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PREFACE

This report was prepared by Thomas F. Jenkins, Research Chemist,
and Steven T. Quarry, Physical Sciences Technician, of the Earth Sciences
Branch, Research Division, U.S. Army Cold Regions Research and Engi-
neering Laboratory (CRREL). The work was conducted under the Nitrogen
Transformation in Land Treatment Systems work unit (CWIS 31314), a part
of the Corps of Engineers Land Treatment of Wastewater Program, USAED,

NE (IAO 78-C-1). The report was technically reviewed by Dr. I.K.
Iskandar, CRREL, and Dr. A.P. Edwards, Senior Research Fellow, Univer-
sity of New Hampshire.

The authors would like to acknowledge the technical assistance of
Ms. Helen Hare, CRREL, who assisted in the preparation of the manuscript
and conducted some of the analyses-described. In addition, the authors
thank Dr. Iskandar for helpful discussions during the implementation of
these procedures.
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Introduction

Within the' Land Treatment Research Program at CRREL, a need de-
veloped to accurately document the nitrogen cycle during land appli-
cation of wastewater. While qualitatively these pathways have been well
documented in fundamental research in soil chemistry, the rate constants
of these transformations under land application are unknown. A know-
ledge of these rate constants and their dependence on environmental
factors such as soil moisture, temperature, and soil pH is essential if
an accurate mathematical model capable of predicting water quality
impacts is desired.

In municipal effluents, the nitrogen component of the waste exists
in several chemical forms including ammonium (NH, ), nitrate (NOJ),
nitrite (NO_) and organically bound nitrogen. When these efflugnts are
applied to %he land, a series of complex interrelated transformations |
occur. The most important of these is n;trificgtion, a microbiologi- |
cally mediated process which converts NH, to NO thrgugh an intermediate |
NO, stage. This is significant since it converts NH, , a comporent :
reiatively immobile in the soil, to NO_, a species highly mobile and 5
capable of adversely affecting receivigg waters. |

A second transformation, termed denitrification, is also important.
This process, also microbiologically mediated, converts NO_, under proper
conditions to nitrogen gas through an intermediate nitrous~oxide stage.
This process is important due to its potential for reducing the nitrate
concentration of the waters but is very sensitive to localized environ-
mental factors.

Several other processes such as immobilization, the incorporation
of mineral nitrogen in living organisms, and mineralization, the trans-
formation of organic-N to inorganic-N, are considered less significant
in land application. Table 1 summarizes these transformations.

Table 1. Summary of nitrogen transformations.

+ & .
% Nitrification NHE -+ NO2 -+ NO3
i Denitrification NOJ + N,0 + N,
i Immobilization N (mineral) + N (organic)
; +
Mineralization . N (organic) + NH),

L asma banbie i SR o

In order to determine the rate constants of the most significant
transformations under simulated field conditions, a Nuclide isotope
ratio mass spectrometer (Nuclide 6-60-RMS) was obtained in February 1977
(Fig. 1). This system included both the mass spectrometer itself and a
general purpose gas sample inlet system. While this inlet system was
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marginally acceptable for nitrogen analysis, it was designed and used
primarily for carbon and oxygen determinations on carbon dioxide gas
samples. An optimized design specific for nitrogen analysis was de-
veloped and implemented in early summer 1977 (Fig. 2).

Figure 1. Nuclide isotope ratio mass spectrometer.

Nitrogen isotope analyses of water, soil and plant samples commonly
are accomplished by a method developed by Rittenberg (Bremner 1965).
This praocedure requires the conversion of the nitrogen in a sample to
ammonium sulfate in water solution. This solution is then reacted with
alkaline sodium hypobromite solution under vacuum, producing nitrogen
gas. This gas is then analyzed with mass spectrometry, determining the
ratio of mass 28 (nitrogen gas made up of two mass 1L nitrogen atoms)
and ?ass 29 (nitrogen gas made up of one mass 14 atom and one mass 15
atom).

