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I. INTRODUCTION 

The nitrogen cycle is one of the most important of the earth's 
elemental cycles: compounds of nitrogen being, for example, both 
essential nutrients for plant and animal life, and a major cause of 
pollution in the atmosphere and hydrosphere. Of all the earth's 
cycles, however, the nitrogen cycle is probably the one most in
fluenced by human activity, and many of its details are poorly 
understood. Therefo-• •. anv technique which yields information on 
the source and reaction machanisms for nitrogen compounds in different 
parts of the cycle will add to our knowledge of it. In common with 
other light elements (e.g. hydrogen, carbon, oxygen, sulphur) research 
during the past 10-20 years has demonstrated that investigations of 
the natural variations in the stable isotope ratios of nitrogen 
(15N/ll*N) can in some cases provide su-h information. 

1 5N/ l l*N ratios in natural samples typically fall in the range 
0,0036 to 0,00375 and modern mass spectrometers allow this ratio to 
be determined, on N2 produced from the sample nitrogen, to a precision 
within the seventh decimal place relative to a standard. Such a pre
cision is quite adequate for nitrogen isotope investigation, but is 
only of any value if the sample nitrogen can be converted to N2 on a 
routine laboratory basis without any change in the 15N/1'*N ratio. 
This generally requires conversion procedures which are both selective, 
if the sample contains different compounds of nitrogen, and completely 
quantitative. The analytical procedures described in this report follow 
the principles established by, for example, Rittenberg (1947), Ross and 

Martin (1970), Cline (1973), Kreitler (1975) and, in particular, the very 
detailed investigations by J M Bremner and co-authors (e.g. Bremner, 1965). 

The Natural Isotopes Division of the NPRL has been engaged in 
15N/1'*N ratio analyses since 1979, and part of this work has been 
directed to the investigation of ammonium and nitrate in atmospheric 
precipitation - two compounds which exert an important influence on 
the topical problem of the 'acidity' of rain. This report describes 
the procedures used in the Division for the analysis of 1 5N/ l l ,N ratios 
in ammonium and nitrate (and organic nitrogen), and summarises without 
disci-.i-ion the data obtained for precipitation collected at the CSIR 
site. 



II. MASS SPECTROMETRY OF N 2 

1 5N/ 1*N ratios of nitrogen compounds are determined on S^ gas, 
prepared by methods outlined in section 3.1. The gas was measured 
in a Varian GD 150 mass spectrometer having a double capillary inlet 
(switching every M 5 seconds between the sample inlet and a tank N 2 

reference inlet) and a double collector which simultaneously collects 
mass 29 (13N/'*N) in a 'cup', and masses 28 and 30 (^N^N and 1 5 N 1 5 N ) 
on a plate. The 1 5 N X 5 N molecule has negligible abundance relative to 
1'*M1'*N ana can be ignored. Five alternating reference-sample measure
ments of the mass 29/28 voltage ratios were output to a chart recorder 
for each analysis. At least one laboratory standard and one atmos
pheric N 2 standard were included in each batch of M O samples. 

Masses in the range mass 30 to mass 44 were also measured for 
each sample as a check on purity (e.g. presence of 0 2 > Ar and C 0 2 ) . 
Values for typical mass voltages are shown in Table 1. (The term 
'mass' is used where 'mass/charge ratio' should, properly, be used). 

2.1 CORRECTION PROCEDURES 
Correction factors for inlet valve leakage and zero enrichment 

were generally negligible, and the 'tail' correction (fraction of 
mass 28 falling on the mass 29 collector) was usually i3 parts per 
thousand. The necessity of making slight corrections for the presence 
of Ar in air samples is discussed in section 2.3. 

2.2 NOTATION 
The isotopic composition of the sample gas is determined relative 

to the reference N 2 gas using the 5 notation, where: 

5sa-ref. " ( r f f " 1 ) ' (' + C ) 

ref • 

where r is the measured 1 5N 1 1*N/ 1"N 1'*N, i.e. mass 29/mass 28 ratio, 
and t is the tail correction. 
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With the reference gas being measured against samples of atmospheric 
N 2, á _ corrected for the presence of argon, the sample composi
tion relative to atmospheric N 2 is determined by: 

^sa-ref ~ iatmos-ref 
sa-atmos 1 + 6 atmos-ref 

Since the values of 5„„ „„_ are small they are multiplied bv 103 

sa-atmos ' e 

to give the ",515N" of the sample, relative to atmospheric N 2, in permil 
(7.o, parts per thousand). Owing to the low abundance of 1 5N in natural 
samples it may be demonstrated that 

5»N <Z.) ^ ( 1 5 N / " N ) s a m p l e -1 Y x 103 

( 1 5 N / " N ) a t m o s N 2 

In earlier natural isotopic studies, and those based on 15N-enriched 
tracer investigations, an absolute notation, "atom percent X SN" (A in % ) , 
is used where 

A . (Z) - — - , n n 

sample 1 5N+ 1'»N X 

sample 

The value of A for atmospheric N 2 is 0,3663%, and the two notations are 
related by 

5 1 5N (Z.) - / A - 1 )x 103 

3,676X10" 3(100-A) 

2.3 ARGON EFFECT IN AIR SAMPLES 
When nitrogen isotope analyses were first performed in this laboratory 

in 1979, A S Talma discovered that the presence of argon in an N 2 sample 
could have an effect on the apparent 15N/ll*N ratio (Heaton, Talma and 
Vogel, 1983). Other gases such as 0 2 and C0 2 also have an effect, but 
this is negligible for most samples. Atmospheric N 2 samples, however, are 
prepared by passing a sample of air through a dry-ice acetone trap (to 
remove water), cycling over hot copper (to remove oxygen), and quantitative 
collection of the N 2 by ibsorbtion on activated charcoal at liquid nitrogen 
temperature - a procedure wrich leaves M ,2% atmospheric argon in the sample, 
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The effect of this argon may be calculated by measuring samples of 
tank nitrogen containing different amounts of ar<»on. The results of 
some of these measurements are shown in Fig. 1, and indicate that whilst 
the correction which must be made for argon in the 5 1 5N of atmospheric 
N2 standards is usually <0,4%o, the magnitude and 'sign' of the correc
tion change with adjustment of the mass spectrometer. 

2.4 SAMPLE SIZE REQUIREMENTS AND PRECISION 
3etter precision and smaller sample requirements for 1 5N/ 1 < fN ratio 

determinations could have been achieved by altering the inlet system 
and electronic adjustment of the mass spectrometer, which were optimised 
for high precision isotopic analysis of CO2 samples. In view of the 
wide natural variations in 5 N, however, this was considered unnecessary. 

For this reason the minimum sample requirements were "->1,7 ml N 2 

(0,15 meq of N0 3 or NHJ, and ideally >3 ml N 2. 

The precision of the mass spectrometer is limited by the noise or 
instability of the output of the mass 29/mass 28 ratio, and its measure
ment on the chart recorder. For a typical five sample-reference compari
son during a single sample analysis this amounted to ̂  • 0,1%o(1a) in 
5 1 5N for a £3ml N2 sample. For the smallest samples (1,7 ml N2), measured 
at reduced analyser pressure, the precision was ^ ± 0,4%o (1a). 

2.5 REFERENCE SAMPLE N 2 

Nitrogen used on the reference side of the mass spectrometer was 
from a one litxe glass flask filled to just below atmospheric pressure 
by flushing with tank N2 dried by passing through dry-ice + acetone 
traps. Fifty-one 2,5 ml aliquots of the reference gas were used and 
pumped away during a period of 2| years. The charge in 6 1 5N of the 
reference gas during this period, determined by measuring ether samples 
from the same tank, was SO,1%0. The isotopic composition of the reference 
gas, 6 1 SN - -0,4% o, is close to that of atmospheric N 2. The mass 32 (02) 
peak or. the reference remained indistinguishable from that of the mass 
spectrometer background - indicating no significant leakage of atmos
pheric gases through the stopcocks of the reference gas flask over the 
2J yr period. 
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2.6 LABORATORY STANDARDS 

Samples of N 2 prepared from laboratory standards of nitrate and 

ammonium (see section 3.2) indicated a long-term precision in 5 l 5M 

versus atmospheric N 2 of + 0,2%«, and + 0,1%„ (la), respectively. 

III. PREPARATION OF N 2 FROM N0 3 OR NHuH 

3.1 NORMAL PROCEDURE 

The preparation of N 2 from NHi» (+NH3) and N0 3 (+N02 ) normally 

comprised of the following steps (see Fig. 2 for apparatus, and 

section 8.1 for reagents): 

Step 1 : Sample containing 20,15 taeq NHi, or N0 3 (i.e.= 21,7 ml N 2) 
n 

in ^500 mi of solution produced by roto-evaporative concen

tration of dilute solutions (e.g. section 9.2) or dilution of 

concentrated solutions (e.g. section 7.1). 

Step 2 : addition of 15g MgO followed by boiling-distillation; 

200 m£ of distillate being collected in 50 m£ of 0.05N HCÍ. 

This provides the sample NHi» (+NH3). 

Step 3 : Addition of 200 mi HfO and 15g Devarda's alloy to the solution 

remaining from step 2 after cooling, stirring for 20 min 

followed by a second distillation. This provides the sample 

N0 3" (+N02~) in the form of NH.,
+. 

Step 4 : Back-titration of the excess HCÍ in the NHi»C£ distillate 

solutions frorc, steps 2 and 3 using 0,05N NaOH with a pH 

meter; titration stopped at ^pH 6-7, and the pH lowered 

immediately to tpH 2-3 by addition of a few drops of 10% HC£. 

This allows calculation of the mec NH„ and meq NO3 in the 

sample. 

Step 5 : Reduction of the distillate volumes to M 0 m£ by evaporation 

at 80°Cona hot-plate without drying out (section 5), transfer 

to stoppered phials, and storage at 4°C. 
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Step 6 : Transfer of the 10 mi sample solutions to a vacuum reaction 
versel with 2-4 m£ of LiOBr reagent in a side-arm (Fig.2); 
follov id by three freeze-pump-thaw cycles (freezing in dry 
ice + acetone with a final vacuum of 10 3torr); mixing and 
reaction. 

Step 7 : Cleaning and collection of the N 2 produced iu -tep 6, in 
a vacuum system (Fig. 2) by 
- passing through two dry ice + acetone traps (removes 
water vapour). 

- convective cycling over hot copper gauze (with a silver-
turnings plug) at 450°C for one hour (removes O2 and 
converts gaseous oxides of nitrogen to N2) 

- passing through a liquid nitrogen trap (removes CO2) 
- collection in a manometer for measurement of the N2 
- collection in a sample flask for analysis. 
Quantitative transfer of gas withi;i the vacuum system at 
each stage was accomplished by absorbtion on active charcoal 
in a liquid nitrogen bath (pressure after absorbtion 
%10 2 torr). The amount of N2 measured in the manometer is 
referred to in terms of the percentage yield relative to 
the titration of step 4. 

