GUTFUT. BUT i PRFERTRFE CHALY.

il
[

ST IMUE
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SRL CIONT INHNUE
CALL STANDCEMMD, ELEMS
SRT=26
RIOEL =8
FETLREM
END




- TITLE EFASE

I

I

- CE NS PP LGS DD L A
s I's d
I “ s
s s SUEROUTINE ERASE MILL ERASE THE “
I's s TE}TFFH[HHL SCREEM. DELAY FOR . S s
I's - : THEM HIOME THE FOINTER. I'd
s 4 I's
s s I's
P FEEPAL ISP LA LP I PP P AP A ARSI E P
I

7

. GLOBL ERASE
a
CIOGEY 9
S IMIT 4 1. RESTRT
CHEITE 4. 2, CLEAR, 4
CHWAIT 4
LAZ ¢ Sa15a0
ODHC WASTE# SHASTE | S+ SECONDS
I=Z WASTE
RIGISENEES
. MR TTE 4, 2, HOME, ¢
CHAIT 4
L CLOSE o
JMF+ ERASE
ZLEAR HOME-CLERRAZ 41000

m
D
wn
m

i
_‘
I
T
-4

HOME s R R=Telc]

RESTRT | CLOSE 4

JriF START
. EHD
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DO0OOOO0Oo00000

]

QG

DI

15

LEHRZ. 4, SHRNL 4, ZHES, 45, ZHRE, 4

T MRITECG, 23

SUEROUTINE ERRMETCET. HE. DIl HRF, HEM AVE, ELMD

{1 0 0 I 0 0 I 0 I )

LI S 5 A 0 I 0 e e B

. THIZ ZUBROUTINE MRITES ALL OF THE
PRELIMIMARY FRESULTS TO THE © OMTROL TTY
FOr THE OFERATOR TO CHECH.

Ry el NyNeNy]
aoaoaa0ns

‘CCCECCCCCEFEERCNEﬁERﬁﬁﬁcCCCEQCCCCCCECCECCI ™

o

RERL ME
DIMENSION BTSN, NECSD, DILCRY, AVE CFEZR

DARTH = 1HS

WEITECS,
FOEMATCLH . oy

B ZHREL. s, 2
HRT 434, 2HR

TLLIT I,

Gl 13 I=1. HEM

IF{EBT I ER S35
WEITECS, 232G
FORMATC1H
COOTI 4

FORMAT AW . 12,
T IMUE
REETURM

ENDG
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SUERUTIMNE LFLISTOKMT. ELMD

C
c
[
C
[ [
(8 C
C C
C i
C [
C
C
-

INTEGER RUM
FEAL MNOD

B0 1 1 T S 0 1 0 0 Y

LIS ) L IO E% WO Y % PY

L0 0 0 0 1 0

¥

THIZ SUZROUTINE LISTS ALL OF THE FIMAL
FEZULTZ OM THE LIMEFRIMNTER

LA SRS N A A A B o

L 0 2 S 1 1 L I Y 1 0 T 0 I A S 0 4 0 ¢

-

CRMMON CURL Do GHEL MED. SN, ASH, SS90, RUOM, MGT. COMN, ERR, PO
DRTA ROSZSHND

Z MRITECS, SR80 00K

OFORMATCOIH  ZEHHTH MAMY LP COFPLES DO YO FESUIRE. AL
REAGC S, 2100 NC

216 FORMATILY

ITOHCE

=i

=

Call 2 -

FI=TAR:

Dl 16 =1, KNT

H=f+1

Pl=H+5

METTECZ, D83 CIMM 0T, T=t, M)
21 FORMAT LML, -

FM=F L

[RIRES PSRN

SLH L DEL RZ. SRS

2o MGT T
cos ZHO PG

AL PP
e ;

FrRMaT C1

F,

Tl THELEMENT. S, LOHCOMT (R, 180, SHERROR.

A0 OTDOS
: LR, I ERRCEL Ty, POUK
3 FORMATCAH . 9 CELE 4 3, FAD, 4, B FS
COMNT [HUE
T IHIGE
COMTINILE
VIRITEC S, 270 0 IpH
FOEMAT O 1 HOKL. Fil >
CALL YESHOAS
IFCHMS B MOXGD 1D 3
RETURMN
END
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SUBROUTINE MATCHONE, b BTLCK

JUBS I8 1B 100 06 €1 U 0 0 0 0 € 10 10 S T 51 0 0 0 0 6 10 00 0 I 1 3 I 1 0 0 I

HUMBERS RERAD IM A FORMAT TO BN ITNTEGER

C
c
Cc
C SUBRDUTINE MATCH CONVERTS THE BOTTLE
C
c MUUMEER WHICH CAMN BE USEDR IM AN ARRAY
C
c

OO0 aOaOd

SISO S 2 L B T 1 8 2 0 I B B L L

FREAL NE o .