If one is interested in forms of nitrogen other than ammonium, they
must first be converted to soluble ammonium sulfate prior to analysis.
If analysis of a sample for more than one form of nitrogen is desired,
such as ammonium, nitrate and organic-N, sequential conversion to am-
monium followed by ammonium removal prior to conversion of the next form
of nitrogen to ammonium is required. This is commonly accomplished by
distillation of ammonia from the sample into dilute sulfuric acid before
generation of ammonium from the next nitrogen containing species. In

some cases it is necessary to obtain measurements of various forms on
sub-samples and calculate those not obtained directly by difference.
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Methods
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A. Wet Chemistry Preparation of Samples for N Analysis

The method employed for extracting and isolating various forms of
nitrogen utilizes a steam distillation apparatus as described by Bremner
and Edwards (1965), as shown in Figurg 3. In principle, the steam dis-
tillation method allows removal of NH, from a sample at sgb—boiling
temperatures. By conversion of a desired form of N to NH,, and suitable
raising of the pH of the sample, the nitrogen from the or&ginal form is
removed as NH, gas, with the nitrogen isotope ratio preseryed. The NH
sample is col%ected in condensed steam and converted to NH, by acidifica-
tion, which is later condensed to a suitable concentration for analysis
on a mass spectrometer. The procedures described here are mainly for
aqueous samples, but methods forlgxtraction and distillation of nitrogen
from soil and plant samples for N analysis are now being developed.

The system shown in Figure 3 is designed so that 100- and 250-ml
Kjeldahl flasks with 19/38 standard taper ground glass joints can be
used both as sample preparation containers and distillation chambers.
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Figure 3. Distillation apparatus for sample preparation.

Thus, the same flask can be used for sample digestion when necessary,
and subsequently carried through a series of treatments and distilla-
tions for stepwise removal of ¢ifferent forms of nitrogen.

Steam is provided to the assembly by a 5000-ml boiling flask heated
by a Glas-Col heating mantle with a Variac transformer power source.
Pumice boiling chips are used to promote smgoth boiling and 2-3 ml of 1/N
H,SO, are added to the water to trap any NHh-NH present as contaminants.
Dgst llation is started or stopped by respectivély closing or opening
the steam by-pass tube on the distillation assembly. After a cold
start, a clean distillation flask should be fastened to the assembly and
about 50 ml of distillate produced, as both a rinse and a warm up.

Distillate is collected in either 50- or 100-ml Erlenmeyer flasks,
or, when quantitative measurements are necessary, volumetric flasks.
The collection flask should contain about 0.5 ml of 0.1 N H, SO, for
every 850 ug of ammonia collected in order tg9 insure that the hH col-

lected remains immobilized in solution as NH,. Care should be taken not
to over acidify if sample concentrations are to be measured colori-
metrically.

802l i e Al




Methods for NH, , NO, and NO Anaiysis From Aqueous Samples
L 3 2

1. Reagents

a. Magnesium oxide (heavy variety): 0.2 g is needed for each dis-
tillation. Mix 10 g in distilled water, dilute to 100 ml, and store in
a wash bottle. With shaking, this forms a suspension which can be added
to the stoppered funnel at the top of the apparatus (Fig. 3) up to'a
mark indicating 2 ml. The stopper can be removed and quickly replaced
immediately before distillation.

b. Sulfuric acid: 0.1 N
c. Devarda Alloy: ground to pass a 270 mesh sieve

d. Sulfamic acid: dissolve 2 g in 100 ml distilled water.

2. Procedure

General - For each distillation, add the appropriate amount of 0.1
N H,SO, (0.5 ml per 850 pg of NH,) to the collection flask. Secure the
dis%il&ation flask containing a §amp1e to the assembly and commence
distilletion by closing the steam by-pass valve. When 25 ml of distillate
has been collected, stop the distillation by opening the by-pass valve.
It is important to achieve a distillation rate of 7-8 ml condensate/min

| to avoid release of hydrolyzable forms of ammonia, and to insure that

the condensate temperature does not exceed 22°C.