3.2 PRECISION OF YIELDS AND <515N OF STANDARDS (SN1 and SN2) 
Two laboratory standards, 0,100 molar solutions of NH\ C£ (SN1) 

and of NaNOa (SN2), were prepared and analysed at regular intervals; 
usually with 10 m£ of solution ('•= 1 tneq) being used. 

During the period October 1981 to March 1985, 31 preparations of SN2 
showed a mean yield of 101 + 1% (1a) for steps 3 and 4, 96 + 2% (1a) for 
steps 5 to 7 (but see section 6.1), and a mean 5 1 5N value of +2,9 + 0,2%» 
(la). 47 preparations of SN1 (10 m£ pipetted at step 6) showed a mean 
yield of 98 + 1% (1a) for steps 6 and 7, and a mean <515N value of 
+2,2 + V Z . (1c)-

On the basis of these standards the preparation method above is 
essentially quantitative, and any random effects on the 1 5N/ l l fN ratio of 
the samples are barely measurable in terms of the + 0,1Z0 precision of 
the mass spectrometry. 
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IV. THE DISTILLATION STEPS 2 AND 3 

4.1 AMOUNT OF MgO AND DEVARDA'S ALLOY 
In simple, non acidified solutions (e.g. for the analysis of the SN1 

and SN2 sta.-^ards), 2g MgO and 5g Devarda's alloy is sufficient for the 
distillation steps 2 and 3. 

In a number of dilute samples, however, acid is added before roto-
evaporativc concentration to avoid loss of ammonium (section 9.2). In 
these cases it was necessary to add M5g MgO in order to reach a pH of 9 
to 10, and maintain this pH during steps 2 and 3 (loss of ammonia during 
distillation lowers the pH). Devarda's alloy is destroyed (with release of 
H2) by reaction with suspended MgO particles, and a larger amount of alloy 
(15g) was therefore also required. The sufficiency of 15g MgO and 15g 
Devarda's alloy w«s#tested on a number of occasions by adding SN1 and SN2 
standards to sample solutions after they had been distilled through steps 
2 and/or 3; further distillation without the addition of any more MgO or 
Devarda's alloy yielded quantitative recovery of the standards. 

4.2 EFFECT OF MERCURIC CHLORIDE 
Mercuric chloride is Í convenient and widely use<i poison for the 

preservation of aqueous samples collected from remote locations. Analyses 
of standard solutions containing HgCÍ2. i.e. SN1+SN2+HgCÍ2, however. 
showed that the mercury has a pronounced effect on the distillation of 
ammonium. The data are shown in Table 2. 

At the moderately alkaline conditions produced by addition of MgO 
to the solutions (̂ pH 9 to 10) mercuric chloride suppresses the NHi, -+NH3 
distillation in step 2. This may be the result of the formation of an 
ammonium complex with HgO produced from Hg under alkaline conditions 
(Bremner, 1965). The complex is subsequently destroyed under the reducing 
conditions resulting from the addition of Devarda's alloy in step 3; dis
tillation in step 3 not onl/ releases the ammonia derived from reduction 
of the nitrate, however, but also releases the cotnplexed ammonium re
maining from step 2 (Table 2). 

The MgO-Devarda's alloy method would therefore appear to be unsuitable 
if mercuric chloride is used in samples containing ammonium and nitrate 
where separate analyses of these ions are required. If samples contain only 
ammoniu-n or only nitrate, or a tctal analysis of ammonium + nitrate is re
quired, then mercuric chloride may be used. 
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4.3 EFFECT OF PHOSPHATE 

Small amounts of phosphoric acid showed no influence on the recovery 

of nitrate from standards (Table 3 , and a fertilizer with phosphate also 

showed no obvious 'problems' (Table 4). Large amounts oi phosphate in 

the form of 0,2g KHíPOu, however, reduced the yield of nitrate during 

di.'.tillation with Devarda's alloy (Table 3), a problem noted by Bremner 

and Keeney (1965). 

4.4 THE NaOH - Cr « HCÍ METHOD 

In view ^f the possible problems associated with mercury and 

phosphate, and as an independent '-.heck on the MgO-Devarda's alloy method, 

a modified method employing NaOH with Cr + HC£ was tested on standards, 

fertilizers and rain samples. The chromium method is an official method 

of fertilizer iiitrogen analysis by the AOAC (1980), and was used by Freyer 

and Aly (1974) in the isotopic analysis of fertilizer nitiogen. The 

analyses were conducted according to section 3.1 with the exception of the 

following steps: 

Step 2 : Addition of 2g NaOH, and distillation. 

Step 3 : Solution remaining from step 2 adjusted to pH 6-7 by addition 

of HCÍ, and evaporated to ̂ 50 mi. Addition of 1g chromium 

powder + 6 ml concentered HCl, standing for 5 min, heating 

for 4 min until boiling just starts tr occur (no stirring at 

any stage), cooling to room temperature, addition of 400 ml 

H 20 + 10g NaOH and distillation. 

Results of standard and fertilizer analyses in Table 4 (and rain 

samples in Table 8) indicate quantitative extraction of ammonium and 

nitrate even in the presence of phosphate, and good precision. 

The yields of standards, however, were slightly greacer than 10u%, and 

yields from fertilizers slightly higher than those obtained with the MgO-

Devarda's alloy method (Table 4); the possibility of a blank beirg 

associated with the chromium is discussed in section 8.2. 

The higher pH (-vpH 12) associated with the use of NaOH, however, 

does not overcome the effect of mercuric chloride; the N«iOH-Cr>HCl method 

showing the same problem oi reduced NHi, yields. 
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I 

k Samples of fertilizer (Taole 4) and rainwater (Tables) analysed 

I using both the MgO-Pevarda's alloy and NaOH-Cr+HC2 methods show close 

a agreement in the yields and o l 3N values of ammonium and nitrate. This 

gives confidence in ooch methods. Unless the presence of phosphate in

dicates the use cf the NaOH-Cr+HC-2 method, however, the MgO-Devarda' s 

I alloy method is preferred. Neither method appears suicable if samples 

a contain more than I m£ (saturated solution) of HgCij-

I 

I 4.5 ISOTOPIC FRACTIONATION WIT. INCOMPLETE YIELDS 

I The importance of quantitative distillation of ammonium and nitrate 

during steps 2 and 3 is illustrated by the 5 l 5N values for non-quantita-
i 

tively extracted standards shown in Table 2 and Fig. 3. «hen HgCi 2 in

hibited release of ammonia a 907. yield during the NHv "NH3 extraction of 
is, 

s 

. step 2 resulted in the collection of distillate depleted in l N by "*0t5Zo 

whilst a 90% yield during tr.r. N0 3 -*MW -*->»H3 extraction of step 3 resulted 

in a more serious depletion of *\2,5%e (Fig. 3). Such depletions in the 

I he ivy isotope are to be expected because kinetics tend to favour reaction 

• of th-í lighter isotope. 

I 
For unidirectional first order reactions these data would suggest 

! 
fractionation factors of a : 0,998 and x^Q _)4yJH = 0,990 (Fig. 3), 

Cline (1973) calculated a = 0,994 for the N03~-*NHI/-<TSH3 transformation 

where the yield was limited by the amount of Devarda's alloy, and an 

almost identical value of 3 : 0,994 for the NHu-otfHj distillation of a 

standard which gave incomplete yields. 

I 4.6 TITRATIOK OF DISTILLATES (Step 4) 

I Nominal 0,05 U NaOH solution was made up and 3toreu in polyethylene 

bottles, and its normality ( N Q H ) measured by titration against the 0,05 ÏJ 

&CI solution used for collecting ammonia. Stirred XH<»Cl sample solutions 

I were back-titrated with the hydroxide using an 'Orion' pH electrode up to 

j pH 7 and the end-point (ole) estimated at the inflexion of the pH curve. 

The ammonia content of the sample was then calculated from: 
I 

1 SB» (meq) • (50x0,05) - (ml, x N ^ ) 

I 

I 

I 
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For sharp end-points ml e could be estimated to within 0,5 mi and 
the ammonia content to within ^0,02 meq. In some cases, however, 
especially for .-mailer samples, a s?oping end-point reduced the accuracy 
(section 6.1). This reduction in the sharpness of the end-point probably 
reflects contamination by other (non-NH3) volatiles carried over during 
distillation. In a few cases where duplicate samples of this type were 
prepared the second sample was heated (80"C ^1 hr) prior to titration, 
which resulted in a sharper a.nd-point. 
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V. THE EVAPORATION STEP 5 

I 

I 

I 

• If sample dist*Hates boil dry during step 5 the remaining 

f distillate salt becomes heated to the temperature of the hot-pldte 

(M80°C). The vapour pressure of ammonium chloride at this tempera

ture is ^3 torr, and on the few occasions when samples dried out 

on the hotplate there was a marked loss of nitrogen (indicated by low 

| yields determined in step 8). The effect on the measured 5 1 5N of the 

sample w?s variable, ranging from slight enrichment in 1 5N, no effect, 

or a marked depletion in l 3N. Samples which boiled dry were therefore 

usually discarded. 

I 
Data for five standard solutions evaporated to dryness in an oven 

held at 8C°C are shown in Table 5. No loss of nitrogen occurred where 

the initial solutions contained an excess of HCÊ and were dried for a 

{ limited period. A small loss of 15N-depleted nitrogen is observed for 

prolonged dryirg with no initial excess of HCÍ. 

• The use of hydrochloric acid has been found convenient in this 

0 laboratory, and presents no problems ... step f> provided the samples 

do not dry out. Because oven drying of samples presents some advantages 

it more rapid processing through the subsequent hypobromite reaction 

" of step 6 is required (see section 6.2), however, use of sulphuric acid 

in place of hydrochloric acid in steps 2 to 4 may be an advantage owing 

to the much lower vapour pressure of ammonium sulphate. 

I 



1 *> 

VI. HYPOBROMITE AND VACUUM PREPARATION STEPS 6 AND 7 

6.1 YIELD 
The calibration of the manometer on the vacuum line (Fig. 2) 

is probably accurate to within + 0,1 ml of N 2 - i.e. + 1% for an 7 n 
analysis of the SN1 and SN2 standards. SIM standards run through 
steps 6 and 7, however, consistently showed vields slightly below 
100% (98 + 1!, section 3.2). The sonewhat i.ower apparent yields 
of the JN'2 standard (96 + 2%, section 3.2) run through steps 2 to 
7 could be attributable to incomplete transfer of the sample into 
the phial (end of step 5) and from the phial into the reaction 
vessel (beginning of step 6); weighing estimates suggest losses of 
M to 2%. The SNI standards are pipetted directly into the reaction 
vessel. Within the narrow range of yields recovered for SN1 and SN2 
standards there was no measurable correlation within the narrow 
range of * 1 5N values. 

