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INTRODUCTIONi

This report presents the results of the foliar contamination and
associated parametric measurements that were obtained in Costa Rica
during the period from May 1964 through February 1965 fc-r the second
phase of the field work of Operation Ceniza-Arena.

Duaring the first phase of the field work, described in Part one of
this report, the desirability of obtaining foliar contamination data
for whole plants during their growth cycle urnder field conditions
rather than only for parts of pot-grown plants became increasingly
clear. Two related technical factors indicated the desirability of
extending the work: (1) difficulties associated with evaluating the
parameters of the theoretical expressions for foliar contamination by
plant part and applying the results to field situations; and (2) need
for averaged foliar contamination data for whole plants and plant parts,
together with weathering effects, in the development of the mathematical$ models for assessing foliar contamination problems.

Theref ore, early in May of 1964, arrangements were made (through
the Costa Rican office of the U.S. Agency for International D)evelopment

4 (US/AID), Agriculture Division, and the Ministry of Agriculture of
Costa Rica) with two landowners for the use of land for growing
vegetables and cereal grains. The general locations of the two plots
of land were selected from areas that had previously received moderate
to heavy deposits of ceniza-arena from the eruptions of Volcdn Irazd'
aad were readily accessible f or sampling over an extended period of time. iThe ae-nual locations of the two land plots were as follows: Plot No. 1
(near Ipfs) was at a distance of 9.4 miles and an azimuth of 263OTN from
the location of the volcano; Plot No. 2 (near San Ram6n) was at a dis-

tance of 9.4 miles and an aztmuth of 251 0TN from the location of theI

The land plots were fenced after plowing; then the seed beds were
prepared, and the planting was carried out between the 17th and 19th of
May 1964 (see Procedures for details). Field sampling periods of one to
three weeks' duration were carried out on a monthly basis beginning in

June 1964; a total of nine sampling trips to Costa Rica were made. In
mid-February 1965, the volcano apparent~ly ceased erupting, and the
second field phase of Operation Ceniza-A-rena was terminated-

"11 I1



BACKGROUND

The basic parameters and equations for presenting the foliar con-

tamination data and describing their dependence on other parameters are

described in Part One of this report, and some of the parameters are
evaluated in Part Three, For convenience, the definitions of several of

the terms are repeated below. In addition, measurements for evaluating

the impaction coefficient were added (see Procedures); some of the re-

lationships pertaining to these measurements are discussed.

The foliar contamination factor for a plant or plant part is

designated by a and is defined, in tcrms of experimentally measured
L

quantities, by

a (1)
L p

where C° is the effective particle concentration on the foliage (in gm
of particles per gm of dry foliage), and Am is the weight of the particles

deposited per unit of (open) ground area (in gm of particles per sq ft of

soil area). The fraction of the deposited particles retained on the

foliage, in a field of similar plants, is given by

FL = aLwL (2)

where wL is the average surface density of the foliage (in gu of dry

foliage per sq ft of soil area).

The basic theoretical definition of the foliage contamination factor

for the impaction and retention of airborne particles of a given diameter

on aboveground parts of plants is given by

ap(c ) = e (01(i + e2) /2S (S )(cL)P(w) (3)
Lp p 0 p L p r

in which

c (a) is the initial retenticn coefficient for a particle
size-group, designated by a, which hit a plant surface

0/00p is the land-surface value of o (ar v/vf. where v Is the
p w

3--------------------
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0
surface wind speed and v to the terrilnal, or falling,

mf

velocity at the plant of the particle size-group designated
by a)

5 ( Isur1 the projected specific surface area of the foliage
L i (I.e., plant area per unit plant weight) in a plane normal

to the particle flux

1•(o•.) Is the particle Impaction coefficient due to interception

"v and inertia

and

F(wd )Is the dilution function whose value depends oii the
planting density or the average foliage surface density.

The experimental measurements, designed to provide separate infor-

nation on the Impaction coefficient, consisted of the collection of

particles on greased plates that were set at a series of angles, 0, from

the horizontal; the plane of the plates was kept perpendicular to the

direction of wind by mounting the collecting system with an attached

wind vane on a swivel bearing. The grease film on the surface of the
plates was used to assure that the value of the retention coefficients

for all plates would be one. After an exposure to depositing particles,

the weight of the collected particles was measured; this weight, after
making a correction for backiground dust, is designated as m (in gm per

sq ft). The wind speed was measured during the exposure with a hand-
held calibrated anemometer, with this instrument, the average wind

speed over the collecting period, designated as (in ft per sec), was
w

measured,

The basic assumptions used in the relationships described below

Include: (1) for a given exposure or set of measurements of a, the

range of particle diameters in the collected deposits was small, so

that the terminal fall velocity of the particles could be represented.o
by an average value designated as v ; (2) the wind speed during the

time that the particles impacted was near the value of 9 ; (3) the lag

time of the wind vane was small relptive to the time rate of change in

the wind direction; and (4) the value of the Impaction coefficient
depends on plate angle, particle fall velocity, and wind speed.

To minimize the collection of particles with a broad range of
diameters, large or extreme changes in wind speed, and overloading of

the greased plates, short exposure periods were desired. On the other

hand, some extended time was iequired to collect a sufficient quantity

4
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of particles whose weight was significantly greater than the weight of

the background dt:st.

With the above-described assumptions, the basic relationship for

defining the impaction coefficient, 7,, is given by

m =a 11m sn( -( ) (4)

in which m Is the integrated particle flux across a plane perpendiculara
to the average fall vector and I is the average angle of fall of the

particles at the height of the collector plates (measured from the

horizontal in the direction of the wind). The average terminal fall

veloc..y of the collected particles is given by
-o 0.(5

Vf = Vtan)

The average air concentration of the particles for the exposure period

Is given by
-ot

a a f

where t is the exposure time. The values of 0, fixed by the design of

the collector (see Procedures), were 0, 30, 60, 90, 120, 150, and 180-O
degrees. The values of m for each plate, v , and t were measured.

w

The angular arrangement of the collector plates, In which the

plate angles vary from 0 to 180 degrees, produces four general classes

of relative geometries for impaction of falling particles in a horizon-

tal wind stream:

1. Plate angles between 90 and 180 degrees; both the air and
the particles strike the top or front face of the plates.

2. Plat, angles less than j; the air strikes the bottom of the
plates, and the majority of the Impacting particles strike

the top of the plates.

3. Plate angles greater than j but less than 90 degrees; the
air and particles strike the bottom of the plates.

4. An extension to the third class; a small number of particles
may deposit on the top side of the plates at angles between

Sand 90 degxrees because of turbulence in the airflow over

the top of the plates.

5i



Generally, the plate that is set at an angle, 6, of 90 degrees
from horizontal would be expected to cause a greater diversioz., of the

airstreem then one set at any other angle (assuming the airstream)

moves parallel with the surface of the ground). However, the degree

of diversion of the airstream by a plate should not be expected to

cause a proportionate diversion of the airborne particles, especially
in terms of the weight of the collected particles. For example, if the

angle of the plate is very near the angle of fall of a particle, only a
amll deflection in the falling trajectory could cause the particle to
miss the plate. Larger particles (i.e., in the size range of 50 to 500
microns in diameter) that impact mainly by gravity settling would not be

deflected as readily as the smaller particles by the airflow around
the plates. These two factors suggest that the plate set at an angle
very nearly perpendicular to the angle at which the particles approach
the collector should collect the largest fraction (per unit projected

area) of the particles in the passing airstream.

If it is assumed, for the first class of geometries, that 7 has a
maximum value at a plate angle, 60 (which is approximately 90 degrees
greater than ý), and that fractional decreases In 1j are proportional to

the angular displacement of the plate from B , a first approximation of
the dependence of I on the plate angle (due To the relative angle at
which the wind strikes the plate) may be written as

2e sin 2(e - e )d(O -e ) (7)
0 0

where e is a proportionality constant whose value Is assumed to depend
on the average wind speed and on the average falling velocity of the
particles. The factor of 2 is inserted to indicate that the sine
function must vary a whole cycle for each 180 degrees change in B - B

0
(i.e., the value of Tj must be the same at 0 and at B + 180 degrees).

"Integrating Equation 7 under the condition that 11 is equal to io
when 0 i. equal to 0 (i.e., 1o is the Impaction coefficient for a
plate that is sat at the angle, 9o) g'ves

log TVf .= l- cosZ0-0 0  (8)

Combining Equation 8 with Equation 4 in logaritbuic form gives

log M = log1M +logain(9-co •2(e-- o. - (9)

If it Is assumed that 9 is 90 degrees larger than c for all values of
.0 0 0"v f and v of interest, Equation 9 can be written as

Tw

_•_ • - .• :•.•.• • : Y .L •. .:: .... : : . . . .... . . " ... " .6



lo o o lo ,l.(e - 1+co, 2(0-) (10)
The value ofc represents the fractlonal decrease in ýo for (l0ter

at angles other than 0 . If the diversion of the airflow patterla
around the plates increases as the wind speed increases (as expected),
the value of e should incr2ase as the wind speed increases. Because the

£ diversion of the airf low should have a smiler effect on the Impaction

of the larger particles than on the smaller particles, the value of I
(for a given wind speed) should decrease as the value of f increases,

f

The value of fl (i.e., the value of fl for the plate that is set at
the angle e ) should approach unity as the value of ;o approaches zero,
especially ?or particles with large -o values. For very small particles,
_fl may approach unity at large v values. Unfortunately, the value of
IT'. cannot be directly evaluated Tram a single set of plate collector
data. It may be evaluated from several set's of data by extrapolation

> to a zero wind speed condition or from separate calibration experiments
under zqro wind speed conditions.

The evaluation of the above equation constants (and of others)
from the measured data as given in this report Is discussed in a
separate re~ort.

1
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PROCEDURES

The dimensions of each of the two land plots were 150 x 100 feet.
The crops selected for the initial planting are listed in Table 1; a
general diagram of the plot layout is shown in Figure 1.

The soil at both locations was a loose sandy loam containing a
large amount of humus. Prior to planting, the land on both plots was
disc-plowed to a depth of about 10 inches. On Plot No. 2, many roots of

the Quicuyo grass were pulled out by hand. The land was treated with
about 70 lb/acre of (25 percent) Aldrin. The areas were fertilized
with 290 lb/acre of 9-27-6 composition commercial fertilizer. The

fertilizers were broadcast by hand and were washed in by rains before
planting. Lime additions were made to sections of each plot during the
August s-mpling period.

The grains were planted by hand-broadcasting followed by hand-
raking. The average planting density of seed was as follows: wheat,
136 lb/acre; barley, 144 lb/acre; oat, 116 lb/acre; and rye, 138

lb/acre. The corn was planted in rows 2 feet apart at spacings of
about 1.5 feet between hills. All of the vegetables were planted in
rows 2 feet apart. Most were heavily seeded for later thinning. The
Ministry of Agriculture of Costa Rica plowed the land on both plots at
no cost to the project. Local labor was employed to construct fences
around each plot and to prepare the land for planting. One Costa Rican
farmer was employed for each plot to take care of the crops between the
monthly sampling periods and to assist in the field sampling.

Later plantings were made as the crops matured or were killed by
an occasional "acidic" deposit of ceniza-arena. Planting dates and
plant designations according to planting time are given in Table 2.

During later sampling periods, two additional sampling locations,
Stations 15 and 16, were developed for obtaining foliar contamination
data on trees. Station 15 was located 17.5 km from San Jose on the
road to Rancho Redondo (*bout 2 km before reaching the village); the
site was about 100 yards south of the road. On this site, one of
several mountain laurel trees, about 15 feet tall, was selected for
sampling. Station 16 was located about 2 km northeast of Rancho

9
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Table I

LIST OF CROPS INITIALLY PLANTED IN =H LAND POWT

Cereal Grains

Barley
Oat
Rye
Wheat [

Vege tabl1es 1

Bean
Beet (Crosby's Egyptian)

Cabbage (Golden Acre)
Carrot (Chantenay)

Celery (Pascal)
Corna
Lettuce (Imperial #847)
Onion (Cholla RoJ i C-5)

Pepper (Ruby Giant)
Squash (Cocozelle de Napoles #265)
Tomato (J. Moran)

a Corn is listed along with the vegetables in this
table and in all following tables because of the
geometric dissimilarity of the plant. (With

respect to the subject under discussion, the
vegetable classification Includes plants that are
geometrically dissimillr.)

10



Figure I

PLANTING DIAGRAM OF LAND PLOTS
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Table 2

PLATIM DATES AND PLANT DESIGNATIONS

Plant Plot No.1I Plot No. 2 Plant Plot No.1I Plot No. 2

Dean-i 5/17/64 5/19/64 Pea-I 10/1064 10/10/64

Bean-2 8/17/84 8/17/64 Pea-2 11/11/64 11/11/64

Dean-3 - 9/10/64
Dean-4 10/12/64 - Pepper-i 7/20/64 7/21/64

Bean-5 11./11/64 11/11/64 Pepper-2 - 11/11/64

Bean-6 - 12/28/64

Bean-? - 1/25/65 Potato-I 10/10/64 10/10/64

Beet-i 7/20/64 7/21/64 Radish-I 10/10/64 10/10/64

Beet-2 11/11/64 11/11/64
Squash-i 5/17/64 5/19/64

Cabbage-i 5/17/64 5/19/64 Squash-2 7/20/64 -

Cabbage-2 10/12/64 - Squash-3 10/12/64 10/12/64

Cabbage-3 11/11/64 11/11/64 Squash-4 11/11/64 11/11/64

Carrot-1 5417/64 5/19/64 Tomato-I 5/17/64 5/19/64

Carrot-2 7/20/64 7/21/64 Timato-2 7/20/64 -

Carrot-3 - 8/17/64 Tomato-3 10/12/64 -

Carrot-4 - 11/11/64 Tomato-4 11/11/64 11/11/64

Corn-I 5/17/64 5/19/64 Barley-i 5/16/64 5/18/64

Corn-2 - 9/10/64 Barley-2 11/11/64 11/11/64

Corn-3 10/5/64 10/5/64

Corn-4 11/11/64 - Oat-i 5/16/64 5/18/64

Oat-2 11/13/64 11/11/64

Lettuce-I 5/17/64 5/19/64

Lettuce-2 7'20/64 7/21/64 Rye-i 5/16/64 5/18/64

Lettuce-3 11/11/64 11/11/64
Whoat-i 5/16/64 5/18/64

Onion-I 5/17/64 5/19/64 Wheat-2 11/12/64 11/12/64

Onion-2 - 11/11/64

12
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Redondo (4 km from Station 15); the al te was about 300 yards north of

the road. One of several pine trees at this location was selected for

sampling. In addition, a juniper tree clump was relocated at this site,

and a cooposite grapefruit tree (three small trees In one hole) was

plunted.

Most of the fLeid and laboratory experimental procedures described

in Part One of this report were used without much alteration in the

second phase of the operation.

The major steps in obtaining the foliar samples included: (I)

washing specimen plants with a portable high-pressure water spray; (2)

taking background samples of the washed plants or plant parts; (3) ex-

posing the washed plants and a gross collector tray to depositing

ceniza-arena for a given period of time; and (4) collecting the exposed

plant or plant parts In glass jars or plastic jars and bags. To recover

particles retained on the foliage, the fresh foliar samples were spray-

washed (with hand-rubbing). The particles were removed from the water

by filtration, after which the filter paper was ashed in a muffle

furnace and the particles were weighed after cooling to room temperature.

The plant material was dried at 1050 C for at least 6 hours (mostly over-

night) and then weighed.

Major changes In the original field sampling procedures were. (1)

whole plants and groups of whole plants were taken as samples to obtain

the desired type of data (this procedure was facilitated because many

plants were small and in high abundance); and (2) a paraffin wax

collecting system was developed tor taking samples of the young cereal-

grain plants. The previous experience ia ampling and in analyzing the
data on the particle retention, as measured from samples that consisted

of small groups oi leaves, as well as th.•vretical considerations strongly
indicated that "whole plant" sampling procedure would be preferred for
the bmaller plants. However, great care in sampling was required when

whole plants were sampled in a dry condition to minimize the loss of

particles during sampling.

For sampling the cereal grains, 8 inch-diameter circular metal
hands were prepared, to which one end of a plastic bag (both ends open)

was taped. The bag was rolled down to the band prior to use; the whole

assembly was set down over an area of growing plants, and the band was

pressed Into the ground. Afterward, the plants within and immediately

around the ring were thoroughly washed. Ihe soll within the ring was

smoothed and thoroughly wetted and compacted by the spray in the wash-

lag process. Nearby plants, also washed, were taken for background I
samples.

13



* Paraffin (wax) was melted in the laboratory and transferred to a

thermos bottle for transport to the field. After exposure of the
specimens, the plastic roll was carefully spray-washed, and the wax was

poured into the ring to cover the soil and about 1/4 inch of the base

of the plant stems. After the wax hardened, the plastic bag was un-

rolled, catching particles that were kmocked from the plants in the

*- process, and taped st the top. A long knife was inserted into the

ground below the metal ring (or band), and the roots and soil were cut

along the base of the ring. The essembly, with some soil, was remc d

from the field, Ths plants were cut at the top of the wax surface for

washing, drying, and weighing. The particles were easily removed from

the wax and the inner surface of the plastic bag by spray-vashing.

Finally, tht., plant stems in the wax mald were counted to obtain the

planting density. A view of the paraffin wax collecting system is

shown in Figure 2.

The paraffin wax band sampler was found suitable for sampling the

cereal grain plunts when the ceniza-arena was deposited on dry plant

surfaces. To obtain an average value of the contamination factor for

the larger grain plants, tae tops of all of the plants in the area

around the positioned band were geatly brushed in one direction with a
small stick after the wax had hardened. The particles, in any case,
were disturbed when the plastic bag was rolled up from the band, and it
was believed preferable to average the amount of particles falling from

the upper leavea over an area larger than that encircled by the band.

For ceniza-arena deposits that arrived under damp or wet conditions

(after an afternoon rein until about 0800 the following morning), the

samples were taken, without loss of particles, by clipping off small

sections of the graii) plants, starting with the top leaves, ane.
inserting them, section by section, into a container. At the ground

* level, it was necessary to eliminate sections of lower (usually dead)

leaves that were lying on the soil surfaces. This same procedure was
satisfactory for the wind- and rain-weatherel samples.

For vegetable and corn plants growing singly in rows or grouped in

hills, the sampling procedure for the dry deposit condition was to

spread a slitted sheet of plastic under the plant and to clip off the

leaves, singly or in groups, and then the fruit and stems.. Any particles

falling from the disturbed parts fell on the plastic and were later
brushed into the sample container. (Four- and eight-inch-diameter

plastic jars with snap-in covers were used as sample containers for

most of these folier samples.)

Under damp conlditions, the vegetable plants were sampled without

4 :14
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Figure 2

THE PARAFFIN WAX BAND SAMPLER FOR CEREAL GRAINS

After Wax has set After Plastic bag has been unrolled
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the plastic sheet. For overnight exposures, the plastic sheets were
positioned on the ground around the plant specimens to minimize the
splashing of the soil and ceniza-arena particles onto the vegetable
plants during periods of rainfall. The technique worked fairly well
except for the very Lieavy rai-, during which more then about 1 inch of

water fell within an hour. The splashing was not noticeable until the
water formed puddles and began running over the ground surface. For

low-growing pliants (such as potatoes) where the lower leaves lay on the
ground, the plastic sheet kept the wet spray-washed leaves from contac-
ting the soil after washing.

By July, the diurnal rainfall pattern for the season, in which most
of the rain fell between about 1100 and 1800, was established. Rain
seldom fell after sundown, The sky was generally clear, or nearly so,
from sunrise until 0800 or 0900. Afterward, the cloud cover increased,
and the rain clouds moved in from the Pacific Ocean. This cloud build-
up was generally accompuaniec' with increasing wind speed, especially of
the southerly velocity components in the upper winds. After the rains
censed in the late afternoon, the wind speed decreased, and the wind
usually swung back to the normal easterly flow at high altitudes. The
surface winds, however, generally were from the northeast during the
night and early morning hours at the two land plots, due to airflow
through a gap in the mountains to the west of Iraz6.

Because of the descriIhed behavior in the weather, the most favor-

able time of the day for deposite of ceniza-arena to occur was after
1800 at night and before 1100 in the morning. Thus, whenever possible,
the plants were spray-washed after the rains ceased in the evening (at
sundown) in preparation for interception of fresh ceniza-arena particles.