O o000 0O000O0

CATAH ZEROAZHEAA HALFA2H, S OHEAS
17EHRZES FOLURAZHEY S FIVEASHES , S 10
ZEIGHT/2HBZ/ '

o]

K=1
TF (HE. EQ. ZEROXFETURN
k=2

IFCHE. EQ HALF XRETURRN
IF<HB. EQL OHEYRETURN

IF ¢ HE. E. THOYRETURN
k=5
IF ¢ME. Ef. THREE YRETLRN
b=
IFCNE. ER. FOURSRETURN
K=
IF (Mg Ef. FIVESRETURM
K=3
IFHE. ER SIXYFETURN
a—

[ IF¢HE. €5 SEVENRETURMN
=L
IFCMNE ER EIGHT JRETURM
CRLL EFASE
LFITE 4, SEED

<, 4ZHTHERE 15 AN EREOR IM THE ETL HOS. , RECHECK. >




0O0OO0O0O0ODODOO0O0O00O00

o000 0

[
[
[
[
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SUBROUTIMNE SAMFLECEMT)

(57 51 DU I B B 5 S I I 5L I I WIS I 0 1 U0 0 I I S 3 8 I s
C D
[ c
C THIS SUBROUTIME READS IM THE SAMFLE C
[ NAME, ASCESSIOM M, SUBSAHAMFLE TYFING [
C CODE, WEIGHT, AMD THE MO, OF TIMES THE Iz
[ SAMFLE HAS BEEN RUM AMD THEM ALLOW=S THE C
™ DPERATOR TO MAKE CORRECTIOMS. C
C C
C C
cC » RIS S B O T B L 2 o 0 ) I

O
O
O
o]
Ct
[y}
o
m
o
-0
O
O
it
[y
[l
Cr
[w
)
[}
it
i

INTEGER FLIN
RERL HNME

DIMEMSION SHMCLZAY, HSHN 46D, SSDC2E, MGTI20), RUNCEE2,
1STLC18Y, R4125>

COMMOM STD, #, BME, HED, SHIL ASH, SEC, RUM, WGT

DATA ASTSZH##ws, YESAZHYES,, HMEASHHAME «» GHO-SHGEDNDA,
1FR EHFFHI A WTASHEGT A ENCSHREUN 2

DI 28 I 1. 28

H=p+1

M=M+5

READCL, 2020 CIHMO T, J=MN, MDD
g6 FORMATCRZ. SASD

IFCHMO M. EQL AST XG0 TO 24

HH=MM+1

PiM=MNM+1

READC L, 2953 CHSHCT 2. J=MH MM, S3CCT 0, WGTCI)
Q55 FORMATCAZ. A4, 15, AZ, 13, F14. 22

READCL, 2OS0RUMNCT
gtns FORMRTLIZ)

WRITES OUT THE IMNFORMATION JUST READ IM AMED ASKS THE OFERATOR
TO CHECK 1T

4 CALL ERAZSE

WRITESS, SO7 CSHMOTD, J= MY, CASHCI Y, J=HM MM, SSTCT S, WETC Iy, RUMCIS
237 FORMRTCIH ,rHHHNE , A2, SASA1H L FTHEEOMO= L AZ, A4, Sk SHFRAC=, A3,

15X, SHMWGT= ", F7. 2, S35, SHRLUN= , 12>

= ¢ GBS

"AAH , ZHOE, A1)
CALL YESHGOAMSS
IFCAMS. EQ YESXG0 TO 28

THE FROGREAM MOW ALLOWS FOR THE CORRECTION OF AMY ERRORS FOUMD
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WRITE 4, F1630OMK

FORMATCIH - 33HMHICH IDENTIFIER IS IM ERROR, A1)
READCS: S1E3CRT

FORMAT CAS Y

IFCCRT. ER. MME. OR. CRT. EQ. GNO. OR. CRT. EQ. FRC. OF
1CRT. ER. WT. OF. CRT. ER. RN>GO TO 14
WREITEC 4, SSHGMK
215 FORMATCLIH L 4HWMHAT, ALD

GO TO 12 ’

14 WRITECH, 317ICRT, QMK
247 FORMATCAH L ZBHWHAT IS THE CORRECT , AS, AL
IFCCRT. EQ. HMEDREADCS, QH20 CSHMCT 2, J=H, M)
IFCCRT. EQ. GMOYREADCS, 9953 CASHCI Y, J=HH, MM
IFCCRT. ER. FROSEERDCS, 922)3S041)
IFCCRT. EQL WT2RERDCS, S2ZO0WGTCL)

IFCCRT. EG. RNYREADCS, 2ESIRUNCT )Y
FORMAT CAZD
FORMATCFL1E. 2
HRITE<4, 282 3AMK
CALL YESHOCAMNS)

IFCANS. EQ. YESYGO TO 4
GO TO S
28 ENT=KNT+1
24 COMTIHNUE
RETURN
END

o
s @ &

o

(KN S]
[N (N

W




SUEEDUTINE STANGCFILE, ELEMY

[ %

[ L8 0 2 1 1 0 I S € o 15 158 150 300 00 I 0 00 1% 0 I 0 00104 ¢ 9 0 14 0 1O I 106 101 14
[ % [ % o
C [ % - C
[ % C SUERDQIJTINE STHHD INFLUTS THE COMCEN- [
[ [ TRATIONS OF THE STAMDRRDS FROM A FILE e
[ o4 [ DR WILL ALLOW THE USER TO IMPUIT THE VALUES ©
c s FRINY THE TELETYFE IF NGO FILE EXISTS cC
C [ FOR THAT ELEMENT. [
[ % [ % [
[ % C [ %
[ % {260 5€ 1 8 05208 3 ¢ 01 5 10 1 0 00 30 1 0 1 00 6 10 R D 0T A 6 ¢ I 0 6030 6 0 Y S50 0 T S04 0% 14 10 4 104
c )