Yields of samples in the manometric tteasurement of step 7 are 
expressed as a percentage of the titration yields in step 4. Data 
foe 179 nitrate or ammonium samples from rain water are shown in 
Fig. 4. The mean manometric yield was 96% (but note the 1-2% 
transfer loss as with SN2 above) and it is quite apparent from 
Fig. 4 that the deviations from 100% yield tended to increase for 
smaller sample sizes. Such deviations almost certainly reflect the 
diminishing accuracy of the titration for smaller samples. Since 
there is no reason to doubt the near-100% production of N 2 in the 
hypobronute reaction,the manometric determination of sample size 
was utilized as the more accurate measure of the nitrate or ammonium 
content cf rain samples. 

I 
. When accurate determinations of yields from the hypobromite 

reaction have been determined by other authors, yields of slightly 
' less than 100% have alao been found. This 'loss' of a small fraction 
( (1-2%) of the nitrogen is not due to the formation of gaseous oxides 
. (N20, NO) since these gases are reduced to N 2 in the copper 

oven (section 6.3). Ross and Martin (1970) suggested that under the 
conditions of their procedure tne addition of alkaline LiOBr to 

f samples at room temperature may result in the evolution of gaseous 
. ammonia which is adsorbed on the glass walls of the reaction vessel 

before reacting to form N 2. During the reaction of step 6 and transf 
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of gases into the vacuum line in step 7 in this study, however, the 
w.-'ils of the vessel were 'washed' with the reagent, and any adsorbed 
ammonia should therefore have reacted. 

The remaining possibility is that the reaction forms a small 
amount of nitrate or nitrite which remains in solution (Bremner, 1965). 
The possible effect of such a phenomena on the measured isotopic 
composition of the remaining N 2 has not been determined. For an 
effect of >+ 0,1Z0 in the measured c l sN the fractionation factor 
associated with the reaction (for a 98% yield) would have to be 
a= >1,005 or <0,995. If such a fractionation exists and has the 
same effect on the measured 5 i 5N values of samples having the same 
hypobromite reaction yields, then the difference between the 6 1 5N values 
of such samples should not be greatly affected. Since the reference 
f.andard for 6 1 5N values, atmospheric N2, is not prepared with a hypo
bromite reaction, however, the absolute 5 1 SN vulues of samples relative 
to atmospheric N2 may be affected by such a fractionation. 

6.2 HYPOBROMITE REACTION STEP 6 
The initial freezing and pumping step in step 6 removes air from 

the gas volume in the reaction vessel, but thawing followed by a 
second freeze-pump step is required in order to remove air dissolved 
in the sample and reagent solutions. On rare occasions when 'bumping' 
of the solutions during thawing caused premature reaction after only 
one pumping cycle, further pumping was omitted and a slight correction 
for dissolved air contamination amounting to i0,2 ml of atmospheric 

n 
N 2 had to be applied to the measured <515N value (the precise amount 
of air contamination being determined from the argon measurement, 
section 6.3). 

A simplified procedure involving reaction between degassed LiOBr 
reagent and dry samples (see section 5) in a reaction vessel attached 
to the vacuum line was proposed by Ross and Martin (1970), and has 
been adopted in modified form by other laboratories. Such a procedure 
offers time-saving advantages over the more-classic procedure in this 
report, and may be preferred where quicker sample analysis is required. 
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6.3 TRACE GASES 
I following the isotope ratio analysis on the mass spectrometer 
I each sample was analysed for the mass/charge ratios: 30( l uN l o0 , 

1 5N 1 5N +),32 ( 1 60 1 50 +),40 (*0Ar+) and 44 ( 1 2 C 1 8 0 l s o \ l u N l l 4 N 1 5 0 + ) . 
A 'typical' spectrum is shown in Table 1. 

I During a day's analysis the mass 40 and 44 signals were found 
to be essentially identical for all samples (except mass 40 in atmos
pheric N 2 standards - section 2.3) and for the reference standard gas. 

I Over a period of a few hours, however, mass 44 would gradually decline 
• and mass 40 would gradually increase-a definite increase in mass 40 

being observed in a sample analysed immediately after an atmospheric I 
N 2 standard. These gases (JO2 and Ar) represent a 'background' 
emanating from the ion-getter pump when N 2 i-s admitted to the mass 

I spectrometer; they are not present when there is no sample M2 gas 
m in the mass spectrometer (Table 1). 

On the very few occasions when samples had a mass 40 signal 
I higher than the 'background' this could be attributed to air contamina-
I tion from having used only one freeze-pump cycle in step 6 (section 6.2) 

or a visibly 'streaky' (i.e. leaking) greased stopcock on the sample gas 
flask. In the latter situation the normally minimal background mass 32 
(0 2) would also increase. The amount of air contamination N 2 in the 
sample N 2 could be calculated by comparing its mass 40 signal with those 
of the 'background' and atmospheric N 2 standards. 

! Experiments were performed on samples of N 2 from SN1 standards 
• processed in three ways: 

(a) Passage through a copper oxide oven (700°C) prior to the copper 
oven. 

I (b) through the copper oven only (normal step 7 procedure) 
1 (c) through neither oven, and with no liquid nitrogen trap. 

The mass spectra and 5 1 5N values of N 2 prepared using (a) or (b) 
I were essentially identical and suggest that CO in the sample gas is 
1 either not present cr has no measurable influence (CO would be oxidized 

to C0 2 in the copper oxide oven, and subsequently removed in the liquid 
nitrogen trap). 

I 
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Samples prepared using (c) sometimes showed elevated peaks at mass 
32 (02 from the LiOBr reagent) and at masses 30 and 44. When these 
samples were subsequently passed through a liquid nitrogen trap analysis 
of the trapped gases indicated that the mass 30 and 44 were due to an 
approximately equal proportion of N 20 and CO2. 

It therefore appears that sample N 2 contamination by air, oxides 
of nitrogen, CO2 or CO is not a problem with the normal method of sampie 
preparation; and that the use of a copper oven and liquid nitrogen 
trap in step 7 is a sufficient but necessary procedure for providing 
'pure' >J2 samples. 

The most serious potential contaminant is CO, producing masses at 
28 ( l 2C 1 50) and 29 ( 1 3C 1 S0) which cannot be determined in the presence 
of N 2. As noted above it is probably not produced in the hypobromite 
reaction, but it may be produced by dissociation of background CO2 in 
the mass spectrometer's ion-source. The effect of such CO can be calcu
lated (Mook and Grootes, 1973; Talma, 1979): 

.! . , f. Vi.5 f. V..U 
3--0 : 

V*2 9 V29 

where á 1 and 5 are the uncorrected (for CO) and corrected 5 l 5M values 
in % 0, V is the voltage of the subscript masses, and f is the fraction 
of C0 2 which dissociates to form CO (it is assumed that 1 2 C 1 5 0 1 5 0 and 
HQIIQIOQ dissociate to the ».iine degree, i.e. have the same value of f) . 

The correction A3= 5x-ó in %o as a function of the measured mass 
44/mass 28 voltage ratio then amounts to: 

±& z !il.!il - 1 x io3.f %0 per V M / V J S 
V„4 V 2 9 

If the isotopic co:.position of che background C0 2 is assumed to be 
similar to chat of C0 2 samples measured in che mass spectrometer 
(possibi-, an invalid assumption) V^s/Vm, ~ 0,011. For cynical V^s/V^ 
• 136 (Table 1), f »0,045 (Talma, 1979) and measuremencs of che 'background 
C0 2 which indicate that Viti»/V29 is rarely >10"3 (Table 1), che.i <1<5 is 
generally less chan 0,02%o. 
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The theoretical effect of the background C0 2 production of CO is 
therefore ámall and, moreover, since the background C0 2 is essentially 
the same for samples, the reference gas and atmospheric M2 standards, 
Ao will tend to cancel out and have a negligible influence on the 
calculated 5 l 5N versus atmospheric N 2. 

Talma (1979) measured the 5 l 3\ T of samples of cylinder N 2 reference 
gas with different amounts of C0 2 and found a relationship different 
from that to be expected for CO interference according to the above 
equation. This difference was due to an effect similar to that found 
for argon (section 2.3) 

6.4 USE OF ACTIVE CHARCOAL 
A variety of experiments in this study and in Talma (1979) indicated 

the following properties and methodology for active charcoal. 
1) Prior to use the charcoal fingers and gas sample flasks are pumped 
(MO 3 torr) for about 10 minutes, together with other parts of the 
vacuum line. Longer periods of pumping were performed in conjunction 
with heating to 350°C if the charcoal haci been opened to the atmosphere 
or received potential contamination by water vapour or solvents (e.g. 
during cleaning and regreasing of stopcocks). Heating releases traces 
of C0 2, water vapour, N 2, and possibly organics, which are not otherwise 
released by pumping alone. 

2) 0,2g of charcoal at liquid nitrogen temperatures absorbs at least 
99,9% of 3 20 ml sample of N 2 with a residual pressure in the vacuum 
line of M O 2 torr after 2-10 min (the time depending on the geometry 
of the vacuum line). Ten transfers of an N 2 sample between two charcoal 
fingers, pumping away the gas not absorbed after each transfer, 
produced a change of only 0,1Z0 in the S1 'N of the N 2. 

3) Standard N 2 samples were analysed from charcoal fingers which had 
been pumped for 15 min. (without heating) after containing N 2 of 
'unusual' composition (5 1 5N - -150%o and + 30%«). The memory effect: 

Standard 5 . - Standard 5 , normal measured 
Standard 6 , - 'unusual' & 

normal 

was 20,5 percent. Heating at 350°C whilst pumping should therefore only 
be necessary when samples differing by more than 20%o are to be analysed 
with i0,\%o memorv. 
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4) The initial N2 desorbed from a charcoal finger, on warming from 
liquid nitrogen to room temperature, is a few per mil depleted in 1 SN 
rela.ive to the total sample N 2. A delay after complete warming of the 
charcoal finger of the gas sample flasks to room temperature must there
fore be allowed before the gas is admitted to the mass spectrometer. 

5) Indirect measurements of 5-15 ml N 2 gas volumes at pressures of 
150 to 400 torr in the absence of charcoal, and in the presence of a 
0,3g charcoal finger held at different temperatures, suggested that the 
charcoal absorbs 12% of the N 2 at -80°C, 5% at 25°C, and less that 0,5% 
at 350°C. 

N 2 gas loaded into flasks containing and not containing active 
charcoal showed o 1 5N values which were the same within analytical 
precision (+ 0,1% o), and the N 2 in the active charcoal flask showed no 
change in 6 1 5N as successive portions of the gas were removed. The 
capacity for charcoal to absorb a small amount of an N 2 gas sample at 
room temperature therefore had no measurable effect on the 5 1 5N value 
of the remaining gas. 

6) Charcoal fingers in the vacuum line and sample flasks (Fig.2) 
contained M3,3g active charcoal (Table 7), from which any fine dust 
was blown away, held in place with a plug of quartz wool. 
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;•) VII. PREPARATION OF ORGANIC NITROGEN 

D 
Isotopic analyses of organic nitrogen may be conducted in C o 

ways: Kjeldahl digestion to form ammonium, or Dumas combustion 
W directly to N2. Results of some preliminary investigations are 
•j listed in Table 6. 

