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Table 1. Correlation of EO and BOD, for glucose-glutamate

BOD, EO
mg/L mg/L

217 63.5, 57.9, 63.9
160 41.6
108 31.6
58.6 12.3, 15
27 7.8, 6.3

A series of raw sewage and primary (1') effluent
samples obtained from two different waste treat-
ment plants were analyzed for their EO and BOD,
values (see table 2). Plant R is a small domestic
treatment plant with flow rates from 3 to 5 MGD,
while plant BC treats a mixture of domestic and
industrial wastes with a flow rate of about 100
MGD. A correlation coefficient, r2, of 0.92 was ob-
tained in a regression analysis of these data.

Table 2. Correlation studies of waste samples

Plant Sample EO BOD,

R Raw 4.49 50.5
BC Raw 5.91 61.0
BC Raw 4.52 49.8
R Raw 6.11 75.3
R 12 3.21 34,1
BC 1' 5.90 39.8

A number of secondary effluent samples from
three different plants were analyzed for their EO
and BOD, values. Some of these values fall on a
"best fit" line. However more extensive testing is
needed to allow regression analysis for secondary
effluent samples.

In all the EO determinations carried out in this
investigation, the analysis time was an hour or less.
The overall precision of EO analyses by the
ABODA instrument and BOD, is given as
weighted average % relative standard deviation
value in table 3.

Table 3. Weighted average of 1% rel. std. dev. data

Sample EO BOD,
%Rel. s.d. No. analyses %Rel. s.d. No. analyses

Glucose- ±4.3 67 +4.4 29
glutamate

Wastesam- ±61 106 +9.6 I1
pies

Weighted ±5.4 173 ±8.5 140

avg.

In summary, the ABODA instrument measures
EO which is correlated with BOD,, precise
(±5.4% SD), and it accomplishes an analysis in I
hour.
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In-Situ Filtration Sampler
for the Measurement of Trace

Metals in Precipitation

Barbara J. Keller
Analytical Chemistry Unit
Illinois State Water Survey

Champaign, IL

An in-situ filtration sampler has been developed
for use in measuring trace metals in precipitation.
This sampler is a modification of the Aerochem
Metrics Model 301 wet/dry precipitation sampler
now in use in the National Atmospheric Deposition
Program/National Trends Network (NADP/
NTN). The sample is captured in a funnel and fil-
tered directly into a precleaned and preweighed
collection bottle. Upon collection, the bottle can be
weighed to determine sample volume and immedi-
ately preserved with the appropriate amount of
acid. Samples collected in this manner were
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compared to those collected in high density
polyethylene (HDPE) buckets according the stan-
dard NADP/NTN protocols for major ion sam-
pling. These bucket-collected samples were filtered
in the laboratory at different times throughout a
week to approximate time lapses normally present
in a large scale monitoring study. The metals inves-
tigated were aluminum, cadmium, copper, iron,
lead, manganese, and zinc. Graphite furnace
atomic absorption spectrophotometry was the
method of analysis.

Filtration of aqueous samples followed by acidi-
fication has been shown to be necessary to preserve
the natural distribution of metals since the particles
present in the sample may adsorb or desorb metal
ions rapidly [1]. Immediate Filtration is particularly
important in low volume deposition events where
rapid pH changes can take place due to neutraliza-
tion by natural dusts [2]. Since there are varying
time lapses between collection in the field and Fil-
tration in the laboratory, the soluble/insoluble dis-
tribution of metals may be significantly changed in
the final analysis. The in-situ filtration system parti-
tions the sample as it falls, so that a more natural
metal distribution is preserved. Also, sample han-
dling is decreased, thereby decreasing opportunity
for contamination.

The in-situ filtration system consists of a funnel
and bottle assembly with an in-line filter. The top
opening of the funnel is the same diameter as the
standard buckets (30 cm), so that the catch area is
the same. The HDPE funnel is connected to the
fluorinated ethylene propylene (FEP) tubing via a
polypropylene cone. The 0.4 jvm polycarbonate
membrane filter is housed in a tetrafluoroethylene
(TFE) filter holder. The samples are collected di-
rectly into a 2-liter polyethylene bottle. After col-
lection, the bottle is weighed and the sample is
preserved with the appropriate amount of ultra-
pure nitric acid.