[ %

DIMENSION FILECZ), STLCLDY, BHL25)
CDMHHN STO, D GOMEL MRD
OATH YESASHYES
IFCHRE. B 1260 T S
CHLL FETARTC(Z, FILE: I
IF<I. Bl —15G0 Ta 48
3 CHLL ERASE
WREITE (4, 182 ELEM
18 FORMATCTLH bbb ob o dokobok o sbbshob ok oo dodikodokodeok g bbb sbob dedodidend dido e dookeodod
l++¥+*hk o o F4HTHE STAHHDARD YALLUES HAVE
NOT EEEM FILED . 1 . 2K, ZZHFLEARZE ENTER THEM
MO, SRR, AH+AZH 4, G20, IH+SZH «* SoHYOL MUST EMTER WYRALUES FOR
TEMH STHMNDHRDS cL:lNNlHL: MITH S, ¢ oV HHNE- IN! LII[ THG
=5 EACH YALUE MUST CONTEIM A CECIMAL FT. . 4 .
EE TERMIMATED WITH A CARRIAGE FETURMICRS. FOR FrY
i TTHhDHFD UIT}HHT H YALUE. A CARRIAGE RETURM IS
1 STAH e B R B T e e e e R (8 T B DU S AUR L U I A B AU
: Aobobb b et kb ok )
I =1, 198
PSTOCID
25 FORMAT(FeE, 22
Dy 268 I=1, 16
G OWRITECY, ZSOHSTOLLIY
=29 FORMATIAH L Fe 20
BRI TE O, F00 3 Gtk
S FOFMATOAIH L ZHOE, AL
CHELL YESHOANS)
IFCANZ NE. YESGO TO S
FETURM
48 CALL SEEKC2, FILED>
OO Sa I=4, 19
S8 READCZ, ZSpS5TOCI>
CHLL CLOsE<C2)
FRETURHM
EMD

I AN I R A (N
R




106

SUEBROUTINE UMENGHCHE. K, BTLCKE Y

TR S 0 0 0 0 00 5 I 000 0 03 4 1 10 I W I 0 4 4

100

oo

SUBROUTIME LMENOM CONYERTS THE BOTTLE
MLMEERS RERD IM A-FORMAT TO AN INTEGER
MUMEBER.

OO0 aOO
e

[pNw

[ I T I 0 04 0 k1 0 35 08 3 0 0 1

REAL ME, NIME

O OO0OONONDO0O000O0

DETH 0
IF[WESZ
ZHINME,
ITEEMZ,
STEENT.

L SEVENSE
S ELEVERNM.

-

MHE. EGL OMEMRETURHN

T e

niE MM

&
m
]

L THOXRETURN

v
i

-y

L S (A =

=
m

n
)

. THRECHECTIIEN

,.
i
.

A

FOURDEETURM

o FIVESRETURN

3 SIFAMRETURM

L SEWENSREETLREM

CHE. ERL 2 IGHT XRETURN
THE. 2 NIMEXRETURN
IFCHE. EQL TEMMRETURMN

ICME EQ ELEVENIRETURN

=12
IFOME. EQ. THELWEMRETURN

IFuNE. EQL TEENZYRETURN
v=14
IFUME. ER. TEEM4 YRETURN
¥=15
IFCHE. EQL TEENSSRETURN

jus

N m

]
N

A TEEME PRETURN

odiie BPCls PR
m
m
]

@
m

2 TEENTAIRETLIEN

DT e 2 e

bx)
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IFCME EC. TEEMS »EETURN
b=
IF ¢
K=zE
IFCMB. ER. THENTY  RETURM
CALL ERASE
HEITE s, 3550

08 FORMATOLY, 43HTHEFE 15 AN ERROR IM THE ETL WNOS. , RECHECK. ) .
ETLE

RETURN
ERD
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OOOOOCONONO000NO0

FURCTION VYAERIEMNON, AVE:

[ 0 1 0 0 6 D 1 0 0 8 8 10 ) 0 1 O 9
[
i

VYRR AN CALCULATES THE VARIFMCE
CF A GROUP OF HNUMBEERS AND WILL ELIMINATE
ANY MLDEERS GREARTER THEN 1353 THE LRRGEST
POSSIELE NUMBER FROM THE JARREL ASH 224
SFECTROFHOTOMETER?

