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ABSTRACT

A study was made to determine if there was a cause and 
effect relationship between the S02 emissions from the 
ASARCO smelter at East Helena, Montana and the mineral 
nutrient content of the native species ponderosa pine. 
While the study failed to prove conclusively that such a 
relationship exists it established the fact that the 
Prickley Pear Valley serves as a corridor for smelter stack 
emissions. Also discussed is the meaning of the unusual 
pattern of high Potassium ahd Zinc concentrations.
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INTRODUCTION

Many studies have been done on the effects of air 
pollution on plants. However, those studies which have 
dealt with trees have focused on associating visable plant 
injury with a particular concentration of pollutant or 
correlating an injured plant’s location to a source of 
pollution. While these studies have given us undeniable 
evidence that air pollutants do cause damage to plants, they 
have, in most cases, failed to show how these pollutants 
cause this visable damage.

It would seem that if we could answer that question, we 
would be much better qualified to speak about the effects of 
air pollution on plants; therefore, a search for the link 
between air pollution and the metabolic and biochemical 
aberrations which cause the visable injury is in order. 
Additionally, the answer to this question will enable us to 
precisely identify the injurious agent(s) of mixed emissions 
with the consequence that this may lead to more effective 
and efficient ways of controlling the emission of these 
pollutants.

In addressing this question, I studied the possible 
effects of the emissions from the American Smelting and 
Refining Company's (ASARCO) lead (Pb) smelter in East 
Helena, Montana, on the native species Pinus ponderosa. In
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particular, I was interested in the effects of the sulfur 
dioxide (S02) emissions since they are the primary long 
range emissions. The other emissions are more dense and are 
of a particulate nature which results in a more proximal 
dispersal.

Records at the Montana Air Quality Control Bureau 
(1978) show that the ASARCO facility has been termed a 
producer of "low level" S02 emissions since 1977 when they 
installed a sulfuric acid plant which when operating reduces 
the SO2 output by 80 percent. As such, the smelter meets or 
exceeds the ambient air standards set by the state of 
Montana. Specifically, ambient levels of SO2, except for 
isolated instances, have remained below the strict state 
limits of .10 ppm/24 hour average and far below the Federal 
limit of .14 ppm/24 hour average. The instances in which 
these standards were not met were largely due to plant 
malfunction or atmospheric conditions.

To determine if there is a cause and effect relation
ship between the health of the Pinus ponderosa and the SO2 
emissions, I looked for a correlation between the levels of 
the mineral nutrients potassium, calcium, and manganese (K, 
Ca, and Mn) and the distance/azimuthal bearing from the East 
Helena plant. Presumably, should such a relationship exist, 
it whould be most marked in a general leeward direction from 
the smelter. Also, since lead (Pb) is a constituent of the 
smelter emissions and since its presence is easily detect
able by atomic absorption spectrophotometry, it was used as
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a tracer to show the presence and extent of the smelter 
emissions; additionaly, it would aid in identifying any 
possible emission corridors.

An important secondary reason for this study was to 
become somewhat familiar with and experienced in the pro
cedures and equipment used in this type of work. This would 
enable me to more intelligently address the issues concern
ing the environment, particularly with respect to the issues 
surrounding the ASARCO smelter in East Helena.
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LITERATURE CITED

Bioenvironmental Impact of a Coal Fired Power Plant, 
Fourth Interim Report, published by the Environmental 
Protection Agency, is a collection of research reports on 
studies made in the vicinity of Colstrip, Montana. The 
portion of this report concerned with S02 emissions was very 
informative and especially useful in the sense that it put 
together a great deal of current literature on the effects 
of S02 emissions.

Additionally, as part of the studies done in the same 
area, frequent mention is made of ZAPS (Zonal Air Pollution 
System). These are systems designed to stress .5 hectacre 
areas of native grassland with measured and controlled 
concentrations of S02 and to develop dose-response models of 
S02 stress on a grass land ecosystem. All of the literature 
cited from the above mentioned report was based on experi
ments at these ZAPS sites.

Employing techniques which measure the activity of 
hydrogen-oxidizing organisms, recent studies (McFarlane et 
al. 1978) of soils from two different ZAPS sites with 
different S02 levels were analyzed for their oxidation 
potential. Using the bacteria Alcaligenes paradoxus Davis, 
it was determined that after one year of fumigation with S02 
at moderate levels there was little detectable depression
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of microbe activity. However, after two years, these soil 
microbes were significantly effected by the same levels of 
S02 fumigation. Due to these results, tests are currently 
under way to determine if this procedure might be useful as 
a tool for indexing the biological impact of pollutant S02. 
Additionally, the depression of microbe activity may mani
fest itself in a pathological manner on some plant species.