Because the work schedule could not always be adjusted to washing
the plant specimens at sundown, another method was developed to protect
the washed plants from splashed-up particles during the rain showers.
In this method, a protective plastic sheet tent was constructed over
groups of cleaned plants. In forming the tent, a stake was first
inserted in the row between the plants to be protected, and the plastic
(polyethylene) sheet was draped over the stake and secured at the cor-
ners by other stakes. This tent proved to be quite effective in
protecting the clean plants from splashing, even during the heaviest
rain. Clean plants were covered about noon each day, before the rain
usually started, and uncovered between 1800 and 2200, depending on
ctissation of the rain. With this method, the sampling operation

entailed visiting each station at least three times every day: (1) early
in the morning to check whether ceniza-arena deposition had occurred
during the might; (2) about noon to cover the plants if no deposit had

16



occurred up to that time (or if a new sampling series was to be initia--

ted); and (3) late in the evening to uncover the plants.

When a deposition occurred during the night or very early in the

morning under damp conditions and light or calm surface winds (with

little or no loss of deposit from the foliage due to wind erosion),

primary samples were taken upon arrival at the plot shortly after sun-

rise. Following this, wind-weathered foliar samples were taken during

tk~e mor:ung hours, and, when the first rainfall was not too heavy, rain-

washed samples were taken after the shower stopped. The same general

procedure was used if the initial deposit occurred under dry conditions,

usually after 0800 In the morning. The more exposed foliage of the

vegetable and corn plants dried very rapidly after sunrise; the more

sheltered lower leaves on the grain plants did not dry as rapidly.

In November and December when the end of the rainy season

approached, the rains became more gentle, and their occurrence over the

day became more random. To protect the vegetable plants from splashed-

up particles during these random rains, rolls of plastic sheet measuring

10 x 100 feet were used so that several rows of crops could be protected

with one sheet. To install these sheets, the plants, prior to washing,

were drawn out through slits cut in the plastic, and the plastic was

staked down along the edges. The method proved quite effective in pre-
venting splash contamination of the plants during the less violent rains.

In December, January and February, the surface winds, especially at

Plot No, 1, were generally very strong during the daytime, and they

usually carried a fine mist across the plots (very little of which

collected in the rain gauge). The mist was not heavy enough to wet the

* foliage of the plants or the surface of the soil but it appeared to be

sufficient to reduce the rate of erosion of particles from the foliage

and caused collection and retention of windblown soil dust on the

washed plants. This dust required more frequent rewashing of the plants;

however, it was found that the dust pickup in the vegetable subplot was

greatly reduced when the dry soil was wetted before it was walked ou

during the washing and sampling of the plants.

Several general sampling methods for obtaining data on the amount

of particles retained by trees were considered. The first method con-

sisted of: (1) washing the particles from the leaves, twigs, and branches

at ~andom locations throughout the tree; (2) taking background samples
from these locations; and (3) after contamination, taking leaf samples.
The leaves were analyzed individually, and the average or median value

of the contamination factor for the tree leaves was determined from a

distribution curve. By this method, the total amount of particles

17
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retained by the tree was computed from a separate estimate of the total
mass of leaves on the tree. This method was used on a laurel and a pine
tree. Photographs of the trees and of branches from the trees were taken
for correlating the weights of the leaves or needles (plus twigs) and
their spatial densities.

The second method was the same as the ftrit except that the sampling
sites would be at preselected locations within the tne canopy. This
additional data Indicated the. degree of variation in leaf contamination

. "levels throughout the volume of the tree and provided information on the
dependence of this variation on direction, wind speed, volume density of
the leaves, and other parameters. Measurements of the surface wind
speeds and directions during deposition were needed to assist in analyz-
ing the data. This method was used on the laurel and grapefruit trees.
Photographs of a grapefruit tree, with marked branches before and after
each sampling series, were taken for determining the spatial location
and orientation of each leaf sampled. After the sampling run was com-
pleted, all the leaves were removed from the tree for drying and weighing.

The third method was an extension of the second method in which a
network of greased disc collectors were placed at selected locations
throughout the tree. The greased disc collectors provided information
on the relative air concentration of the particles during the period of
deposition at each disc collector location within and adjacent to the
canopy of the tree. In this method, the disc collectors were not used
to represent ideal leaves but to give informattion on the variability of
the concentration of the airborne particles _.s they move through the
volume of the tree. Ideally, the data from the disc collectors within
the tree volume and outside the tree volume should provide the informs-
tion needed for estimating the total amount of particles that is retained
by the leaves. Use of the greased disc collectors required sufficient
care in their placement and removal so that particles were not shaken from
the tree leaves onto the discs; also, the discs had to be removed as soon
as possible after a deposition to minimize transfer of particles from

the leaves to the discs by wind erosion.

The third method was used on a mountain laurel tree. The laurel
tree was about 15 feet tall. The greased disc collectors were 2 inches
In diameter and made of thin aluminum sheet; they were mounted in a
horizontal orientation at intervals along curtain rods with plastic
clothespins. Two curtain rods were taped together at their centers to
form a cross (called an X-rod). Two such X-rods were placed in the

foliage of the tree at two different heights. A view of the laurel tree
with the X-rods in place Is shown In Figure 3.
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The procedure for removing the particles from the freshly collected

foliar samples with a high-pressure spray of water and hand-rubbing was

the same as was used during the first phase of the operation. However,

when the plants became larger, more time was required In the washing.

In addition, the leaves had to be stripped from the stems of the grains

"and corn In order to recover the required high fraction of the particles

lodged in these joins. A minimum of about 6 hours of drying at 1000 C

was needed to dry most of the larger plant samples to a constant weight.

Whole plant samples of matured cabbage and eared corn required at least

overnight heating to dry to a constant weight.

Because of the hygroscopic nature of the oven-dried plant material,

the dried plant material in the plastic containers was sealed upon re-
moval from the drying oven and weighed as soon as it cooled to room

temperature. The larger samples were transferred as rapidly as possible

to a 4-inch-diameter plastic container, and the weight was read on the

minimum of the second swing of the balance. The recorded weight there-

fore corresponded to the earliest measured weight before the balance

dial indicated a steady increase in sample weight due to absorption of

water vapor from the air. In extreme cases, weight gains of as much as

10 mg in the first minute after the initial weight recording were observed.

Usually, however, such gains in weight were observed only for samples
with a net weight of at least 5 to 10 gin.

Weight errors, in addition to the possibilit'- of a recorded over-

weight of the dry plant material due to moisture absorption, initially

included the contribution of particles not removed from the plant surfaces

in the washing procedure. However, when particles were observed on the
dried plant material, the sample was reprocessed.

The ceniza-arena particles tended to penetrate to the interior of

the b•rloy, rye, and wheat heads. They also penetrated between the

main stem or stalk and the leaf folds of the grains and corn. Because

of the rough exterior surfaces of these plants and the tightness of the

leaf folds about the fresh stems, it was impossible to remove all of the

"particles in a single washing step.

Therefore, after the first drying and weighing, the follar samples

of the cereal grains and corn were reprocessed. In the drying process,

the plant material contracted, and the nature of the surface of the

stalks and grains was altered; many particles that had adhered to the
green plant material readily fell Lo the bottom of the container during

drying. Others fell from the dried material when the container was

"tapped. However, to ensure a high fractional recovery of the particles

"when reprocessing, the dried leaves and stalks were crushed and shredded.
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This material was then floated on a layer of water in a tray; it floated
even after a thorough wetting. After most of the loosened particles had
settled to the bottom of the tray, the wetted broken stalks and chaff
were picked up on a coarse screen and sprayed with a fine, high-pressure
spray Jet to remove the final amount of adhering particles. Any remain-
ing grains, small pieces of stems, and chaff not removed with the coarse
screen were retained on a finer screen when the water containing the
particles was poured through the screen into the filtering apparatus.
The particles, after the filter paper was burned off in the furnace,
were cooled and added to those recovered in the initial washing. Only
occasional foliar samples of the vegetables required reprocessing.

The gross deposits of ceniza-arena were collected and measured as
described in Part One of this report. Continuous collections were made
during the nine-month period at both land plots with a collector mounted
on a post at a height of 6 feet. The tray was exchanged at the beginning
and end of each monthly sampling period. During one sampling period,
the tray on the post was exchanged at the same time as the one on the
ground (i.e., every time either background samples or other foliar samples
were taken).

The rain gauges were left in position during the nine-month period;
they were read upon arrival at each station and after each rain shower
if the station was manned. The time of rainfall during the monthly
sampling periods was always known to within an hour, and, for most rain-
washed samples, the time of rainfall was known to within a few minutes.

The relative humidity and temperature were only recorded during the
monthly sampling periods. The surface wind speed was recorded with the
anemometer head mounted at a height of 8 feet above the surface of the
ground. During several of the weathering experiments, wind measurements
were made at the height of the plants or at the height of the recording
anemometer with a calibrated hand-held anemometer. This Instrument was
also used at Stations 15 and 16 because recording anemometers were not
available.

The recording dew balance was used during the monthly sampling
periods as described in Part One of this report. During the dry season,
the underwater plastic collector pan and constant-head water container
were removed, and an aluminum foil collector pan was prepared and attached
to the balance arm. This greatly improved the sensitivity of the balance
for the detection of arrival time and rate of arrival of the ceniza-arena
particles. However, occasional difficulties In operation occurred when
the dew was very heavy and water drops from the entry port fell on the
collector pan, causing full-scale deflection of the balance arm. Views
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of several items of field equipment are shown in Figure 4. The relative

location of the field equipment and the crops at Plot No. 1 is shown In

Figure 5.

A plate collector was designed, constructed, and operated in the

field to obtain Information on the impaction coefficients of particles

with surfaces as required in the theoretical equations and as a basis

for extrapolating the measured foilar retention data to a variety of

wind speed, particle size, and collecting conditions other than those

that apply to the measurements. The collector plates consisted of

4-inch-diameter thin aluminum discs welded to 1/4-inch-diameter aluminum

rods that were 6 inches long. The assembled collector consisted of

seven plates mounted 8 inches apart on a 4-foot rod in such a way that

the plane of the plate was parallel to the rod but at angles of 0, 30,

60, 90, 120, 150, and 180 degrees from horizontal. The 4-foot rod was

mounted on a swivel bearing with a wind vane to keep the center plate

and rod perpendicular to the direction of the wind. Th& small rods

holding the plates were threaded to accept hex-nuts to facilitate

installation on and removal from the main rod. A view of the plate

collector is shown in Figure 6. Before installation, the plates were

greased by brushing both sides with a 50-50 mixture of petroleum jelly

and xylene; after the xylene evaporated, the plates were warmed until

the grease softened to form a smooth thin film over the plate.

The particles were recovered from the plate, each side separately,

by warming the plate and washing the grease and particles into beakers

with a thin stream of xylene from a plastic wash-bottle. The particles

were collected on filter oaper. After the filter paper was ashed In a

muffle furnace, the particles were cooled to room temperature and weighed

on an analytical balance.

The greased plates were transported between the laborattry and the

field in a dust-tight box. When a cloud of ceniza-arena appeared to

approach the land plot being manned, the plates were quickly mounted on

the main rod under cover (in the jeep or a rain shack) and installed on

a prepared post. The length of exposure of the plates, from time of
arrival of the particles to recovery of the sampler, was measured with

a stopwatch. The wind speed during the exposure was measured with the
hand-held anemometer mounted on an adjacent post at the same height

(8 feet) as the collector.

To obtain data on the plant growth rates, leaf sizes and areas,
and the fraction of the horizontal and vertical cross sections of a

plant covered by foliage and the angular aspects of the leaves of

various plants, photographs were taken of many of the plant specimens
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Figure 4

VIEWS OF FIELD EQUIPMENT

Grous
Collector

Rtecoriding Amnemonter and
Modified Dow Balance

M~odified Dow Bakwice
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Figure 5

GENERAL VIEW OF PLOT NO. 1

"I 2
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Figure 6

THE PLATE COLLECTOR
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In the field prior to sampling. A painted 18-inch ruled stick or

gridced paper was placed beside, behind, or under the specimens so that
absolute dimensions could be taken from slide projections cf the photo-

Sgraphs on a gridded screen or from printed phorograph-'. In the

lahbiratory, ohtline drawings of sampled leaves, stems, and fruit were

- made after the swnples were washed and the excess water had evaporated

from them at room tempnrature. The plant material was then dried and

weighed. The area of the outline drawings was determined with P

planimeter. In the later stages of the operation, these measurements
were facilitated by use of a Pentax copying camera and Copipod. With

this equipment, a large number uf area measurements were made by placing
the leaves, stems, and fxuit on grid paper prior to photographing them.

A method was improvised for harvesting the grain in order to obtain

an estimate of crop yiclds. Samples of the barley, oat, and wheat grains

ware taketi by clipping 100 heads of ebjh at randem while walking back

ind forth over the entire plot. The grain heads were oven-dried at

50 0C, placed in a polyethylene bag, and flailed with the bristle side of
a stiff brush. The thrashed material was passed over screens of

different mesh sizes to remove the stems, after which the chaff and

grain were collected in a 2-inch-deep enameled tray. The chaff was

then blown c.it of the tray by a blower made with a fan blade attached

Il to a drill press whose spindle speed was adjusted to effect a clean
separation of chaff and grain. The dried grain was then weighed.

The weight distributions of the ceniza-arena. particles recovered
from the tray collectors and foliar samples and the physical, chemical,

and magnetic properties of the particles were measured using the methods

described in Part One uf this report.
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RESULTS

Gross Deposits of CeiA.za-Arena

The measurements of ceniza-arena deposited at Plot Nos. 1 and 2 and

at Stations 13, 15, and 16 during the various sampling periods are

summarized in Table 3. The data include: (1) the sample number; (2) the

time that the sample was collected (i.e., the time at which the collec-

tor tray was recovered); (3) the time period, At, over which the tray

was exposed; (4) the weight of the particles per unit area, 6m, that

were deposited; (5) the average deposition rate, Am/At, during the

sampling period; and (6) the accumulated deposit weight, m, for the

sampling period. Data on the hourly deposition rates at the two land
plots, as derived from the modified dew balance charts, are summarized

in Appendix A.

The time-averaged deposition rates and accumulated ceniza-arena

deposits for the various sampling periods at the two land plots are

summarized in Table 4. The time variation of the average deposition

rates after May 31, 1964, is shown for each of the successive sampling
periods in Figure 7. The center line in the figure indicates that the

concentration of the particles in the clouds formed in the eruptions

decreased with a half-life of about 27 days (0.87 month). From mid-
June 1964 to mid-February 1965, the average hourly deposit rate

decreased by about a factor of 1,000. The deposit levels in February
were not sufficient for making foliar contamination measurements. Data
on the eruptive behavior of Volc~n Irazd during the entire operation
are given in Appendix A.

The relative amount of particles collected by collectors on the

posts (about 6-feet high) and those on the ground was found, as expected,

to depend on the wind speed during the collection of the particles. The

log of the ratio, tgn(post)/bu(ground), for the collections made during
the sampling period of June 15-20, 1964, is plotted as a function of

wind speed in Figure 8. The plots indicate that, even for a very slow

wind speed, the ratio did not become exactly equal to unity and that,

with surface wind speeds of 9 to 10 mi/hr, the post collectors only
collected about 50 percent of the particle weight deposited in the
ground collectors. This was probably due to a disturbance in the

airflow caused by the collector on the post. [
27
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Table 3

SUMMARY OF CENIZA-ARENA GROSS DEPOSITION MEASUR.EMENTS

Sample Time Collected At bm Lm/6t m

Number Day Hour (hours) (gm/sq ft) (gm/sq ft-hour) (gm/'sq ft)

Plot No. 1

14001 6/15 1156 2.93 5.140 1.76

14006a 6/15 1145 1.00 1.390 1.39 -

14007 6/15 1145 1.00 2.100 2.10 5.32

14011 6/16 0815 20.47 37.45 1.83 42.77

14027 6/16 0934 1.35 6.420 4,76 49.19

14028a 6/16 0934 1.32 4.708 3.57 -

14034 6/16 0956 2.47 13.820 5.59 -

14044 6/17 0836 21.03 90.10 4.29 139.29

14060 6/17 1226 3.83 6.095 1.59 145.39

14061a 6/17 1226 3.83 3.065 0.800 -

14077 6/18 0700 13.83 36.82 2.66 191.50

14078a 6/18 0700 13.83 34.29 2.48 -

14089 6/18 0925 2.42 18.59 7.88 210.09

14090a 6/18 0925 2.42 18.28 7.56 -

14105(RG)b 6/19 0840 22.92 44.40 1.94 254.49

141068 7/13 0955 551. 443.9 0.806 -

141107a 7/21 0740 190.0 36.92 0.194 -

14113 7/14 1008 1.68 0.132 0.0786 0.132

14118 7/14 1715 7.12 1.117 0.157 1.249

14119 7/15 0735 14.33 12.62 0.881 13.87

14133 7/15 1045 3.17 8.813 2.78 22.68

14138 7/15 1235 1.83 2.061 1.13 24.74

14147 7/15 1620 3.75 4.136 1.10 28.88

14166 7/17 0720 39.00 12.81 0.328 41.69

14176 7/18 0715 23.91 16.26 0.680 57.95

14176 7/20 0800 48.75 2.911 0.0597 60.86

14192 7/21 0740 23.67 18.36 0.775 79.22

a Samples collected at post height

b HG designstes samples recovered from the rain gauge
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Table 3 (continued)

Sample Time Collected L~t amAMA
Number Da Hour (hours) (gm/sq ft) (gm/sq ft-hout-) (R2/sq ft)A

Plt o.I cntnud)4

14193 a;;;0;53 487*.~5 1999 0TE408
149a 8/15 1000 114.50 57.10 0.499

115 8/10 0700 22.73 1.5143 0.7726 81.513

129 8/11 11072 0.42 0.1038 0.3887 98166
142165 8/15 1000 2.58 0.2499 0.616 81.96

1439/11 0700 42.59.0743 57 4020.102

14271 8/14 0815 23.258 19.112 0.822 81.112
14290 8/35 0830 2.2,5 05.1424 2.0277 24.531

143269 9/2 1250 42.3 3 1.366 0.3152 250

14324 9/3 1345 0.92 0.8422 0.915 26.444
14335 9/4 0910 19.42 16.092 0.829 42.536

14354 a 10/3 0915 576.0 55.980 0,0970

14355a 10/12 1445 221.5 2.2967 0.0104
14356 10/4 1515 30.0 0.4120 0.0137 0.4120
14388 10/6 0615 39.0 1.0061 0.0258 1.4181
14390 10/6 1235 6.33 1.1808 0.1870 2.5989
14443 10/6 1825 5.83 1.1465 0.1970 3.7454
14468 10/8 1220 41.92 0,2565 0.0061 4.0019

a Samples collected at post height
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Table 3 (continued)

Sample Time Collected At am tm/Lt

Number t Hour (hours) (gm/sq ft) (J!"q ft-hour) (_g/sq ft)

Plot No. 1 (concluded)

1449,a 11/6 1050 596.0 7.189 0.0121

14448b 11/6 1050 693.5 11.504 0.0167

14496' 11/13 0615 163.4 1.673 0.01025 -

14497 11/9 0720 68.5 0,7634 0.0112 0.7634
14523 11/9 1320 6.0 0.2591 0.0432 1.0225

14548 11/10 0735 18.25 0.4164 0.0228 1.4389

14547 11/13 0615 70.3 1.3Z63 0.0189 2.7652

14571a 12/1 0800 433.8 15.695 0.0362 -

14572a 12/10 0715 215.25 0.6101 0.00283 -

14573 12/2 0900 25.0 0.2996 0.0120 0.2996
14591 12/3 1620 31.33 0.2762 0.00882 0.-758
14613 12/4 0715 14.92 0.1192 0.00797 0.E*950

14642 12/4 1830 11.25 0.2832 0.0252 0.9782

14645 12/6 1720 46.83 0.1237 0.00258 1.0989

14648 12/9 0655 61.58 0.4657 0.00756 1 5646

14654 12/10 0715 24.33 0.0580 0.00238 1.6226

1465 5 a 1/6 0800 649.0 2.3521 0.00362 -

14656a 1/17 1130 267.50 3.9797 0.0149 -

14657 1/7 1605 32.08 0.1329 0.00414 0.1329

14689 1/7 1700 0.92 0,1576 0.171 0.2905

14690 1/10 1800 73.00 1.6632 0.0228 1.9537

14708 1/11 0700 13.00 0.3556 0.0274 2.3093

14722 1/12 0900 26.00 0.9575 0.0368 3.2668

14728 1/15 1530 78.50 0.4286 0.00546 3.6954

14738 1/16 0600 14.50 2.3144 0.160 6.0098

14751 1/16 1200 6.00 1.6228 0.270 7.6326

14767 1/17 1130 23.50 0,0214 0.00091 7.6540

14796a 2/8 1100 527.5 2.3262 0.00441 -

1 4 7 9 7 a 2/23 0800 357.0 0.1390 0.000389 -

14798 2/23 0800 357.0 discarded -

a Samples collected at post height

b Samples collected at ground level during the same period as the

post collector
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Table 3 (continued)

Sample Time Collected &t m &=/At aNumber D Hour (hours) (_gn/sq ft) (gm/_, ft .q It)

Plot No. 2

06001 6/17 0956 41.01 10.93 0.267 10.93
0 6 0 0 2 a 6/17 0956 41.01 6.805 0.166 ,06003 6/18 0550 19.90 13.68 0.688 24.61
0 6 0 0 4 a 6/18 0550 19.90 12.50 0.628 _06023 6/19 0940 27.83 33.30 1.20 57.91
06024a 6/19 0940 27.83 J1.59 1.14

06044a 7/14 1330 577. 202.3 0,350 -06055 7/15 0850 19.33 6.420 0.332 6.42006056 7/15 1510 6.33 2.842 0.448 9.26306079 7/16 1755 26.75 11.90 0.445 21.1606088 7/19 1500 69.08 29.32 0.423 50,4806089 7/21 0945 42.75 2.110 0.0493 52.59

06090) 8/10 0945 480.0 45.62 0.095006091 8/16 0945 144.00 22.24 0.154 _

06092 8/10 1145 2.00 0.8367 0.418 0.8367
06107 8/11 0725 19.67 4,342 0,221 5.179

06129 8/12 0640 23.25 14.81 0.637 19.9906135 8/12 1310 6.50 1.886 0.290 21.8806146 8/12 1735 4.42 1,442 0.326 23.3206163 8/13 0800 14-42 7,716 0.535 31.0306183 8/16 0950 73.83 6.862 0.0929 37.90

06192a 9/3 1515 437.5 48.608 0.11106 1 9 3 a 9/8 1540 120.42 44.745 0.37206194 9/4 0645 15.50 7.690 0.496 7.69006228 9/4 1100 4.25 0.5091 0.120 8.19900239 9/6 1520 52.33 7.287 0.139 15.48606259 9/7 0650 15.50 5.845 0.377 21.331
06260 9/8 1520 32.50 28.218 0.868 49.549

a Samples collected at post height
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Table 3 (continued)

Sample Time Collected Lt Am MM/At m
Number Day Hour (hours) (gm/sq ft) (gm/sq ft-hour) (gm/sq ft)

t.