(v Ee R RwE o NNyl

DU R I W Y

E RO 05 1 0 50 O A I I 0 0 65 1 0 0 1 1 T I

o

CIMENSION HOL2S53, DUMCLE)
COMRINN DM, W

COUMNT =51iM=8

0O 1 I=1.N
IFCRCT . GE, 28E8. >6G0 To 1
COUNT=C0UNT+1.
Hi=St+ L GO - AVE D+ 2D

IMT I HNUE
WHREIAMN=SUMASACONT -1, 2
EETIRN

ERD
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SUBRGUTINE YESHOCRNSHERY

CECDEEECCCCCCECECEEEFRPFPCCCECCCCCCEE

oo
[

[

i

[

C SUBROUTINE YESHD WRITS FOR A YES i :
[ OF MO ANSNER. [

C C

c C
CCDDELZCCCCCECCECCDECCCCCCCEECCCCCCCCCGC‘CECDCECC

OOOOO0OO0O00O00N00

? FERL MO

MK

‘ CATA YE:!

| 1 RERDCS, !

| I FORMAT
IF <A

EC. YES, OF. ANSUER. & MOYRETURN
L SRR 0N

; . FEE FORMATOIH L 4HUHAT, AL

| GO To 4

3 RETURM

ENE
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A Listing of the Formatting Used
on the Data Tapes for the PDP-15

Y74-3- %8P 18-23CM
HN1422 AAA 468.41
or

Y74-3- 58P 18-23CM
HN1422 ARA 445.1¢€
02

Y74-3-5%P 118-123CH
HN1423 AAA 483.45
21

Y74-3-5BP 118-123CHM
HN1 423 AAA 39 €.97
22

Y74 3-58P 218-223CM
HN1424 AAA 448.93
01

Y74-3-58P 218-223CM
HN1424 AAA 427. 61
02

* ok
$%




cu

S91
ua1
se2
a2 200.
¥

200 .

+B194
+0189

+0194
+@2156

+0345
+0338

+03483
+3334

+0387 +@329
+0382 +2383

+0238
+0325

+2331
+@328

#

So1
B3 200.
se2
W4 202,

+9183
+0193

+@198
+3195%

+0371
+03 €7

+33¢€¢7
+03 €5

+0354
+0389

+338%
+3329

+9299
+335¢

+33¢€4
+@23 %9

#

Se2

uas 209.
Sa3

Ug 6 200.
#

+0 401
+0394

+@3399
+8399

+0 589
+0 €621

+0¢e25
+3 & a

+0 592
+0 581

+3 1
+G 575

+9 584
+0 599

+0 589
+0 538

172
8

+0197
+2188

+034¢
+0340

+0387
+0382

+032%
+0320

+2198
+2193

+23371
+03 €6

+0385
+0392

+03 58
+8355

+3 40 4
+@0399

+0 €28

+3 598
5

+0 581

+Q 592
+0 A8

+0198
+0189

+8345
+0338

+2387
+0381

+0327
+p321

+0195
+319 %

+03 €9
+@3 €3

+0388
+0389

+03 87
+0354

+2 401
+0402

+B €D ¢
+0 597

+( 598
+Q5T4

+0 527
+3 591

+8194
+N191

+3341
+@33¢

+0387
+0380

+0328
+B325

+0197
+2192

+B3€5
+03 63

+0384
+3392

+9359
+03¢%1

+3397
+0392

+0 €233
+0) 598

+0 59 ¢
+057¢

+( 558
+0 59 5

+B195
+2187

+0340
+@335

+0390
+0382

+032¢6
+0328

+5198
+0194

+B3¢€5
+b3 €7

+0389
+0 388

+33 57
+03349

+R40 6
+0398

+7 €92
+0 590

+9 555
+@ 53¢

+0 591
+0 59 4

+0199
+0190

+0340
+9339

+@38 5
+0383

+0325
+0326

+B194
+@193

+03¢€3
+03¢6

+0393
+0389

+03 €0
+03%0

+@399
+0397

+G D2
+( 593

+0 582
+0 574

+9 593
+@ Soe

+0230
+3189

+8342
+0339

+@385

+0382"