•̂  7.1 KJELDAHL DIGESTION 
I* Digestion was performed on a semi-micro apparatus (250m£ 
i, Kjeldahl flasks) having tubular electric elements, coiled to mould 

the bottom of the flasks, assisted by infrared reflectors. The proce-
'» 

dure involved the following steps: 
I 
I Step A: Addition of sample containing up to 14mg organic N and 

lg of selenium 'reaction mixture' to the bottom of the flask; 
followed by 40 m£ of 50% H2S0.,. 

I 
Sttip B: Boiling of the solution to remove water. 'Bumping' is 

partly eliminated by use of pyrex boiling beads in the flask, 
and the rate of boiling is largely determined by the degree 
of frothing of samples. 

Step C: As boiling subsides, and the colour starts to clear, 
heaters adjusted such that the H 2S0v vapour condenses 
about one third of the vay up the neck of the Kjeldahl flask. 
Digestion continued for up to 5,5 hours after clearing. 

Step D: Slow addition of water to the cool Kjeldahl flasks and 
transfer of contents into \Z distillation flasks with water 
added to ^500mi. Addition of 50g NaOH with distillation and 
titration as per steps 2 and 4 of section 3.1. 

7.2 'DUMAS' COMBUSTION 
Organic nitrogen can be converted directly to N 2 by combustion 

in a vacuum; the method having advantages in that it is faster than 
the Kjeldahl method and also provides C0 2 for 1 3 C / 1 2 C analysis. In 
conjunction with G von la Chevallerie and J C Vogel the following 

• procedure was tested using gelatine: 

1 
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') Gelatine and CuO powder, in a porcelain boat covered with Cu 
gauze, placed in a quartz tube section of the CuO oven loop of 
Fig. 2; ""írtiing by external bunsen flame with the gases circulated 
through the CuO oven for 1 hour; collection of CO2 (+H2O and any 
N2O or NO2) in a liquid N2 trap. 

2) Non-condensibles (N2+02) circulated through the Cu oven for 
1 hour with the N 2 gas measured and collected as in step 7 of 
section 3.1. 

A variety of experiments indicated no measurable nitrogen blank for 
the procedure and no measurable formation of N 20 or NO, during com
bustion. 

7.3 YIELDS 
The measurable blanks and slightly high yield:: for the NH^Cg 

standard during Kjeldahl analysic (Table 6) are consistent with the 
NH<* blank known to be associated with the distilled water added at 
step D (section 8.2). The calculated yields for both Kjeldahl and 
Dumas analysis of the gelatine are also dependent on the moisture-
status of the sample - the gelatine loses 5« of its weight on drying 
(70°C) but regains this loss during storage. Whilst these 'blank' 
and moisture effects were not taken into consideration in calculating 
the nitrogen yields for gelatine in Table 6, they are at any rate too 
small to account for the definite difference between the 16,6% N yielded 
by the Kjeldahl analyses and the 14,3« N yielded by Dumas combustion. 
The Kjeldahl yields for gelatine were essentially the same for different 
digestion times and were independently confirmed by analysis with a 
micro-Kjeldahl apparatus in a different laboratory. 

I 
f 7.4 3 1 SN VALUES 
• Despite the discrepancy i.i yields, which remains to be investigated, 

both methods gave essentially identical 5 1 5N values for the gelatine : 
+6,5 + 0,lZo (lj) for Kjeldahl analysis, and +6,6 + 0,3%o for Dumas con-

f bustiou. The poorer precision for Kjeldahl analysis of peach tree leaves 
(+0,32 , la) may have been partly due to inadequate mixing of the sample. 
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5.1 REAGENTS 
Ta^le 7 lists the reagents used in this study. The only reagent which 

had to be prepared was lithium hypobromite for reaction step 6. 

In earlier stages of Che study sodium hypobromite was prepared 
according to the method outlined by 3remner (1965). Whilst this reagent 
worked well its preparation was tedious, and subsequent preparation of 
lithium hypobromite followed the simpler procedures of Rittenberg (1947) 
and Ross and Martin (1970): 

40g LiOH, H 20 dissolved in 200 m£ H 20 in an Erlenmeyer flask with 
a magnetic stirrer bar is cooled in a refrigerator and transferred to an 
ice bach on a stirrer plate. With the temperature of the LiOH solution 
at 2-3°C, I5ra£ Br2 is added drop-wise over a period of "j30 min with 
vigorous stirring; the temperature rising to^I0°C. The resulting reagent 
is stored at 4°C and retains its activity for several months. 4 m£ of Che 
reagent represents an adequate excess for conversion of 1 meq NHi» to N2 . 

8.2 BLANKS 
The most significant blank was associated with ammonium (or ammonia) 

in the distilled water, produced by simple boiling and condensation in a 
'Manesty' still, for which three analyses over a period of two years indicated 
a Nft,++NH3 content of 0,012 to 0,036 (+0,005) meq.£ ~ with 5 1 SN • -3,9 to 
-4,8%,,; the N0 3~ content was less than 0,005 (+0,005) meq.£ " . If distilled 
water was to be used in an analysis in amounts which might lead to a signifi
cant blank in terms of the amount of sample nitrogen, then 'ammonium-free' 
distilled water was used, produced as the condensate of acidified distilled 
water evaporated in a roto-evaporator. 

The other blank was associated with chromium powder and amounted to 
0,025 (+0,005) meq. per g Cr (as NH.Z+NOa"). 

Analysis of large amounts of MgO, Devarda's alloy, NaOH, HCl and H2S0i» 
indicated that the blanks associated with the amounts of these reagents 
normally used in analyses would be less than the detection limit (0,01 meq), 
which is equivalent to ̂ 10% of the smallest samples analysed. 
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5.3 CLEANING 
Glassware, after use in steps I to 6, was cleaned by soaking in 10% 

HC£ , soaking in 10Z 'Decon', rinsing and drying. 

I 

I 

t 



7 7 

IX. NITRATE AND AMMONIUM IN RAIN AND DUST 

9.! SAMPLE COLLECTION 
Precipitation samples were collected on the root of the Acoustics 

Division of the NPRL, on the CSIR site, approximately 5m above ground 
lovel and 100m from the nearest source of 'pollution' (a fume vent). 
The CSIS site, -olding various National Laboratories in a lawn-covered 
park, is situated in residential suburbs I0km east from the centre of 
Pretoria; the nearest small industrial area lying in a separate valley 
3ka to the north. The location is shown in Fig. 5. 

Samples were collected on an inclined 1,9m* perspex sheet (Fig.6) 
held in a metal frame at a level slightly below the top of a parapet 
surrounding che roof. Possibly for this reason the frame was not used 
as a perc'" by birds and fouling of the sheet was very infrequent. The 
sheet drained, via a funnel with a stainless steel gauze filter, into a 
201 jerry can; painted or enclosed in a black plastic bag to exclude 
light and to minimize solar embrittlement of the can. In October 1984, 
che sheet was enlarged to 2,8m2 with nylon netting, and drained 
via a sequential sampling device into five jerry cans (Fig. 6). 

Dust samples were collecte '. after dry periods of several days by 
washing thfc sheet with Hot 'ammonia-free' distilled water (sectior 8.2). 
During collection of rain samples the accumulation of dust on the sheet 
during dry periods was minimized by washing th<: sheet every few days. Rain 
samples were collected for analysis as soon as possible after the rain 
event (usually the morning following night-time rair.). When they were not 
being processed the samples were stored at 4°C, or frozen at -5"C if storage 
periods were to exceed 1 week. 

The concentrations of nitrate and ammonium in different samples showed 
considerable variations. With the exception of rain samples containing large 
amounts of -ÍMSC, the amount of nitrogen required for analysis (section 2.4) 
made it difficult to analyse rain samples <-f less than 102. 



23. 

9.2 ANALYSIS 

Dust and rain samples were treated in an identical fashion as 

follows: 

Step A : Addition of 2m£ 32Z HCÉ and suction filtration through 15 

cm diam. Whatman no. ] paper. The addition of acid lowers the sample 

pH to ̂ 2,5-3 thereby maintaining ammonium in solution. Weighing of the 

filter papers yields the amount of dust; residue left by a second fil

tration through Whatman GF/C paper was of negligible weight. 

Step B : Vacuum-evaporative concentration of the sample to a final volume of 

500m£ in a roto-evaporator (sample temperature ^37°C, water bath ^70°C). 

Step 2 to 7 of section 3.1. 

9.3 FRECISION 

An indication of analytical precision is given by data for three large 

rain samplej which, after collection, were ,plit into half. Separate analyses 

of the halves using the 'normal' procedure (Steps A to 7, above) and the same 

procedure using the NaOH-Cr+HCi method in steps 2 and 3 (section 4.4) are 

shown in Table 8. Nitrate and ammonium concentrations for duplicates were 

within + 10% of the average, and the -5 N of ammonium was better thar. +0,2%o . 

In the worst case the 5 TJ of nitrate varied by +0,7%o from the average, with 

part of this variation possibly due to the reduced precision of the mass 

spectrometry for this sample ( +Q,37,C), which had the lowest nitrate content. 

In terms of the wide variations found for the concentrations and <51SN values 

of nitrate and ammonium in Pretoria rain the analytical precisions indicated 

by Table 8 are good, and the close agreement of two different procedures for 

liberating nitrate and ammonium in «teps 2 and 3 gives confidence in the ana

lytical procedure. 



9.4 SUMMARY OF RAIN AND DUST DATA 

9.4.1 Rain data 
During the period March, 1980 to March, 1985, 97 rain samples were 

collected, 94 being analysed for nitrate and (from February, 1983) 60 for 
ammonium. Tata for the sampling dates, concentrations, isotopic composi
tions, and amount of dust for each sample are listed in Table 9 together 
with other pertinent data for the size (mm rain) of the sampled event, 
patterns of rainfall prior to the sampled event, wind directions and 
lightning strikes - a total of 17 parameters for eich sample.The second 
part of Table 9 relates to the 9 events for which two or more sequential 
fractions were analysed. 

Table 10 summarizes the data in terms of the mean values for each 
month and, since the distribution of sample collection dates is reasonably 
representative of the temporal distribution of rainfall (column 2 of 
Table 10), the overall mean values. 

A comparison of histograms for tne 5 1 5N for Pretoria rain with pre
viously reported data from Julich (Germany; Freyer, 1978), Colorado and 
Arkansas (USA; Moore, 1977 and Hoering, 1957) is shown in Fig. 7. Whilst 
only the Pretoria and Julich data are based on a sufficiently large number 
of samples to be considered representative ci their respective areas it 
appears that: 

1) Nitrate shows a broad range of distributions for 5 1 5N, but the 
values from different areas are quite similar. 

2) Ammonium shows a narrower distribution for <515N with different 
values for different areas. 