Plot No. 2 (continued)

06280a 10/3 1345 598,0 15,668 0.0262 -

0 6 2 8 1a 10/12 1145 214.0 0.8558 0.00400 -

06282 10/7 1145 94.0 1,0565 0.0112 1.0565

06295 10/11 1430 98.75 0.2770 0.00281 1.3335

06317a 11/6 1430 603.0 15.073 0.0250 -
06313b 11/6 1430 624.0 17.038 0.0273 -

06318a 11/13 0650 160.5 1.412 0.00880 -

06319 11/9 0905 66.5 0,4869 0.00732 0.4869
06335 11/13 0650 93.8 1.7546 0.0187 2.2415

06354a 12/1 1300 438.0 8.123 0.0185 -

06355a 12/10 0900 116.50P 1,4180 0.0122 -

06356 12/4 1015 C9.25 0.3446 0.00498 0.3446
06380 12/5 0830 22.25 0.5145 0.0231 0.8592

06398 12/5 1230 4.00 0.1799 0.0450 1.0391

06409 12/6 1600 27.50 0.7018 0.0255 1.7409
06418 12/7 0750 15.83 0.2256 0.0143 1.9665
06431 12/8 0700 23.17 0.3398 0.0147 2.3063

06437 12/8 1230 5.50 0.1545 0.0281 2.4608
06460 12/9 0750 19.33 0.1067 0.00552 2.5675
06472 12/10 0900 25.17 0.3688 0.0147 2.9363

06473a 1/6 1400 653.0 13.628 0.0209
06474a 1/13 1115 165.25 5.0410 0.0305 -

06475 1/7 1025 20.42 0.7982 0.0391 0.7982
06504 1/7 1135 1.17 0.3512 0.300 1.1494

06519 1/7 1315 1.67 0.4331 0.259 1.5825

06520 1/8 0800 18.75 1.2536 0.0668 2.8361
06522 1/8 1300 5.00 0.5248 0.105 3.3609
06542 1/9 0730 18.50 2.1056 0.114 5.4665

a Samples collected at post height
b Samples collected at ground level during the same period as the post

collector

eCollected from 12/5, 1230; earlier collection lost in cyclone wind
which dislocated the tray 32
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Table 3 (concluded)

Sample Time Collected Lt LM •/
1

t as
Number _aj Hour (hours) (gm/sq ft) (g!/sq ft-hour) (gm/sq ft)

Plot No. 2 (concluded)

06573 1/10 1630 33.00 1.0239 0.0310 6.4904
06594 1/11 0800 15.50 0.9571 0.0617 7.4475
06604 1/12 0800 24.00 0.3624 0.0151 7.8099
06637 1/13 1115 27.25 0.6614 0.0243 8.4713

0 6 6 5 2 a 2/9 1400 651.0 12.834 O.0197 -

06653a 2/22 1030 308.5 0.1831 0.000594 -
06654 2/18 0930 211.5 0.3968 0. 001B 0.3968
06696 2/22 1030 97.0 --0.0 --0.0 0.3968

Station 13

13502 12/13 0730 18.00 1.6821 0.0934 1.6821
13503 12/13 0740 0.167 0.8968 5.38 2.5789
13509 12/13 1610 8.50 0.2245 0.0264 2.8034
13510 12/14 0800 15.83 2.4778 0.157 5.2812

Station 15

15001 1/14 1400 21.50 1.9599 0.0912 1.9599
15016 1/15 0715 17.25 0.8221 0.0477 2.7820
15036 1/15 1735 10.33 0.7724 0.0748 3.5544
15050 1/16 0630 12.92 0.8421 0.0652 4.3965

15051 1/16 1700 10.50 0.2340 0.0223 4.6305

15067 2/9 1700 24.50 0.4940 0.0202 0.4940
15069 2/16 0845 159.75 0.7188 0.00450 1.2128
15070 2/23 0715 166.50 -0.0 --0.0 1.2128

Station 16

16000 2/9 0730 17.00 0.6228 0.0366 0.6228
16005 2/11 0800 48.00 0.0(discard) - 0.6228
16017 2/15 1530 103.50 0.2574 0.00249 0.8802
16027 2/16 0830 17.00 0.6248 0.0268 1.5050
16028 2/16 1400 5.50 0.1598 0.0291 1.6648
16029 2/22 1600 146.00 -0.0 -04.0 1.6848

a Samples collected at post helght 3



Table 4

SUMMARY OF TIME-AVERAGED DEPOSITION RATES
AND ACCUMULATED CENIZA-AREOA DEPOSITS

BY SAMPLING PERIOD AT THE TWO LAND PLOTS

*aa
S amplitng &Ile~ &V bm/at m

Period (gm/sq ft) /q ) Cm*/a (gm/sq ft-hr) (gm/sq ft)

Plot No. I

6/15- 6/20 ( 2 6,5. 2 )b 300.09 0,882 2.48 300
6/20- 7/13 443.9 ( 6 5 9 )b 0.674c 1.19 959

7/14- 7/21 36.92 79.22 0.466 0.47 1,038
7/21- 8/10 198.99 (342) 0.582c 0.71 1,380
8/10- 8/15 57.10 81.96 0.697 0.72 1,462
8/15- 9/2 43.57 (63) 0.694c 0.15 1,525
9/2 - 9/9 52.76 76.19 0.692 0.45 1,601

9/9 -10/3 55.96 (88) 0.633c 0.15 1,689
10/3 -10/10 2.297 4.002 0.574 0.021 1,693
10/10-11/6 7.189 11.504 0.625 0.017 1,705
11/6 -11/13 1.673 2.765 0.605 0.017 1,708
11/13-12/1 15.70 (32) 0.490c 0.073 1,740

12/1 -12/10 0.610 1.623 0.376 0.0075 1,742
12/10- 1/6 2.352 (5.2) 0.448c 0.0081 1,747
1/6 - 1/17 3.980 7.654 0.520 0.029 1,755
1/17- 2/8 2.326 (5.1) 0.456c 0.0096 1,760
2/8 - 2/23 0.139 (0.354) 0.393 0.00098 1,761

Plot No. 2

6/15- 6/20 ( 6 0 . 7 )b 69.07 0.879 0.60 69
6/20- 7/14 202.3 ( 2 9 3 )b 0.690c 0.51 362

7/14- 7/20 - 52.59 - 0.32 415

7/20- 8/10 45.62 (84) 0.544c 0.17 499
8/10- 8/16 22.24 37.90 0.587 0.26 537
8/16- 9/3 48.61 (65) 0.745c 0.14 602

9/3 - 9/8 44.74 49.55 0.903 0.41 652
9/8 -10/3 15.67 (20) O.772€ 0.042 672

10/3 -10/12 0.856 1.334 0.642 0.0069 673
10/12-11/6 15.07 17.04 0.884 0.027 690
11/6 -11/13 1.412 2.242 0.630 0.014 692

11/13-12/1 8.123 (15) 0.556c 0.033 707
12/1 -12/10 1.418 2.936 0.483 0.014 710
12/10- 1/6 13.63 (25) 0O 539c 0.039 735

1/6 - 1/13 5.041 8.471 0.595 0.051 743
1/13- 2/9 12.83 (24) O.528c 0.038 767
2/9 - 2/22 0.183 0.397 0.461 0.0013 768

a Amt represents deposit at post height
b Values In parentheses are calculated from the Interpolated Am'/Am values
o Interpolated values
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Figure 7
TIME VARIATION OF AVERAGE GROUND DEPOSITION RATES
AT THE TWO LAND PLOTSII
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Figure 8
DEPENDENCE OF RATIO OF POST COLLECTION TO GROUND COLLECTION
ON AVERAGE WIND SPEED DURING DEPOSITION
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Si

The average diurnal variation in the relative hourly deposition

rates at the two land plots is illustrated by the percentages of the

daily deposits that fell during each hour, as su.narized in Table 5.

(Note that the average hourly deposit percentage for each day is 100/24

or 4.17.) During the rainy season, when the volcano was still quite

active, some deposit occurred at both land plots during every hour of at

least one of the days during the sampling periods. During the dry

season, no deposit occurred during several hours of every day during

the sampling periods. For the four months of the rainy season, the

heaviest deposits occurred most often between midafternoon and midnight.

For 'he two months of the dry season, the heaviest deposits occurred

most often between midnight and midmorning.

The hourly deposition rates were derived from correlations between

data read from the charts of the modified dew-balance, as shown in

Figure 9, and the gross collector data. With the water-submerged

collector tray that was used during the rainy season, the calibration

factor varied to some degree froA one sampling series to another due to

hold-up of particles on the cylindrical plastic liner that extended

from the entry port down to near the water tray. For the aluminum foil

collector pans used under dry climatic conditions, the average calibra-

tion factor was 1.05 grams per scale unit.

Meteorological Parameters

The meteorological parameters that were measured continuously during

the sampling periods at the two land plots were: (1) surface air temper-

ature; (2) relative humidity; (3) rainfall; and (4) wind speed at 8 ft

above ground level. The observed data are summarized in Appendix B.

In addition, measurements of wind speed at various locations on the land

plots and other stations were made with a standardized hand-held

anemometer.

A summary of the observed data on the surface air temperature and

relative humidity at the two land plots during the sampling periods is

given in Table 6. At Plot No. 1, the maximum surface air temperature

for each day was generally between 75 and 807F during the rainy season

and the dry season; however, during the rainy season this maximum

generally occurred between about 1000 and 1100, whereas during the dry

season, it occurred at about 0900. The minimum temperature for each

day was between 53 and 59°F, and it occurred most frequently between

0400 and 0500 during the rainy season and at about 0300 during the dry

37 *
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season. The average daily mean temperature was between 63 and 700F. On

the average, the relative humidity was greater than 90 percent after

about 1530 during the rainy season and after about 1630 during the dry

season (neglecting periods of rainfall during the early part of the

day). The relative humidity usually decreased rapidly soon after sun-

rise. During the rainy season, the relative humidity was greater than

90 percent (defined as damp conditions) about 15 to 18 hours of each day;

the longest periods under continuous damp conditions occurred in August.

During the dry months, the relative humidity generally remained greater

than 90 percent for 14 to 15 hours each day. The daily minimum relative

humidity was usually between 50 and 70 percent, and the minimum was

higher during the rainy season than during the dry season. As would be

expected, the minimum in the relative humidity coincided on most days

with the time at which the maximum temperature occurred.

At Plot No. 2, the daily maximum surface air temperature generally

was between 70 and 80°F, occurring between 1100 and 1200. The daily

minimum temperature was about 55 F during the rainy season and near
50oF during the dry season. The average daily mean temperature was

between 60 and 650F. Relative humidities greater than 90 percent

persisted for periods of 15 to 17 hours each day during the rainy

season and for 13 to 14 hours during the dry season.

Thus, the climatic conditions at the two plots were quite similar

except that the surface air temperature usually was a few degrees lower
at Plot No. 2, and the humidity during the dry season was somewhat

lower.

The average daily rainfall at the two land plots during the sampling

periods is summarized in Table 7. The rainy season in Costa Rica, which

usually begins in late May and ends in mid-November, has two periods of

rather heavy rainfall. As indicated by the data in Table 7, the first

period has a peak rainfall rate between mid-June and mid-July, and the

second period has a peak rainfall rate between mid-September and mid-
October. The rains during these periods come from the Pacific Ocean.

In November and December, the occasional rains usually come from the

Caribbean Ocean.

As previously mentioned, the diurnal pattern of the rain showers

during the rainy season is that showers ordinarily occur somewhere in
the valley between about 1100 and 1800; the occurrence of showers after

sundown is very infrequent. At sunrise, the sky is usually clear, but,

shortly after 0800, the cloud cover starts building up and the sky is
usually completely overcast by the tine the rain showers start. After
November, the occasional showers from the Caribbean Ocean occur at any

43
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Table 7

AVERAGE DAILY RAINFALL AT ThE TWO LAND PLO7S

Sampling At Rainfall Average Rate

Period (days) (inches) (inches/day)

Plot No. 1

6/14- 6/19 4.72 3.32 0.703

7/13- 7/21 7.94 7.64 0.962

8/10- 8/17 6.83 2.02 0.296

9/2 - 9/3 7.04 3.91 0.555

10/3 -10/13 9.98 7.75 0.776

11/9 -11/13 3.65 0.04 0.011

12/1 -12/9 7.96 0.87 0.109
12/9 - 1/6 28.08 0.17 0.006

1/6 - 1/17 11.17 0.24 0.021

Plot No. 2

6/14- 6/19 4.73 1.69 0.357

7/13- 7/21 7.96 9.74 1.224

8/10- 8/17 6.96 2.16 0.310

9/2 - 9/8 6.01 3.19 0.531

10/3 -10/13 9.72 7.11 0.731

11/7 -11/13 5.87 1.37 0.233

12/1 -12/9 8.19 0.65 0.079
12/9 - 1/6 28.14 0.36 0.013

1/6 - 1/13 8.75 0.03 0.003
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hour of the day without any apparent diurnal frequency pattern.

The heavy rains in late June and through mid-July, with a daily
rainfall rate of almost 1 inch per day, in combination with a few hours
of sunshine each day did not favor good growth of many of the planted
vegetables, especially the corn. The leaves of the lower growing plants
under these conditions were susceptible to the growth of mildew and

other fungi.

The avenage hourly wind speeds at the two land plots f or each
sampling period are summarized in Table 8. The wind speed was always
higher at Plot No. 1 than at Plot No. 2 because the former was situated
in the path of the airflow through a pass in the mountain chain between
the central valley and the Caribbean side of the country. This airflow,
at ground level was generally from the north-northeast or northeast,
whereas the general flow of the upper air was from the east. However,
during the rainy season, the upper winds were from the southeast until
the late afternoon hours when the rain showers ceased.

The diurnal variation in the wind speeds described below persisted
throughout the whole operation. The speeds were generally low during
the night and perhaps lowest in the hours just before sunrise. After
sunrise, terrain heating caused the surface winds to pick up. These
surface winds often were westerly, with the air flowing up the mountain-
sides in countercurrent with the easterly flow of the upper winds. As
the cloud cover built up, clouds could be seen moving in all directions
at a given tine.

The peak surface wind speeds usually occurred near midday. At Plot
No. 1ý the peak average hourly wind speed occurred between 1130 and 1230
on 27 percent of the days of observation. At Plot No. 2, the peak
average hourly wind speed occurred between 1230 and 1330 on 31 percent
of the days of observation. The median frequency of the daily peak In
the average hourly wind speed occurred at about 1200 for Plot No. 1 and
at about 1300 for Plot No. 2. During the 44 days of observation from
June 15, 1964 through January 17, 1965, the maximum average hourly wind
speed never occurred before 0900 or after 1600 at Plot No. I and never
before 1000 or after 1700 at Plot No. 2. Thus, in general, the diurnal
pattern of the wind speeds at Plot No. 2 was similar to that at plot No.
1, except for a time lag of about one hour.

The surface wind speeds generally decreased during the afternoon
hours and reached the average lower nighttime speeds by about 1800.

An example of the wind speed charts is shown in Figure 10 in which
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__________________



14

0 -4L

C'l

N4 -4NMV )C

9A w
Gi

430

I--

46C

. . .. . ...



(0 0 000c

3 03

f- -

NM

r-V

1-0

co 01 .) 1
30-1 01 C . . .

CD

C; C4 0;C 4 C ; ;C ;

.0 00

.4

t* -4 M~lcI 40 ' M 04 W W 0 ýV 00O r 4C
00 0 0 0 V; CIC C- 00 0 0 0

N 
D9* "I

C.'- 0200 0 r 4 0 r o 4t r 0 ý QC N V40 r4 0 m 8 C

4 .. .4 M- 'T t Cl 0 0 0 ý C4 0) Cl in Cl r-0 a * c)



Figurq 10

WIND SPEED CHART FOR JANUARY 9, 1965 AT PLOT NO. 1
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the Rustrak recorder traces are reproduced for January 9, 1965 at Plot

No. 1. The average hourly wind spccds were obtained from the charts by

reading the centroid of the points for each 15-minute interval, taking

the average of four consecutive readings, and tabulating these averages

for each hour of the day.

The average wind speeds for each set of foliar samples or ground-

collected gross samples of ceniza-arena were calculated by weighting

the average hourly wind speeds by the hourly deposition rates; these
average wind speeds are given by

O, = ) (W"tit)ivitt (11)

wi
i

where

(W'Lt)O is the deposition rate for the ith hour

v is the corrected average hourly wind speed (v
is the average hourly wind speed as deter-

mined from the anemometer charts)

6t is I hour or fraction thereof at the beginning
or end of a sampling run

and

A im is the total deposit for a set of sanples.

The average wind speed for weathering periods was calculated from

-0
V = (l/t)0 viAt (12)

where t is the time of exposure of the foliar samples to wind-weathering
for a set of weathered samples starting with the time at which the
primary samples were taken.