+2328
+832¢6

+0195S
+519.5

+D3 €4
+03¢€7

+@392
+0387

+0355
+034¢

+(3403
+0 492

+0 D1
+0 91

+057S
+Q 578

+2593
+0595

+0390

+2191 +8194

+P339 +0345
+0383 +0384

+@325 +0327

+B0199 +2193

+03 €3

+63 61

+0392

+0356 +03¢€D

+0 420
+0399

+3398
+039 5

+0 €01 +0¢€04

+0 531 +B 571

+0 594 +0 588

+0190

+@340

+9383

+3329

+819 6

+@3 €7

+0390

+0353

+0393

+(3 €03

+0 580

+H 587

+0188

+0336

+@385

+A326

+0195

+03 66

+0388

+3353

+Q402

+0 €635

+0 578

+Q 592




FE

sea2

U1 20000,
Sa3

vze 26000.
#

+039 6 +3 402
+0401 +0399

+0 39 +0 520
+@ 537 +0 538

+0582.+@ 595
+0 593 +2 &1

+0 483 +@494
+0 490 +0 488

#

see

U33 28000
SO\@3

wa 20000.
#

+218S +3401
+@396 +8397

9 534 6 555

+9 533 +0 540

49596 +B 5925
+0 598 +0595

+3436 +0439
+0435 +0432

#

see

u25 20000.
Se3

Us 6 20060.
#

+0 408 +0422
+0405 +D39¢

+3 564 +B554
+@ 547 +0 548

+J 599 +0 34
+2 579 +0 588

+0451 +0488
+3493 +2499

.24
%%

+0397
+040 6

+2 510

+D 532

+0 597
+0592

+0 490
+3 490

+0392
+P397

+4 537

+@ 534

+9 597
+0 621

+0438
+P 235

+0410
+pga12

+0 551
+0 554

+0 €02
+@ 583

+049 5
+9 509

+0398
+0395

+0 5017

+0 529

+0 598
+0 589

+0487
+0 4u9

+0.400
+0393

+3 543
+3 534

+0 599
+0 52 6

+0434
+0 440

+0397
+042 5

+0 551
+0 553

+0 €43
+0 583

+0 503
+0 990

+040 5
+0403

+3 518
+0 510

+0 €00
+0 591

+0495
+0 489

+@385
+0398

47 00

U odc
+0 540

+@ 5917
+0 588

+2434
+0 428

+g4a12
+D 403

+Q 538
+@ 554

+0 €28
+0 576

+0498
+3499

+0397
+039 5

+051 6

+0515

+0 593
+0 594

+049 5
+0 488

+93%4
+0 432

+C T34
+0 539

+0 €20
+3 593

+0 438
+2436

+04B 6
+0 402

+0 556
+9 549

+2 99
+0 e

+0497
+0 01

+040 6
+p 402

+3514
+@513

+0 594
+@ 594

+0486
+0493

+0393
+6390

o
+5 829

+0 534

+0 590
+0593

+0431
+Q 442

+D4ad 4
+0 408

+9 550
+0 545

+0 €05
+Q 543

+0 515
+Q497

+G394
+B394

+0 509
+0 519

+0 21
+p 592

+0 488
+3 490

+0395
+3 389

+0 529

+( 536

+0 597
+0 €20

+0434
+0 429

+0 401
+040 6

+0 550
+0 542

+0 ¢S
+0 81

+0494
+G 4% 6

+0403
+040 6

+0517
+0 518

+0 B4
+p 59 6

+0 489
+0 488

+0393
+0393

+2 &40
+0 537

+0 D5
+9 B 6

+0433
+0433

+0 483
+0408

+0 554
+0 542

+0 631
+0 576

+0 499
+0 03

+0 402
+@396

+@ 515
+0 595

+@a82
+0 493

+0 400
+( 834
+0594

+6437

+4alz

+0 548
+0 542
+B 535
+0 582

+9 04

+0398
+040 5

+0 542
+0 597

+0 488
+0493

+0386

+0 591

+8433

+0 408
+0 547

+@3 594
+Q 583

+0 901

+0401
+@393

+0 542

+0 599

+0485

+0399

+Q S0R

+0597

+2 433

+040 6

+0 548

+0 590
+p 583

+0 WD+




MN

S.5

1 20600.
Sa1

we 20000.
#

+B098 +BB98 +0G99 +BR9YT +0100 +0D94 +00D99 +B0T9 +0102 +B09 6 +P103 +0099
+3100 +0093 +3102 +B09 6 +3100 +GBY 6 +Q1@2 +00Y 6

; +0210 +0203 +0208 +@2B3 +2204 +0203 +P207 +0207 +0209 +0208 +0205 +02A3
+3204 +0285 +0209 +0206 +0207 +@20 6 +p2@Y% +0204

+0202 +3200 +0206 +0204 +0B202 +0206 +P2B 6 +B2B S +0203 +0208 +2207 +0202
+3203 +P207 +0205 +B208 +0283 +@203 +0287 +0204

+0182 +0192 +0191 +@187 +2195 +0196 +0197 +@197 +0197 +0202 +8192 +8196
+0195 +3197 +P3198 +0199 +02081 +0195 +p197 +8198

- #

Sa1

w3 2zad0.
Soe

w4 20000.
#

+0197 +B201 +0195 +8197 +0200 +0194 +02B0 +0196 +0197 +2198 +£198 +0201
+A200 +3195 +0195 +8199 +2197 +0198 +4197 +0199 +0199

; +02 ¢4 +B263 +(2E4 +B26a +0264 +B262 +RR2 6B +B2(9 +B265 +0272 +0266 +0266
+P266 +0267 +0263 +0266 +P273 +B267 +0275 +B271 +P265

+0433 +0430 +B425 +B433 +DA36 +0435 +B433 +B435 +0432 +0435 +t0430 +0432+
+3 433 +BA435 +0436 +BA37 +P434 +B435 +3436 +R432 +0435

+0263 +0270 +0267 +0264 +026D +G263 +B265 +B261 +B264 +B264 +B263 +d3267
+0272 +B270 +026€4 +BZE6 +B265 +B267 +g272 +0272 +P266

+3225 +p222 +32028 +0230 +0228 +0224 +B221 +p222 +0224 +P224 +0223 +0223
+0223 +0222 +@3222 +3229 +3228 +0224 +B226 +0227 +U227 +D226 +0230 +@227+
0224 +9220