The Aerochem Metrics Model 301 wet/dry pre-
cipitation sampler was modified as follows:

1. The counterweight bar was cut and the mid-
dle portion removed, so that tubing could be
connected from the collection funnel to the
receiving bottle.

2. The bucket was shortened by 2.5 cm (off the
top) to allow the funnel to nest at the top of
the bucket. This was necessary to allow full
closure of the sampler lid during dry periods.

3. A hole was cut in the bottom of the bucket for
passage of the polypropylene cone and FEP
tubing.

Direct comparisons between this system and the
bucket collection system involved blank leachates
and natural wet deposition samples. Blank leachate
results for the two systems are shown in table 1.
Blanks were poured into the bucket or funnel, left
for 24 hours, and transferred to sample bottles and
preserved. Acid cleaning the buckets lowered the
iron values, but the zinc values increased to as high
as 115 1.g/L. The maximum concentrations found
in the in-situ filtration system blank leachates were
much lower for iron and zinc.

Table 1. Blank leachate analyses for HDPE sampling buckets
and the in-situ filtration sampling system (percent frequency of
method detection limit (MDL) concentrations)

Metal

Al
Cd
Cu
Fe
Pb

Mn
Zn

MDL
(ttg/L)

HOPE
buckets a

3.5 100
0.05 100
0.9 100
1.! 90 (16.1)
1.1 95 (2.8)
0.8 100
0.5 18 (14.7)

In-situ filtration
system'

82 (4.3)c

91 (0.08)
100
91 (1.2)

I00
100
73 (2.9)

a'pH 5.7 and pH 1.8, n =40
pH 5.7, pH 4.3, and pH 3.4, n = Ii1

C Numbers in parentheses are maximum values (jig/L).
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Figure 1 shows results for the 24-hour sampling
period during which a rainfall of 0.35 inches was
collected. The bucket sample was filtered and acid-
ified at 0, 1, and 3 days, while the in-situ filtration
sample was acidified at the same intervals. The dif-
ferences are obvious with much higher aluminum,
iron, and zinc concentrations in the bucket samples.

To check for adsorption of metals onto the col-
lector and/or filter surfaces, spike recoveries were
determined for the in-situ filtration system. Results
are presented in table 2.

BUCKET SAMPLE
FILTERED AND ACIDIFIED AT 0. 1. ANDl 3 DAYS

Zt!

E

UI

Table 2. Single-operator precision and bias for trace metals de
termined from analyte spikes of samples (6 blanks, 2 synthetic, 5
wet deposition)'

Amount Mean percent Mean Standard Statistically
added, recovery, bias, deviation, significant

Metal p.g/L n % Kg/L gg/L bias?'

Al 18.5 12 95.7 -0.8 2.1 no
Cd 6.11 13 109.2 0.56 0.73 yes
Cu 11.0 13 100.0 0.0 0.6 no
Fe 11.1 12 89.2 -1.2 0.9 yes
Pb 20.8 13 101.9 0.4 1.5 no
Mn 10.1 13 107.9 0.8 0.5 yes
Zn 21.9 13 107.8 1.7 4.7 no

*Samples were spiked prior to filtration in the in-situ filtration
collector.
95% confidence level [31
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The gravity filtration system evaluated in this
study has some limitations. Precipitation with a
high particulate load may require a pumping sys-
tem, and below freezing temperatures necessitate
the use of a heating system and/or insulation. Fur-
ther research into these areas is planned.

The advantages of in-situ filtration are: preserva-
tion of the natural distribution of metals, decreased
sample handling, and the inexpensive modification
of available equipment.
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Figure 1. Trace metal concentrations of a rainfall of 0.35 inches,
Champaign, IL, February 5, 1986.
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