Temporal variations in 5 1 5N for Pretoria rain nitrate and ammonium 
occur over timescales of months to hours. The monthly mean values in 
Table 10 are summarized as quarterly means in Fig. 8; the most distinctive 
feature being the relatively high 5 1 5 N value for nitrate in the late 
winter - a pattern similar to that observe! by Freyer (1978) in Julich. 
The apparent low mean 5 1 5N for ammonium samples collected in early 
winter is not considered significant, being based on only four samples 
having a broad range of 6 1 5N (Fig. 8). Variations in 5 1 5N for nitrate and 
ammonium are observed for consecutive rain events separated by only a few 
days (Table 9) and during the course of single rain events (Table 9). 
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9.4.2 Dust data 
Data for the dust sampA-s are listed in Table 11 with the calcu

lated dust .titrate and ammonium deposition rates ( m e q . m - 2 . d _ 1 ) . In the 
earliest stages of the collection programme the samples were collected on 
a corrugated fibreglass sheet, and a plot of the nitrate and ammonium depo
sition rates against the collection interval in Fig. 9 suggests two 
features: 

1) The corrugated fibreglass sheet tended to show higher deposition 
rates, which would be consistent with its having a rougher 
surface than the perspex sheet. 

2) For both sheet types there was a tendency for lower apparent 
deposition rates for longer collection intervals. 

The latter featur * would be consistent with the sheets having a parti
cular limiting capacity for holding dry deposition. For the purpose of 
estimating the contribution of dust-derived nitrate and arcnonium to the 
nitrate and ammonium in rain samples, and to the total yearly nitrogen 
inputs, the deposition rates in Fig. 9 are extrapolated back, to a zero 
collection interval. On this basis the best, admittedly very approximate, 
estimate of the instantaneous dry deposition rate would be ^0,01 meq.m~ 2.d~ l 

for nitrate and for ammonium. 

The <515N values of the dust samples are, typically, higher than those 
for rain samples and show some similarities to data for tropospheric parti
culates reported by Moore (1977) in Colorado. Since dry periods of a week 
oi more were usually required for the collection of sufficiently large 
dust samples, the majority of samples were collected in the winter. Possible 
seasonal variations and representative annual average values have therefore 
not been established. The range of 5 1 5 N values for nitrate and ammonium 
were about 10%O with averages of ^+6%o and ^+2%°, respectively (Table 11). 

9.4.3 Mean values and nitrogen inputs 
The mean concentrations of nitrate and ammonium, in the rain samplas, 

weighted for the amount of rain for each sample, were 0,028 and 0,028 
meq.l' 1 respectively (Table 10). Identical values are calculated if the 
monthly mean concentrations are weighted for the fraction of the total 
annual rainfall falling in each month (2nd column of Table 10) - indicating 
that the temporal distribution of the samples was reasonably representative 
of the annual rainfall. 
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Some of the nitrate and ammonium collected in rain samples may have 
been derived from dust which settled on the sheet during the collection 
interval. Assuming that this amounted to 0,01 meq.m - 2.d _ 1 (section 9.4.?) 
on the ̂ 2m2 collection sheet it is estimated that the dust may have 
contributed to, on average, approximately \57. of the nitrate and ammonium 
measured in the rain samples. On this basis the best estimate for the 
mean concentrations for 'vet fallout' is 0,024 meq. W^~,Z~l and 0,024 meq. 
NHi».£_1. For an annual rainfall of 639mm (1980-84 average) this amounts 
to a wet input of 2,1kg N03-N.ha~x.y-1 and 2,1kg NH<» -N.ha^.y - 1. 

The input from 'dry fallout' assuming a rate of 0,01 meq.m 2.d - 1 would 
be 0,5kg NOs'-N.ha^.y"1 and 0,5kg NH.» -N.ha - 1.y - 1; but it must be appre
ciated that natural dry fallout rates to vegetated soils may be higher 
than the rate estimated for fallout to the rain collection sheet. 

The mean u 1 5N values for rain samples were -3,5%« and -3,8%° for 
nitrate and ammonium, respectively (Table 10). Applying similar arguments 
to those above for the possible contributions from dust collected on the 
rain sheets (taking 5 1 5N = +6%o for dust nitrate and o I 5N * +2%« for dust 
ammonium), the 5 1 SN of 'wet fallout' is estimated to be -5,1%» for nitrate 
and -4,6%o for ammonium. The total annual mean wet+dry fallout would have 
5 1 5N values of -3,0%o and -1,27.0 for nitrate and ammonium, respectively. 
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TABLE I: Typical sample spectrum 

Mass/charge Volts*2 

28 110 
29 0,81 
30 0,01 
32 0,002 
36 0,001 
40 0,05*3 

44 0,05 
45 0,001 

Spectrum with no. N 2 gas 
after 12 hours pumping 

0,017 
<0,001 

0,001 
0,002 
<0,001 

*1 For samples of 23ml N 2 the mass 28 voltage was set at 1l0v; 
absolute voltages for the other masses depended on the elec
tronic adjustment of the mass spectrometer and 'typical' values 
are listed. The spectrum for reference N 2 gas was essentially 
identical to that of sample gas. 

*2 The minimum detectable signal was ^0,001v. 

*3 Argon (mass 40) in atmospheric N 2 standards showed a 'typical' 
signal of 1,1v. 



TABLE 2: Effect of aercuric chloride, HCl and amount of Devarda's alloy on analysis 

of standard NtUCl and NaN03 solution (0,5-1,0 meg NtU*, N03~) 

Sample 
no. 

Hg« 2 

*i 

nee 

*2 

Step 2 
D.alloy 

gm 
*<* 

Step 3 Total 
yield 

/• 
*7 

Sample 
no. 

Hg« 2 

*i 

nee 

*2 pH Z yield 5 1 5N 
*3 

D.alloy 
gm 
*<* PH 

Z yield 
*5 

5 1 5N 
*5*S 

Total 
yield 

/• 
*7 

4 0 0 10,1 101 - ó to 100 - 100 

11 0 1 9,6 99 •2,1 6 9,6 100 + 3,2 100 

13 0 2 9,8 96 - 6 9,8 96 - 96 

14 0 2 9,8 98 - 6 9,8 100 - 99 

5 0 3 9,7 100 - 6 9,7 96 - 98 

3 0 3 9,7 94 • 6 

+ 10 

9,7 

9,9 

93 

11 

— 

99 

9 0 3 9,8 100 — 6 

+ 10 

9,8 

9,5 

90 

14 

+ 0,4 

+27,2 102 

10 0 3 ~ ~ • " 6 

+10 

9,8 91 

9 

+ 0,2 

100 

3 0 5 10,5 106 +2,1 6 

+10 

10,5 

10,4 

0 

28 - 9,4 67 

17 1 0 10,0 102 + 1,7 6 9,9 101 + 2,7 101 

12 1 1 9,8 94 +2,0 6 9,8 105 * 2,6 99 

16 1 2 9,8 96 - 6 9,8 105 - 100 

18 1 2 9,9 97 - 15 9,8 101 - 99 

15 2 2 9,8 88 + 1,8 6 9,8 110 + 2,1 99 

7 2 3 9,8 86 + 1,4 6 9,8 114 - 100 

6 10 3 9,7 6 "* 6 

+ 10 

9,7 172 

10 94 

1 10 5 12 80 + 1,8 6 

+10 

10 

9,9 

14 

68 

• " 

81 

2 10 5 12,1 96 

" 

8 

+ 15 

10,1 

10,1 

20 

88 

- 1,8 

+ 3,9 102 

Footnotes: 

*1 m£ saturated HgC£2 solution (•\.25°C) 

*2 mi 32% nee 
*3 5 1 5N of NH3 coming from SN1 standard Nn\C£ (for which 5

1 5N - +2,2%„) 

*4 +10 * an extra lOg alloy added after the first step 3 distillation and the 
sample re-distilled. 

*5 Where the step 2 recovery of the SN1 Nh\ was <100 7. part or all of the re
maining SN1 NHi,* is subsequently recovered after addition of Devarda's alloy, 
and is added to Nn\+ liberated from the SN2 standard NaN03. This is reflected 
by step 3 yields of >100%. 

*6 5 I 5N of NH3 coming from SN2 standard NaN03 (for which á
I 5N - +2,9%0) and NH3 

coming from any NH\C£ remaining after step 2. 

*7 Total recovery of SN1 + SN2 standards. 



TABLE 3: Effect of phosphate on analysis of ammonium and nitrate using 
the MgO-Devarda's alloy method. 

Sample Analysis of: Yield(Z) 5 1 SN(% 0) 
* 

1 meq NaN03 (SN2) + 2m£ of ^90Z 

orthophosphoric acid N0 3" 100 +3,0 

As above N0 3~ 100 +3,1 

1 meq NaN03 (SN2)+0,2g of KH 2 P0„ N0 3" 86 

1 meq NH„Ci (SN1)+ 1 meq NaN03 

(SN2) NH„ 100 
+0,2g of mz?Qw N0 3~ 84 

Fertilizer containing phosphate see Table 4 

* Usual 5 1 5N value of SN2= +2,9%0 (+0,1). 



TABLE 4a: Analysis of standards (with phosphate and mercuric chloride) 
using the NaOH-Cr+HCl method 

(SN1) 
meq. 

NaN03 

(SN2) 
meq. 

HgC£2 

ml 

KHjPO^ 

g 

Yields 
(SN1) 
meq. 

NaN03 

(SN2) 
meq. 

HgC£2 

ml 

KHjPO^ 

g % 
N0 3~ 

% 

0 
1 
1 
1 

0,5 
0,5 
0,5 
0,5 

1 
1 
1 
1 

0,5 
0,5 
0.5 
0.5 

0 
0 
0 
2i 
21 
24 
1 
1 

0 
0,2 
0,2 
0,2 
0 
0 
0 
0,2 

101 
102 
86 
84 
84 
96 
98 

105 

103 
136 

*1 

TABLE 4b: Analysis of Triomf 3:2:1 (25) fertilizer using the NaOH-
Cr+HCl and MgO-Devardas alloy methods 

Method Analysis of: *2 
Yield 5 1 5N % 0 

Two NaOH-Cr+HC£ NHi»* 9,59 • 0,15 -1,4 + 0,1 
analyses N0 3" 2,07 + 0,01 -4,5 + 0,0 

T„o MgO-Devarda's NH„ + 9,35 + 0,06 -1,4 + 0,2 
alloy analyses N0 3~ 1,96 + 0,04 -4,2 • 0,2 

*1 Fertilizer has 'nominal' composition : 12,5% N; 8,3% P; 4,2% K 

*2 Percent nitrogen in sample. 



*1 
TABLE 5: Oven-drying of NHiXl solution. 

Sample Yield U ) * 2 5 1 5N (%o)*2 

3 samples SN1 only, 3 days 

2 samples SN1+5 drops of tOZ HC£, 
1 day. 

93 + 1 

97 + 0 

+ 2,6 + 0,2 

+ 2,2 + 0 

*1 10m£ SN1 solution (=1 nteq M^Ct) with or without HC£ evaporated in a 
drying-oven at 80°C, remaining dry for 1 or 3 days. 

*2 4 samples SN1 analysed in 'normal' manner showed yield » 97 + 1%, 
and 6 1 5N =» +2,3 + 0,12,. 