The effects of S02 on some native grass species has 
also been monitored at these ZAPS sites. After studying 
different species of wheatgrass, J. L. Dodd et al. (1978) 
reported that there were only two noticeable effects on 
these grass species by S02 at normally encountered levels. 
These were:

1. Increased leaf senescence.
2. Stimulation of leaf growth.
In this report, the increased rate of senescence was

explained by the following theory:
After entry into the leaf, the S02 is rapidly 
dissolved on the moist surfaces of the mesophyll 
cells to form sulfite which in turn is slowly 
oxidized to sulfate. (Sulfate is thought to be 
about 1/30 as toxic to plants as sulfite.) There
fore, as long as SO2 is not absorbed at a rate 
exceeding the cell's capacity to oxidize sulfite 
to sulfate, sulfite is kept from reaching toxic 
levels. However, with continued SO2 exposure, the 
sulfate levels will slowly reach toxic levels and 
thus cause increased leaf senescence.

In explaining the growth stimulation effects, these 
researchers theorized that SO2-sulfur can act as a source
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for normal sulfur requirements and thus enhance growth rate, 
especially in areas where the soil lacks optimal sulfur 
levels.

While Dodd et al. looked at the effects on a very gross 
basis, other studies were conducted at the ZAPS sites which 
looked at the extent of sulfur accumulation and various 
plant responses to S02. Rice et al. (1978) conducted 
studies which indicated that sulfur accumulation can be 
determined in plant foliage exposed to chronic S02 pollu
tion. Additionally, they are doing follow-up studies to 
determine the extent to which sulfur taken in by the foliage 
is transported to the root during or after the growing 
season, consequently to be returned to leaf tissues during 
subsequent growing seasons. If this does occur, then 
biologically incorporated sulfur may increase with time, and 
the residual sulfur in roots may play an important role in 
the long term effects of chronic S02 pollution.

In looking for some of the possible causes for the 
effects of S02 on plants, Rice et al. looked at the effects 
of S02 on mycorrhizal fungi. It is well documented that 
these symbiotic fungi have a beneficial effect on many 
plants. One of the most important roles of these microbes 
is the uptake of phosphorous by the root system. Experi
ments have shown that mycorrhizal roots are capable of 
absorbing 3 to 16 times as much available phosphorous as 
non-mycorrhizal roots. Additionally, these fungi assist in
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the take-up of other cations and stimulate hormone response 
in some plants. In fact, it has been shown that these 
fungi, in some instances, are actually involved in producing 
the growth promoting cytokinins (Miller, 1967).

In evaluating their results from the ZAPS studies, Rice 
et al. (1978) found that the level of mycorrhizal infection 
fell as the sulfur content of the foliage increased. This, 
then, could be another means by which S02 alters the metabo
lism of a plant, thus causing unhealthy changes.

Burman and Likens (1970) suggested that SO2 in the air 
eventually forms ionized sulfuric acid, which consists of 
hydrogen and sulfate ions; consequently, when precipitation 
containing these enters the soil, the hydrogen ions replace 
the nutrient cations on the negatively charged exchange 
sites in the soil and these cations are washed out of the 
soil by further precipitation.

Although this explanation seems very logical, it might 
apply only in areas of very high ambient air S02 levels. At 
low levels of SO2, the very adequate carbonate buffer system 
within the soil should prevent this mechanism from taking 
place.

An additional area in which studies have been conducted 
is that of the effects of S02 on alfalfa, small grains, and
other plants of economic importance. In a paper written by%
Wilhour et al. (1978), the effects of repeated SO2 exposure 
during the vegetative growth phase of alfalfa, Medicago
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sativa, crested wheatgrass, Agropyron desertorum Fisch., 
western wheatgrass, Agropyron smithii Rydbog., blue grama 
grass, Bouteloua gracilis Lag. , and needle and thread 
grass, Stipa comata Trin. were investigated. The results of 
this experiment showed that concentrations of S02 caused 
foliar injury while there was no significant correlation 
between the frequency of S02 exposure and foliage injury. 
Additionally, the results clearly indicated that conditions 
of bi-weekly, three hour exposures, of S02 concentrations up 
to 1.2 ppm had no effect on the growth of either the roots 
or tops of these five species. On the other hand, this same 
study found that weekly exposure of Duram wheat and barley 
at an S02 concentration of .15 ppm caused a decrease of 
average grain yields by 42 and 44 per cent, respectively. A 
similar suppression of yield was not observed with spring 
wheat.

After considering the results of this study, it is 
evident that resistance to the effects of S02 varies from 
species to species and the range of this resistance is quite 
marked. For example, from less than .15 ppm for Duram wheat 
to greater than 1.2 ppm for alfalfa.

• Studies with native species of lichens, Usnea hirta
(L.) Wigg. and Parmelia chlorochroa Tuck, at the ZAPS sites 
showed definite effects by SO2, especially when exposed to 
medium and high concentration. Both species showed a
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decrease in respiration rate and an increase incidence of 
plasmolyzed cells. Again in this study (Eversman, 1978), 
there was a difference in resistance between two species 
with U. hirta being slightly more sensitive to SO2 than P. 
chlorochroa.