Samples collected must contain at least 100 -ug NH+-N for direct
mass spectrometric analysis, and the concentration should be around 100
ug/ml. This means that the collected distillate must usuglly be concen-
trated by boiling off water. The H,SO) added as descrihed to the sagple
has been found adequate ta hold up %o ng NH -N in solution, and there
should be no loss of NH, during beiling. Samples containing less than
100 ug must be identified and treated by the isotope dilution method.

a."NH; only. Attach distillation flask containing untreated
sample and add MgO solution. Start distillation.

b. NO3 + N02.

and add 0.2 g Devarda Alloy to the sample. Immediately replace the
flask and start distillation, using a fresh collection flask.

Remove NHh from sample as in "a". Remove the flask

% c. Nog + NOE + NH:. Proceed as in "b" but without having first

removed NHh.
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a. no; only. Proceed as in "b" but add 1 ml sulfamic acid solu-
tion Yefore Nﬂh removal. This destroys the NOE.

e. NOa only. Cannnot be extracted alone by this method. Isotope

ratio and/or concentration must be inferred by difference of results
obtained from procedures "b" and "d."

NOTE: Commercial sulfamic acid is invariatly contaminated with ammonia.
Unless a special effort is made to purify this reagent, precautions must
be taken when using it for NO_ removal. If the ammonia in the sample is
needed for analysis, it shoulg be removed before any sulfamic acid is
added, or taken from a separate sub-sample. Likewise, after the addition
of sulfamic acid, the sample must again be distilled to remove any
contaminant ammonia, before proceeding to the nog distillation.

3. Corments

All of the procedures described are modifications of those described
by Bremner and Keeney (1965). Analysis of the desired nitrogen forms
before distillation determines how much the distilled sample must be
concentrated. Otherwise (or as a further check) ammonis values on the
distilled samples can be determined spectrophotometrically by Nesslerisa-
tion. This eliminates the need for titration and the special precautions
necessitated by it.

The reliability of the distillation procedures described has been
thoroughly checked at+CRREL on standards made from distilled water.
100% extraction of NH, and NO_-NO_. was achigved in the range of 50-5000
us_(as N), vhile extraction o? 2.? ug of NHh was sbout 90% efficient.
NO2 suppresaion by sulfamic acid was complete on samples containing up
to 125 ug NO,-N, and no interference with the other methods was noted
(when proper“consideration was given to ammonia contamination in the
sulfamic acid).

Steam distillation can be used to remove other forms of N and can
be applied to many sample types with proper sample preparation. Methods
of Soil Analysis, Part 2 (C.A. Black, ed.) describes in Chapters 8hi-
many nitrogen extraction methods using steam distillation.

More complete discussions of some of the techniques which can be
used are available in sources given in the references.

B. Analysis

Once the samples are prepared as described above, the Nuclide mass
spectrometer is preconditioned as follows. The liquid nitrogen trap for
the mercury diffusion pump and the sample-line trap (Fig. 2) are cooled




with liquid nitrogen and evacuated using the roughing pump to a pressure
of 20 microns followed by the mercury diffusion pump to 1 micron.
Controls for the mass spectromecter are set to the values given in Table
2. Nitrogen gas from a cylinder is directed into the gas inlet portion
of the instrument and allowed to entgg the mass spectrometer generating
an lon source pressure of about 1x10 torr. This gas is allowed to
equilibrate the instrument for 30 minutes prior to the first aralysis in
order to stabilize the system and desorb gases, such as carbon monoxide
and oxygen, from the interior metal surfaces.