TABLE 6: Kjeldahl and Dumas analyses of organic nitrogen 

Kjeldahl analyses 

Scrapie Digestion 
time Yield 5 1 5N 

1,00 meq NH^C£ 4 hr 1,01 meq NH + 

(SN1 standard) 4 hr 1 ,01 meq N"H i 
i 

1 
Blank 4 hr 0,02 meq NH 
Blank 4 hr 0,03 meq NH j 

Gelatine M 1360*1 0,25 hr 16,5% N + 6,7%, j 
it 1 hr 16,7% N + 6,4%0 

rf 2 hr 16,//: N + 6,6%. 
it 5,5 hr 16,7% N + 6,43. 

Peach-tree leaves 4 hr 2,30% N + 2,2%. 
i» 4 hr 2,23% N + 2,6%. 
rl 4 hr 2,25% N * 2,7%. 
tf 4 hr 2,24% N + 2,0%. 

Dumas combustion 

Sample CuO (mg) Yield 5 1 5N 

Gelatine M 1360 313 14,1% N + 6,9%. 
rf 562 14,4% M + 6,7%. 
»r 604 14,4% N + 6.9%. 

"(dried @ 70°) 661 14,2% N • 6,42. 
"(dried 3 70°) 651*2 13,1% N + 6,1%. 
"(dried <a 70°) 757*3 14,2% N + 5,6%. 

*1 Micro-Kjeldahl yield at different laboratory - 16,6% N 
*2 CuO pre-burnt without O2 
*3 CuO pre-burnt with O2 



TABLE 7: Reagents used 

Product Form Company Product no. 

MgO Merck 5865 

MgO Carlo Erba 459586 

Devarda's alloy Powder*1 B.D.H. 23009 

Devarda's alloy 50-200^n*x Merck 5341 

HC£ 32% Merck 319 

HC£ 'Titrisol' Merck 9973 

NaOH Pellets Merck 6498 

LiOH, H 20 Powder May & Baker -

Br2 
Merck 1948 

SH^Ci Merck 1145 

NaN03 Merck 6537 

Cr 45-200jim Goodfellow metals -

Active charcoal 0,5-0,75^m Merck 9624 

Selenium 'reaction 
mixture' *2 Merck 8030 

H2SO„ 95-97% Merck 731 

Gelatine pcwder Merck 4078 

CuO powder Merck 2766 CuO powder Merck 

á 1 5N%o vs air 

N 2 Commercial(99,5%) AÍÏOX -0,4 

N 2 335ppm C02in N 2 Afrox -1,2 

N 2 Air Products ^- 11 

N 2 ULA \- 20 

Sieved and used the <75um fraction 

97% Na 2SO w, 1,5% CuS0„, 1,5% Se. 



TABLE 8: Duplicate analyses of rain samples 

N0 3" NH„ • 
Sample Method*1 Sample Method*1 

meq.£ ~ 5 1 5N meq.£ l 5 1 SN 

RN 62 1 0,062 +0,3 0,065 -8,9 
2 0,062 +0,3 0,075 -8:6 

RN 66 1 0,010 -4,6 0,009 -4,2 
2 0,009 -3,2 0,009 -4,2 

RN 105 1 0,024 -5,6 0,029 -1,1 
1 0,028 -4,7 0,033 -1,1 

*1 Method 1 used MgO-Devarda's alloy, and method 2 used NaOH-Cr+HCi, 
in preparation steps 2 and 3. 



TABLE 9a: RAIN DATA TABLES 

COLUMN PARAMETER NUMBERS 

RN no. 
Sample laboratory RN number 

2. RAINDAY 
The day on which the sampled rain fell - usually during the evening 
of that day and possibly during the morning of the following cay. 
For 70 samples the sampled rain fell only on the rainday; for 11 
samples rain fell on two consequtive days, in which case the main 
rainfall day is given; for 16 samples (RN 12, 18, 20, 25, 27, 28, 
30, 33, 45, 54, 56, 61, 72, 74, 90 and 114) the sampled rain fell 
on two or more days over a period of three or more days, in which 
case the rainday stated is the middle of this period. 

3. DUST 
Grams of 'dust' in rain sample, retained by Whatman no. 1 filter. 

4. RAIN LITRES 
Litres of sample filtered and analysed. 

5. NO3 meq. 
Total meq. n i t r a t e (+ n i t r i t e ) in param. 4. 

6. N0 3" <515N 
6 1 5 N of n i t r a t e (+ r 1 ' t r i t e ) of param. 5 (%0vs. atmospheric ^ ) . 

7 . NHi» m e q . 

Total meq. ammonium (+ ammonia) in param. 4 

3. NH»* 5 1 5N 
6 1 5N of ammonium (+ ammonia) of param. 7 (%0 vs. atmospheric N ) 



INTERVAL 
Collection interval. Days period during wnich the sampled dust 
(param. 3) may have collected on the sheet. Essentially the 
interval between the rainday and the last time the sheet was 
'cashed down' (e.g. by the previous rain sample or by deliberate 
washing). 

RAIN mm. 
Total mm. o f sampled rain events; recorded at the Atmospheric 
Sciences Division (NPRL) Mkm. from the sampling site. 

0-1,5km. WIND 
Polar direction from which wind was blowing - vector addition 
of the surface and 600 mbar winds recorded by the Weather Bureau 
(Dept. of Transport) at Irene ^17 km. from the sampling site. 
Not listed if sample was one of those named in parameter 2. 

rday. Direction for rainday. 

+2 day. Direction for rainday, day previous and two days previous; 
vector addition with rainday weighted twice. 

RAIN PRIOR TO RAINDAY 

mm. rain which fell prior to the sampled rain. 

1 day. On the day previous to the sampled rain. 

3 day. On the 3 days previous to the sampled rain. 

10 day. On the 10 days previous to the sampled rain. 

DAYS SINCE >2mm 
No. of days between the rainday and the day on which >2mm of rain 
fell before the rainday. 

LIGHTNING 
No. of lightning ground strikes during the collection interval; 
registered over a radius of "tfOkm. from Irene (-vl7km. from sampling 
site) by the National Electrical Engineering Research Institute. 



18. (Not listed) 
No. of days between consequtive samples, i.e. the days between the 
sample's rainday and the previous sample's rainday. 

VALUES OF 9999, +99.9, etc. = -.o data 

SEQUENTIAL SAMPLES 
Samples RN 101, 106, 107, 108, 109, 111, 112, 113 and 114 were 

analysed as two or more separate, sequential fractions and the listed 
amounts of dust, rain litres, N0 3 meq and NHi»+ meq are the total for 
all the fractions. The 5 1 5N of N0 3 and of NH\ are the weighted (for 
meq) mean values. 5 1 SN analyses of NHi» were not performed on one fraction 
of RN 107 and RN 109; this fraction was assumed to have a value halfway 
between the values of the preceeding and succeeding fractions. 



Sample RNno. Rainday 

1 1 02/03/1980 
*? rt 07/03/1980 
C" 5 09/09/1980 
4 7 15/09/1980 
5 9 25/10/198O 
6 12 0^ '10/1981 
7 13 10/10/1981 
8 14 26/10/1981 
9 15 23/11/1981 
10 16 28/11/1981 
11 17 03/12/1981 
12 18 05/12/1981 
13 19 21/12/1981 
14 20 30/12/1981 
15 21 07/01/1982 
16 11/01/1982 
17 23 13/01/1982 
18 24 17/01/1982 
19 25/01/1982 
20 26 06/02/1982 
21 27 11/02/1982 

28 18/02/1982 
23 29 04/03/1982 
24 30 15/03/1982 
25 32 21/03/1982 
26 33 12/04/1982 
27 37 26/07/1982 
29 39 02/09/1982 
29 42 29/09/1982 
30 43 09/10/1982 
31 44 11/10/1982 
32 45 16/10/1982 
33 46 19/10/1982 
34 47 20/10/1982 
35 49 31/10/1982 
36 50 01/11/1982 
37 54 07/02/1983 
38 55 07/03/1983 
39 56 20/03/1983 
40 57 21/03/1983 
41 58 22/03/1983 
42 59 21/09/1983 
43 60 07/10/1983 
44 61 10/10/1983 
45 62 18/10/1983 
46 63 19/10/1983 
47 64 01/11/1983 
48 65 06/11/1983 
49 66 07/11/1983 
50 67 11/11/1983 

r 

3 4 5 6 7 8 

Dust Rain N03- NH4+ 
gm. l i t . meq. d!5N meq. d!5N 

9.99 14 1.54 -4.8 9.99 +99.9 
9.99 12 0.68 -1.2 9.99 +99.9 
9.99 20 1.00 +4.3 9.99 +99.9 
9.99 14 0.80 +2.9 9.99 +99.9 
9.99 15 0.41 +99.9 9.99 +99.9 
9.99 20 0.50 + 1.0 9.99 +99.9 
9.99 13 0.48 -16.6 9.99 +99.9 
9.99 16 0.40 -7.2 9.99 +99.9 
9.99 22 0.48 -8.6 9.99 +99.9 
9.99 • • 0.31 -4.4 9.99 +99.9 
9.99 7 0.58 -2.9 9.99 +99.9 
9.99 20 0.32 -2.7 9.99 +99.9 
9.99 20 0.56 -4.4 9.99 +99.9 
9.99 20 0.60 -4.0 9.99 +99.9 
9.99 21 0.29 -4.7 9.99 +99.9 
9.99 16 0.50 -4.6 9.99 +99.9 
9.99 21 0.48 -6.6 9.99 +99.9 
9.99 20 0.48 -3.9 9.99 +99.9 
9.99 20 1.12 +0.4 9.99 +99.9 
9.99 20 0.06 +99.9 9.99 +99.9 
9.99 6 0.27 -3.2 9.99 +99.9 
9.99 13 1.17 +0.2 9.99 +99.9 
9.99 18 0.52 +4.2 9.99 +99.9 
9.99 16 0.62 +2.2 9.99 +99.9 
9.99 20 0.48 +0.7 9.99 +99.9 
9.99 16 0.64 +0.7 9.99 +99.9 
9.99 18 0.35 +4.8 9.99 +99.9 
0.14 12 1.35 +5.7 9.99 +99.9 
0.69 3 0.64 +4.1 9.99 +99.9 
3.05 17 0.66 -1.0 9.99 +99.9 
9.99 13 0.73 -9.6 9.99 +99.9 
9.99 16 0.90 -9.8 9.99 +99.9 
9.99 14 0.54 -7.0 9.99 +99.9 
9.99 11 0.70 -7.7 9.99 +99.9 
9.99 14 0.61 -2.9 9.99 +99.9 
9.99 14 0.17 -9.8 9.99 +99.9 
9.99 20 0.81 -6.4 0.91 -6.5 
9.99 20 0.00 +99.9 0.79 -0.5 
9.99 20 0.65 -4.7 0.43 + 1.7 
9.99 20 0.17 -15.9 0.26 -3.4 
9.99 15 0.05 +0.0 0.22 -9.7 
1.71 17 0.50 +2.6 0.63 -2.5 
0.77 i9 0.49 -4.1 0.69 -5.5 
0.26 12 0.50 -6.3 0.73 -5.9 
0.67 10 0.74 +0.3 0.67 -8.9 
0.34 17 0.33 -11.2 0.23 -5.9 
1.01 18 0.28 -6.2 0.26 -4.3 
0.38 17 0.47 -10.3 0.50 -3.7 
0.35 16 0.17 -4.6 0.18 -4.2 
0.39 16 0.47 -12.2 0.50 -5.2 