Measurements of the wind speeds that were made occasionally with
the calibrated hand-held anemometer (this anemometer was always mounted
on a rod or post when in use) to obtain calibration data for the recor-

ding anemometers are summarized In Table 9. The average wind speed,

measured over the time interval, At, with the hand-held anemometer is
designated _o and the average wind speed read from the recording

Vw
anemometer charts for the same time interval is designated v . (Thew
latter is the same as v where the time interval Is 1 hour -. d the time

starts at 30 minutes beiore a given hour of the day.)
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TabiL 9

SUMMARY OF WIND SPEED MEASUREMENTS WITH THE HANDý-HELD ANMIOBETER
AT A HEIGHT OF 3 FEET AND THE vO/-v RATIOS

w w

End Time A 
-Date (hour) (min) (ml/hr) (mi/ hr) w w

Plot No. 1

9/7 0941 20 7.8 5.8 1.34
9/7 0957 14 8.7 8.0 1.09
9/7 1005 7 9.9 9.9 1.00
9/7 1011 5 9.0 9.10 1.00
9/7 1028 16 9.0 8.6 1.05
9/7 1038 7 8.3 7.1 1.17
9/7 1107 28 9.6 9.2 1.04
9/7 1029 19 9.16 9.0 1.07
9/7 1136 6 10.4 9.8 1.06

10/4 1636 2 1.1 >0.0 -

104 1640 3 0.89 >0.0 -

10/4 1651 10 0.84 >0.0 -

10/4 1657 4 1.2 >O.0 -

10/4 1703 5 1.6 >13.0 -

10/4 1712 9 1.4 >10.0 -

10/4 1726 13 0.91 >0.0 -

10/4 1728 1 0.95 >0.0 -

10/4 1730 1 0.93 >0.0 -

10/4 1734 2 1.9 >10.0 -

10/4 1738 3 3.4 >0.0 -

10/4 1740 1 2.6 >0.0 -

10/6 0650 33 3.7 0.9 4.11
10/6 0728 2 4.5 >0.0 -

10/6 0730 2 4.4 >0.0 -

10/6 0740 10 3.8 0.5 7.60
10/6 0754 13 4.1 0.3 13.7
10/6 0811 16 2.6 0.2 13.0
10/6 0823 11 2.ý 0.2 10.8
10/6 0840 16 1.5 2.4 0.62
10/6 0851 10 7.7 3.9 1.97
10/6 0858 6 6.7 2.8 2.39
10/6 0905 6 7.7 4.3 1.79
10/6 0915 10 7.9 5.7 1.38
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Table 9 (continued)

End Time 
vt V

Date (hour) (min) (mi/hr) (mi/hr) w v

Plot No. 1 (continued)

10/6 0952 27 5.5 5.1 1.0810/6 0957 2 9.1 6.4 1.42
10/6 0959 2 9.2 6.0 1.53
10/6 1131 11 6.6 3.8 1.74
10/6 1142 10 6.5 4.4 1.48
10/6 1159 16 6.6 5.9 1.12
10/6 1211 11 8.3 6.6 1.26
10/6 1222 10 6.6 4.7 1.40
10/6 1243 20 8.1 5.7 1.42
10/6 1257 13 9.8 6.9 1.42
10/6 1325 27 10.4 8.4 1.24
10/6 1337 11 10.2 8.7 1.17
10/6 1344 6 10.7 8.8 1.22
10/6 1347 2 8.7 7.4 1.88
10/6 0730 6 0 a 4.0 1.2 3.32
10/6 0830 60a 2.5 0.6 4.1810/6 0930 6 0 a 6.2 4.4 1.41
10/6 1030 6 0 a 7.1 5.9 1.21
10/6 1130 6 0 a 6.8 4.9 1.38
10/6 1230 60a 7.1 5.2 1.37
10/6 1330 6 0 a 9.6 7.5 1.28

12/2 0740 3 9.6 6.2 1.54"
12/2 0743 3 9.6 6.5 1.47:2/2 0800 17 7.6 5.9 1.29
12/2 0814 13 8.8 6.4 1.38
12/2 0828 12 6.5 5.4 1.21
12/2 0900 30 9.1 7.6 1.20
12/2 0922 18 9.8 8.4 1.16
12/2 0935 13 9.2 8.5 1.08

1?/3 0920 15 8.0 7.6 1.05
12/3 0936 15 8.9 7.9 1.13
12/3 0952 15 8.5 7.5 1.14

a Based on average hourly wind speeds
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Table 9 (concluded)

End Time 4t v/. vw o0v /V
Date (hour) (min) (mi/hr) (mi/hr) w w

Plot No. I (concluded)

12/3 1008 15 9.4 8.4 1.12
12/3 1023 15 10.0 9.4 1.06
12/3 1039 16 10.4 9.5 1.09
12/3 1046 7 9.1 8.6 1.06
12/3 1108 15 10.4 9.9 1.05
12/3 1130 15 10.8 10.0 1.08
12/3 1145 15 9.4 8.9 1.06

12/3 1200 15 10.2 9.4 1.08
12/3 1210 10 10.2 9.5 1.07

12/4 0800 6.33 3.2 1.1 2.95
12/4 0815 15 6.9 - -

12/4 0832 15 9.8 - -
12/4 0848 15 10.2 - -

12/5 0706 15 7.1 - -
12/5 0725 19 6.2 - -

12/5 0740 15 6.3 5.4 1.16

12/9 0702 15 2.7 1.0 2.66

12/9 0710 8 6.2 3.8 1.64

*1 Plot No. 2

1/7 1120 30 5.2 2.8 1.86

2/9 1345 15 11.7 8.3 1.41
2/9 1401 15 10.6 7.8 1.36

* 2/9 1431 30 9.7 6.6 1.47

2/9 1501 30 10.0 6.3 1.58
2/9 1531 30 7.4 4.2 1.75

2/10 0800 30 3.6 1.6 2.22
2/10 0830 30 4.7 2.2 2.13
2/10 0900 30 5.8 3.3 1.77
2/10 0930 30 6.3 3.8 1.66
2/10 1000 30 8.8 4.6 1.91
2/10 1030 30 8.1 5.4 1.50
2/10 1100 30 6.2 3.6 1.72
2/10 1115 15 9.1 6.0 1.51
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The wind speed measurements given in Table 9 for October 4 show that
a wind speed of about 2 mi/hr was required to overcome the inertia of
the anemometer and start it rotating. Except for the nighttime calm
conditions, which were initially assigned a wind speed of 0.3 mi/hr

(see Appendix B), wind gusts greater than 2 mi/hr usually occurred
within any time interval exceeding 5 minutes. These gusts would be
recorded and could be taken Into account in the wind speed averages, so
that chart-read average wind speeds of less than 2 mi/hr were possible

for any interval of time. When a gust of wind started the anemometer,
winds with speeds less than 2 mi/hr would keep it spinning for some

period of time. Subsequent measurements of the drift speed of smoke
puffs under calm conditions (no anemometer movement) gave average sur-
face wind speeds nearer 0.7 mi/hr than 0.3 mi/hr.

The l /V ratios from Table 9 are shown as a function of v in
w w 0 w

Figure 11. The values of v in Equations 11 and 12 are determined

from (0o/V )v where 0 /i is read from the curve in Figure 11. The
ratios. indicate that t e recording anemometer chart readings (as

averages over time intervals up to 1 hour) did not indicate the same
average wind speed as that obtained from the calibrated hand-held
anemometer until the wind speed was about 12 mi/hr or greater. The
limit of application of the curve in Figure 11 for correcting the
average chart readings is set at a 1 (or v ) value of 1 mi/hr since,
to obtain an average speed of 1 mi/hr, the anemometer would be spinning

most of the time. Tabulated corresponding values of v and o takenw w
from the curve are as follows:

-O - -Ovv v v
w w w w

(mi/hr) (mi/hr) (mi/hr) (mi/hr)

0.5 2.9 7.0 8.6

1.0 3.4 7.5 9.0

1.5 3.9 8.0 9.3
2.0 4.4 8.5 9.6

2.5 4.9 9.0 9.8
3.0 5.4 9.5 10.2

3.5 5.9 10.0 10.5
4.0 6.3 10.5 10.8
4.5 6.7 11.0 11.2

5.0 7.2 11.5 11.7

5.5 7.6 12.0 l' I
6.0 8.0 12.5 12.6

6.5 8.3 13.0 13.0
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Figure I1
WIND SPEED CORRECTION CURVE FOR RECORDING ANEMOMETER
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The recording nen.iometer height of 8 it was selected to minimize the

effect of the plants and ground on the observed wind speeds. The effect

of the plants on the wind speed is illustrated by a set of measurements
of the wind speed at the height of several plant species6 as summarized

in Table 10. The average value of V (h)/V°(h ), where (h) is the wind

speed measured with the calibrated anemofieter at the height of the cereal

grains in the center of the subplots and !°(h ) is the corrected average
w O

wind speed read from the recording anemometer charts, was 0.55. The

wind speeds measured at the height of the cereal grains appear to be

independent of the height of the measurement above ground level. The

data indicate that the wind speeds at the locations where the falling

particles first impact with the vegetation are between 0.5 to 0.6 of the

speeds riaasured at the height of 8 ft.

Plate Collector Measurements

Twenty-two sets of plate collector measurements were r-ade during the

sampling periods from July 1964 through January 1965. The exposure

period for the sets ranged from 6 minutes to about 8 hours, but most of

the exposures were for less than 1 hour. Except for two overnight

exposuresthe average wind speed during the exposure was measured with

the calibrated hand-held anemometer, and the exposure time was measured

with a calibrated stopwatch. The weight measurements of the particles

recovered from the plates and the exposure times for each set are

summarized in Table 11. The plate deposit densities, corrected for

background dust, and the average wind speed during the exposure period

are given in Table 12. The average deposit density of the background

dust was determined from tihe collections on the bottom or back side of

the plates set at 0, 90, 120, 150, and iqO degrees; if the weight of the

particles on the protected side of the plates set at 30 and 60 degrees

was equal to or less than the largest background weight on the five

other plates, it was also included in the average. The data from three
sets for three different wind speeds are plotted in Figure 12. None of
the curves can be represented or approximated by a sine function as

might be described by Equation 4 with a constant value for the impaction

coefficient.

The particles recovered from most of the plate collector sets were

sieve-analyzed to determine the weight distributions. The samples re-

covered from each plate were sieve-analyzed separately when the samples
were large enough to do so; the results for these plates are summarized

in Table 13. The single plate data show that the distributions varied

to some extent from one plate to another; however, no pattern of
variation in the shape of the distribution curves with plate angle or

with size of sample is readily apparent from the data.

55. . . . . _ K



... .. ...

Thble 10

WIND SPED MEASURMNTS AT PLANT HEIGHTS: PiOT NO. 1

End (h= ;11he) vw,(h.) ;-,h/P(.
Date Time (min) (mi/hr) (mi/hr) (

1. Wheat

(h = IS inches)

7/14 0922 1 3.7 6.7 0.55

7/14 0924 1 3.1 6.3 0.49

7/14 0926 1 3.7 6.5 0.57

7/14 0932 1 4.0 7.2 0.56

2. Wheat

(h = 16 inches)

7/14 0944 10 2.9 6.7 0.43

7/14 0955 10 3.8 6.3 0.60

7/14 1016 20 4.2 8.0 0.52

7/14 1037 20 3.8 7.2 0.53

3. Bean
(h - 14 inches)

7/14 1049 10 5.0 8,1 0.62

4. Wheat

(h = 18 inches)

7/15 1120 10 4.2 7.6 0.55

7/15 1146 2 3.6 6.7 0.54

7/15 1158 10 4.2 7.6 0.55

7/15 1236 37 4.2 7.2 0.58

5. Rye

(h = 6 inches)

7/18 0835 12 4.2 8.0 0.52

7/18 0848 12 4.2 7.6 0.55

7/16 0904 15 3.6 7.2 0.50

7/18 0925 20 4.2 8.0 0.52

--• . | || II
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Table 10 (concluded) 1
End ;to() v(

Date Time A~n) (mnt'hr) (mi/hr) 0______

6. Wheat

(h =21 inches)

7/18 0945 17 4.8 8.3 0.58

7/18 1011 25 4.7 7.2 0.65

7/18 1022 10 4.4 8.0 0.55

7/18 1138 75 4.6 8.0 0.58

II
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Figure I?

VARIATION OF PLATE COLLECTOR DEPOSITS WITH PLATE ANGLE
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Table 13

WEIGHT DISTRIBUTION OF PARTICLES RECOVERED FROM THE PLATE COLLECTOR

(SINGLE PLATE)
Accumulated Weight Distribution

Plate in Percent

Set Angle (particle diameter in microns) d a

Number (degrees) 46 105 250 >250 (microns) (mg)

0,180 7.69 69.2 89.7 100 85 10.4

30 Nil 83.3 100 - (90) 4.5

60 29.3 87.8 100 - 60 20.4

90 19.0 84.8 98,4 100 67 24.6

120 10.5 79.0 100 - 76 24.9

150 15.5 81.7 97.2 100 71 12.3

2 0,180 44.3 85.7 97 100 51 22.0

30 35.8 97.4 100 - 53 24.2

60 42.2 97.0 100 - 50 43.9

90 42.4 95.2 100 - 50 62.8

120 39.8 96.0 100 - 51 58.3

150 53 6 97.9 100 - 44 31.1

4 0,180 28.6 98.3 100 - 55 35.0

30 26.8 95.1 100 - 58 15.1

60 22.4 97.0 100 - 58 9.5

90 21.3 94.7 100 - 60 9.7

120 24.8 99.4 100 - 55 18.3

150 25.4 98.2 100 - 56 21.2

5 0,180 37.7 99.1 100 - 50 26.4

30 32.6 95.6 100 - 55 6.8

60 37.1 98.6 100 - 51 9.3

90 32.4 100.0 - (50) 13.2

120 34.5 100.0 - - (49) 21.1

150 35.1 98.8 100 - 52 20.7

6 0,180 39.4 82.3 100 - 56 2374.0

30 42.9 84.5 100 - 52 245.0

60 52.4 94.0 100 - 44 496.4

90 37.2 83.4 100 - 57 2049.6

120 35.2 77.0 100 - 62 2662.8

150 33.7 79.5 100 - 61 2380.4

a Assuming a log normal weight distribution for diaueters between about

30 and 105 microns; values in parentheses are estimated values
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Table 13 (continued)

Accumulated *eight Distribution
1-late in Percent

Set Angle (particle diameter in microns) doa w
Number (degrees) 46 105 250 >250 (microns) (ug)

7 0,180 43.7 92.3 100 - 50 76.4
30 42.3 91.9 100 - 51 28.6
60 34.7 91.6 100 - 55 13.4
90 43.3 96.7 100 - 50 8.5

120 40.8 98.5 100 - 50 28.6
150 41.6 90.3 100 - 52 43.3

8 0,180 41.0 80.4 100 - 55 36.5
30 37.5 95.8 100 - 51 7.6
60 50.0 98.0 100 - 46 8.3
90 55.9 89.5 100 - 41 31.5

120 46.8 81.4 100 - 49 50.3
150 48.6 80.9 100 - 48 42.3

9 0,180 60.4 89.8 100 - 37 23.7
30 46.0 96.0 100 - 48 7.1
60 61.4 94.3 100 - 41 18.3
90 59.7 90.6 100 - 38 46.0

120 55.7 88.4 100 - 41 56.1
150 60.6 88.3 100 - 36 29.9

10 0,180 31.8 77.3 100 - 63 9.4
30 44.4 88.9 100 - 50 2.4
60 36.9 80.0 100 - 58 8.4
90 61.9 78.8 100 - 28 24.5

120 38.0 75.1 100 - 60 34.5
150 35.6 74.3 100 - 62 13.4

11 0,180 27.9 76.7 100 - 66 6.6
30 29.4 94.1 100 - 57 4.9
60 40.7 89.8 100 - 52 14.0

90 41.5 83.8 100 - 54 35.9
120 39.2 81.4 100 - 56 27.5
180 40.0 83.8 100 - 55 9.7

12 0,180 21.1 95.2 100 - 60 i6.6
30 9.68 90.3 100 - 70 4.4
60 21.0 95.2 100 - 60 2.7

a Assuming a log normal weight distribution for diameters between about
30 and 105 microns; values in parentheses are estimated values

•. 66

--- ..- -
S.i. . -.--.- ~ . . . .



Table 13 (concluded)

Accumulated Weight Distribution

Plate in Percent

Set Angle (particle diameter in microns) d 5 0 a w

Number (degrees) 46 105 250 >250 (micros )

12 90 24.7 97.3 100 - 57 5.4

120 8.33 95.8 100 - 66 12.1

150 32.9 97.3 100 - 54 11.7

13 0,180 30.1 84.9 98.6 100 60 7.3

30 13.6 81.8 100 - 72 4.3

60 34.2 89.6 99.3 100 54 7.3

90 41,2 87.8 100 - 53 18.2

120 33.3 86.0 100 - 58 16.2

150 36.2 87.2 100 - 56 8.3

(particle diameter in microns)

44 88 175 295 >295

14 60 18.5 93.8 99.9 100 - 57 9.2

90 30.8 100 - - - -,A8 11.4

120 17.1 92.7 97.6 100 - 58 9.9

15 60 39.6 89.2 100 - - 50 19.3
90 27.5 84.1 100 - - 57 28.8

120 42.2 85.3 99.5 100 - 49 26.8

16 60 38.7 83.1 90.9 94.6 100 51 23.9

17 0,180 47.1 91.5 98.5 99.3 100 46 209.2

30 36.9 84.7 95.2 97.0 100 52 43.0

60 44.4 93.4 96.8 98.5 100 47 55.9

90 44.2 93.5 99.1 99.3 100 47 146.5
120 44.8 90.4 99.1 99.5 100 47 212.9

150 40.6 79.0 87.6 99.4 100 52 194.4

18 0,180 28.6 73.8 96.3 97.5 100 61 88.5

30 23.8 74.6 100 - - 62 20.4

60 31.5 81.6 94.5 96.6 100 56 43.3

90 30.3 90.7 98.8 98.7 100 53 93.4

120 27.9 78.3 99.3 99.8 100 59 123.0

150 28.9 73.9 98.0 98.9 100 61 95.3

22 0 36.0 60.0 87.3 98.6 100 67 65.7

150 39.6 60.3 84.9 99.0 100 63 135.7

a Assuming a log normal weight distribution for diameters between about

30 and 105 microns; values in parentheses are estimated values
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The data for the gross weight distribution of the particles recovered

from all the plater In all sets except Set No. 19 are summarized in

Table 14; weight distribution curves of the particles recovered from the

plates in several sample sets are shown in Figure 13. The values of

dmin• d 5 o, and dmax given in Table 14 for the particles from all the

staple sets were estimated from distribution curves that were constructed
similarly to those shown In Figure 13. Even though the curves differ

greatly from each other, the median diameter for the particles from all

the sets is near 50 microns.

The shape of most of the weight distribution curves, as shown by

those for Set Non. 3, 14, and 16, indicates the presence of two distri-

butions in the sieved sample. The second distribution was presumably

formed during the sieve analysis by the breakage of agglomerated particles

into their basic soil or mineral grain sizes. As a first approximation,

the curves indicate that, for Set No. 3, about 80 percent of the weight

was in the form of agglomerated particles and, for Set Nos. 14 and 16,

about 99 percent of the weight arrived on the plates in the form of

agglomerated particles.

Thus, the median diameter of the particles obtained from the sieve

analysis probably reveals only the median diameter of the original soil

grains that were ejected from the volcano and not the diameter of the

larger agglomerated particles that impacted on the plate collectors. In

most cases, the median diameters of the failing particles probably varied

from about 100 to 1,000 microns, rather than from about 40 to 70 microns

as shown by the data In Table 14.

During the exposure of four sets of plates, simultaneous collections

of ceniza-arena were made at ground level. The surface density of the

deposit collected in the trays and that for the plates at angles of 0 and

180 degrees is as follows:

fl t
+, (gm/sq tt)

Set Plate at Plate at

Number fray 0 Degrees 180 Degrees

1 0.132 0.0190 0.0350
3 0.104 0.0367 0.0377

4 0.151 0.167 0.211

5 0.159 0.138 0.143
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For Set Nos. 1 and 3, the surface density of particles on the hori-
zortal plates was one-third or less of the density of particles collected

In the tray. For Set Nos. 4 and 5, the surface density of particles on
the plates was within about 10 percent of the density of the tray collec-
tion. The wind speeds, from Table 12, were 6.0 and 8.5 ft/sec for Set

Nos. I and 3 and 1.9 and 2.3 ft/sec for Set Nos. 4 and 5, respectively.

Thus, relative to the ground level collection by the tray, the collecting
efficiency of the horizontal plates decreased as the wind speed increased.

Plant and Foliar Contamination Data

Plant and foliar contamination data are given in Tables 15, 16 and 17

for the vegetables, cereal grains, and trees, respectively. Information

on the date, time, climatic conditions, and sample type for each set of

foliar samples is given in Appendix C; data on plant age, dry weight,

planting (or foliar) surface density, and the background (or Co  ) values
PHNl

for the various types of plants are also summarized in Appendix C.

Carrelations of these sets of data, including the effect of wind
speed during deposition on the contamination factors and the effect of

the wind and rain on removal of the particles from the foliage during

weathering periods, are given in Part Three of this report.