Once stable conditions are established, a l-ml sample of working
standard (Fisher Certified Ammonium Sulfate, 360 ug/ml) is placed in one
arm of a Rittenberg tube (Fig. 4). One milliliter of standard alkaline
sodium hypobromite solution (Bremner 19657 is placed in the other arm
and the tube is placed on the sample inlet (Fig. 2) of the gas inlet
system. The tube is then evacuated to 1 micron using the roughing pump
followed by the mercury diffusion pump. The tube is then isoleted from
the vacuuy pumps with stopcock C (Fig. 2) and the solutions in the two
arms mixed, generating nitrogen gas. After 10 seconds, stopcock B is
closed and stopcock C opened, allowing the gas to expand into the mer-
cury mixing chamber. Stopcock E is then alternately switched from vent
to roughing pump thus moving the mercury level up and down the tube.
This results in sample mixing and overcomes any small change in isotope
composition due to small differences in gas diffusion rate resulting
from different molecular weights. After mixing two or three times,
stopcock C is closed, stopcock A is opened, and the sample is moved to
the small sample inlet column by placing a rubber bulb on the air inlet
and pressurizing the mercury reservoir, thus moving the mercury level up
the mixing column. When the level has reached the top of the column,
stopcock E is closed, thus holding the mercury level at this position.
A hand operated vacuum pump is then attached at position F and the
mercury column in the small sample inlet column lowered by reducing the
pressure in the mercury reservoir. Stopcock A is then closed and the
vacuum pump removed, allowing the mercury level to rise in the small
sample inlet column. The sample is entering the mass spectrometer at
this point and the mercury level in the small sample column is adjusted
by utilizing the_rubber bulg at position F to obtain an ion source
pressure of 5x10 ' to 2x10 = torr. After the sample has entered the
mass spectrometer for five minutes, a value for the ratio of mass 29 to
mass 28 is obtained by changing the controls of the balance panel to
obtain a nuil (zero reading) on collector A set at the 0.1 V position.
A balance panel reading of approximately 0.1520 is typical for the
working standard. The ion source pressure and voltage on collector B
are also recorded.

Once this analysis is complete, the remaining sample is removed by
opening stopcocks A and B and evacuating for about 5 minutes. Readings
of the balance panel, the ion source pressure and collector B voltage are :
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Table 2. Settings used during operation of Nuclide
mass spectrometer.

Emission Regulator Settings

Ton deflector - off

Filament current - 530

Emission current - 030

Electron accelerating potential - 500
Repeller to shield - O

Trap to shield - O

Ion Accelerating Potential

Power - on
Coarse -~ 970
Fine - 500

Magnet Re ator

Power - on
Magnet current coarse N 528
Magnet current fine N 500

Ion Pump Power Supply

Output voltage - k.7 kilovolts
Protect - 10 ° torr

Dual Elec¢trometer

Meter A - 3 volts !
Meter B - 3Q volts

Balance Panel

Ratio - on
Input - .0000
Recorder input - VRE (A)

Gas Valyes
Position 1

Control Panel

Source power - on
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Figure L. Rittenberg nitrogen gas generating tube.

obtained to be used in background correction when necessary. The first
unknown sample to be run is then placed in another Rittenberg tube and
handled in an identical manner as described for the working standard.
All samples thought to contain at least 100 pg are analyzed as above.
Those containing less than 100 pg are diluted with 1 ml of workine
standard before analysis and the ratio obtained as usual. The true
value for the sample is calculated by the isotope dilution method.

Once all samples for a given day are complete, the machine is set
to the standby conditions given in Table 3.

Caleulation of Atom % 17N

The atom % lSN can be calculated from the balance panel results as
follows. The balance panel value is divided by 20 to account for the
difference in resistors in the A and B collector networks. The resulting
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Table 3. Standby settings for Nuclide mass spectrometer.

Emission Regulator

Filament current - LOO

Ton Acceleration Potential

.Coarse - 000
‘Power - Off

Magnet Regulator

Magnet current coarse - 000
Power - Off

Ion Pump Power Supply

5

Protect - 10~ torr

Dual Electrometer

Meter A - 1 volt
Meter B - 1 volt

Balance Panel

Input - .0000
Ratio - Off

Gas Valves
off

Control Panel

Source power - On

value is the 29 to 28 ratio. To obtainlghe 28 to 29 ratio (Rl) one
simply inverts this value. The atom % ~“N can then be obtained from the
following formula:

100

+
2Rl 1

1 possible values for the balance panel and corres-
N is given in Appendix A.