Gordon (1978) reported on the visible injuries to Pinus 
ponderosa, as effected by emissions from the coal fired 
power plants at Colstrip, Montana. This research, as well 
as that done by Costonis (1969) and Linzon (1969), showed a 
correlation between emissions of S02 and the damage charac
teristics of pine foliage such as needle-tip necrosis, 
mottle, basal necrosis and scale and early abscission of 
needles. However, Gordon pointed out that these manifesta
tions of injury can be used to show the impact of pollutants 
only if the degree of these characteristics was measured 
prior to the onset of pollution because these character
istics occur naturally in pristine environments as caused by 
insects, fungi, and other diseases.

Although SO2 is often referred as a lone entity in 
causing plant disease, it has been shown that S02 interacts 
with other air pollutants in causing severe plant damage. 
Stone and Skelly (1974) showed that while neither ozone or 
S02 was damaging at concentrations of 3 pphm and 24 pphm 
respectively, when mixed they caused plant damage at these 
and lower concentrations. They also showed similar syner- 
gisms relative to S02 associated with other pollutants such 
as nitric oxide (NO) or nitrogen dioxide (NO2).



10

A recent study by Legge et al. (1978) did research on 
the relationship between S02 emissions and the actual 
physiological changes in pine trees. They correlated the 
mineral nutrients in Pinus bankstiana x Pinus contorta 
hybrids (jack pine x lodgepole) with sulfur gas emissions. 
To facilitate this study, foliar sulfate-sulfur and foliar 
total sulfur and the foliar mineral nutrients P, K, Ca, Mg, 
Mn, Al, Zn and Fe from lodgepole x jack pine foliage were 
extensively analyzed from select locations within the study 
area. Soil pH, soil carbonate, and total soil sulfur were 
determined at these same locations.

The foliar sulfate and foliar total sulfur were found 
to be elevated. These concentrations decreased with 
increasing distance from the source of SO2 emissions and 
increased with foliar age. Therefore, they reasoned that 
the increase in these concentrations was due to the pol
lutant source involved.

The soil pH and bicarbonate were found to increase in 
value with depth and distance from the pollutant source and 
likewise increased with depth and distance away from the 
sulfur gas emission corridor. Total soil sulfur on the 
other hand showed a reciprocal relationship.

The foliar concentrations of P, K, Fe, Mg and Zn 
increased with distance from the source of SO2 while foliar 
Ca and Al tended to decrease with this same distance. Site 
type was shown to be a critical factor influencing the
foliar mineral concentrations.
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The most marked relationship shown in this study was 
associated with the mineral nutrient Mn. It was found to 
decrease significantly in concentration with distance and 
direction from the source of S02. Variability of site type 
did not change this relationship.

Additionally, a direct relationship was found between 
the lowered soil pH and elevated levels of foliar Mn.

In summarizing the results of this study, Legge et al. 
concluded that dry deposition of sulfur and acrid precipita
tion are more important than foliar uptake of sulfur gas 
emissions in modifying the forest ecosystem in the area 
which they studied.
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MATERIALS AND METHODS

Needle samples of the most current growth were taken 
from the upper third of the crown of trees on the side of 
the tree proximal to the smelter. An attempt was made to 
pick each sample site so that it was in an elevated location 
and effort was made to avoid depressed areas. However, in 
some cases in areas from which a sample was desired the pine 
tree locations did not meet these requirements and samples 
were taken from the most elevated trees. (Sample sites are 
shown on Figure 1.)

Needles were taken from each of five trees at each 
site. After removal from the tree, the needles were placed 
in plastic sandwich bags. The bag was labeled by site 
(number) and by tree (letter); after which the bags were 
folded closed. The needles were stored in this manner from 
August until March when the analysis of the samples was 
completed.

Each sample of needles was put into an acid rinsed (50% 
HN03, 50% H2O) 150 ml beaker and placed in a drying oven at 
85 to 90 degrees centrigrade for about 48 hours. After 
drying each sample was ground up by putting it through a 
Wiley Mill. The mill was set at tolerances of approximately 
.2-.5mm. After each sample was ground through the mill, it 
was returned to the original beaker and covered with para
film. The mill was cleaned out by a vacuum cleaner between
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each sample to insure
between samples occurred.

that minimal cross contamination

• Following grinding, each sample was weighed out into
preferably 1 g units (+ .0005 gm) or 0.5 g when collected
needles were less than lg. Then it was placed in an acid 
rinsed 150 ml Phillips beaker and 10 ml of concentrated 
nitric acid was added. The beaker was then covered with a 
watch glass and the contents were boiled at 150° - 170° 
centigrade until there was nearly no fluid left and the 
contents took on a syrup-like texture. (Some samples did 
boil dry and were redissolved in 5 ml of concentrated HNO3 
and again boiled down.) The next step was to add 2.5 ml of 
concentrated perchlorate acid (HC1O4) to the beaker and boil 
these until they fumed, then allowed to cool until all fumes 
dissipated. They were subsequently heated again until they 
fumed a second time after which they were removed from the 
heat and allowed to cool.

