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Abstract

Hourly precipitation samples were collected for chemical
analysis with an automatic, sequential sampler. Samples were
analyzed. for pH, cpnductivity, sulfate and other constituents.
pH is related to sulf;te concentration and atmosPhe£ic'concentra-
tion of Smal} particies, Chemical constituents vary seasonally
and with precipitation type. Data permit‘inferences on the

relative importance of rainout and washout.



Introduction

Since June, 1976, hourly precipitatidn samples have been collected.
at Brookhaven National Laboratory for chemical analyses of their constit-
uents. This project is part of a larger prograﬁ in which the effects.of
acid precipitation on vegetation are being stu&ied and which was initiated
by concern over the incréasing acidity of precipitationvin the northeastern
United States (1). The purpose of this paper is to describe relationships
found to date among certéin chemical parameters of precipitation and their
relationships to another measure of air pollution and to meteorqlogical
variables associated with the precipitation evénts.
Sampler

The automatic, sequential precipitation sampler used in this study
was designed and built at Brookhaven National Laboratory and is described
in detail glsewhere (2). The sample; body contains a turntable which holds
thirty 1.9-1t polyethylene sampling goﬁties. A 40.6 cm diameter funnel is.

mounted on top of the body and protected from dry fallout by a movable

cover between precipitation periods. The cover and two precipitation

sensors mounted on it are similar in design to those of the HASL Wet/Dry
Fallout Collector (3). 1In nofmAl operation, the first sampling bottle
remains under the funnel for one hour from the time precipitatiom starts
and the cover'opens. The turntable then steps to the next position each
hour until precipitation stops and the cover closes. The funnel is heated
during cold weather to melt frozen precipitationf The rain sensors are
heated for the same purpose and to'evaporate remaining drops after precipi-
tation ceases. Each opening and closing of the cover and each step of the

turntable are recorded to the nearest minute,



Samples are removed from the sampler as soon as possible after
precipitation ends or once each day ifhprecipitation is prolonged. The
funnel and sample bottles are cleaned with distilledAwater after each
use.

Most previous precipitation sampling has been conduéted on a weekly
or monthly basis and many eaflier samplers did not exclude dry fallout.
Some sampling in recent years has been conducted on an event basis and
shorter period samples have been taken in a few research programs of
limited duration. However, no previous program ié known in which short
period samples excluding dry falléut have been collected in all precipita-
tion events over an extended period of time.

Analyses

The pH of the samples is measured as soon as possible after collection.
1f other analyses cannot be performed imm;diately,'the samples are trans-
ferred to 500 ml covered polyethylene bottles and sfored at~4bC until
analyzed. In addition to pH, the samples are measured for specific cond-
uctivity (umholém)'ana for;concentrétion (ppm) of nitrate, sulfate, ammonia,
sodium and chloride.

Data

’From June, 1976 to early February, 1977, 366 hourly samples were
taken during 64-precipitétion events ranging from brief showers to extended
‘periods of rainfall. 1In addition to the chemical measurements, date, time
and duration of each sample were recorded plus the following meteorological
parameters: amount of precipitation, type of precipitation, type of cloud,
sjnbptic situation caﬁsing the precipitation, wind'diréction, wind speed -

and temperature.



Since the number of variables influencing the results is large and
only eight months of data have been collected, the findings presented
here are preliminary and conclusions tentative. However, they are pre-
sented to show some of the ways in which data with this detail can be
analyzed and to demonstrate the fange of relationships which must be
investigated to properly interpret precipitation chemistry data.

Results |

pH is lowest in the summer season (Table 1) when air mass movement
is typically slow and air pollution levels in the northeastern United
States ;re often high. Most summer precipitation is shower type so that
cieansing of large masses of air by extended periods of precipitation
rarely occurs, |

However, cleansing of the air during longer periods of precipitation
has been documented during other times of year. During a rain on December 7,
1976, pH rose fairly steadily from the first hour while conductivity and
concentrationsof nitrogen, chlorine, sodium and sulfate all declined,
mostly to minimum measureable levels (Figure l). Ammonia showed an
irregular pattern.

During a snow on December 26, 1976, similar effects were seen (Figure 2)
althohgh most contaﬁinants were at or soon reached their lower limits of
detectability. In several other lengthy peridds of precipitation, this
cieansing effect did not occur since rainfall rates were too low to effect
cleansing or the air was too clean at the beginning of precipitation to show
any appreciable change. »

Precipitation removes gaseous and particulate contaminants from the

atmosphere by several mechanisms. Those occurring during the cloud formation



stage or‘ﬁithin the cloud are éo;lectively called‘rainout and those
occurring below cloud base are termed waéhout. Washout takes place
largely in the early stagés,of a precipiﬁation event during which time
materials removed by both processes are present ia the précipitatibn.
If pfeéipitaﬁion continues long enough at a heavy enough fate, contam-
inants will be lafgely removed from the below cloud layer and materials
still present in the sample‘can be .attributed to rainout. In the two
cases presented (Figures 1 and 2) thé higher concentrations in the éarly
hours are believed due to both rainout and washéuﬁ while the nearly
steady concentrations in the later hours are of rainout materials only.

'pH during thundershowers has averaged much lower than during other .
.types of precipitation (Tablé 2). This may be partially a seééonal
effect since most thundershowers occur in the summer. However, the
cumuloniﬁbus.clouds which produce thundershowers extend to much higher
altitudes in the atmﬁsphere'than‘other rain-produciﬁg clouds and have
vigorous circulations which pull into their b#ses large volumgs of air
from low elevatioﬁs. They also eﬁtrain additional air at higher elevationms
by turbulent mixing with surrounding air. Thus, large quantities §f pollu-
tants may enter a cumulonimbus cloud and subsequently be washed out.