General observations of the contamination behavior of the ceniza-

arena particles under various conditions of deposition and of the major
events that occurred during the sampling periods are presented in

Appendix D as excerpts from the various trip itineraries. In addition,
the general condition of the plants and the difficulties that occurred

while obtaining the samples and data are described in Appendix D; some of

the latter are summarized below.

In the field, certain difficulties were encountered in the spray-
washing of some plants in order to obtain a high degree of removal of

all the repidual ceniza-arena and dust particles with the portable high-

pressure spraying equipment. The plant parts most difficult to clean

included barley heads, wheat heads, rye heads, and stalks of all the
cereal grains and corn, because the particles tended to sift into the

leaf" folds around the stems and into the interior parts of the grain
heads. A similar difficulty occurred in the laboratory, where complete
removal of the particles from the samples was not readily accomplished;
this difficulty was resolved by reprocessing the dried foliage until the

desired high fraction of particle recovery was achieved.
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Table 15

SUMMARY OF PLANT AND FOLIAR CONTAMINATION DATA FOR VEGETABLES

Notations

Sample Numbers: 14,000's for Plot No. 1

06,000's for Plot No. 2

B Background deposit remaining on washed specimens of foliage
m or plant

P Primary samples (short-period exposure or unweathered

depositions representing initial contamination levels);
2P--samples with two successive primary depositions

S Secondary samples (long-period exposure representing weathering

effects, multiple depositions, etc.)

0 Original unwashed specimens (except for rain and wind cleaning

to date of sampling)

R Weathering by rain (SR, secondary sample, washed by rain)

W Weathering by wind (SW, secondary sample, exposed to wind)

SWR Secondary samples, weathered by wind and then by rain

W Dry weight of foliage (gm)
L

6m Dry weight of ceniza-arena retained on the foliage (Q-m)
L

C Foliar concentration of ceniza-arena, WL/6% (gm/gm)S~p

Am Dry weight of ceniza-arena deposited per unit area of

ground surface (gm/sq ft)

mC C corrected for background (gm/gm)
P P

SaL Contamination factor, C°Am (sq ft/gm)
p

#3t
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Table 16

SUMARY OF PLANT AND FOLIAR CONTAMINATION DATA Fltj CEREAL GRAINS

Sample Numbers: 14,000's for Plot No. I

06,000's for Plot No, 2

B Background deposit remaining on washed specimens of foliage
or plant

P Primary samples (short-period exposure or unweathered depositions
representing initial contamination levels); 2P--samples with two
successive primary depositions

S Secornary samples (long-period exposure representing weathering
effects, multiple depositions, etc.)

0 Original unwashed specimens (except for rain and wind cleaning
to date of sampling)

R Weathering by rain (SR, secondary sample, washed by rain)

W Weathering by wind (SW, secondary sample, exposed to wind)

SWR Secondary samples, weathered by wind and then by rain

WL Dry weight of foliage (gin)

AmL Dry weight of ceniza-arena retained on the foliage (gin)

C Foliar concentration of ceniza-arena, W L/Am (gm/gm)
p L L

Am Dry weight of ceniza-arena deposited per unit area of
ground surface (gm/sq ft)

C C corrected for background (gm/gm)P P

SContamination factor, C°/bm (sq ft/gm)
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Table 17

SLKAAY OF PLANT AND FOLIAR CONTAMINATION DATA

FOR TREE LEAVES, NEEDLES, AND TWIGS

Notations

Sample Numbers: 14,000's f.-- Plot No. 1

06,000's for Plot No. 2

"13,000's for Station 3 km above Rancho Redondo

15,000's for Station I km below Rancho Redondo

16,000's for Station 1 km above Rancho Redondo

B Backgrourd deposit remaining on washed specimens of foliage
or plant

P Primary samples (short-period exposure or unweathered depositions
representing initial contamination levels); 2P--samples with
two successive primary depositions

S Secondary samples (long-period exposure representing weathering
effects, multiple depositions, etc.)

0 Original unwashed specimens (except for rain and wind cleaning
to date of sampling)

R Weathering by rain (SR, secondary sample, washed by rain)

W Weathering by wind (SW, secondary sample, exp.,sed to wind)

SWR Secondary samples, weathered by wind and then by rain

WL Dry weight of foliage (gin)

AmL Dry weight of cenisa-arena retained on the foliage (gin)

C Foliar concentration of Zenlza-arena, WL/"mL (gm/gm)

Am Dry weight of ceniza-arena deposited per unit area of
ground surface (gm/sq it)

C C corrected for background (gm/gm)
p p

a Contamination factor, C 0/am (sq ft/gm)
L p
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The low air temperatures at the altitude of the land plots and the

short period of sunshine each day resulted in very slow germination of

seeds and slow growth rates of many of the vegetables, and, as previously

noted, the damp conditions were favorable to the growth of mildew and

molds and to rotting. In addition, the growth of many plants was

adversely affected by occasional showers of ceniza-arena particles that

carried sufficient quantities of sulfuric acid or sulfate salts to burn
the foliage. Single showers of such particles killed entire bean crops

and burned the corn leaves to a uniform gray color. Large squash plants

so affected died within a few days. Tomato leaves were easily burned at

their edges and tips; the burned edges first dried and became brittle,
but within a few days, under damp conditions, the dead tissue became soft

and rotted. The tips of the onion foliage were burned, but otherwise the

onion foliage did not retain enough particles to seriously affect the

growth of the plants. (The acidic solution would run down the stems to

the ground rather than concentrate in place on the foliage as the water
evaporated, as was the case for the other leafy plants.) The oat and rye

foliage was less sensitive to burn than was the wheat and barley (the
latter wai most sensitive) foliage: all the grains suffered leaf-tip burns

to some degree. Cabbage was never affected by acid burn.

The acidic ceniza-arena showers apparently developed from eruptions

that procluced white-colored steam (plus sulfur oxide) clouds. When such

an eruption was followed closely by one that produced a dark particle

cloud, and the two became mixed, the particles were apparently wetted by
the acidic water drops and carried larger than usual amounts of sulfuric

acid on their surfaces.

The severest burn condition on the plants resulted when the acid-

carrying particles landed on the foliage during the night or early morning

hours when the foliage was damp with dew. The acid then dissolved into
the dew and spread more or less uniformly over the whole top surface of

each contaminated leaf. When the temperature increased after sunrise, the

water rapidly evaporated; in the process, the acidic salts were concen-

trated on the surface of the leaves, and, as dryness approached, the
acidic salts dehydrated and burned the leaves.

Tree and Greased Disc Collector Contamination Data

Some contamination data were obtained on six different types of

trees--avocado, camphor, grapefruit, juniper, laurel, and pine. Greased

disc collector data were obtained for only one of the two pine trees

and for a laurel tree. The general conditions under whicn the contami-

nation Uata for the camphor, grapefruit, laurel, and pine trees were
obtained are briefly discussed below.
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The foliar samples frcr the camphor tree were usually taken from two

or three locations on the tree canopy. One of these was an exposed lo-

cation on the northeast side of the tree at a height of 9 to 11 feet

from the ground; the second was an exposed location on the southwest

side of the tree at a similar height; and the third was a shielded

location on the southeast to southwest side of the tree at a height of

5 to 7 feet, The tree was about 12 feet tall, with the lower branches,

or bottom of the canopy, at a height of 5 feet; the width, or diameter

of the canopy (maximum at mid-height of the canopy) was about 6 feet;

and the trunk diameter at 3 feet was about 3.5 inches.

The contamination factors obtained from the samples taken at a given

time from both the exposed and the protected locations can be used to

evaluate the F(w ) parameter of Equation 3. If a uniform density of
L

foliage between the two sampling locations Is assumed, the decrease in

F(w ) or a , with distance parallel to the average fall trajectory ofL L
the particles, should approximately be given by

F(w L) = e-Br (13)

where r is the distance from an exposed exterior location to a protected

(interior or exterior) location along the line of fall of the particles

through the canopy. For the camphor tree data, the true value of r is

not readily determined; however, because the direction of fall through

the canopy usually was approximately in the direction of the line between

one of the exposed sampling locations and the protected location, the

geometric distance, r',was used as the estimate of r in the treatment of

the data. The corresponding value of B for this approximation of r is

then $"

The computed values of F(w ) and • for the camphor tree are
L"summarijed in Table 18; the averaged datl indicate that 0' values of

0.2 ft for damp conditions and 0.1 ft for dry conditions would give

satisfactory representations of the observed results. The dependence

of the value of a (or B') on wind speed is discussed in Part Three of

this report,

The foliar samples for the composite grapefruit tree (see Figure 14)

were all single leaves taken from selected sections or branches of the

tree for a single contamination and weathering sequence. In the se-

quence, 243 leaf samples were taken. The number distribution of the

aL values are shown in Figure 15 for the P, PW, and SW samples.

The averaged values of the contamination factors and the median values

taken from Figure 14 are summarized as follows:
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Table 18

CCMPUTED VALUES OF F(wL) AND FOR THE CAMPHOR TREE

Sample Sample Type

Number F(wL) r and Conditions

06383-1,3/06381-1,3 0.185 6 0.281 S, damp and dry

06397-1,3/06395-1,3 0.341 6 0.179 P, damp

06397-1,3/06395-1,3 0.252 6 0.230 S, damp and dry
06429-1,3/06430-1,3 0.351 6 0.175 P, damp
06450-1,3/06449-1,3 0.432 6 0.140 P, damp

06517-1,3/06518-1,3 0.579 5 0.110 P, dry

06540-1,3/06541-1,3 0.879 4 0.0322 P, dry

06592-1,3/06593-1,3 0.653 3 0.143 S, damp

06592-1,3/06593-1,3 0.931 3 0.0 2 3 8 a P, damp

Average: 0.191 Damp conditions

Average: 0.0711 Dry conditions

a Not used in calculating the average
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Number L a L(50)

Type of Sample of Leaves (sq ft/gm) (sq ft/gin)

Primary 121 0.0171 0.020
Primary, Wind Weathered 63 0.0108 0.022
Secondary, Wind Weathered 59 0.00650 0.0070

The frequency peaks in the a distribution curves were 0.020 toL
0.030 sq ft/gm for the P samples, 0.010 to 0.015 sq ft,/gm for the PW
samples, and 0.003 to 0.004 and 0.010 to 0.015 sq ft/gm (two peaks)

for the SW samples- As the weathering progressed, the distributions
tended to smooth out.

After the sampling series was completed, all the leaves were re-
moved from the tree, counted, washed, dried, and weighed. The total
number of leaves, including those taken as foliar samples, was 1,344;
their total dry weight was 438.46 gm (gross average of 0.326 gm/leaf).
Further analysis of the data on the grapefruit tree leaves regarding
location and orientation is given in Part Three of this report.

The laurel tree specimen was about 15-feet tall; the surface of the
leaves, after cleaning, was smooth and glossy. The newer leaves were
V-shaped and curved from tip to stem: the angular orientation of the
leaves ranged from near horizontal to vertical. Several sets of greased
disc (2-inch-diameter) collector data were obtained on the cortamination
of the foliage of this tree.

Sampling location F(w ) values from the several sets of contamina-L
tion factor data on the laurel tree are summarized in Table 19 as a
function of the direction of the 5ampling location from the center of
the tree and the height of the sample location on the periphery of the
canopy (i.e., top, center or bottom). The F(w ) value of the sample

with the largest aL value was taken as unity for each set of samples; in
all sets except one, the highest a value was found for a sample near

L
the top of the tree canopy. The lowest F(wL) value for the primaryi- samples usually occurred for the leaves or twigs taken from the bottom
of the canopy opposite the direction of arrival of the shower or tor the
samples taken from the bottom center of the canopy. The average value
of F(w ) for all the leaf (plus twig) samples taken from the periphery
of the laurel tree was 0.421. The F(w ) values for similar types of

samples taken at random throughout the tree canopy were 0.259 and C.480
for Set Nos. 4 and 5, respectively.

The variation in the contamination factor with direction around the
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Table 19

SUMMARY OF PERIPHERAL SAMPLING LOCATION F(wL) VALUES

FOR LAUREL TREE LEAVES AN) TWIGS

D)irection of Sample Location from Center of Tree Sample Type

N E Centera _S W Average and Condition

Set No. 1

Top 0.255 0.028 0.521 0,135 1.000 0.388 S, semidamp

Bottom 0.227 0.140 0,354 0.454 0.585 0.352

Average 0.241 0.084 0.438 0.294 0.792 0.370

Set No. 2

Top 1.000 0.738 0.5345 0.683 0,312 0.683 P, damp

Bottom 0.190 0,523 - 0.122 0.020 0,214

Average 0.595 0.630 - 0,402 0.166 0.448

Set No. 3

Top 0.412 1.000 0.933 0.876 0.380 0.702 P, dry

Center - 0.424b - - 0 . 4 8 0 b -

Bottom 0.156 0.391 0.035 0.379 0.156 0.223

Average 0.284 0.696 0.484 0.628 0,268 0.472

Set No. 4

Top 0.606 0.127 0.420 0,419 I.CO0 0.514 P, damp

Bottom 0.313 0.070 0,087 0.150 0,361 0.196

Average 0.,60 0.098 0.254 0.284 0.680 0.355

Set No. 5

Top 0.714 0.69% 0.882 0.847 1.000 0.828 2P, damp

Bottom 0.335 0.288 0.088 0,343 0.372 0.285

Average 0.524 0.492 0.485 0.595 0.686 0,556

Set No. 6

Top 0.103 0.305 - 0.204 0,098 0.178 S, dry

Center 0,269 1.000 - 0.387 0.241 0.474

Bottom - - 0.295b - -

Average 0.186 0.652 - 0.296 0.170 0.326

a Protected loc-ations around the bottom of the canopy

b Not used in taking averages
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periphery of the center of the tree canopy for horizontal leaves is
shown in Figure 16. This set of data (corresponding to Set No. 5 of

Table 19) shows that two major depo•siLinus occurred--one from the east

(93 degrees) and one from the north (351 degrees). The lowest F(wL)
value for the set is 0.0903; this value occurred at an azimuth of
162 degrees, which is almost 180 degrees from the direction of the leaf

sample with the largest rL value. The integrated average value O f.
for the horizorntsl peripheral leaves (center of canopy) was about 2.5
times larger than the al obtained for the leaves taken at random through-
out the canopy.

Data on the locations and contamination levels of the 2-inch-diameter
horizontal greased discs that were mounted on the two X-rods in the
laurel tree are given in Tables 20 and 21. The contamination data are
plotted as a function of the distance from the X-rod centers in Figures
17 through 21; estimates of the disc contamination contours in the planes
of the X-rods are given in Figures 22 and 23 for Runs DIl, D2 and D4.

The Run DI samples were contaminated by a dense ceniza-arena shower
that lasted about 5 minutes. An initial set of discs had been exposed

for almost 8 hours and had only collected a few scattered particles on
the grease film; these discs were in the process of being replaced with
clean ones when the shower occurred. All the original discs had been
removed, and only the discs on the north, south, and east sections of
the top X-rod had been replaced when the shower started. After the
shower, these discs were recovered, and new clean discs were put on the
lower X-rod to obtain weathering information during the night, The re-
maining supply of clean prepared discs was only sufficient for one
X-rod, since the few extra clean discs for the top X-rod were contami-
nated in their open carrying case when the shower took place. A second
shower occurred a few minutes after the team left the station, but it
was then too dark to attempt the recovery of the second set of discs;

they were recovered shortly after sunrise the following morning.

The disc contamination data for Run ul correspond to the leaf
contamination data of Set No. 3 in TAble 19; both sets of data show that
the shower came from an easterly direction (see Figure 22). The disc

contamination data for Run D2 correspond to the leaf contamination data
of Set No. 4 in Table 19. The leaf contamination data indicate that
the second shower came from the west or northwest (also see Figure 16Ifor the directions of these two showers); the lobe of the Run D2 contours
in Figure 22 also indicates a northwesterly direction, but the highest
air concentrations at the protected locations near the bottom of the
canopy, as represented by the disc contamination data, are shown for the
downwind stde of the tree (east to south).

11(9
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Table 2D

DISC CONTAMINATION DATA VOR THE LAUREL TREE:
RUNS DI, D2, AND D3

bd rd Expos-ure 
ft)S(d~egrees) (ft) Condition ffin DI Run D2 Pun D3

Thp X-rod
0.20 E 0.752 

-

0.89 E 0.723 _ 0.07231.62 E 1.037 - 0.106
2.21 pp 0.7413 _ O.09132.75 pp 0.543 _
3.29 EO 0.656,0.690 _ O.106,0.0964

95 1.05 p 0.767 0.106

1.72 pp 1.128 0.11
2.18 pp O.907 0.0868
2.67 p 0.931 0.0868
3.66 p 0.256 

0. GC820
185 2.13 P 0.781 

-0.0964
2.44 pp O.477 

O.09163.08 09 0.868
BOO 0.8203.76 EO 0.844 010C20

0,0916
0.92 pp - 0.14o
1.77 p - 0.10
2.72 pp 

- 0.1013.64 -O _ - 0.116- 0.116,0. I1I

Bottom X-rod
70 0.52 p _ 0.270 0,0916

0.98 p - O.2]7 0.07721.66 p - 0.207 0.0916
2.21 p _ 0,212 0.125
2.85 E 0.2506 0.149
3.77 BO 0.559 0.1354

160 0.38 p - 0.183 0.135

0.95 p 
- 0.227 0.145

. 51 p 0.260 0.1162.31 p 0.227 0.154
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Table 20 (concluried)

0 d rd Exposure (gm/sq ft)

(degrees) (ft) Condition Run DI Run D2 Run D3

jBottom X-rod (concluded)

S160 3.07 PP - 0.357 0.159
0.387 EO 0.521,0.564 0.125,0.101

250 0.52 P - 0.246 0.0916

1.02 p - 0.251 0.0964

1.51 PP - 0.284 0.0916

2.30 EO - 0.376,0.342 0.106,0.0916

340 0.10 P - 0.217 0.0868

0.59 PP - 0.212 0.101

1.49 P - 0.280 0.0868

2.07 P - 0.188 0.0916

2.66 PP - 0.231 0.0723

3.48 EO - 0.347,0.429 0.0964,0.0820

Notes:

Run Dl: Recovered 1/15, 1745; At 0.083 hrs; 6m (tray) 0.7724 gm/sq ft

Run D2: Recovered 1/16, 0630; At 12.50 hrs; Am (tray) = 0.8421 gm/sq ft

Run D3: Recovered 1/16, 1655; At 7.83 hrs; Am (tray) = 0.0

E: Disc exposed from above and to the sides

0: Disc outside of tree canopy
P: Disc protected by leaves (top and all sides)

PP: Disc partially protected by leaves (top and at least one side)

ad: Azimuth of the arm of the X-rod on which the discs were mounted

rd: Distance from the center of the X-rod to the point where the

disc was located

192
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Table 21

DISC CONTAMINATION DATA FOR THE LAUREL TREE: RUN D4

LAmd

ed rd Exposure (gm/sq ft)
(degrees) (ft) Condition Run D4

Top X-rod

13 0.31 P 0.454

0.80 PP 0.665

1.71 PP 0.608

2.30 E 0.771

2.89 Pp 0.698

3.71 EO 0.836

103 0.49 P 0.449

1.52 PP 0.624

2.07 E 0.703

2.71 E 0.744

3.64 EO 0.756

193 0.74 P 0.448

I.31 P 0,520

2.11 Pp 0.602

2.86 PP 0.609

283 0.33 P 0.553

0.79 PP 0.627

1.82 PP 0.686

2.32 P 0.597

2.83 E 0.607

3.60 BO 0,882,0.650

Bottom X-rod

6 0.20 p 0.511

0.89 p 0.546

1.62 P 0.475

2.21 PP 0.6?5

2.76 PP 0.6A
3.03 EO (-,958,0.756

96 0.85 P 0.504

1.92 P 0.538

2.97 pp 0.693
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Table 21 (concluded)

Lmd

d rd Exposure (gm/sq ft)
(degrees) (ft) Condiion Run L)4

Bottom X-rod (concluded)

96 3.87 EO 0,754

3.92 EO 0,776

186 0.48 P 0.503

2.12 P 0,527
2.67 P 0,472
3.08 PP 0.569

3.74 EO 0.640,0.694

276 0.59 P 0,525

1.28 P 0.598
2.18 PP 0.612

3.13 EO 0.652

Notes!