When HCIO^ was added to the syrup and started to become 
warm, some fumes did appear but soon disappeared. Careful 
observation was needed so as not to confuse this initial 
fuming with the final more intense fuming. Also Note that 
HCIO^ is very explosive if it is allowed to dry out, so it 
is important that each sample be removed from the heat as 
soon as fuming starts. This also insures that the 2.5 ml 
volume of HC104 will be maintained.

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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Following the digestion procedure, the contents of the 
beakers were emptied into acid rinsed 25 ml volumetric 
flasks and the beakers were flushed with distilled H20 and 
the contents emptied into the 25 ml volumetric flask; subse
quently, the volumetric flask was brought to 25 ml. So, the 
beakers with 1 g of sample had a dilution factor of 25x and 
those with .5 g had a dilution of 50x.

To be sure that this digestion procedure which had 
worked for other researchers on other plant species would 
work on pine needles, I digested by this manner a 1 g sample 
of pine needles whose concentrations for different elements 
had been established by the National Bureau of Standards.

When analyzed by the atomic absorption spectrophoto
meter (method of analysis follows in subsequent pages) the 
Pb content was 98.5 percent of that established by the NBS, 
and Mn was 96.9 percent of the amount established by the 
NBS. These values I thought were acceptable. However, for 
Ca and K I got 88.2 percent and 91.3 percent of the NBS 
values which was unacceptable. Before rejecting the 
digestion procedure, I made sure that the atomic absorption 
readings were correct. The manual for the machine suggested 
that both Ca and K may be ionized by the flame and thus 
reduce the absorption since the absorption is based on the
atomic state and not the ionic state. To overcome any*
possible ionization it suggested that for Ca to add K to a
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concentration of 2000 jug/ml and for K to add C in a concen
tration of 1000 jug/ml. This was accomplished by the 
following:

For Ca — 1 ml of 1/25 solution of sample was put in an 
acid rinsed 10 ml volumetric, 2 ml of 10,000 jug/ 1 ml K 
solution was added and the volumetric was filled to volume.

For K — 1 ml of 1/25 solution of sample was put in an 
acid rinsed 10 ml volumetric and 1 ml of a 10,000 jug/1 ml 
was added. Subsequently it was filled to volume.

With this procedure 99.2 percent of the NBS Ca value 
was achieved and for K, 112 percent of the NBS value was 
achieved.

These procedures established that the described diges
tion procedure was satisfactory and subsequently the rest of 
the samples were digested.
Analysis

The atomic absorption spectrophotometer used was the 
Varian Techtron Model AA6. (The parameters of operation are 
listed on the same page as each element’s standard curve.)

Standard curves were established for jug/ml versus 
absorption for each element by using prepared blanks of five 
or six different concentrations extending from 50 percent 
below the NBS needle value to 50 percent above the NBS 
needle value. This was in anticipation that the values in 
my samples would be in the same approximate range. This 
method worked fine for all elements except Mn which had
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concentrations approximately one-tenth that of the NBS 
value. Subsequently a six point standard curve was estab
lished for Mn also.

Each sample was tested using the normal procedure for 
this spectrophotometer. I ran analysis for Pb and Mn first 
and then made the necessary dilutions and addition of anti
ionizing agent as described above for the analyses of Ca and 
K. The results are listed in Tables I-IV.
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RESULTS

Lead concentration
Employing Pb as a tracer element for the smelter 

emissions proved satisfactory. It showed clearly that sites 
close to the smelter were subjected to heavy Pb deposits 
(Table I). Additionally, there is a definite trend for Pb 
to be found in generally decreasing concentrations with 
distance from the smelter in a south southeast direction. 
At sites 6 and 8 Pb concentrations were unexpectedly low, 
which I believe was attributable to the relative depressed 
elevation of these sample sites.
Potassium

The highest concentrations also appeared in the same 
SSE emission corridor as Pb (Table II). In fact the average 
concentration at sites 6, 9, 10, 11, 12 and 13 were above
the total sample average. However, no gradient of concen
tration was seen as was with Pb.
Calcium

There was no pattern evident of high or low concentra
tions of Ca. The range of values was large (from 3451 ug/g 
to 7165 ug/g), and values were found in a random arrangement 
(Table III).
Manganese

Table IV gives the concentrations of Mn at each site.
The above average concentrations of manganese occurred at
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sites 6, 8, 9, 10, 11 and 18. With the exception of site 
18, all of these sites represent the most distal sites on 
the SSE emission corridor. Generally the lowest values for 
Mn were seen on the east and northeastern sample sites.