+3273 +B275 +0271 +B270 +0271 +B271 +02¢8 +@270 +B271 +P263 +0276 +0275
+0275 +@272 +23273 +B275 +0275 +B278 +0270 +0272 +2276

+0439 +B446 +0A440 +B436 +B445 +B44D +0B437 +0443 +03443 +044) +2 438 +0447
+B 444 +Q 438 +0A443 +B444 +DA439 +Q443 +0445 +0442

+@283 +B277 +0285 +@273. +3272 +Q264 +0263 +p270 +B267 +p277 +0275 +8275
+0276 +P273 +0272 +B269 +B271 +0270 +B274 +0278

#

sa2

ws 2n00s.
Sa3

wé6 20000.
¢




+2399
+0397
+340 4

+0 431
+0 429

+0 610
.+8 628

+0413
+B41 4

&&
$%

+3399
+0 40 4
+343 5

+0 432
+0 429

t0 D6
+@ 614

+0 416
+0412

+0413 +0422
+B0399 +0@ 409

+0429 +0@431
+0 427 +3432

+*+B0 615 +0 €08
+DEB6 +p 612

+0413 +0420
+0409 +0415

+0398
+040 5

+0433
+0433

+0 69 6
+0 €34

+0413
+0399

+@ 423
+0421

+D434
+0 428

+D €29
+0 629

+0418
+8398

+8395
+0 400

+3438
+0434

+0 B9
+B 611

+0414
+0391

+04B 4
+0399

+08433
+0433

+0 €09
+3 6B 6

+0 409
+9393

+0398
+0414

+0437
+0435
+ 635

+0412
+0412

+g 411
+8398

+0436

+0 @7

+0411
+0 404

+0398
+0 408

+0 437

+D 616

+0 409

+0403
+040 4

+06 430

+0 625

+24] 4




1C
BEIES VD

An Example for the Operation
of the PDP-15 Program

sA TT3 4,5/TT2 3

$SGLOAD

BALOAD VPA-

>=NALE

D0 Yol vISsH T

HEECTHE STANDAPD

CONCENTRATICN VALUZS OoN FILE?

N
h
;

DATA?
DATA?

DETR?

~T YA
MeRL ODATA?

WDTE VT4=5-5PD
GICHC= ML 427

oK

Yi§

WAIES YT74-3-5¢P
GEON0z JHl 422
oY

yES

Witz Y74-3-5CD

CEC 0z Wil epg

cy?

yie

‘O MIEN TO READ IH PAPLR TAPLE?

17-238n

FRPACz AAA UGTz 460,41

18=-23cn
FRAC= AAA UGT= 445,16

119- 10220 .
FRACS AAA VUGTz 40X 45

Rz

Ptz

Piin=

jah]

115



HAMZ Y74-3-5CP | 1E-123C0

GEONCz 1 473 TRACS ARA VT 296,97 RUlilz 2
oK?

HO

VHICH TREWTIFIER IS 1IN ZPROR?

FRAC

VHAT 1S THE CCREECT FPAC 7

ABC

0OK?

yeEa

MALTEZ Y7T4-3-5¢D J16=-12300

GEQI0: NN 423 TRAC= ADC DUETz 396,97 RUiz 2

or?
YES

1"
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A Sample of Data Output to the
Papertape Punch by the PDP-15 Program
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A Sample of Data Output to the Line
Printer by the PDP-15 Program
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CALCULATIONS

The algorithm used to calculate abundances is a simple linear inter-
polation:
Z-Y
H- (H-L) ( 7 - X

F G

)

M=100
where
M= 9% metal in sample
H= High standard value
I.= Low standard value

X= Avg of AAS readouts for the low standard

\

|

Y= " " " "1 sample

Z= " H " m t  high standard

‘ F= the dilution factor (1000/ dilution of sample)

l G= wgt of sample

1

The error is propagated with the assumption that the only vari-

ation is in the digital readout of the AAS. With this in mind, the
following equation was used to calculate the total error for each

calculation,

2 2 2 2 2 M 2
RSD = Sx ( }I;/I) + Sy ( M

where RSD = % Relative Standard Deviation

2
Sx = the sample variance of X
| 2 .
| Sy = the sample variance of Y
|
Szz = the sample variance of Z

| and M is the linear interpolation equation above.
\
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Sample variance is calculated using the following formula:
s2 = 2 (Xi-x)
n-1
where Xi is one of the data points,

x is the mean of the sample

n is the number of data points in the sample,
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BEER'S LAW CURVES FOR THE
MEN TS
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COLD VAPOR ATOMIC ABSORPTION OF MERCURY

The reduction-aeration cold vapor technique for the determination of
mercury involves the chemical reduction of Hg (II) ions in solution to
neutral mercury atoms by a suitable reducing agent. The sample solution
is then aerated with a carrier gas which carries the mercury atoms into
an absorption cell where the absorbance is measured at the 2537 A
mercury resonance line,

The reduction-aeration apparatus consists of a reduction ve'ssel,
an aeration device, a water mist vaporizer, and an absorption cell.