Atom % Ly =

A tabulation ofl
ponding atom %

10
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Isotope Dilution Method

In those cases where the isotope dilution method is used, the value
obtained in the analysis and the value obtained for the working standard
as well as the total amouigs of each must be used in the following
equation to obtain the % ~“N in the sample.

Atom % 1°N obtained - total NH, =

Atom % 15y std « amount NHZ + Atom % 158 unknown . amount NHI unknown

Since everything is known except the % lsN in the unknown, it can be
obtained by calculation.

Quality Control

A1l isotope values obtained by mass spectrometry are relative
values. An absolute determination is not possible due to several
factors such as isotope discrimination through the sample inlet, differ-
ences in cross-sectional area of the two istopes, differences in ioni-
zation potentials and small differences in fragmentation kinetics. 1In
hydrogen and oxygen analysis, a universally accepted standard (Standard
Mean Ocean Water, SMOW) is run and all samples are reported relative to
this substance. In nitrogen work, however, no such universal standard
has been accepted.

Here at CRREL it was decided to standardize on one particular
manufacturer of ammonium sulfate. To this end, samples of several com-
mercially available ammonium sulfate samples were obtained and analyzed.
A particular bottle of Fisher Certified, Primary Standard was chosen. A
secondary standard of Mallinckrodt ammonium sulfate was also chosen so
that a standard difference could be obtained. These standards can be
compared to atmosggeric nitrogen to obtain a fairly good approximation
of an absolute % ~’N value. Atmospheric nitrogen is not used routinely
as the working standard since the oxygen must be removed prior to
analysis to obyain a precise value.

When any data are reported, an idea of the precision and accuracy
of the measurements involyved is required before proper interpretation is
possible. In the case of isotope measurements, it is reasonable to ask
what the precision of each measurement is on a given day and how repeat-
able are these results from day to day. In an attempt to answer the
first point, a series of eight standard samples were run in a manner
identical to that used for routine samples. The standard deviation
obtained was 0.002 atom %. This value is far better than required to do
tracer work and approaching the type of precision needed for natural
abundance measurements. As more experience is gained with the equip-
ment, it is felt that improvement in this value is realistically attain-
able. 3

11




R e——

§ S o o

The precision of the percent difference measured for the two
standards was obtained over a 12-day period. The results indicate an

‘average difference in the ratio of +0.001 for the Mallinckrodt standard

relative to the Fisher standard with a standard deviation of 0.001 atom
%. Again this result is easily in the acceptable range for tracer
studies such as that planned in the land treatment project, and is
approaching what is needed to measure natural abundance differences.
Only a few measurements o{satmospheric nitrogen have been made to date.
A value for the actual % ~°N of the Fisher and Mallinckrodt standards
will be determined when further atmospheric analyses are completed
(0.3?7 is the accepted value for atmospheric nitrogen; Junk and Svec
1958).