Par am. : 1 ~y 3 4 5 6 7 8 

Sample RNno. Rainday Dust Rain NO IMH4+ 
gm. lit. meq. dl5N meq. dl5N 

51 68 15/11/1983 0.26 11 0.21 -8.1 0.21 -4.6 
52 69 16/11/1983 0. 14 17 0.27 -6.5 0.19 -7.6 
53 70 23/11/1983 0.36 18 0.32 -9.4 0.30 -4.4 
54 71 28/11/1983 0.01 1 0.12 -2.6 0. 11 -2.6 
55 72 03/12/1983 0.31 17 0.51 -0.3 0.39 -4.4 
56 73 06/12/1983 0. 12 18 0.08 -6.2 0.09 -7.0 
57 74 11/12/1983 0.54 17 0.36 -10.6 0.32 -4.4 
58 75 12/12/1983 0.21 9 0.28 -10.2 0.25 -4.8 
59 76 13/12/1983 0.17 17 0.47 —5. 5 0.45 —5. 8 
60 77 08/01/1984 0.43 18 0.38 -10.3 0.44 -4.6 
61 78 14/01/1984 9.99 6 0.13 -8.7 0.12 -2.6 
62 79 18/01/1984 0.32 5 0.34 -4.8 0.29 -4.6 
63 80 06/02/1984 0.94 8 0.72 -6.0 0.91 -12.8 
64 81 ' 15/02/1984 1.07 4 0.40 -2.7 0.51 -2.9 
65 82 20/02/1984 0.70 18 0.19 -7.8 0.52 
66 83 25/02/1984 0.38 9 0.58 -7.7 0.50 -3.7 
67 84 06/03/1984 0.58 7 0.34 -9.8 0.33 -2.5 
68 85 07/03/1984 0.31 11 0.78 -6.6 0.91 -7.4 
69 86 13/03/1984 0.88 17 0.89 +4.3 0.56 — c . 'y 

70 87 21/03/1984 0.80 15 0.53 -0.9 0.43 —5. 5 
71 88 22/03/1984 0.05 19 0.08 -3.6 0.08 -7.3 
72 89 22/03/1984 0.05 17 0.09 +0.9 0.14 -8.1 
73 90 23/03/1984 0.09 18 0. 13 -8.8 0.19 +99.9 
74 91 27/03/1984 0.18 16 0.55 -3.7 0.47 —6. 3 
75 92 08/04/1984 0.29 5 0.38 -6.3 0.51 -7.3 
76 93 09/04/1984 0. 10 10 0.13 -3.3 0.18 -11.5 
77 94 21/06/1984 0.23 7 0.10 •0. 1 0.13 -1.9 
78 95 21/06/1984 0.02 18 0.11 -5.1 0.22 -11.5 
79 96 11/07/1984 1.24 17 0.10 + 1.9 0.24 -7.5 
80 97 30/08/1984 0.46 17 0.78 +0.0 0.92 -1.1 
81 98 03/10/1984 2.52 18 0.77 + 1.7 1.15 -2.5 
82 99 14/10/1984 0.36 13 0.38 -11.2 0.47 -1.8 
83 100 16/10/1984 0.08 13 0.43 -7.8 0.30 -1.8 
84 101 23/10/1984 0.7i 53 1.18 -4.2 1.49 ~ o • -j» 
85 102 01/11/1984 0.43 8 0.59 -2.0 0.47 +5.0 
86 103 12/11/1984 1.96 8 1.09 -3.2 0.93 -0.8 
87 104 15/11/1984 0.98 14 1.01 -6.9 0.87 -0.6 
88 105 19/11/1984 0.63 20 0.52 -5.1 0.62 -1.3 
89 106 16/12/1984 1.79 74 3.31 -4.7 3.00 •^ a O 
90 107 05/01/1985 1.10 69 2.71 —5. 6 2.52 -4.G 
91 106 15/01/1985 0.37 30 0.70 -5.5 0.75 -2.0 
92 109 16/01/1985 0.10 95 0.87 -8.2 0.80 -2.0 
93 110 07/02/1985 0.18 2 0.34 -1.5 0.38 +5.2 
94 111 07/02/1985 '.».25 84 1.12 -2.6 1.47 +0.2 
95 112 25/02/1985 0.85 36 1.35 -1.4 1.48 +0.3 
96 113 02/03/1985 0.46 78 1.54 -10.5 1.77 -0.6 
97 114 13/03/1985 0.30 37 0.87 -2.1 1.48 -4.3 



Par am. : I 9 10 11 12 13 14 15 16 17 

Sampla RNno. Int. Rain 0-1,5km wind r. prior rday dy s. light, 
days mm rday +2day ldy 3dy lOdy >2mm strike 

1 1 5 6 -78 +105 0 0 33 5 9999 
2 2 15 1 -70 -83 •j 0 0 14 9999 
3 5 4 36 +999 +999 0 0 0 20 9999 
4 7 5 I +999 +999 0 0 36 6 9999 
5 9 7 11 +999 +999 0 3 3 4 9999 
6 12 3 42 +999 +999 0 0 1 22 9999 
7 13 19 3 +132 +126 0 0 42 5 9999 
8 14 6 6 -48 -26 0 0 0 17 9999 
9 15 2 11 -81 -64 15 28 47 1 9999 
10 16 6 23 -57 -33 0 0 30 5 9999 
11 17 4 4 +266 -77 0 0 23 5 9999 
12 18 5 46 +999 +999 4 4 27 1 9999 
13 19 4 25 -31 -28 0 0 14 4 9999 
14 20 13 28 +999 +999 0 0 0 99 9999 
15 21 4 32 -57 -75 3 18 34 2 9999 
16 22 4 17 -52 -51 0 31 65 2 9999 
17 23 2 42 -87 -66 0 18 62 2 9999 
18 24 6 40 +5 -19 14 55 106 1 9999 
19 25 6 42 +999 +999 1 1 112 5 9999 
20 26 4 21 +999 +999 0 0 22 7 9999 
21 27 2 4 +999 +999 0 0 21 4 9999 
22 28 6 11 -15 -8 0 0 4 6 9999 
23 29 10 40 +2 +23 0 0 11 7 9999 
24 30 11 16 +999 +999 0 0 0 10 9999 
25 32 8 19 + 100 + 105 0 11 11 1 9999 
26 33 26 6 +999 +999 99 99 999 99 9999 
27 37 1 17 -2 + 1 6 6 6 1 9999 
28 39 7 3 -24 -2 0 0 0 20 9999 
29 42 2 1 -50 -44 0 0 0 27 9999 
30 43 11 24 + 13 +5 0 0 0 37 9999 
31 44 1 9 +22 + 13 0 24 24 2 9999 
32 45 7 11 +999 +999 99 99 999 1 9999 
33 46 1 6 -17 +21 0 10 45 3 9999 
34 47 1 5 -89 -27 6 6 28 1 9999 
35 . 49 3 7 -52 -59 0 6 7 3 9999 
36 50 1 14 -43 -43 7 7 14 1 9999 
37 54 7 33 +999 +999 4 4 5 99 9999 
38 55 22 40 +342 +310 0 0 0 99 9999 
39 56 6 14 -53 -53 0 0 12 7 9999 
40 57 1 20 +99? +999 4 14 15 1 9999 
41 58 1 20 +999 +999 8 17 23 1 9999 
42 59 1 16 -51 -36 0 0 0 40 9999 
43 60 16 17 +7 -33 0 0 0 15 3 
44 61 3 3 +999 +999 7 7 7 1 2 
45 62 1 6 -53 -8 0 0 14 6 42 
46 63 1 35 -86 -69 6 6 18 1 67 
47 64 2 23 -27 -38 0 0 IS 10 413 
48 65 5 17 -53 -41 0 1 24 5 356 
49 66 1 22 -37 -36 16 16 39 1 2 
50 67 3 11 -40 -60 0 IS 77 3 131 



1 Param.i 1 9 10 11 12 13 14 15 16 17 

Sample RNno. Int. Rain 0-1,5km Mind r. prior rday dy s. light, 
days mm rday +2day ldy 3dy lOdy >2mm strike 

51 68 1 8 -42 -46 2 3 63 2 153 
52 69 1 10 -28 -51 8 11 66 1 117 
53 70 1 17 -59 -63 0 26 72 3 761 
54 71 5 0 +223 +23 0 0 68 5 2 
55 72 3 17 +58 +73 0 0 22 2 207 
56 73 -> A. 48 -30 -32 7 17 22 1 1 
57 74 3 11 +999 +999 1 27 66 4 617 
58 75 1 6 -90 +263 7 11 77 1 93 
59 76 1 20 +270 -89 6 13 72 1 163 
60 77 3 14 -30 -81 0 0 60 8 9999 
61 78 1 +999 +999 0 0 44 5 83 
62 79 *? -81 -37 0 0 47 4 3 
63 80 6 4 + 171 + 139 0 0 0 19 84 
64 81 9 1 +245 +204 0 0 4 9 329 
65 82 1 46 -80 +261 0 0 1 14 1 
66 83 6 5 +38 +74 0 0 48 4 40 
67 84 1 5 +253 -52 0 0 4 9 8 
68 85 1 5 + 103 +132 5 5 5 1 33 
69 86 1 10 +8 -13 0 0 10 6 134 
70 87 8 8 -63 -77 0 0 10 8 27 
71 88 0 18 -83 -78 8 8 18 i 5 
72 89 1 18 -83 -78 8 8 18 0 5 
73 90 3 41 +999 +999 35 43 53 1 5 
74 91 2 8 +25 +258 0 15 84 2 128 
75 92 7 2 +260 +248 0 0 1 12 1 
76 93 1 5 -73 -85 2 2 2 4 
77 94 0 4 +9 +2 0 0 0 73 9999 
78 95 0 10 +9 +2 4 4 4 1 9999 
79 96 4 18 +67 +75 0 1 1 1 9999 
80 97 0 12 -15 -30 0 0 0 50 9999 
81 98 2 14 -12 -28 0 0 0 33 302 
82 99 10 -39 -44 0 38 38 2 51 
83 100 2 13 -32 -50 0 10 51 2 181 
84 101 1 17 +44 -50 0 4 26 2 202 
85 • 102 2 3 +232 +243 0 0 19 9 12 
86 103 3 -85 -82 0 0 3 10 323 
87 104 3 5 -22 +48 0 2 3 3 103 
88 105 0 11 -37 -90 0 0 7 4 35 
89 106 5 58 +220 +267 0 6 16 614 
90 107 4 27 -30 -57 0 0 0 16 1469 
91 108 1 11 -16 +2 0 0 38 7 23 
92 109 1 26 +23 + 15 11 11 22 1 17 
93 110 6 1 -16 + 15 0 0 0 16 0 
94 111 0 37 -16 + 15 1 1 1 1 27 
93 112 4 14 +8 -64 0 0 19 4 41 
96 113 1 35 -52 -53 0 0 33 7 438 
97 114 6 22 -63 +266 0 0 39 4 167 



TABLE 9b: SEQUENTIAL RAIN DATA TABLE 

COLUMN PARAMETER NUMBERS 

1. RN no. 
Sample laboratory RN number. A = the first fraction of rain; 
B,C,D,E, * succeeding fractions in sequence. 

3 . - 8 . As per Rain data Table. 