The reduction vessel is made from a 10mm diameter glass tube fitted
with a porous glass frit near its base. (Fig.B-1). Aeration is from below
up through the glass frit and the solution, The small volume of the vessel,
efficient aeration, and large effective solution surface area created by

the bubbling cause rapid diffusion of Hg (o) out of soiul:ion and into the
carrier gas, This enables a very sharp peak absorbance to be observed.
Peak absorbance is also related directly to the length of absorption cell
and inversely to its diameter (within limits), A cell 60cm in length and
Zmm in diameter was found to be optimum for the sample size and mer-
cury concentrations used.

Light scattering by water mi st in the absorption cell is the main

source of spectral interference with this system. This water is vaporized
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by passing through a heating chamber, a glass tube filled with glass
beads, at 200°C, and by maintaining the absorption cell temperature
above 100° C.

The mercury absorbance is measured by a double beam system,
The mercury lamp beam is split and partially reflected to a reference
photomultiplier tube and compared to the absorbed beam through a log
ratio amplifier. The resulting absorbance is recorded on a pen recorder.
Mercury concentration is linearly related to peak absorbance height in
the range 0-5 ppb. See Figure B-2 for a diagram of the apparatus.

This cold-vapor atomic absorption apparatus was designed and built
by Dr. Ingel of the O.S. U. chemistry departnnent1 and is described in
detail in the MS thesis of James Hawleyz. It has a detection limit of
4 x 10_‘12 gm Hg (4 ppt Hg in solution) and an effective range of ., 004-

| 10 ppb in solution,

Hg ANALYSIS

Solution and Glassware Preparation

All solutions are prepared from reagent grade chemicals and double-
distilled water,
Solutions

Reductant: 1 gm SnCl2 1 ml HC1 diluted to 100ml (1% (3“7) SnClZ)

(c) ‘
Oxidant: 0,2 gm KMnOy, diluted to 100 ml (0.2% ()Q,L) KMn0y)
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Mercury: 0.1354 gm Hg Cl, 50 ml HNO3 (c) diluted to 1 liter
(100 ppm Hg (1I) stock sol.)

All standards are prepared by dilution of the 100 ppm Hg (II) stock
solution and contain 1% (%) HNO, (c) and 0. 002% (%) KMnOy as a pre-
servative. This acidic and oxidative solution is necessary to prevent
loss of mercury by 1) reduction to Hg (o) or Hg (I), which readily dis-
sociates to Hg (II) and Hg (o), or 2) cation-exchange type adsorption
onto the walls of the container., Dilute mercury solutions should still

be analyzed within eight hours after preparation since mercury loss is

. still significant over long periods of time.

All glassware nﬁust be stored for 24 hours with a 1% HNO3-0.002%
KMnQOy4 solution to remove traces of mercury adhering to the glass
surface. Afterwards the glassware must be washed with HC1 (c), rinsed
with double-distilled water, washed with HNO3 and rinsed with double-
distilled water. Beware mercury contamination is everywhere, so
all flasks, beakers, pipets, etc. , must be initially cleaned with the

acid-permanganate solution and should be rinsed with nitric acid before

each use.

Sample Digestion and Analysis

Geologic samples are digested by the standard HF-pressure bomb

technique and brought to a volume to contain less than 5ppb Hg. Teflon

liners are rinsed just prior to digestion with acid- permanganate solution.




Manganese nodules and crusts are digested using 50mg samples that

have been crushed in an agate mortar and dried in a dessicator at least
| 24 hours. A drying oven is not used because of the potential loss of mer-

cury due to its high volatility. The material is weighed into the teflon
liner and the following reagents are added:

1) 0.1ml HNO;4 (c)

2) 0.3 ml HC1 (c)

3) 2.0 ml HF (c)
After sealing,'heating for 13-2 hours at 110 C, and cooling, 1.9 gm
H3 BOj is carefully added directly into the Teflon liner. The solution
is brought to a final volume of 25ml and immediately analyzed. Standards
are either prepared from the Hg (II) stock solution in a HF-boric acid
matrix, or a known amount of Hg (II) solution is added to a duplicate di-
gested sample as a standard addition. Blanks are determ ined by adding
only the reagents to the Teflon liner and taking this through the digestion
procedure.

Analysis of the solutions is carried out as follows. Instrument
variables are adjusted to optimal conditions as shown in Table B-1 from the
Hawley M.S. thesis). After carrier gas flow through the frit is initiated,
0.1ml of the SnCl, reductant solution is injected by syringe into the re-
duc‘tion vessel, After a baseline is established on the pen recorder,

1. 0 ml of sample or standard solution is injected. The peak absorbance

and return to baseline occur in less than 20 seconds. The solution is then




B-7

Absorption cell

Fluorescence cell
Radiation source

Lamp current

RC time coostant
System

Photoanodic current

Photomultiplier supply1

voltage

1
Ry

20 cm long x 2 mm id
60 cm long x 2 mm id

Hg pen lamp (DC)
9-10 ma

0.32 sec

Double beam
107 A

§00-600 V

Table B-l. Optimal variables for analysis
Variable A.A. A F,
Flow rate 140 ml/min 140 ml/min
Frit grade medium medium *
Drying tube $ c¢m long x 12 mm S c¢m long x lz.mm
dia Mg(C10,), dia Mg (ClO,),
Gas carrier air argon ]
Volume of reductant © 0.1l 0.1 m1
Volume of sample 1.0 ml 1.0 ml
Slit width . 1000 um 2000 um

~

1cmx9mmx 6 mm
}ig pen lamp (AC)

17 ma ‘

1 sec

700-800 V

100 Q

1
Adjusted 35 described in procedure




evacuated in preparation for the next analysis. The reduction vessel is
cleaned after each day's use by flushing with HNO3(c), rinsing with dis-
tilled water, flushing with KMnO,4 solution, and rinsing with distilled

water.