12
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1412 £,3518 f.3912 ?.9685 f.€412 R 0.8912 2.175¢4
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0.3948
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0.9698 0,6417 1,5789 #p.8517 2,180€
£.5700 p.6418 1.5752 £.8S1E 2.180S
2.9702 0.6419 1.,5794 2.851S 2.,1211
#,9705 0,6420 1.,5796 £.892¢ 2.,1714
0.9707 P,.642] 1,5799 £.8521 2.181€
f.5718 #,6422 1.5801 #,.8522 2.1818
8.9712 ¢.6423 1.58064 e.8923 2.1821
0.9715 P,6424 1.58C6€ £.8524 2.1223
6.9717 f,642°5 1,5889 £.8525 Z.1826
0.5728 0.642€ 1.5811 8.8526 2,128
0.9722 P.6427 1.5813 b.,8527 2.183¢
£.S725 0,.C428 1.5€16 r.esae 2,1833
0.9727 f,6429 1.5€18 #.8529 2.1835
0.,9729 f.€430 1.5821 0.,e53¢0 2.1837
g.5732 ¢,€431 11,5823 0.8531 2.1e40
8.5734 0,6432 1.5626 £,8532 2.1842
B.S77 £,6433 1.5828 £,6533 Z2.12845
?.9739 #,6434 1.583¢C £.B524 2.1847
£.9742 P.€435 1.5833 ¢.8S3° 2.1849
C.S744 f.6436 1.5682°5 2.6536 2.1852
0.5747 f.6437 1.583E £.8537 2.1854
P .57495 0.6436 1.58480 £.8S3¢ 2.1857
P.8751 ¢,6435 1.5842 8,8535 2,189
8.,9754 P.644¢ 1 .5845 g.254¢ 2.1861
0.975¢€ t.C4a41 1.5847 0.8941 2,164
£.S5759 P,6442 1.58590 £.8S42 2.1866
0.5761 £.6443 1.5852 0.89543 2,186
£.9764 P.6444 1.5855 P .8S44 2,1871
#.57€6 #,6445 1.5857 £,8545 2.,1873
£.9765 P.6446 1.,5859 6.8546 2,187€
0.9771 P,6447 1.5862 #,8547 2.187¢
0.95774 f.6448 1.5864 8 ,8S4¢ 2.188]
8.977€ 0,€449 1.5867 2,.E54S 2,.,1883
8.9778 #,.6450 1.5€€9 0.855¢ 2.1E85
p.5781 0,645 1.5€72 0.8951 2.18¢88
0.9783 ?,6452 1.5€74 £.,ES52 2,.,185¢
£.5786 #,€453 1.587€ #.8953 2.18%2
#.5788 P.6454 1 ,5878 £.8554 2.1855
£.,9751 #,.€6455 1.5881 0.8955 2.1857
0.9793 f,6456 1.5884 #.855€ 2,150¢
8.,57S6 #.6457 1 5886 t.8957 2.15¢02
#.,5758 P,E458 1.5888 0,B8958 2.1504
p.5801 £.6459 1,551 £.,8559 2.,1807
0.,5803 ?,6460 15883 ¢.ESEL 2n1SES
0.5€605 P.€46] 1.,588€ 0.RSEI e oy 1
£ SERE f.6462 1.,585¢ C.B9€2 A e
p.oEln f.6463 1.55¢€1 £.8963 2elS1E
0.9813 e.€a64 15923 ¢.BS€4 2ulSl S
£.581° 0.C465 1.552¢ £.8565 2.1821
£.5818 f.646€ 1.,550€ e,8S€E 2l.1524
g.982°¢ £.646€67 1.,5%12 C.8967 2.102°€
£.5823 P.646F 1.2513 £.ES6E 2.152¢
0.5825 0 €465 1.,5515 0.,886¢ 2.1831
£.5827 0.6470 1.25518 £.857¢C 2.1833
p.5830 f.€47] 1.,5923 £.8571 241836
e,.9832 P.E4T2 {5922 g.8572 2.183¢
00,9835 P.6472 1,582 £.2873 2,194
£.9837 P.6474 1.,5927 0.EST4 2.1543
£.58410 ?.6475 1,583¢€ bt ls 22,1542
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0.4025
#.4026
0.4027
0.,4028
0.4029
0.40380
0.4031
0.4032
0.,4033
0.4034

ATOMZ
¢.9842
£.9845
?.9847
£.5858 -
0.5852
f.5854
£.5857
#,9€59
20,9862
0.9864
0.98€7
0.,5869
0,.5872
0.5874
£.987€
2,5€79
0,5881
0,95884
£.5886
f,98BES
f.o821]
0,5894
£.9€S6
g 9899
20,5501
8,9503
0.9986
£,.5508
£.,5511
#.9513
#.5S16
82,9518
6.9521
8.9923
0.9925
28,9928
£,593¢C
0.,9933
08,5535
£.99538
0.954¢
£,9543
0.9545
ﬂ ﬂSAQ
L.QQCC
?.5552
0.595¢
£.,5957
#.996¢
6.9962
0.9565
#.9567
0,997¢
0.9572
0.9575
£.9977
0.597S
g.5582
£,9584