A summary of these results can be seen on the map in 
Figure 2.
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DISCUSSION

In setting up this experiment, I had hoped to establish 
a primary corridor of emissions from the smelter by monitor
ing the Pb levels; subsequently I wanted to analyze the 
concentrations of the mineral nutrients K, Ca and Mn and see 
if they correlated in any way with the emission corridor.

I believe that from analyses of the data on the Pb 
concentrations, there is a corridor of emissions from the 
smelter up the Prickley Pear Creek drainage in a SSE direc
tion. However, it is important to realize that this is not 
necessarily the primary corridor. From the wind rose of the 
Helena Valley (Figure 3) it can be seen that the prevailing 
wind is directly from the west; however, since there are no 
pine trees on the leeward side of the smelter in this 
vector, determination of this as an emission corridor was 
not possible. The wind rose also shows that there is also 
significant wind from the northwest. I believe that this 
wind in conjunction with the range of mountains on the east 
side of Prickley Pear Valley would serve to funnel emissions 
from the smelter in the SSE direction indicated.

As pointed out earlier, Legge et al. (1978) showed that 
the foliar K concentrations generally increased with 
distance from the source of pollution. My study did not 
substantiate this data and in fact appeared to conflict with 
it.
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Additionally, while Legge et al. showed that Ca 
decreased with distance from the source of SO2, my study 
showed no such trend. Additionally, I found no comparable 
trend of decreasing Mn with increasing distance from the 
smelter.

Despite the lack of agreement with the study done by 
Legge et al., this does not mean that either study gave 
incorrect data. The differences can be explained in two 
ways. First, since the high Mn concentration is rather 
localized in the same general area, it appears that this may 
be the spot that the SO2 emissions first hit. Since the SO2 
is much lighter than the Pb, it would settle out more 
slowly. In reference to Figure 1, it can be seen that the 
SO2 emissions may have just run into the mountain at this 
point. Backing up this theory is the fact that I noted 
during collection of samples that the trees in this area 
appeared in poor health with large numbers of dead needles 
and a dull lusterless color to the rest of the needles.

Secondly, as pointed out earlier, there is a signifi
cant difference in the injuries caused by SO2 from species 
to species. Therefore, Pinus ponderosa would not neces
sarily show the same reactions as those shown by the Pinus 
bankstana x Pinus contorta.

Although this study failed to show•a direct and con-*
elusive cause and effect relationship between SO2 and 
mineral nutrient content of Pinus ponderosa, I feel that it
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did provide some useful ground work for further studies in 
this region. Additionally, I think that the Pb tracer gave 
a good indication that the Prickley Pear Valley does serve 
as a corridor for smelter emissions.

In conclusion, I would like to add that the investiga
tion and research which has gone into this thesis has given 
me a much deeper appreciation for the work, thought, and 
planning required to get reliable data from a study such as 
this. Additionally, this project has shown that more 
research in this vicinity would be worthwhile. Especially 
useful would be a study to determine if there is an altitude/ 
distance factor involved in S02 precipitation as well as 
studies concerned with sulfur levels in different species of 
plants and topsoil sulfur content.
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ADDITIONAL NOTES ON SAMPLES AND SAMPLE SITES

Sample Site No.:
1. All trees sampled were older trees. Some necrotic tips 

were seen in the needles.
2. Slight necrosis of tips but less extensive than at site 

#1. All older trees sampled.
3. Only slight necrosis of needle tips similar to that 

seen at site #2. All older trees sampled.
4. These needle samples were taken from trees spread out 

more than from other sites. The five trees sampled 
were spread over an area about an acre in size. Young 
and old trees sampled.

5. Both young and old trees sampled. The older trees 
showed extensive tip necrosis (1/8 to 1/4 inch) and 
this pattern was especially evident in the upper parts 
of the crown.

6. Substantial necrosis seen in this area. Trees sampled 
covered large area; about two acres. Also, the trees 
were located on both sides of a ridge which ran north 
and south.

7. Mostly young trees sampled. One of these trees showed 
extensive tip necrosis throughout the crown.

8. Both young and mature trees tested.« Necrosis was 
evident at the tips of a large number of needles.



23

9. Necrosis in the trees sampled here was less than the 
previous two samples. The trees at this site had no 
luster to their needles. Needles were more blue than
green.

10. There was extensive browning of entire needles in these 
trees, however the needles of the present year's growth 
showed no necrosis.

11. None of the trees sampled at this site looked healthy. 
There appeared to be fewer than normal needles, a lot 
of completely necrotic needles and necrosis of the tips 
of needles of the present year's growth. Both old and 
young trees sampled.