19. RATE 
Rainfall rate (mm.h-1) derived from data supplied by the Weather 
Bureau (Dept. of Transport) for a tipping-bucket raingauge at the 
University of Pretoria (̂ 4km from the sampling site). 

VALUES OF +99,9 =• no data 



1 

1 

1 Param.: 1 3 4 5 6 7 8 19 

1 
1 

1 

1 

Samp1e RNr.o. Oust Rain N03- NH4+ Rate 
1 
1 

1 

1 

gm. lit. meq. dl5N meq. dl5N mm/h 
1 
1 

1 

1 
1 101A 0.57 16 0.63 -5.1 0.62 -4.3 20.0 

1 
1 

1 

1 2 101B 0.04 20 0.38 -4.0 0.50 -8.3 7.0 
1 3 101C 0.12 17 0. 17 -1.3 0.37 -7.0 1.7 

1 4 106 A 1.07 16 1.45 -7.0 1.44 -2.5 2.5 1 5 106B 0.23 18 0.41 +3.4 0.31 -2.7 3.5 
1 6 106C 0.15 20 0.94 -3.9 0.66 -'•.4 7.0 1 7 106D 0.34 20 0.51 -6.4 0.59 -6.0 12.0 
1 8 107 A 0.87 17 1.39 -4. 1 1.49 -4.4 10.O 
• 9 107B 0.17 20 0.82 -8.0 0.75 -3.6 3.5 

10 107C 0.06 20 0.33 -5.2 0.16 +99.9 2.0 
11 107D 0.00 12 0. 17 -6.5 0.12 -2.6 2.0 

12 108 A 0.36 16 0.53 -5.8 0.60 -1.3 3* -> 
13 108E! 0.01 14 0. 17 -4.5 0.15 -4.9 2.5 
14 109 A 0.07 16 0.26 -8.9 0.27 -2.4 1.2 
15 109B 0.01 20 0.14 -9.5 0.13 -3.0 5.6 
16 109C 0.00 20 0. 16 -4.4 0.06 +99.9 14.0 
17 1091) 0.00 19 0. 16 -10.7 0.22 -0.6 4.0 
19 109E 0.02 20 0.15 -7.0 0.12 -2.6 1.6 

19 111A 0.21 16 0.51 -3.4 0.72 +0.7 1.3 
{ 20 111B 0.04 20 0.17 -5.2 0.25 + 1.6 1.3 { 21 111C 0.00 20 0. 13 -1.3 0.16 +0.4 1.3 
i 22 HID 0.00 14 0.15 -1.7 0.20 -0.7 0.9 i 23 HIE 0.00 14 0.16 +0.5 0.14 -3.6 0.7 
1 24 112A 0.84 16 0.96 -2.4 0.98 + 1.7 36.0 
1 25 112B 0.01 20 0.39 + 1.2 0.50 -1.3 36.0 

1 26 113A 0.34 17 0.87 -8.0 1.06 -0.4 24.0 1 27 113B 0.06 21 0.31 -11.6 0.33 -2.6 24.0 
1 28 113C 0.04 20 0.19 -14.9 0.18 -1.2 24.0 1 29 U3D 0.02 20 0.17 -16.5 0.20 +2.6 24.0 
1 30 114A 0.30 17 0.67 -2.6 1.05 -3.8 0.2 
• 31 114B 0.00 20 0.20 -0.6 0. 43 -5.4 1.4 

• 
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I 
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t 



TA3LZ10: Summary of ram data 

Z of 
annual 
rainfall 

Nitrate Ammonium Z of 
annual 
rainfall 7. of no. of 

rain sas. 
*2 *3 

meq.i - 1 

*<* 
i 1 3N Z of 

rain 
no. of 
sas. 
*3 

meq.£~" £ X SN 
(S.) 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

22 
12 
10 
2 
J 
2 
1 
2 
3 
10 
19 
16 

17 
10 
20 
1 
0 
1 
2 
1 
4 
15 
12 
17 

11 
10 
18 
3 
0 
2 
2 
1 
5 
17 
15 
10 

0.029 
0.032 
0.023 
0.036 

0.008 
0.012 
0.046 
0.049 
0.034 
0.022 
0.026 

-3.7 
-4.0 
-2.4 
-2.3 

-2.6 
+4.1 
0.0 
+4.1 
-4.7 
-7.1 
-4.4 

9 
15 
24 
1 
0 
2 
2 
1 
2 
13 
14 
17 

6 
8 
13 
2 
0 
2 
1 
1 
1 
8 
12 
6 

0.025 
0.037 
0.026 
0.043 

0.014 
0.014 
0.054 
0.037 
0.032 
0.024 
0.024 

-3.6 
-4.0 
-3.1 
-3.5 

-7.9 
-7.5 
-1.1 
-2.5 
-4.7 
-2.9 
-4.3 

Means 0.028 -3.5 0.028 -3.8 

* : Percentage of total annual rainfall falling in the month; averages for 
1980-84, for which average total annual rainfall • 639mm. 

* 2 Percentage of total sampled rain; total sampled rain for nitrate analyses 
» I5l7mm, and for ammonium analyses - 918mm. 

* 3 Number of samples collected in the month. 

** Mean concentration weighted for amount of rain (mm) for each sample. 

* 5 Mean 1 5N/ 1"N ratio weighted for concentration and amount of rain for each 
sample. 



TABLE 11: Dust samples 

Sample 
no. 

sheet*1 

col lection 
period* 

Dust* 1 

<8> 
Nitrate Ammonium Sample 

no. type m2 

col lection 
period* 

Dust* 1 

<8> Meq.g - 1 nteq.m-2 .d - 1 6 1 SN M i e q . g - 1 meq.m - 2.d - 1 Ó , S N 

36 2 03/06-09/07/82 3.22 0.12 0.005 - - - -
38 2 26/07-26/08/82 2.49 0.20 0.008 + 10.8 - - -
40 2 03/09-09/09/82 0.99 0.16 0.013 - - - -
41 2 09/09-22/09/82 1.07 0.24 0.014 - - - -

DN 1+2 2 11/04-27/06/83 1.40 0.19 0.002 • 3.1 0.31 0.003 • 2.6 
DN 3 f+P 3.9 27/06-11/07/83 1.60 0.14 0,004 + 10.7 0.24 0.007 -
DN 4 f+P 3.9 11/07-19/08/83 1.42 0.20 0.002 • 1.3 0.22 0.002 -3. t 
DN 5 f+P 3.9 19/08-05/09/83 2.31 0. 13 0.005 + 7.9 0.15 0.005 +2.3 
DN 6 f+p 3.9 05/09-09/09/83 1.68 0.14 0.015 + 4.2 0.24 0.026 -0.1 
DN 7 f*P 3.9 20/10-28/10/83 0.69 0.29 0.006 - 2.1 0.3 J 0.007 +4.3 
DN 8 P 1.9 01/01-06/01/84 0.43 0.12 0.005 - 0.14 0.006 ? 
DN 9 P 1.9 24/01-01/02/84 0.15^ 0.26 0.003 J +5.3 

DN10 P 1.9 16/02-20/02/84 0.45J 0.29 0.007 + 5.6 0.22 0.013 
DN11 P 1.9 25/04-25/05/84 1.69 0.09 0.003 + 8.7 0.09 0.003 -0.4 
DN12 P 1.9 25/05-21/06/84 1.91 0.03 0.001 - 0.03 0.001 -
DN13 P 1.9 22/07-07/08/84 0.53 0.27 0,005 + 7.9 0.37 0.007 + 3.? 
DNI4 P 1.9 07/08-20/08/84 0.94 0.26 0.010 + 12.1 0.20 0.008 +6.4 
DN15 P 1.9 20/08-30/08/84 0.69 0.25 0.009 + 3.7 0.06 0.002 -

Sheet type: f = corrugated fibreglass, p = flat perspex; and area (m2) of sheet washed 
Interval during which dust accumulated 
Amount of dust retained by Whatman no. 1 filter 



Fig. t f N(y of mixtures of ref
erence gas N. + Ar measured 

against pure reference N_, a s a 

function of the Ar concentration in 
the mixture (as volts mass 40) . 
Lines are best fit for mixtures 
containing 0, 1,3, 3,3 and 6,9% by 
volume of Ar measured at different 
times from April 1981 to February 
1984. In each case the 1,3Z Ar 
mixture, which has the same Ar con
tent as the atmospheric N. standard 
is shown as an open square. The 
different mass 40 (volts) signals 
measured for the 1,3Z Ar mixture 
reflects changeing sensitivity of 
the mass spectrometer. 

Z 4 6 
mojs J^O (vtlti) of mixêusi 



FIG. 2 APPARATUS 
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3 "'N(%.) of ammonium recovered 
during distillation of ammonium 

(step 2) and of nitrate (step 3), during 
analysis of SN1 (NH4C1) and SN2 (NaNOj) 
standards, as a function of the percentage 
yield of the distillation; from data in 
Table 2. 'Normal' analyses of the standards 
are shown as hatched squares. Unidirectional 
first-order reactions with isotopic 
fractionation factors - 0,998 and 0,990 
would produce sample points on the lines 
shown. 



I 
I 

t 

• 

I 
I 
• 

é 

I 
I 
r 
• 

I 
f 
I 
I 
Í 
I 
I 
I 

Fig.4 Sample size in meq. NO» or 
by titration in step 4, and the yield of .,_ 

NH, determined 

detenriiied by manometer in step 7 as a percentage 
of the titration determination. Data for /7^ rain 
samples. 
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FIG. 5 : Location of the CSIR site in relation uo 
main industrial areas. 
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FIG. 7. Distribution of N/1 N ratios (2%0 intervals) 
of nitrate and ammonium in rain at the CSIR 

(Pretoria) for all samples in Table 9; together with data 
reported for rain in Germany (Jiilich; Freyer, 1978) and 
the U.S.A. (Colorado; Moore, 1977; Arkansas, Hoering, \9-57). 
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Fig 9. Rate of deposition of nitrate and ammonium (meq.m .d ) 

in the collection of dust samples on perspex and corrugated 

fibreglass sheets (and P+F- both sheets combined), as a 

function of the interval over which the dust was allowed 

to collect (days). 