3
f
‘i
e
e
r
e
e
)
0
f
[
)
P
e
4
p
e
¢
e
¢

RDG,

+€47€
€A77
JE478
€475
JC4EL
JC4F ]
. €482
+E4E3
«648 4
«C48S
. €486
<6487
.GAB8
«E4RBY
«€45¢8
€491
« 6452
.6453
€4S 4
« €495
+84C €

e,€6497

¢
2
£
0
e
e
)
¢
)
(1
#
e
¢
e

e

f
¢

0

e
¢
[y
e
e
0
¢
e
e
¢

LE498
LE4SS
«6SLE
L6501
6502
«€503
6504
.6585
.6506
6587
€508
+650S
65180
€511
0
«6513
e,
«6515
L651€
g.
6o 1 E
(8
£,
L6521
« 6522
6523
.6524
e 6525
«652€
s6587
6528
46529
6538
¢,
e,
[
L6534

€512

€514

€517

&S 1S
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1.,5532
1.,5534
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1,5939
1.5942

«©944
1.5947
1.5949
1,5951
1.,5954
1.,585€
1,5859
1,596l
1.5964

. 1,59€6€

1.55€€
1,571
1,5973
1,557€
15,5578
1.55€0
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15985
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1.,555¢
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1.,5857
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1.6012
1.6014
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20,1535
£.,1536
0.1537
¢.1538
£,1539
e,154¢
e.1541
f£.1542
£.1543
f.1544
?.1545
e.1546
£.,1547
£.1548
L1545
2.,155¢
¢.1551
g.1552
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£.1563
#.1564
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#.,3823
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0,3865
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0.,3887
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6.,3917
f,3928
#3922
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0.3944
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?.15%4 £.3969 f.4054 1.0131 P.E594 1.6218 £.S50%4 2,223°0
#.1585 0,3972 0,4095 1.0134 £.6555 1.622¢ ?.SCSS 2.,22%2
f.159€ £.3974 P.,409€6 1.0136 #,6556€ 1,6222 €.,SCSE 2,2234
0.1587 0.3977 0.,4097 0139 t.6597 1.6225 2.,9087 2.,2237
t.15%¢8 £ 3878 f.48SE 1.014) £ ,E659€ 1.,6227 f,SOSE 2,223¢
¢.158S 0.35€2 f,40SS l1.0124 ¢.€586 1.,623¢ £.90CS 2.,2242
t.1€0¢ (.3524 J.410¢C l1.0146 ?.6€0¢C 1,632 t.Sliec 2244
f.1€01 £.,3987 £.4121 1.0148 f.e€0) 1,6235 2.51P2) 2.,224€
g.1€02 £.3589 ¢.4102 1.0151 t.6602 1.8237 (.S162 22245
0,162 (.39%2 f.4103 1.0153 f,S€L3 1,6235 2.5103 20251
t.1€04 0.3554 2.4104 1.015€ 8.,6604 1.6242 L.o104 2.22%4
g.1685 80,3586 p.a10% 1.0158 r.6€05 1,6244 gesnes 2.225¢€
0.160€ £ .399¢ f.410€ l1.0161 P.EELE 1.6247 C.CI1CE 24225€
2,1607 C.40C1 f.4127 [.01€3 ¢LEECT I,624S e e 2.00€1
e 1ere f.4004 e.4108 1Pl €€ P, EFRE 1.6252 C.SIrE 2,2263
e,16C5 €.400€ £.a109 1.01€8 0L.EECES 1.6254 B.S10S 2.22€%
2.€1C G.4089 0.4110 l.017¢ B.,€€10 1.6256 £.5110 2.,20€¢
t.1€611 0.4011 8.4111 1.0173 #.,6611 1,625S £.,5111 2.227°¢
2.1612 0.4014 0.4112 1.8175 g.€612 1.6261 £.9112 2.2273
g.1€13 0.4016 0.41123 1.017¢€ 8.€€13 1,6264 £.5113 2.2275
P.1€614 €.4019 g.4114 1.018¢ P.€E€14 1,626€6 J3.5114 2.,2277
L1615 f.402] 0.4115 1.2183 8,€€15 1,62 €& e B 2.,2C¢80
2.1€616 g.a024 f.4116 1.0185 eL.E€L1E 1.6271 0.9116 2.,2282
.1€17 £.402€ f.4117 1.21¢€¢ f.€€17 1.6272 3.,9117 2,200
t.1618 0.4029 0.,4118 1.0190 £.6€18 1.627€ ¢.,9118 2.,22¢87
.1619 6.,4031 0.4119 1.0193 #,6€19 1.6278 20,9118 2,228