An extended rainfall preceding Hurricane Belle in August, 1976
illustrates both the cleansing with time and the thundershower effects
(Figure 3). pH rose rather uniformily with time from the beginning of the
rainfall but sevefal thundershowers were embedded in the general rain
clouds and each was reflected by a sharp decline in pH except during the
early hours before the air was cleansed. This suggests that the thunder-

showers entrained pollutants from above the altitude washed out by the



continuous rain. Thus, the lower pH of thunderstorm rainfall in general

may be due to both more polluted air during the summer and to the cloud
"dynamics which entrain air over a greater range of-altitudes.

.Previous theoretical and expefimental.studies have shown that lightning
discharges in thunderstorms can form nitrates. from atmospheric‘nitrogen 4).
Thus, the niﬁra;e data from June through‘SeptemBef, 1976 were examined . |
by précipitation_type (Table 3). The higher mean and minimum.nitrate
concentration in thundershowers could be partially due to this process
but may merely reflect higher pollution levels prior to summer thunder-
showers. Many more cases are needed to'resolve this uncertainty.

Dﬁring the nigﬁt of August 9-~10, 1976, the small hnréicane Belle
crossed Long Island. Although extensive precipitation preceded the stofm,
rainfall during the period of peak winds was light and contained a high
peréeﬁtage of wind-driven salt spray from the ocean.  Concentrations of
sodium and-chlori&e‘increased steadily as the wind increased (Figure 4)
and reached levels about one thousand times normal. »Uhféfﬁuﬁately, the
recoxd wés terminated by a power'failure’after 0200 on August 10.

'Reiationships among contaminants in the samples have been examined
in part. Specific conductivity and pH (Figure 5) show the expectgd in-
verse' relationship. A slightly better correlation was found between pH
and ln conductivity ( = ~0.67) than between pH and condﬁétivity (r= -0.62).A

Sulfate concentrations were also related'to pH (Figure 6). Consider-
able scatter is evident and the best ;east squares fit of pH with In S
gives r= -0.39 while the best fit rS gives r= -0.30. Thesé_low
correlations suggest that other materials also contribute to acidity in

precipitation.



Concentrations of small pafticlesAin‘tﬁe light scattering region
(radius = 0.1-10 pm) are measufed.continuously by an integrating |
nephelometer (5).mounfed at 128 m above the ground on a meteorology
tower about 220 m from the pfecipitation collector. Particle concentra-
tions in the last hour before érecipitation,started were related to pH
in the sample collectéd dufing ;he first hour of;precipitatioﬁ (Figure 7).
Much scatter is evident because the particleé measured by the nephelometer
are not necéssarily those contributing to the acidity in the precipitation
and measurements at one heigﬁt are not ﬁecessarily repreéentative of
coqcentrations from the surface to cloud level. However, ;he trend for
lower pH with higher particle concentration is evident and not unexpected
since both are indicators of the level of air pollutiom.

_ Conclusions

Short period precipitation samples provide information not obtainable
from event samples, from samples taken over ldnge: pericds or from samples
including dry fallout. Concurrent recording of metéofological variables
makes‘it possiblé to.relate'precipitétién chemistry to causative atmospheric
procésses. Estimaﬁes can be obtained of the relative amounts of material
removed froﬁxthe atmOSphereby'rainout‘and waghout. The relationships
found. so far amﬁng rainfall constituents and between them and meteorological
parameters are consistent with-knqwn atmospheric and chemical processes.
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Season

Summer
Fall

Winter

Table 1

pH by Season

No. Hqurs_
53
156

107

Mean

4.26

5.26

4.78

Standa:d Deviation

0.82
0.83

0.58



Table 2

pH by Precipitation Type

Preéipitation fype No. Hours . Meaﬁ- Stén&ard Deviation
Thundershower ‘ 18 3.83 . 0.48
Thundershower and Rainshower 9 - 4.89 ' 0.72
Rainshower - | ‘ 45 4.75 "~ 0.76

Rain o 159 5.20 . 0.77

Snow _ _ 57 4,70 - 0.42



Table 3

Nitrate Concentration by Preéipitation Type

P;eéipitation Type
Thundershower

Thundershower and Rainshower
Rain Shqyer

Rain

No. Hours

Nitrate Concentration (ppm)

‘ Minimum = Maximum
18 . 0.21 3.28
9 0.02 2.27
23 0.10 2,40
46 10.02

4.10 |

‘Mean

1.21
0.37
0.81

0.60



© List of Figures
Figure 1. | Change with time in the chemical characteristiﬁs of the
'rain‘of December 7, 1976. The gaps in the curves occur
during hours when samples were too sﬁa;l for measurements.

Figure 2. - Change with tiﬁe in the chemical charﬁcteristics of the
snow of Decembér 26, 1976. The straight line curves repre-
sent minimum measurable concentrations.

.Figdre 3. Change of pH with time during the rain with embedded.thunder-
showers preceding Hurricane Belle;

Figure‘A. _ -Change'iﬁ wind speed and concentrations of sodium (Na+)
and chloride (cl-) with time during Hurricane Belle.

Figure 5. pH as a function of specific conductivity in precipitation
samples with the least squares line of best fit and the
correlatioﬁ coefficient'(r),

Figure 6. pH as a function of gulfate-concentration in precipitation
samples with the least squares line of best fit and the
correlation coefficient (rj.

Figurg 7. pH in preciﬁita;ionAsamples as a function of atmospheric
small particle concentration with the least squares line

of best fit and the correlation coefficient (r).
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SNOW OF DEC. 26, 1976
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