Run D4: Recovered 2/16, 0900; at- 3 hrs; Am(tray) = 0.7188 gm/eq ft

E: Disc exposed from above and to the sides

0: Disc outside of tree canopy
P: Disc protected by leaves (top and all sides)

PP: Disc partially protected by leaves (top and at least one side)

Od! Azimuth of the arm of the X-rod on which the discs were mounted

rd: Distance from the center of the X-rod to the point where the
disc was located
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Figure 22

DISC CONTAMINATION CONTOURS (ESTIMATED)
FOR THE LAUREL TREE: RUNS DI AND D2
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Figure 23
DISC CONTAMINATION CONTOURS (ESTIMATED)
FOR THE LAUREL TREE: RUN D4

4 PERIPHERY OF

= -V

PLANE OF TOP X-ROD

-. 4.
CONTOURS IN gm/sq ft

4
PERIPHERY OF
CANOPY

2
o a-

0 0

2 0N 5 ~ /

PLANE OF
BOTTOM X4AOD '--

4
4 2 0 2 4

rd

201

i



Run D3 was a weathering experiment following the second shower,

since very little ceniza-arena was deposited during the exposure period.
The date giveii in Figure 19 show very little variation in the deposits

on the discs, although the discs to the south and west of the X-rod

centers were contaminated to levels as much as 50 percent higher than
the average (0.104 gm/sq it). The average wind-weathering factor, cp•,

during the same period for the random leaf samples was 0.513; this lops
of particles from the leaves was undoubtedly the main source of the

partfcles collected by the discs,

The disc contamination data for Run D-4 correspond to the leaf con-

tamination data of Set No. 6 in Table 19. The leaf contamination data

indicate that the shower came from the east, whereas the disc contamina-

tion data indicate a more northerly direction; however, the contours

from the disc data include variable effects of leaf shielding and

probably are not as reliable an indicator of the direction of the
shower as are the peripheral leaf samples.

Data on the weight distributions of the ceniza-arena particles

recovered from all the discs used in Rm.ns Dl, D2 and D4, as determined

from the sieve analysis, are summarized in Table 22. The d. Thr the

ceniza-arena collected in the trays at ground level at the same L,.3

are included for comparison. In all three runs, the median size of the

particles recovered from the discs is about the same as that af the

particles recovered from the tray, buit the distributions for the disc

samples are somewhat broader than they are for the tray samples, with
larger percentages of both smaller and larger particles.

The tree, Pine-i, shown in Figure 24, was about 7.5 feet tall; it

was purchased as a Christmas tree but instead was set in position at

Station 13 to obtain contamination data. In the only good foliar

contaminat ion experiment, an observed F(w L) value as low as 0.16 was

obtained. In this experiment, a plastic sheet was placed on the ground
around the tree. The deposit on the sheet Jid not show a tree shadow

of decreased deposit on the downwind side; rather, the deposit on the
downwind side was somewhat larger than on the upwind side, probably due
to disturbance of the windflow by the tree. In another experiment with

two X-rods in place, a cow appeared on the scene just as preparations
were being made to recover the discs and to take foliar samples; she

walked across the plastic sheet, brushed against the tree, and went on

her way. Some of the discs were knocked off the X-rods in the process;

the tree was shaken, spoiling the deposit for foliar sampling (and some

additional particles probably fell on the remaining discs)
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Table 22

SUMMARY OF' CEN IZA-ARENA SIEVE ANALYSIS MEASUREMENTS

FOR THE LAUREL WREE DISC CONTAMINATION RUNS

Disc Contamination Runs

Accumulated Weight Distribution in Percent
Sample -(particle diameter In microns) d5
Type 10 44 88 175 295 >295 (microns)

Run D1

Tray 2.7 33.2 77.7 99.7 100 - 60
Discs - 36.6 58.9 88.3 99.4 100 72

Run D2

Tray 2.0 25.4 71.4 99.7 100 - 68

Discs - 35.3 71.6 97.2 99.2 100 60

Run D4

Tray 1.3 25.9 77.0 99.3 99.9 100 62
Discs 3.5 33.0 80.4 99.4 99.8 100 58

203



Figure 24

VIEW OF PINE-I IN POSITION AT STATION 13
If

mMm
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The disc contamination data from the cow-disturbed experiment ire

given in Table 23; they are plotted as a function of distance from the

center of the X-rod in Figure 25. The estimated locations of the con-

tours for the disc contamination levels in the planes of the two X-rods

are plotted In Figure 26. If it is assumed that the low deposit levels

to the south of the tree trunk were due to shielding by the trunk, the

deposit came irom the north, The deposit density on the more exposed

discs near the periphery of the tree was very near to that of the tray

collector.

Pine-2, shown in Figure 27, was a fairly large tree located at

Station 16. Two sets of foliar contamination data were obtained on the

tree; the F(w ) values for samples (needles plus twigs) taken aroundL
the periphery of the tree from the lower one-third of the canopy are

given in Table 24 (Set No. 2m consisted of meristem samples). The data

of Set No. 2 were obtained from Pine-2 for the same ceniza-Lrena shower

that contaminated the grapefruit and the juniper. The F(wd) values are

plotted as a function of the azimuth from the center of the tree,
in Figure 28. The data show significant shielding effects for the pine

tree wý; L w ) values as low as 0.04 across the diameter of the canopy.

One experimental check was made cAwpa-ing the collecting ?fficiency

of the 2-incth-diameter discs with that :t the tray collector near ground

level. A set of five discs were placed on branches of a dead tree at
Station 16 at heights ranging from 10 to 12 feet. The recovered weights

of ceniza-arena were as follows:

Disc 3n
Number (gin sq ft)

1 1.101

2 0.844
3 0.887

4 0.770

5 0.Q0

The average value of Am for the set Is 0.884 + 0.088 (9.9 percent)
gm/sq it; the deposit density for the tray collection was 0.882 gm/sq ft.

This agreement indicates that the wind speed must have been low during

the particle shower because surface density of the particles deposited
on the small discs was within about 10 percent of that for the large

collector at ground level.
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Table 23

DISC CONTAMINATION DATA FCR PINE-1

. d rrd Exposure Lmd(--grees) (ft) Condition sq ft)

"Top X-rod
(h -4.5 it)

90 1.25 PP 1.951

180 0.50 p 1.403
1.00 P 1.403
1.50 pp 1.824

270 0.83 pp 2.119
1.25 E 2.212
1.67 EO 2.085
2.00 o0 2.058

Bottom X-rod

(h 2.0 ft)

0 0.83 pp 2.418
2.08 pp 2.123

90 0.67 p 2.400
1.25 pp 2.418
2.33 pp 2.829

180 0.33 p 1.833
1.00 p 2.119
1.67 p 2.175

270 0.75 p 2.460
1.67 pp 2.722

a Height of tree 7.5 ft

Notes:

Run Dl: Recovered 12/14, 0830; At ý 0.15 hr; Lin (tray) 2.7023 gm/sq ftE: Disc exposed from above and to the sides
0: Disc outside of tree canopy
P: Disc protected by needles (top and all sides)

PP: Disc partially protected by needles (top and at least one side)ad: Azimuth of the arm of the X-rod on which the discs were mountedrd. Distance from the center of the X-rod to the point where the
disc was located
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Figure 25
CONTAMINATION OF DISCS IN PINE-1
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Figure 26

DISC CONTAMINATION CONTOURS (ESTIMATED) FOR PINE-I
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Table 24

SUMMAARY OF PERIPHERAL SAMPLING LOCATION~
F(wL) VALUES FOR PINE-2 TWIGS

OrF (WL)
(degrees) Set No. 1 Set No. 2 Set No. 2m

0 0.282 0.067 0.384
45 0.061 -

90 0.061 0.098 0.268
160 0,039 -

180 0.106 i..r00 1.000
200 0,127 -

225 0.186 -

270 1.000 0.304 0.485
340 0.802 -

j [1

__- __- __------__- __--n



Figure 28
VARIATION OF PERIPHERAL F(w1 ) VALUES FOR PINE-2 TWIGS
AS A FUNCTION OF Or
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Personne) Contamination

Because of the press of work in obtaining and processing the foliar

samples, only 26 measurements of personnel contamination were made.

The results are summarized in Table 25. In all cases, the contamination

* events took place while the project members were working in the open

(moving about, taking samples, preparing plant specimfens for sampling,

changing collectors, or standing still). A small fraction of the

exposure time was spent in the jeep writing field notes and labeling

and packaging samples. In all but one case, the exposure period ended

when the project members entered the jeep station wagon, closed the

windows, and proceeded to the laboratory In San Jose where the ceniza-

arena particles were removed, collected, and prepared for weighing.

The personnel contamination factur for any part of the body or

clothes is defined by

ah -Wh L'Vn (14)

where Aw. is the weight in grams of the particles retained (in terms of
n

the weights recovered by various removal methods) and AMi is the weight
in gm/sq ft of the particles deposited on a horizontal surface during

the exposure period.

No attempts were made to remove the particles from any part of the

body or clothing during the exposure periods or to stay in positions

where the deposits would be minimized or naximized (some normal move-

ments were restrained whereby the hair or other exposed part of the body

was not touched during the period). However, the resulting higher a h
values for the shorter exposure periods indicate that particles were

removed during the course of normal activities in the field.

Most of the sample descriptions given in Table 25 should be

sufficient definitions of the part of the body from which the particles

were recovered and the method of recovery. A few designations may

require further clarification. For example, the designation, hair,

includes all hair on the top of the head and that on the back of the
neck Lo the point where the skin is readily visible. The designation,

face, includes all the skin surfaccs in front of the cars and below

the hairliae on the forehead to the bottom of the chin.

The mass distribution data obtained from sieve analyses of the re-

covered particles are summarized in Table 26; the data for ceniza-arena

particles from the trays for each set are included for comparison.

In most cases, the median diameter of the particles recovered from the
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hair was a few microns larger than that deposited in the trays. However,

the median diameter of the particles recovered from other parts of the

body and clothing was generally much smaller than that of the particles

deposited in the trays. Dry brushirg preferentially removed the larger

particles from the hair (see data for PC-6 and PC-7), whereas any of the

wet removal methods removed the smaller particles about as effectively

as the larger" particles.

Correlations of the data of Toble 25 with wind speed during the

exposure and other factors are given in Part Three of this report.

Particle Size Analyses

The results of the particle size analysis, in terms of accumulated

weight distributions from the sieving and settling measurements, of the

ccniza-arena recovered from the foliar samples and collector trays are

summayized in Appendix E. The procedures used in obtaining, tabulating,

and treating the measured data are discussed in this appendix.

Because a large number of the ceniza-arena particles in many of the

showers felt and impacted on the foliar specimens in the form of

agglomeratev particles and these agglomerates disintegrated into separate

sand or mint:,al grains on impaction or in the sieving analysis, the

reported distributions are not always true representations of the dis-
tributions that w,-e transported through the air to the sampling locations.

The consequences -if particle breakage after impaction would be that,

relative to the dt•tribution of the airborne particles, the reported

distributions would show (1) the presence of small particles that would
otherwise not have fellen at the location; (2) higher fractions of

smaller particles; (2) v smaller value of the mass median diameter, d

(4) a break or discontinuity in the -ass distribution curve (i.e., the

presence of a double distribution; however, this evidence would not be

conclusive since a similar discontinuity in the curve could result from

a sample produced by multiple showers or other causes); and (5) a lower
value of the maximum particle diameter in some cases.

The agglomerated particle breakage problem is a major limitation on

the application of the reported distribution data for evaluating the

constants of the basic contamination factor equation. However, the
data are applicable with respect to other questions about the contamina-

tion process, such as whether the foliage retained the largest particles

in the distribution, whether the distribution of the particles on the

foliage was significantly different from that of the particles deposited

on the grou~nd, and whether the distribution of the particles variert
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significantly from one type of plant to another.

The data given in Appendix E show that the maximum diameter of ,he

particles retained by the foliage was generally the same as that of the

particles collected in the tray at ground level. Over all sample sets,
the accumulated weight percentage at a diameter of 295 microns was

generally smaller for the foliar deposis than for the tray deposits.

(A smaller accumulated percentage at 295 microns, in this case, repre-

sents a larger percentage of the sample weight for larger particles.)

I.• the few cases where the maximum diameter of the fo.iar deposits was

definitely smaller than that of the ground deposit, the plant specimen
was usually a cereal grain (or grain head), on, )n, squash leaf, or young

cabbage plant.

In most sample sets, the accumulated weight percentages, up to a

diameter of 44 microns, was generally larger for the foliar deposits

than for the ground deposit, indicating a higher degree of retention
of the smaller particles by the foliagt.. Accordingly, the value of d

for foliar deposits is smaller than it is for the ground deposit. The
most frequent exceptions to the relative higher retention of small

particles were corn, tomato, lettuce, barley, and onion.

The data indicate, at least to some degree, preferential retention

by the foliage of particles within a given size range. In general, the

d values for the foliar deposits have larger positive differences50 o
from the d values of the tray samples, where the latter are large.

However, w en the d value is small, the differences decrease, and the
50 a

frequency of negative values of dso0 -d tend to increase. The mass

median diameters of the ceniza-arena from the primary oample sets of
vegetable plants are summarizced in Table 27; the data are grouped by

one of the two major types of climatic conditions under which the

deposit occurred--dry or damp.

Since the maximum diameter of the particles in all samples of each

set was about the same, the departure of the ratio, d /d , from unity
50 50,

to a lower value is a relative measure of the preponderance of smaller

particles in the distribution for the foliar samples compared with the

ground deposit. The ratio specifically gives the shift of the distribu-

tion peak of the foliar deposits relative to thc~t of the ground deposit.
For all except two plants (onion and pepper), the values of the ratio,

d /d , are larger for the foliar deposits that occurred under damp
50 50

conditions. In other words, the weight distribution of the foliar

deposit under damp conditions was more like that of the ground deposit

than it was under dry conditions. However, the averages of the d

values in Table 27 do not take into account possible effects of wind
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Table 27

SUMMARY OF THE MASS MEDIAN DIAMETERS FOR THE CENNIZA-ARENA PARTICLES

RECOVERED FROM PRIMARY SAMPLES (W VEGETABIE PLANS
(dSo values in microns)

Tray Bean Beet Cbbog Carrot Crfn Lettuce On•-o Pe- frW rPotato 6gh !20" Ta to

Drfy Condition
61 32 71 M" 44 76
77 23 63 103 21 £3
87 66 75 94 12 74

105 75 7To i s5
"79 47 73 Si

160 s0 75 33
107 102 79 93

63 51 47
63 46 c 54

57 52 60 6 59 35 so 52 £5 70
49 50 62 51 102 58 S2 53 al 50 57
69 26 29 24 26 47 56 64 22 32 28 41

61 34 51 35 66 34
73 42 46 33 60 42 32 £6 54
6o 42 38 33 69 48 39 47
"6S 48 56 53 so 52 %a 57

Average H1 46 44 62 38 75 54 5s 43 31 49 52 34 72

d5O/&o - 0.62 0.72 0.75 0.54 0.69 0.84 0.91 0.62 0.81 0.71 0.75 0.66 0.69

cap CoudItions
71 54 69 71 65 71
84 68 £4 72 73 64
£3 57 54 57 77 01

60 57 Si 59 64 £1 65

55 53 66 SC 66 51 5o 54
664 66 84 &1 £2 79 s5 £7
94 74 93 73 83 51 90 Of
61 53 53 74 s0 50 40 57
73 46 60 70 66 5£ s 5o 63
85 30 45 55 30 57 43 41 34 39 36

67 64 72 6o £9 73
64 54 6s 64 57 56 59

102 t0 95 Ic 36 92 50 96
75 65 69 65 72 0o 46

74 67 66 £2 73 46 a
71 48 51 86 55 51
79 6i5 7s 7Z 79 7i 7' ?4

55 53 54 49 5 5£
55 54 73 54
57 70 73 46
65 46 63 5o 5o 52 56
70 47 74 54 62 58 ?a

64 52 71 03 60 77 60
Of 75 83 75
52 43 4£ 54 50 4£ 39

Average 70 55 66 £8 64 72 TO 57 51 580 59 59 £7 65
-o 0.62 0.6£ 0.92 0.69 1.04 0.95 0.7£ 0,76 0.7 0.91 0.96 0.93 0.36
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speed; and if it is assumed the distributions of the foliar deposits

would depend on the wind speed and that the shift in the dso value for

the fnliar deposits would deerease as the wind speed decreases, some of

the differences between the d values between dry and damp conditions
50

could be due to differences in wind speed, since lower wind speeds

usually preva.led for the damp conditions, In addition, the averages

of the d5 values are for all sizes and ages of a given plant.

500
The unweighted average value of d o(dry)/d o(damp) for all the

vegetable plants from the data of Table 27 is 8.85. The order of the
0

plant species with decreasing values of d /d for the foliar deposits

that were collected under damp conditions 5 ?s ?1) corn, (2) tomato, (3)

potato, (4) lettuce, (5) squash, (6) cabbage, (7) carrot, (8) bean, (9)

beet, (10) radish, %ll) onion, (12) pea, and (13) pepper.

The mass median diameter for the ceniza-arena particles recovered

from primary samples of the cereal grains and of the trees are given in

Tables 28 and 29, respectively. For the cereal grains, the smallest

value of d 5 o/dso is for oat heads under dry conditions, and the largest

value of d /d 0O is for barley stalks (and heads) under damp conditions.
50 50 0

The values of both dso and d 0/d for the juniper and pine trees were

smaller than they were for the other trees. The values of d and
0 50

d 5/d5s for the leaves and twigs of the avocado, camphor, grapefruit,

and laurel trees were similar under both dry and damp conditions.

The effect of weathering on the weight distributions, as measured

by the ratio of the d value for the weathered foliar deposit to that

for the primary sample foliar deposit, is shown ii Tables 30 and 31 for

vegetables and cereal grains, respectively. The tabulated data indicate

that the wind weathering of the depo :its on young or small plants did

not cause a preferential loss of the jarger particles. Even for the

deposits on the taller plants (e.g., grain heads), the d ratios did

not decrease consistently for all sample sets (except for oats). The

effect of the rain on the d ratios usually indicated a preferential

removal of the smaller particles, as indicated by La increase in the

d50 ratios; however, for the young and smaller plants, splashing up of

soil could have been a cause for the observed d ratios being larger
50

than unity. In one weathering series for the laurel tree leaves, the

d50 values decreased from 42 to 36 microns (ratio of 0.86): and on one

500
| ~series for the grapefruit tree leaves, the d values decreased from 36

to 32 microns (ratio of 0.89). Thus, the dat show no large changes

in the distribution of the particles not removed from the foliage of

the vegetables, cereal grains, and tree leaves by wind and rain

weathering.
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Table 29

SUMLLUY OF THE MASS MEDIAN DIAMETERS FOR THE CENIZA-AR.ENA PARTICLES
RECOVERED FROM! PRIMARY SAMPLES OF TREE LEAVES, NEEDLES, AND TWIGS

ýdovalues in microns)

TrayAvoadoType of Foliar Sample

Lry vcao Camphor Grapefruit Juniper Laurel Pine

I66 46
94 54
61 42
73 41

55 49I57 35
65 39
70 38

56 42
8026
63 39
6035
64 42
73 22a
69 36a 17a

Average - 46 41 (26 )a 355a 17a 4,(35)a 2

d5/fo- 0.62 0.67(0.32)a 0 .5 2a 0 .2 5a 0.64(0.58)4 0.30a

l

a Dlry conditions (all other valuies apply to damp exposure conditions)

2
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Table 30

SUMMARY OF d6 0 RATIOS FOR SME WEATHE !NG SERIES SAMPLES: VEGETABLES

Tn. of C
5 0Sa(ple iro) Sen Sno Cabbage Wa rot Core '_etttce Al on Poa ke, Pot eto Radtdh Squash Tomatc Averag

P 63 1.00 1.00 1 00 1.00 1.0

SW 61 (.8O 0.9b 1.23 0.36 0.91
9" 82 0.89 0.93 t,09 0.51 0.86
SWR 62 1.68 1.94 1,42 1.30 1.58

$1 60 1.00 L.0 1.00 1.00 1.00

SW 59 1.09 -,098 1.04

5w 58 O.01 -. 10 0.98 1.00
SWR 58 - 0. 9d 0.95 0.96

P 55 1.00 1.00 1.00 1.00 '.0c 1.oo 1.00
SI 55 1.09 0.89 1.0.6 1.39 1.12 1.0)6 1. 10
.98 5% 0.96 - - 1.00 1,6 1.01

SW A 1.04 1.04 1.22 1-10
8w 59 - - 1.21 - 1.24

P 85 1.00 1.00 1.m0 .0,., 1.Hl.1 1.00 1.00 1.00 1.00 L..) W.00
SW 9,? o0.8O 04 0 . 69 (1.77 ' ,*4 1.34 0.76 0.85 ().V- 1.03 0.86d
SWR 02 0.93 1.38 1.44 2.63 1.J7 1.21 - 0.92 1.3L - 1.40