e.1620 f,4034 8.a120 1.0195 0.662¢ 1.6281 0.9128 2,2252
g.1621 #,4036 g.4121 1.0197 p,6621 1.6283 2.,5121 2,229¢2
J.1622 p,.4039 f.4122 1.02800 ?,.6622 1,6285 f.9122 2,227
f.1623 €.404] 0.4123 1.0202 #.,6623 1.6288 0.9123 242285
f.1624 0,40 44 6.4124 1.0205 p.,6624 1.6250 £.9124 2,230]

8.1625 0,4046 #.4125 1,0287 #,6625 1,6293 ¢.9125 2,2304
J.1626 .40 45 £.4126 1.0218 #.,6626 1.,6295 0.9126 2.,230€
t.1627 0,4051 0.4127 1.0212 6.6627 1.6297 0.9127 2.,23¢0¢
1628 08,4054 0.4128 1.0215 p.6628 1,6300 £.,S5128 2,2311
1629 ¢,4056 0,4129 1.0217 0.6629 11,6382 0.9129 242313
1638 £,4058 0,.,4130 1.0219 B.,663¢0 1,63¢5 ¢.513¢ 2.231€
1631 0,4061 #.4131 1.0222 £.6€31 1.6307 £.,5131 2,231¢
1632 p,4063 p,4132 1.0224 g.,6632 1,6310 e.5132 2.232(0

L 1633 60,4066 £.4133 1.0227 #.,6633 1.6312 «S133 2.2323
1634 ¢,4068 0.,4134 1.0229 2.6€34 1.6314 9134 2.232°
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1641 £.,4086 t.414] 1.0246 0.6€4] 1,6331
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0.1653 €.4115 #.,4153 1.,0276 f,6653 1,.,6360 90,5153
¢.1654 g.4118 £.41%4 1.0278 e,6654 1.,63€3 0,9154
82,1655 0.4120 7,.,4155 1.02€1 0.6€655 1.,6365 0,9155
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0.1664 0.4143 P.4164 1.,6303 #,66€4 1,6387 «9164
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68  0.4202 0,4188  1,0362  P,E€8E  1,6445
685  2,4205 0.4189  1.03€4 0,6685 1,6447
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€94  0,4217 0.4154 1.037€ £.C654  1,64€0
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657  0,4225 0,4197 1,%384 0.6657 1.6467
€58 §.4227  0.4158  1,03F€  0.€€SE  1.€4€5
1699  0,423€  £,4199 [,0388  £,6655  |,€472
B.17CC 06,4232  £,420C 1,8381  0,€700  1.6474
P.1701 £,4234  B,4201  ),0353  A.A7E)  ].€47F
08,1702  (.4237 10,4202 1,0396 0,€702  |.647¢
L.1763  €,423S  £,4203 1,039 [.6708  1.€48]
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B,4299
£,4301
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80,4339
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2,4368
£.,4371
f,4373
0,437€
60,4378
8,438
60,4383
C.438€
0,4388
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1.6544
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1.6561
1.6564
1.6566
1.6568
1.6571
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1,6598
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1.6€14
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2,182
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.1884
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e.1807
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.1816
e.1817
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p,1825
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0.4408
0.4410
0.4413
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0.,4420
0.4423
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0.,4445
0.4448
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9.4485
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f,6771
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f.6774
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2.6776
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0.677%
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