12. None of the trees in this area showed more than slight 
tip necrosis. Mostly younger trees sampled.

13. The trees in this sample showed browning of tips. It 
was not extensive throughout the trees but the necrosis 
gave a more intensive brown than was seen at other 
sites. All younger trees sampled.

14. These trees were part of a well established wind break 
and they all had an appearance of poor health, similar 
to the trees at site #9. No extensive necrosis.

15. These trees were part of a wind break and they looked 
generally healthy with only slight tip necrosis.

16. These trees were only slight necrotic at the needle 
tips. All older trees sampled.
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17. The trees at this site gave same appearance as those at 
site #16.

18. These were very young trees which had been planted two 
years ago to start establishment of a wind break. All 
trees showed signs of poor health and large numbers of 
dead needles.
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FIGURE 1
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FIGURE 2
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FIGURE 3

Wind Direction

The annual wind rose, Figure 11-1, shows that the most frequent wind 
direction at the Helena Municipal Airport is from the west.1 The annual 
occurrence of west wind is reported to be 18 percent; west-northwest and 
west-southwest winds are reported to be 14 and 13 percent, respectively; the 
summation within these three sectors is 45 percent of the total winds. Easterly 
winds occur least frequently. In general, the wind rose for Helena is symmetrical 
about the east-west axis. Calm is observed 9 percent of the year.

November 1949 - October 1954.

PERCENT

Annual wind rose, Helena, MontanaJ

HELENA VALLEY ENVIRONMENTAL POLLUTION STUDY
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Table I Pb Concentration

u
S
cx-O(Xi
co

Avg Pb 
jug/ml

Avg Pb 
^g/g

Avg Pb Avg Pb 
Aig/ml ,ug/g

la
b
c
d
e

.038

.046

.041

.062

.056

.81

J
1

20.2
1

1
10a

b
c
d
e

.004

.032

.006

.016
.24 6.0

2a
b
c
d
e

.022

.008

.004

.020

.008

.21 5.2

1

11a
b
c
d
e

.036

.058

.036

.014

.049

.64 16.0

3a
b
c
d
e

.016

.026

.024

.014

.014

.31
<

7.8 i
1I1
I

12a
b
c
d
e

.047

.049

.037

.039

.72 18.0

i4a
b
c
d
e

.032

.030

.018

.014

.044

.46 11.5
1
1
j

13a
b

’ d 
e

.398

.036

.167

.206

.144

j

3.64 90.9 *

5 a
i b 

c
: dI

e1
1

.035

.042

.012

.022

.46

1!!t
11.5

1
1j

14a
b
c
d
e

1

.043

.054

.018

.016

.51

,' '' < -e

!

12.8

6a 
' b 

c
id

e

.014

.014

.022

.006

.006

.21 5.2 j

1

:15a
b

; C 
{ d

1 6

. 046 

.034 

.010 

.010 

.40

.47 11.7
f

7a 
' b 

c
1 d

I

.146

.120

.120

2.14 53.6 *
1

16a
b
c
d
e

.037

.027

.046

.030

.045

.62 15.4

8a
b
c
d
e

i

.006

.012

.040

.020

.006

.28 7.0

17a
b
c
d
e

.055

.097

.078

.098

.039

1.22
f

30.6 *
i

1

9a
i b , u1 c
1 d 
! e

.075

.038

.060

.056

.96 23.9
i

jl8a

d
e

.398

.285

.325

.510

.471

6.88

------------------------- j

i
172.1 *

ij

519.4 y = 28.9 = Above average Pb values
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Concentration of Potassium
- ^3’

TABLE II

$
- ftc- 9

11

oHe*O
Z5 F- 

£ll

CTO £ X,
%

c<
Z
I

Oc/
CO .$70

crj

? -£ 
'fe'-e 3. 5 S~'

6 5\
«

la 197 44.3 500 7150
.. T...

10a 176 12.0 500 6000
b 182 12.6 250 3150 b 131 8.1 500 4050
c 158 10.4 250 2600 3850 c 160 10.5 500 5250 5981
d 177 12.0. 250 3000 d 360 34.5 250 8625
e 111 6.7 500 3350 e — —

2a 135 8.3 500 4150 11a 133
j

8.3 500 4150
b 226 18.2 500 9100 b 177 12.0 500 6000 6095*
c 166 10.8 250 2700 6180" c 321 32.2: 250 8050
d 352 34.2 250 8550 d 203 15.3 500 7650
e 185 12.8 500 6400 !j e 228 18.5 250 4625

3a 156 10.2 500 5100
:• j

12a 194
i

14.8 250 3700
b 222 17.5 250 4375 t b f __ —

c 138 8.7 500 4350 4485 c 196 15.3: 500 7650 6250*
I d 135 8.4 500 4200 ! d 198 15.7 500 7850
1 e 141 8.8 500 4400 e 163 11.6 500 5800