7 67 1.00 1.10' .00 1.06 Ii,(l
•;v 67 11.88 t.15 0.8i 1.09 11.81
SW9 67 1.23 1 .4-1 1.28 1. 4"1 1.36

p 75 11.00 1.1) 1,00 "x 1.00
S% 71 0.32 0.93 0.57 11.99 0,93 0.70 K1,81 01,78

P 79 1. ?0 1.01) 1.00 1.0O 0 1.00 1 .011 1 , o10 L. 00
sw 38 0,79 0.93 - 0.91 0..01 0.90 0.93 0.90

988 78 0- 78 .1.9 '1.82 0.53j t).07 I1j$ 0).89 0.7.1

p 65 loo 0.01, 1.00 l.IN) 1.00 l 00 1 .40
SI •a 0.91 0.82 0.72 0.90 0.75 0.85 0.84

P .56 1.00 1.00) 1.00 1.00 0.16 1.00
sw 57 0-1.2 0.83 G. '3 0.92 1.12 ,90

P 69 1.00 1._10 1.0.) 1.00 1.00 1.00) 1.00 1,00
SW .69 1900 0.1 1.87 0.9, 0.94 0,90 1.04 0,95
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Table 31

SUMMARY OF d 50RATIOS FOR SOME WEATHERING SERIES SAMPLES: CEREAL GRAINS

Type of 50 Barley Harley Oct Oat Rye, Rye Wheat fleet

!!!e~t (microns) Stalks Reads Stalks Heads Stalks Heads Stalks Heads Average

P 58 1.00 1.00 1.00 1.00 1.00
SW 54 0.96 0.95 0.90 0.83 0.91
SW 48 0.86 0.79 0.83 0.70 0.80
SnR 54 0.96 0.98 0.88 0.98 0.95

p 60 1.00 1.00 1.00 1.00 1.00
SW 59 0.92 1.00 1.02 0.98 0.98
SW 58 0.83 0.82 0.98 0.88 0.8"
SnR 58 0.84 0.67 0.82 0.88 0.80

P 55 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
SW 55 - 1.02 - 0.87 - 1.16 - 0.92 0.99
sw 55 - - - 1.14 0.92 1.03
SW 86 - 1.14 - 0.82 - 0.94 - 1.03 0.98

SW 58 1.11 0.98 0.75 0.92 0.72 0.73 0.89 1.21 0.91

SWR 59 1.04 1.13 0.83 0.74 1.26 1.04 0.89 0.82 0.97

p 85 2.00 1.00 1.00
SW 92 0.91 0.82 0.86

SR92 0.93 0.97 0.95
P 67 1.00 1.00 1.00 1.00 1.00
SW 67 0.85 0.64 0.94 0.69 0.78

SWR 6? 1.29 1.00 1.02 1.02 1.10

P 75 1.00 1.00 1.00 1.00 1.00 1.00 1.0-0 1.00
SW 71 0.95 1.15 0.59 0.56 0.70 0.04 0.68 0.75
p 79 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
SW 78 - 0.90 - 0.86 - 0.91 - 0.89 0.89

SnR 78 - 0.97 - 0.51 - 0.71 - 0.59 0.77
SWR 78 1.04 0.98 0.72 0.36 0.52 0,79 0.89 0.89 0.77

P 65 1.00 1.00 1.00
SW 83 0.71 1.12 0.92

p 56 1.00 1 00 1.00
SW 57 0.80 0.98 0.89
P 68 1.00 1,00 1.00 1.00 1.00
SW 69 0.95 1.00 1.07 0.84 0.96
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Particle Properties

One tray-collected sample of the ceniza-arena particles at each

land plot was selected from each monthly sampling period for making

measurements on various properties of the particles. When available,
the sample was selected from those collected under dry conditions, so
that the soluble chemical compounds carried by the particles could be

determined without the effects of washing by rainwater. The pair 01

samples from each of the nine sampling periods was analyzed so that any
noticeable changes in the particle properties over the duration of the

whole operation could be detected.

The photomicrographs of the particles in all samples were similar
to those shown previously in Part One of this report and in Reference 2;

therefore, no additional photomicrographs are exhibited here.

The relative abundance of the chemical elements present in the

ceniza-arena particles from semiquantitative spectrographic analyses is

given in Table 32; quantitative analysis data on the contents of the

more abundant oxides are given in Table 33. No significant change in
the chemical composition of the ceniza-arena particles over the nine-

month period is shown by these data. The small increase in the iron

content (noted in Part One oa this report) appears to persist in the
Table 33 data. No explanation of the slightly larger Na 20 content of

the samples from Plot No. 1 has been found. Within the limits of

precision of the analytical methods, these reported chemical compositions

are the same as those given in Part One of this report for the ceniza-

arena samples collected in the first phase of the operation.

IData on the relative density of the particles, the pH (relative

acidity) of water in contact with the particles, the amount of soluble

materials leached from the particles by water and by 0.1 normal hydro-
chloric acid, and the amount el sulfate (SO 4) in the acid leaching are

summarized in Table 34. The relative density (specific gravity) of the
particles was between 2.61 and 2.68, similar to previous measurements.

The pli of the water solutions, also similar to previous measurements,
indicated a slight degree of acidity due to the presence of bisulfate

or sulfuric acid. The amount of soluble salts carried by the particles
varied considerably from one sample to the next and occasionally exceeded
3 percent in the acid leaching, on a dry weight basis. On the average,

about 26 percent of the weight of the acid-soluble residues was sulfate
! ~(sO).

The data from spectrographic analysis of the acid-soluble residues

are summarized in Table 35. The major metallic elements present in the
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Table 32

COMPOSITION OF CENIZA-ARfl PARTICLES AS DETEISIIND FROM SPECTROGRAPHIC ANALISIS

1. Plot No0. 1 S-p1asx

Fleece! 14059- 14175 14730 L1435 1430 14495 ý14371 kil56 14751 Avflp*O

K 4.0 4.2 5.0 4.5 5.0 4.0 4,0 4.0 4.5 4.4

c. 9.0 10.0 6.2 9.0 10.0 9.0 9.0 9.0 5.0 9.1
At 1s. 0 17.5 15.0 11.0 73.0 11.0 nO. 02,07 15.0 16.4

E- 0.1 0,1 0.1 0.05 0.1 0.03 0.12 0.1 0.1 0.095s

F. 90 10.0 7.0 R.0 7.0 5.0 7, X.0 7.0 0.00

Li 0.1 r,1 % 0.05 G090 0.0Go 6.6-'7 0.1 u. 06 6.6 U 0,05'(

11 0.9 1.0 0.9 0.9 0.5 0.9 0.5 0.75 0.5 0.54

mg 4.5 5.0 6.0 4.5 5.0 4.0 4.5 4.5 4.0 4.7

Cr 0.02 0.04 0.03 0.02m 0.03 0.025 0.02 0.035 0.025 0.028
G. 0.002 0.002 0.002 0.002 0.003 0,0-01 0,002 0.002 0.002 0.002

no0 - - - - - - -

V 0.07 0.06 0,05 0.05 0.04 0.05 0.04 0.04 0.05 0.054

cu .025 0.02 0.0-as 0.0151 0.00m 0.011 0.008 0.01 0.006 0.013

Na 6.0 5.0 7,0 5.0 7.0 5.0 6.5 5.0 6.0 6.4
3. 0.002 0.003 0.002 0.002 0.003 0.002 0,002 0.003 0.003 0.004

Zr 0.03 0.04 0.02 0.03 0.02 0.02 0.02 0.01 0.02 0.034

Ni 0.005 0.01 0.008 0.01 0,008 0.008 0.007 0.008 0.008 0.006
co 0.005 0.002 0.002 a.003 0.002 0,003 0.002 0.002 0.002 0.0472

as 0.1 0.1 0.12 0.12 0.1 0'.3 0.1 0.1 0.1 0.10

V -. 0.01 1051 allsae..

51 +. Ikm-datactahle.: Balser In all s00Plel

2. Plot 140. 2 fle ~sU
S-piLe Number

FlameD! 0600 040501 0615 06239 06252 06335 06354 04542 05652 Anraga.

1 3.5 3.b 5,0 4.5 5.0 5.0 3.0 6.0 2.0 4.5
CS 7.2, 9.0( 9.0 10.0 1 .5 8.0 9.0 9.0 1 0.0 5.83

Al 15.0 20.0 17.5 20.0 15.0 15.0 15.0 15.0 17.2 057

No 0.2 0.11 0.1 0.1 0.07 0.06 0.04 0.08 0.12 0.090

F- 9.0 10.0 9,0 10.0 4.0 8.0 8.0 10.0 10,0 9.1
Sr 0.12 0.12 0.1 0.1 0.07 0.05 0.06 0.07 0.1 0.06
TI 0.8 1.0 0.9 1.0 0.82 0.75 0,85 0.9 1.0 0.89
Ng 4.5 5.0 5,0 5.0 4.5 4.5 4.0 5.0 6.0 4.8

Cr 0.02 0.035 0.035 0.03 0.025 0.02 0.02 0.025 0.03 0.021
GA 0.002 0.003 0.002 0!.002 0.002 0.002 0.001 0.003 0,003 0.002

No 0.001 - - - - - - - - 0.001

V 0.04 0.05 0.07 0,06 0.04 0.04 0. 05 0.06 0.08 0.060

cu 0.02 0.01 0.005 0.015 0.0138 0.007 0.00a 0.01 0.01 0.011
up 6.5 6.5 7.0 6_5 7.5 5.0 4.5 5.0 8.0 6,7

Sc 0.003 0.06c 0.004 n.004 0.002 0.002 0.003 0.003 0.004 0.003
Zr 0.03 0.05 0.04 0.04 0.114 0.03 0.03 0.04 0.03 0.034

N1 0.007 0.01 0.008 0.01 0.007 0.004 0.007 a0.08 0.01 0.008
Co 0.003 6.004 0,002 0.004 0.002 0.0(12 0.023 0.002 0.002 0.003
as 0.1 0.1 0.08 0.1 01 0.08 0.1 0.1 0.1 0.39d
7 <0.01 in all masaple

$I510 0n-*tctables: hasses 1n all as&plsa

a Rs"ort as nIght p.ant of the oxIdes of t6w Indicaedt elownso
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Table 33

COM)OSITION OF CENIZA-ARENA PARTICLES

AS DETERMINED FROM QUANTITATIVE ANALYSIS

Sample Oxide

Number NaI0U CO g 3 F 0E2 NnO2 TiO2  SiO

14089 2.89 2.04 7.66 4.02 19.51 7.12 0.10 1.19 55.46

14175 3,56 1.96 7.87 4.42 19.20 7.44 0.10 1.28 54.16
14230 3.69 1.91 8.09 5.44 17.62 7.70 0.11 1.24 54.20

14335 3.49 1.99 7.77 4.52 17.63 7.77 0.10 1.32 54.53
14390 3.47 1.83 8.12 4.75 18.88 7.45 0.11 1.20 54.18

14495 3.59 2.03 7.48 4.52 17.71 7.60 0.10 1.24 55.38
14571 3.73 2.03 7.74 4.33 17.67 7.75 0.10 1.19 55.19

14656 3.70 1.91 7.85 5.07 17.58 7.88 0.11 1.18 54.71
1475] 3.63 1.81 8.11 5.56 16.85 8.12 0.11 1.22 54.49

06003 2.95 2.17 7.53 3.86 19.82 7.43 0.10 1.15 55.00
06088 2.76 2.19 7.68 4.24 19.58 7.65 0.11 1.11 54.67
O61V3 2.74 2.04 8.05 4.82 18.10 7.96 0.11 1.15 54.97
06239 2.66 2.02 7.85 4.42 19.05 7.41 0.10 1.19 54.92
06282 2.84 1.96 7.67 4.35 19.00 7.04 0.Vi 1.19 55.02

06335 2.68 1.87 8.11 5.05 19.20 7.52 o,11 1.11 54.34

06354 2.61 2.16 7.76 4.54 2J.46 7.49 0.10 1.09 53.79
06542 2.81 1.95 7.78 4.05 19.81 7.02 0.10 1.12 55.35
06652 2.83 1.96 7.87 5.19 18.83 7.57 0.11 1.17 54.45

Average 3.15 1.99 7.83 4.62 18.69 7.55 0.10 1.19 54.71

a Reported as weight percent of the dried ignited samples
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Table 3~4

RELATIVE DENSITY, SOLUBLE SALT CONTENT, AND1 SOMLUL SULFATE COFTET OF
TM CENIZA-A2R.EA PARTICLES AN~D pH OF WATER IN4 CONTACT WITH THE PARTICLES

Relative PH of Water Acid SO4 Content
Sample IWnsity Water Soluble Soluble of Acid
Number of Particles Solution Saltsa Saltsa Soluble Saltsa

14089 2.64 5.25 1.18 2.87 1.22
14175 2.67 Z.30 0.87 2.72 0.66
14230 2.69 5.55 0.14 0.92 0.10
14335 2.68 5.90 1.61 3.76 1.65
14390 - - 0.62 3.13 0.66
14495 2.66 5.80 0.16 2.05 0.31
14511 2.69 5.60 0.29 2.27 0.64
14656 2.68 5.40 0.31 1.49 0.25
14751 - - 0.50 - 0.30
06003 2.64 5.25 1,16 3.01 1.23
06088 2.61 5,40 0.16 1.87 01.25
06183 2.61 5.80 0.23 2.52 D.19
06239 2.66 5.60 0.82 2.47 0.97
06282 - - 0.19 1.89 0.38
06335 - - 0.25 1.10 0.21
06354 2.65 5.35 0.76 2.89 1.07
06542 - - 0.17 - 0.12
06652 2.68 6.iO 0.62 1.65 C1.43

Average 2.66 5.58 0.56 2.29 0.59

a Reported as weight percent of thiQ original dried particlen,;
2.0 grams of the particles were shaken in 50 milliliters of
water or 0.1 normal hydrochloric acid for one hour at roow
temperature; the slurry was then filtered, the filtrate
evaporated to dryness at 1350 C, an~d th& dried residue weighed;
the SO4 content of the acid sol~uble salts includes total sulfur,
computed as S04 (most of the sulfur was presenZ as SID4).
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Table 35

WOPSITION Cow THE ACID-SOIZBLE CONSTITUf•'TS OF THE CKHIZA-ARElA
SAMPLES AS DrflM MMINED nI SPECROGRAPHIC AXALYSIS

Bangle Number

Ilmu._ t 06003 08088 061M3 06239 063$4 14089 14175 14230 14335 14495 Average

3 - 0.06 - - - - 0.05 - 0.03 0.05
n 3.5 4.0 3.5 5.0 3.5 5.0 4.0 6.0 4.5 4.5 4.4

St 10.0 25.0 8.5 5.0 7.0 5.0 6.5 10.0 6.0 15.0 9.8

P 5.0 20.0 8.0 8.0 7.5 8.0 10.0 20.0 8.0 20.0 11.4

no 0.12 0,4 0.5 0.1 0.07 0.15 0.2 0.23 0.2 0.06 0.2
Al 10.0 15.0 10.0 8.0 12.0 8.0 8.0 12.0 8.0 6.0 9.7
t 3.0 2.0 1.0 3.5 1.5 4.0 3.0 6.0 5.0 0.8 3.0
Pb 0.002 0.1 0.04 0.006 0.02 0.02 0.025 0.04 0.002 0.006 0.02

Cu 1.0 0.3 0.05 0.6 0.03 0.7 0.8 0.6 0.4 0.04 0.45
Sn - - - - - - - O.JO - 0.002 0.005
Ga - 0,i (.uVol - - - - 0.001 - 0.002 0.001
CL 10.0 3.0 8.0 12.0 8.0 12.0 10.0 10.0 12.0 2.5 9.0

v 0.015 0.01 0.01 0.015 0.008 0.015 0.008 0.02 0.01 0.005 0.012
1 0.01 0.02 o.005 0.02 0.005 0.015 0.015 0.015 0.01 - 0.013
Na 0.9 C.9 0.1 2.5 1.0 2.5 2.0 3.0 2.5 1.0 1.7
Ti 0.03 0.08 0.06 0.07 0.05 0.07 0.04 0.06 0.06 0.01 0.05

Ni 0.007 0.004 0.01 0.01 0.008 0.o0 0.00e 0.03 0.008 0.01 0.01
Co 0.002 - 0.003 0.001 0.001 0.604 0.002 0.002 0.001 0.002
Sr 0,1 0.08 0.05 0.1 0.06 0.13 0.05 0.2 0.2 0.1 0.11
K 1.5 N.D. - 2.0 1.75 3.5 2.5 M.D. 3.0 N.D. 2.2

Cr 0.01 0.008 0.005 0.01 0.01 0.01 0.007 0.01 0.008 0.02 0.01
so 0.04 0.06 0.1 0.08 0.03 0.07 0.04 0.08 0.06 0.06 0.06
Zn 0.39 N.D. 0.1 0.03 0,05 - N.D. - N.D. 0.06
Sb 40.A 13.4 7.5 39.3 37.0 62.5 24.0 10.9 13.9 15.1 27.4

* a*epO"tn as vrgbh perrent of the xideO o! the indicated eltmnts; N.D. Indicates "not Cetarn&ble"
bnsuse s'f Ilnsufffl±ent sample sixt

9 From th, data of Tahle 34 (not fro& spec
t

rographbi analysgs)
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residues were calcium, aluminum, iron, magnesium, potassium, and sodium;
the major nonmetallic elements (besides oxygen and perhaps chlorine from

the hydrochloric acid, which were not measured) were sulfur, phosphorous,

and silicon.

The solubility data indicate that a water soluble residue of 1,0 to

1.5 percent resulted In severe acid burns on the foliage of the tomato,

bean, corn, and other similar plants and in fatality of these plants

when the deposit levels were moderately high.

Specific Area of Leaves and Other Plant Parts

Although the fuliar contamination factor, as defined by Equation 1,

has been used as the basic coefficient for tabulation of the experimental

data on retention of particles by leaves and other aboveground plant
parts, the projected area of these same plant parts is actually a more

basic parameter in the retention process. This fact is shown by the
form of Equation 3, in which the con'ersion of the area to weight is

indicated by the inclusion of the specific area, S as a direct

multiplier. Additional factors that influence the degree of foliar
retention by plant parts include the geometry and volume density of the

foliage; these are also indicated as parameters in Equation 3.

Many scaled photographs were taken of the plants in the field during

the sampling periods. Information from these photographs are to be pre-
sented in a subsequent report when a sufficient number of analyses are

completed; generalized descriptions of the geometric form and gross
projected areas of plant parts are to be evaluated from the photographic
data, The measurements of the areas of individual leaves and other parts

of many plants and of the dry weights of these foliar samples are pre-

sented in Appendix F. Average values of the foliar specific areas
calculated from the data are summarized In Tables 36, 37, and 38 for

vegetables, cereal grains, and trees, respectively. Average values of
the foliar specific areas from measurements on individual leaf samples

are summarized in Table 39. As discussed in Appendix E, the tabulated

values of the areas and foliar specific areas refer to the maximum

projected area of a leaf and the minimum projected areas (or their
averages) of plant parts, such as stems and fruit.