REFERENCES

1 Hawley, J. E. and J. D. Ingle, Jr. (1975) Improvements in cold
vapor atomic absorption determination of mercury, Anal. Chem.,

47, 719.

2 Hawley, James E. (1975) Cold vapor atomic absorption and fluores-

cence analysis of mercury., Unpublished M.S. Thesis, Oregon

State University, Dept. of Chemistry, 85 p.
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Pb ANALYSIS BY CARBON ROD

General Considerations

Pb tends to plate out of the dissolved sample. It should therefore be
analyzed quickly after sample dissolution (within about a day). In the
short testing I have done, it appears that the standards are more stable.
They probably should be made up fresh for each analysis, however. Sam-
ples are dissolved by the standard HF-Aqua regia treatment. Because
of the generally low Pb levels, we use 200 ml dilution for analysis. Stand-
ards are therefore made up using this matrix in 0, 0.05, 0.1, 0.2, and
0.3 ppm Pb concentrations.,

Setting Up For Carbon Rod Analysis

We generally use the carbon cup for Pb analysis., It has lower sensi-
tivity, necessitating larger sample size, but seems to be more easily re-
producible,.

A) Mounting the Cup - See Varian Techtron Manual

1) One support block for the electrodes has a click stop built in.
Slide rod in until one of the slots machined in the rod clicks into place.

2) Slide other rod in. Put cup in place. Align light path holes with
hole in masking plate. It is best done with thin rod.

3) Make sure cam lever is down (spreads support blocks slightly. )

Fit electrode snugly against cup.




4) Fasten electrodes in place by clamping screws. Put cam lever
back up again
B) Preparation of Carbon Rod Assembly for AA Work

1) Mount carbon rod assembly in AA work head holder

2) Warm /up Pb lamp and adjust for Pp wavelength. We use
2833A plus 2820A as background non-absorbing line.

3) Align carbon rod in light beam with the burner head controls.

4) With chart recorder on 5 my scale, set A channel (2833A)
and B channel (2820A) to cover same chart distance when light path is
blocked. This should be done in per cent absorption. Switch to absorbance
mode, Switch to 2mv scale (expands scale of chart recorder 2.5 times.)

5) Turn on water supply to carbon rod assembly. (recommended

is O, 5 liters/min.)

6) Turn on argon supply to carbon rod. Recommended is 10 psi
gauge pressure at tank, and 7.0 setting on needle valve.

7) Set all power supply voltages to O. Set ash time to 20, leave dry
and atomizé at O. Set hydrogen gauge pressure to 10 psi. Cycle through
power sequence. While machine is in ash cycle, set hydrogen flow to
1.0 on needle gauge. (Must be done this way because solenoid controlling
hydrogen flow will not turn on until ash stage).

8) Set power controls as follows:

Stage Voltage Setting Time (in seconds)
dry 3.5 40

ash 2.5 20

atomize 9.0 3.5




Running the Carbon Rod:

1) All operations run on a 90 second interval between firings to
allow rod conditions to be as reproducible as possible. Timer is necess-
ary.

2) Fire about 5 times in sequence with no analyte. This cleans the
rod and warms it up.

3) Pipette 20 ml of first standard into cup., Be careful to wipe
excess off pipette, and that you pipette into the bottom of the cup. Be sure
to rinse tip 3 to 4 times with new solution when changing to new standard.

4) Cycle through power sequence. Wait 90 seconds after‘atomize
stage to run again. At about 15 seconds before firing time, pipette in
new 20 ml aliquot of standard. Cycle it through at 90 seconds. Measure
peak height of channel A and subtract from channel B fo get concentration
peak height,

5) I1f they reproduce, change to new standard, repeat (4). Do this
for all standards. If they do not reproduce, keep running standards until
they agree.

6) Run lst sample four times,

7) Run through standards twice again. If you know all samples
will fall within a small range, you can limit your standards to that ré.ngé.

8) Repeat step 5 and 6 for all samples.

9) 1F there is a systematic decrease in peak height of sample or




C-4

standard, your rods have probably worn out. Check to make sure de- .
crease is not measurement error. If not, repla.ce rods, go through pro-'
cedure again for samples not yet analyzed, If you think rods are getting
old, disconnect H,, connect up lab gas (mainly CH4). Give the rods a

few burns with the lab gas. This will increase their life by replacing some

of the lost carbon.

10) Analysis time: 30 to 40 minutes per sample.