:4a 102 o. 2 500 3100 13a 178
i

11.2 500 5600*
! b — ““ “ ___ - b 147 9.3 500 4650

c 190 13.4 250 3350 3262 c 287 27.4 250 6850 5460*:
d 111 6.6 500 3300 d 263 23.4 250 5850
e: 110 6.5 500 3300 e 138 8.7 500 4350 . j

L i
177 12.2 250 3050 • ■ 14a 232 19.0 250 4750

! b 104 6.3 500 3150 b 104 6.4 500 3200
c f___ ___ ___ 3438 c — I 4188

| d {120 7.3 500 3650 d 136 8.5 500 4250
e 130 7.8 500 3900 e 144 9.1 500 4550

j
6a 1144 9.1 500 4550

k
326 32.6 250 8150

b 302 30.3 250 7575 iH b 189 13.4 250F 3350
c 173 11.6 500 5800 5336* i * i c 126 7.7 500 3850 4370 1

d 117 7.0 500 3500 M d 116 7.0 500 3500 I

e ’161 10.5 500 5250 i e 106 6.5 500 3000

7a •135 8.4 500 4200 16a 199
■ 1

14.8 250 3700
b 176 12.0 500 6000 1 b 184 12.8 250 3200
c • 230 18.6 250 4650 4931 c 166 11.0 250 2750 3451
d 237 19.5 250 4875 d 215 16.7 250 4175
e — — — e 191 13.7 250 3425

8a 137 8.6 500 4300 il7a 213
i

16.5 250 4125
b I112 6.8 500 3400 1 b 195 14.0: 250 3500
c 119 7.3 500 3650 4790 1 c 222 17.6' 500 8800 4620
d 271 24.8 250 6200 I

I d 227 18.3- 250 4575
e 185 12.8 500 6400 ! e 135 8.4! 250 2100

9a
!
250 21.4 250 5350

i
}1 18a 195 14.0 500 7000

b 247 21.0 250 5250 -1
b 165 11.0 250 2750

c 248 21.1 250 5275 5875* 1 c 361 34.5 250 8625 7165*
d 195 14.7 500 7350 1 d 375 35.0! 250 8750
e ;179 12.3 500 6150 e 370 34.8: 250 8700 1

2/ = 89727 y = 4985/^/$ * = Above average values
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Table III Calcium Concentration
.5g needles in 250 ml, 500 x dilution factor.
l.Og needles in 250 ml, 250 x dilution factor
k
a-
u.
7:
s

2
s
s
£

fc2
Zj u
as C <2?

2
so'
v*CXI

|1

2, of
5 o
r u fe £

cP 7?

la 95 131.5 500 6750 ‘10a 92 13.4 500 6700,
b 208 23.6 250 5900 ! b 90 13.3 500 6650 i
c 221 24.2 250 6050 6090* { c 79 11.5 500 5750 5850*'
d 219 24.0 250 6000 d 117 17.2 250 4300
e 76 11.5 500 5750 e - -

2a 73 10.7 500 5350 11a 117 17.2 50 8600
! b 54 8.7 500 4350 b 279 26.7 50 13350 I

c 85 12.5 250 3125 4064 I c 154 21.2 25 5300 8525*
I d 86 12.6 250 3150 ■

d 97 13.7 50 6850 I
1

e 54 8.7 500 4350 e
- v »i

j— 1 i
3a 151 21.2 500 10600 12a 167 21.6 25 5400

b 98 13.7 250 3425 b 62 9.2 50 4600
c 85 8.7 500 4350 6125* c 5525
d 103 15.0 500 7500 d 101 14.9 50 7450
e 64 9.5 500 4750 e 63 9.3 50 4650 . . _ J

4a 79 11.7 500 5850 13a 105 15.5 500 7750
!

b 116 17.0 250 4250 b 161 21.6 500 10800
c 130 19.2 250 4800 5550 c 122 18.0 250 4500 6475*
d 73 10.7 500 5350 d 155 21.3 250 5325
e

^“■'1
101 14.9 500 7450 e 55 8.0 500..... , 4000

5a 142 20.7 250 5175 -.i.:. ;. : -L: 14a 119 17.5 250 4375
b 101 14.9 500 7450 b 78 11.4 500 5700
c -- — — 6394 1 c 4669
d 85 12.5 500 6250 d 53 7.9 500 3950

. e 91 13.4 500 6700 1 e 63 9.3 500 4650

6a 71 10.6 500 5300
s
15a 158 21.5 50C 10750

b 113 16.9 250 4225 i ' b 125 18.4 250 4600
c 95 13.5 500 6750 5385 ' c 92 13.4 500 6700 7320*
d 88 12.5 500 6250 i d 103 18.4 500 9200
e 59 8.8 500 4400 ! e 73 10.7 500 5350