The data show that the values of the spectfic areas for leaves

generally range from about 0.1 to 0.2 sq ft/gm, except for the cereal

grains, which have values about twice as large. Inspection of the data

indicates that the specific areas of the leaves depend on plant or leaf
age, leaf -weight, and, to some degree, on the relative amount of sunlight
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Table 36

SUMIARY OF FOLZAR SPECIFIC AREA CALCULATIOKS: VEGETABLES

Total Total Average Area
Sample Age Area Weight per Plan't Part

L peLlntPr
Number (days) (sq ft) (8i) (sq ftlp) (sq It/gm) (eq ft)

Bean

14658-1 86 0.5068 2.8768 0.177 0.0158

14659-1 86 0.3043 1.7906 0.170 0.0138

14833-1 122 1.0125 6.3160 0.160 0.0178

14833-2b 0.1895 9.8375 0.0193 0,0111

14833-3 0.3625 8.7704 0.0413 0.181

14833 2.8433 32.9009 0.0864 -

14837-1 122 0.3172 2.2823 0.139 0.0117

14837-2b 0.1256 6.8184 0.0184 0.0157

14837-2r 0.0846 6.8184 9.0124 0.0106

14837-2 0.1051 6.8184 0.0154 0.0131

14837-3 0.0463 1.8124 0.0255 0.0463

14837 0.6606 12.2957 0.0537 -

14839-1 93 0.7461 4.3004 0.173 0.01il

1483 9-2b 0.1302 7.2174 0.0180 0.0118

14839-2c 0.1169 7.2174 0.0162 0.0106

14839-2 0.1236 7.2174 0.0171 0.0112

14839-3 0.0787 3.3842 0.0233 0.0262

14839 1.5356 19.3501 0.0794 -

06567-1 11 0.1s85 0.5728 0.294 0.0168

Beet

14669-1 170 0.3931 2.6829 0.147 0.0357

14669-1,3 0.3931 3.2353 0.122 0.0357

14805-1 93 0.2602 2.7104 0.0960 0.0173

14848-1 214 0.7961 8.75.10 0.0910 0.0468

Cabbage

14662-1 86 0.4698 2.2932 0.205 0.0522

14663-1 86 0.4561 2.3766 0.192 0.0507

a SL includes stem weight

b Maximum area

c Minimum area
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Table 36 (continued)

Total Total Average Area
Samiple Age Area Weight SL S L per Plant Part
Number (days) (sq ft) (0) (sq ft/g!) (sq ft/g!) (asq ft)

Cabbage (concluded)

14834-1 122 4.242 42.3127 0.100 0.128

14834-3 0.0242 3.3063 0.00732 0.0242

14834 4.266 415.6190 0.0935

06565-1 58 0.1660 0.4920 0.337 0.0118

Carrot

14841-1 207 1.450 13.8397 0.105 0.112

06632-1 174 0.6946 4.4234 0.157 0.0366

Corn

14845-1 96 2.963 13.2343 0.224 0.269
144-b0.154 16.8411 0.00914 0.154

1 4 8 4 5- 3 c 0.103 16,8411 0.00612 0.103

14845-3 0.128 16.8411 0.00760 0.128

14845-4 0.0468 2.3724 0.0197 0.0468
14845 3.138 32.4478 0.0967

06559-1 120. 5.598 '28.4297 0.197 0.466

06559..3b 0.187 30.17 0.00620 0.187

06559-3v 0.146 30.17 0.00484 0.146

06659-3 0.166 30.17 0.00550 0.166

06559 5.764 58.60 0.0984

06694-1 158 4.683 31.8586 0.147 0.390

069-2 .1870 3.S.90 0.00521 0.187

06694-2c 0.1320 35.90 0.00368 0.130

06694-2 0.1595 35.90 0.00444 0.160

069-b0.3870 68.7915 0.00563 0.387
06694-Z3c 0.3397 68.7915 0.00494 0.340
06694-3 0.3634 68.7915 0.00528 0.363
06694-4 0.2043 4.3550 0.0469 0.204

06694 5.369 140.91 0.0381

a SL includes stem weight

b Maximum area

c Minimum area
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Table 36 (continued)

AverageTotal Total Area perSanple Age Area ftight SL SL a Plant Part
Number (days) (sq ft) -(gum) ý(Sq I.,~ a% tg) s

Onion14667-1 234 0.1261 1.8748 C.0673 0.0140
14836-1b 270 0.6161 13.0031 0.0474 0.0616
1 4 8 3 6 -IC 0.5874 13.0031 0.0452 0.058714836-1 0.6018 13.0031 0.0463 0.0602
14836-3 0,0242 -"1831 0.0242
1 4 8 3 6 b 0.697 21.1778 0.0329
14836c 0.1003 21.1778 0,00474
14836 0.3985 21.1778 0.0188
14850-1 278 0.0663 4.1903 0.0158 0.066314850-2 0.0158 0.5267 0.0300 0.0158
14850 0.0821 4.7170 0.0174

Pea
14844-1d 93 0.3848 - 0.009621484 4 -1e 0.4117 - _ 0.041214844-1 0.7965 4.3121 0.185 0.0159
1 48 4 4 - 2 b 0.1315 H.1430 0.0161 0.016414844-2c 0.0846 8.1430 0.0104 0.010614844-2 01080 8.1430 0.0133 0.013514844-3 0.1.025 4.8178 0.0213 0.102
14844 1.0070 17.2729 0.0583

0 6 5 6 9 - 2 b 90 0.0687 3.1415 0.0219 0.0068706569-2c 0.0315 3.1415 0.0100 0.00315
06569-2 0.0501 3.1415 0.0160 0.0050106634-1d 93 0.2054 -

006634-1 e A.1770 - - 0.004110.177 - _0.0221
06634-1 0.3824 1.5865 0.241 O.0064806634-3 0.0454 1.9284 0.0235 0.0454

a SL includes stem weight
b Maximum area
c Minimum area

d Regular leaves
C Stem leaves
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Table 36 (concluded)

Average
Tota' Total Area per

Sample Age Area Weight aLPatPr
Number (days) (sq ft) (gin) (sq ft/gm) (sq ft/gm) (sq ft)

Pea (concluded)

06635-1 b 61 0.3741 -0.0107

c
06635-1 0.5139 -0.0467

06635-1 0.8880 0.0193
06635-3 0.0910 0.0910

Pep pe r

14665-1 142 0.1389 1.0531 0.132 0.00731
14666-1 170 0.0618 0.4628 0.170 0.134 0.00412

14847-i. 214 0.2706 2.4457 0.111 0.00933
14847-2 0.0426 5.6597 0.00753 0.0426
14847-3 0.00893 1.1116 0.00803 0.00893
14847 0.3221 9.2170 0.0349

Pot atoa

14843-1 125 0.5843 .- - 0.171 0.0531
14843-3 0.0067 - - 0.0067
14843 0.5910 3.4072 0.173
06521-1 89 2.2732 7.9239 0.287 0.0334
065i63-1 90 0.9919 4.0835 0.243 0.0992

Radish

14660-1 88 0.3037 1.4629 0.208 0.0152
14661-1 88 0.295-1 1.6086 0.184 0.0148
06566-1 90 0.4624 2.1328 0.217 0.0231

Squas

14846-1 100 1.321 13.45 0.0982 0.110
14846-2 0.0703 6.2831 0.0112 0.0117
14846-2' 0.0384 0.6024 0.0638 0.0128
148416-3 0.0282 1.9716 0.0143 0.00235
148416 1.4579 22.3071 0.0654

a SL includes stem weiglit
b Rsegular leaves

a Stem leaves
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Table 37

SUMMARY OF FOLIAR SPECIFIC AREA CALC TION8: t REAL GRAINS

Average

Total Total Area per

Sample Age Area Weight SL SLa Plant Part

Number (days) (sq ft) (gin) (sq ft/gm) (sq ft/gm) (sq ft)

Barley

06z3i-1(1) 61 0.4317 0.9725 0.444 0.0432

06631-1(2) 0.3628 0.8477 0.428 0.0363
06631-1(3) 0.2872 0.6453 0.445 0.0287

06931-1(4) 0.2082 0,4945 0.421 0.0231

06631-1(5) 0.1310 0.3098 0.423 0.0146
06631-1 1.6163 3.7094 0.436 0.0296

06631-3 0.1609 3.0411 0.0529 0.0161
G6631 1.7772 6.7505 0.263 -

* 06675-1(1) 90 0.2278 0.8775 0.260 0.0228

06675-1(2) 0.2897 0.9130 0.317 0.0290

06675-1(3) 0.2327 0.7047 0.330 0,0233
(,3675-1(4) 0.2018 0.5790 0.349 0.0202

06675-1(5) 0.1635 0.4426 0-369 0.0164

06675-1(6) 0.1158 0.2990 0.387 0.0129

06675-1(7) 0.0303 0.0822 0.369 0.0101

06675-1 1.2616 3.8990 0.324 0.0203
06675-3 0.2570 5.3788 0.0478 0.0257

06675 1.5186 9.2778 0.16i; -

Oat

06630-1(1) 61 0.2727 0.6843 0.398 0.0273

06630-1(2) 0.2622 0.8793 0.298 0.0262

06630-1(3) 0.1937 0.6770 0.286 0.0194

06630-1(4) 0.1121 0.4422 0.254 0.0112
06630-1 0.8755 2.7702 0.316 0.0210

06630-3 0.0341 0.6020 0,0566 0.00341

, 06630 0.9096 3.3722 0,270 -

a SL includes stem weight
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Table 37 (concluded)

Average

Total Total Area per

Sample Age Area weight SL L Plant Part

Numbe r (days) (sq it) (gi) (sq. ft/gin) (sq ft/gm) (sq ft)

Wheat

14782-1(0) 63 0.1168 0.4440 0.2 3 0.0117

14782-1(2) 0.1472 0.5517 0.267 0.0147

14782-103) 0.1208 0.4282 0.282 0.0121

14782-1(4) 0.0880 0.3011 0.292 0.00880

14782-1 0.4728 1.7250 0.274 0.0118
148-b0.1186 2.4541 0.0483 0.0119

14782-2c 0.0917 2.4541 0.0374 0.00917

14782-2 0.1052 2.4541 0.0428 0.0]05

14782-3 0.1936 7.2167 0.0268 0.0194

14782 0.7716 11.3958 0.0677

14835-1(1) 91 0.0917 0.6000 0.153 0.00917

14835-1(2) 0.1069 0.6334 0.169 0.0107

14835-1(3) 0.0879 0.4602 0.191 0.00879

14;835-1(4) 0.0348 0.1660 0.210 0.00870

14835-1 0.3213 1.8596 0.173 0.00945

14834-2 b0.0607 5.7180 0.0106 0.00607

14,35-2r 00579 5.7180 0.0101 0.00579

14835-2 0.0593 5.7180 0.0104 0.00593

1.1835-3 0.2186 12.1141 0.0180 0.0219

14833 0.5992 19.6917 0.0304

06629-1(1) 60 0.1502 0.4540 0,331 0.0150

06629-1(2) 0-1405 0.4341 0.324 0.0140

06629-1(3) 0.0864 0.2718 0.318 0.00864

06629-1(4) 0.0598 0.2002 0.299 0.00598

06629-1 1.0398 3.1824 0.327 0.0109

06629-3 0.0596 1.9122 0.0312 0.00596

06629 1.0994 5.0946 0.216

067-b 89 0,0598 6.7165 0.00890 0.00748

a SL includes stem weight
bMaximum area

CMinimum area
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Table 38

SUMMAY OF FOLIAR SPECIFIC AREA CALCULATIONS: TREES

Average
Total Total Area jer

Sample Area Weight SSLa Plant Part
N..ber (sqbft) (gin) (sq ft/gm) (sq ft/gm) (sq ft)

Avocado

14641-1 0.3670 2.9745 0.123 0.0216
0.3670 3.4832 0.105 0.0216

14643-1 0.7172 7.1290 0.101 0,0422
0.7172 8.1199 0.0883 0.0422

14644-1 0.4809 4.5124 0.107 0.0321
0.4809 5.5359 0.0869 0.0321

14682-1 0.7675 4.9715 0.154 0.0451
0.7675 6.1020 0.126 0.0451

14831-1 0.6255 3.1818 0.197 0.0313
14832-1 0.6116 6.2155 0.0984 0.3408

Camphor

06381-1 0.1483 1.3014 0.114 0.00927
0.1483 1.4767 0.100 0.00927

06382-1 0.1608 1.3543 0.119 0.0146
0.1608 1.5106 0.106 0.0146

06383-1 0.1111 0.7503 0.148 0.0139
0.1111 0.8452 0.131 0.0139

06481-1 0.1176 0.8965 0.131 0.00840
0.1176 1.0297 0.114 0.00840

Grapefruit

16020-1(t) 0.2422 3.1285 0.0774 0.0484
16020-1(b) 0.2286 3.1285 0.0731 0.0457
16020-1 0.2354 3.1285 0.0752 0.0471
16021-1(t) 0.2312 3.1715 0.0729 0.0385
16021-1(b) 0.2658 3.1715 0.0838 0,0443
16021-1 0.2485 3.1715 0.0784 0.0414

a SL includes stem weight
b Letter t designates projected area measured for top side of leaf
c Letter b designates projected area measured for bottom side of leaf
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Table 38 (concluded)

Average
Total Total Area per

Sample Area Weight S-a latPr

Number (sq ft) (gin) (sq ft,/gm) (aq ft/gm) (sq ft)

Grapefruit (concluded)
b

16022-1(t) 0.2200 1.7855 0.123 0.0367

16022-1(b) 0.2239 1.7855 0.125 0.0373

16022-1 0.2220 1.7855 0.124 0.0370

16166s-1 1.0224 15.6659 0,0653 0.0320

16198s-I 0,2696 3.2631 0,0826 0.0193
16209s-I 0.2558 1.8399 0.139 0.0233

16229s-I 0.4138 5.3355 0.0776 0.0207

16260s-1. 1,3961 16.5844 0.0842 0.0450

16280s-1 0.6246 7.6871 0.0812 0.0312
16288s-I 0.11,01 1.8804 0.0798 0.0188

Juniper

16024-1 0.214 3.1550 0,0678 -

Laurel

15012-1 0.2671 1.5677 0.170 0.0167

15013-1 0.1818 1.0202 0,178 0.0152

15014-1 0.2613 1.1557 0.226 0.0218

15015--1 0.2643 1.4246 0.186 0,0155

Pinec

16004-1 0. 1640 7.0770 0.0232 0.00156

16004-3 0.0143 4.2916 0.00333
16004-1,3 0.1783 11.3686 0.0157

mI

a SLincludes stem weight
b See page 238 for t and b designations
c Outer branches have an average of 220 needles/f t: average needle

length is 0.359 ft; average needle width is 0.0(1436 ft
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Table 39

SUMMARY OF AVERAGE FOLIAR SPECIFIC AREAS
FROMMEAUREENT ONINDIVIDUAL LEAVES

Sample
Number Plant (sq f t/gmn)

14834-1 Cabbage 0.0981
14845-i Corn 0.228

06559-1 Corn 0.245
06694-1 Corn 0.154

14641-1 Avocado 0.129
14643-1 Avocado 0.103

14644-1 Avocado 0.109

14831-1 Avocado 0.209
14832-1 Avocado 0.0968

06381-1 Camphor 0.116

06382-1 Camphor 0.123
06383-1 Camphor 0.149
16020-1 Grapefruit 0.0775
16021-1 Grapefruit 0,0798

16022-1 Grapefruit 0.129

16166s-1 Grapefruit 0.0686

16198s-1 Grapefruit 0.0830
16209s-1 Grapefruit 0.141
16229s-1 Grapefruit 0.0814

16260s-1 Grapefruit 0.0891

16280s-1 Grapefruit 0.0928
16288s-I Grapefruit 0.0830

15012-1 Laurel 0.171
15013-1 Laurel 0.184

15014-1 Laurel 0.225
15015-1 Laurel 0.192
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to which the leaf is exposed. The dependence of the specific area on
leaf age and weight is Illustrated in Figure 29, where the specific
areas of both new and old grapefruit tree leaves are plotted as a

I function of dry leaf weight. In this set of data, the new leaves (at a
I given dry leaf weight) have a higher specific area than the older, more

mature leaves, and, for both classes of leaves, the specific area is shown

to dccrcase as the dry leaf weight increases. The analysis of the foliar
specific area data for all plants is presented in Part Three of this

report.

!2 4 1idi41

i i _



zCIO,

InU,

U.S

02

LLU

cco

rjM

'C

&AA"
0

0

U'--

040

>0

(uB6/i; b;) 1

1 242

GOBI-_



/

t

SUMMARY ANT) O(NCUSIONS

In the second phase of Operation Ceniza-Arena, measurements were

made of the contamination factors for retention of airborne particles

by the foliage of thirteen different vegetable plants (including corn),

four different cereal grains, and six different kinds of trees. Data

were obtained on both the initial contamination of these plants by

individual ceniza-arena showers and the weathering of the initial de--
posit by wind and rain. The vegetables and grains grown at two land

plots provided a sufficient supply of vegetation for the sampling of

whole plants or parts thereof through their complete growth cycles or

from planting to harvesting of the crops.

The contamination data showed that, depending on the foliage density

and meteorological conditions, up to 100 percent of the depositing

particles is initially retained by foliage. Under dry conditions,

moderate wind speeds rapidly dislodge the initial deposits. After brief
periods of weathering, about 0.01 inch of rain is required to remove

a significant additional amount of particles; however, under dry con-

ditions, heavier rains may remove essentially all of the removable

particles from most of the foliage.

The deposits of ceniza-arena particles at the two land plots were

measured continuously over a nine-month period beginning in June 1964.

The data revealed a continuous decrease in volcanic activity and led to

a prediction of the month in which the volcano would cease erupting (at

least to the degree that significant amounts of debris would be deposited

in the central valley); the observed decrease in activity was related

to deposit density decrease with a half-life of 27 days. The gross
deposition data for the two land plots have been tabulated on an hourly

basis in terms of the hourly deposit rate and accumulated deposit for the

duration of each of eight of the nine sampling periods.

During each sampling period, continuous measurements were made of
the surface air temperature, humidity, and wind speed. Rainfall measure-

ments were made on a daily (or more frequent, depending on the sampling

schedule) basis during the same periods. The wind speed records were
tabulated in terms of the average hourly surface wind speed for each hour

of the day for the duration of each sampling period (except for several
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,short periods of malfunction or loss of equipment). The seasonal patterns
San~d diurnal variations of these climatic variables during the various .

sampling periods are discussed in the report; these climatic patterns

were used a great deal to establish sampling schedules in the field.

A new greased plate collector was designed and used in the field to

obtain information on the angle of fall of the particles and to obtain

data on the impaction coefficient of large airborne particles; 22 sets of

measurements were made. The plate collector data are summarized, together

with the measured wind speeds, for each set of measurements. The median
diameter of the collected material, as determined by sieve analysis,

ranged from about 40 to 70 microns.

The foliar contamination data and the calculated values of the

contamination factors are tabulated by plant type, sample type, and

environmental conditions during deposition (damp or dry). In addition,

data were obtained on the dry weights of the plants and plant parts as a

function of age after planting and on the average surface density of the
foliage. Data on the contamination of tree leaves included the effects

of foliage volume density (or shadowing) from one side of a tree canopy

to another. Reductions in the contamination factors as low as 0.09

across the canopy of a laurel tree were observed. Small greased discs

mounted on rods through the canopy of the laurel tree and on one pine
tree were used to obtain information on the particle air concentration

gradients through the canopy of those trees. The data show that, in

general, the individual leaf contamination is highly dependent on the

direction of fall of the particles.

During the operation, 26 measurements of personnel contamination

were made; of these, most were for contamination of hair, since it was

the most efficient collector of all the exposed parts of the human body.

Essentially all the ceniza-arena particles recovered from the foliar

samples and the collecting equipment were sieve-analyzed for determination

of particle weight distributions as a function of particle diameter.

These data show that the foliage intercepted and retained, at least

initially, all particle sizes that fell. In most sample sets, the

distribution of particles on the foliage tended to have somewhat greater

fractions of small particles than did the distribution of those deposited

on the ground: this increased concentration of smaller particles in the

foliage deposits was higher when the deposit occurred under dry conditions.

Weathered deposits, either by wind or wind and rain, had about the same

distribution as the initial deposits on the foliage. In other words,
wind and rain did not preferentially remove large particles; rain appeared

to remove the smaller particles somewhat more effectively than the medium
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or relatively large particles. Most of the sample sets had distributions
with all but 2 or 3 percent of the weight contributed by particles with
diameters between about 7 and 300 microns; for such distributions, the
median mass diameter was between 40 and 10 microns.

The particle properties of the ceniza-arena collected during the
second phase of the field operation were similar to those reported for
the first phase. The solubility data indicated thatwhen the ceniza-
arena particles carried water soluble residues greater than about 1.0
percent by weight and were deposited on foliage under damp conditions,
severe or fatal acid burns occurred on the foliage of the tomato, bean,
corn, and similar plants.

The areas of leaves, stems, fruit, and flowers of all the plants
were measured, and the specific areas of these plant parts were determined
"from the data. The specific areas of younger leaves were generally found
to be larger than for older mature leaves, and the specific areas de-
creased with increasing dry weight of the leaves. A number of plant

geometry photographs were taken of the plants in the field; data from
some of t'.ese photographs are summarized in Part Three of this report.

Correlation and analysis of the experimental data presented in this
part of the report are discussed in Part Three of this report. In all
essential aspects, the data reported in this part of the report appear to
be consistent with the conclusions given in Part One, as deduced from the
data obtained during the first phase of the operation.
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