7a 141 20.7 250 5175
rI
L

118 17.4 250 4350 1
b 49 7.1 500 3550 b 117 17.3 250 4325
c 102 15.0 250 3750 3912 c 101 14.9 250 3725 3995

i d 87 12.7 250 3175 d 84 12.4 250 3100
. e — -- -- — e 121 17.9 250 4475

8a 90 13.3 500 6650 J

i

17a 101 14.9 250 3725
b 221 24.2 500 12100 I b 154 21.2 250 5300
c 95 13.5 500 6750 7520* c 58 8.7 500 4350 4445

, d 211 23.6 250 5900 d 118 17.4 250 4350
e 84 12.4 500 6200 e 122 18.0 250 4500

9a _ —> .. 18a 109 16.0 500 4000
1*

1 b 290 27.2 250 6800 b 138 20.3 250 5075
c 164 21.6 250 5400 5112 5 C 122 18.0 250 4500 4554
d 60 8.8 500 4400 d 106 15.6 250 3900

i e 52 7.7u.____ __ 500 3850 e 149 21.2 250 5300
I- I- 1 . .

2/t=10l6l.9 y = 564 6/i^/g- * = Above average values



Table IV
Manganese 
.5g or lg 
(50 x for

*** c.

concentrations - determined from the digestion of
of needles into 25 ml of solution. 
.5 g needles in 25 ml)

.o° M >
a -s. S' ? "I do

c*.
£
1

2oI

equal 25x)

_cj>

3

—~ , ' */>

eA? 59 Q)

■la .125 .56 50 28.00 i' 10a .287 1.28 50 64.00 83.5*
! b .391 1.70 25 42.50 b .324 1.42 50 71.00

c .533 2.60 25 65.00 c
d .474 2.10 25 52.50 d .778 4.62 25 115.50
e .295 1.30 50 65.00 50.60 e

-
— --

2a .143 .75 50 37.50 ' i lla .520 2.50 50 125.00
j b .060 .28 50 14.00 ! b .603 3.18 50 159.00

C .340 1.46 50 36.50 c .985 6.35 25 158.75 126.65*
! d .299 1.30 25 32.50 33.60 d .170 .74 50 37.00

e
I

.217 .95 50 47.50 < e .960 6.14 25 153.5

3a .371 1.61 50 80.50 12a .278 1.18 25 29.50
! b .444 1.95 25 48.75 i, b .102 .48 50 24.00

c .477 2.15 50 107.50 c -- -- 31.38
d .317 1.38 50 69.00 74.15 d .155 .68 50 34.00
e .300 1.30 50 65.00 e .171 .76 50 38.00

4a .078 .36 50 18.00 13a .314 1.36 50 68.00
b .138 .58 25 14.50 73.95 b .307 1.32 50 66.00 67.70
c .138 .58 25 14.50 c .445 1.94 25 48.50
d .095 .41 50 20.50 d .700 4.00 25 100.00 ■
e .090 .39 50 19.50 e .250 1.12 50 56.00

5a .326 1.42 25 35.50 14a .314 1.38 25 34.50
b .204 .85 50 42.50 b .162 .72 50 36.00
c ““ c 32.62
d .351 1.51 50 75.50 51.17 • d .142 .62 50 31.00

i e — -- — e .127 .58 50 29.00

6a .238 1.04 50 52.00 15a .348 1.42 50 71.00
b .915 5.50 25 137.50 b .303 1.32 25 33.00 38.80
c .654 3.55 50 177.50 c .131 .58 50 29.00

. d .490 2.26 50 113.00 d .167 .74 50 37.00[
.705 4.07 50 203.50. • 136.70* e .111 .48 50 24.00

• 7a .307 1.32 50 66.00
•!

16a .128 .59 25 14.75
I b .383 1.67 50 83.50 70.00 ! b .078 .34 25 8.50 1

c .490 2.26 25 56.50 J c .065 .28 25 7.00 10.40
d .577 2.86 25 74.00 d .143 .62 25 15.50
e

j
H e .045 .25 25 6.25

•8a .588 3.05 50 152.50 17a .458 9.98 25 49.50 i
! b .715 4.12 50 206.00 b .177 .78 25 19.50

c .540 2.67 50 133.50 156.00* c .405 2.78 50 139.00 46.85
d .960 6.14 25 154.50 d .125 .65 25 16.25
e .537 2.67 50 133.50 e .094 .40 25 10.00

:9a — — — — 18a .460 2.00 50 100.00
b .998 6.42 25 106.50 b .495 2.30 25 115.00 j

t
• C .985 6.35 25 158.75 182.19* c .761 4.40 25 110.00 94.95*
i d .746 4.35 50 217.50 d .585 3.05 25 76.25 ■
; e .680 3.84 50 192.00 .) ;■ j•-1 e .572L_ _J 2.94— 25 73.50 ■J

2jl=136l.21 y= 75.62 ug/g * Above average values
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