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Concentrations of airborne coliform bacteria as high as 1.5 x 104 m-3 were

observed 8 cm above anaerobically digested sewage sludge applied to a forest
clearcut. Dry conditions and high wind speeds tended to favor aerosol generation.

Potential pathogens occur in the air near sew-
age treatment plants (1, 5, 10, 11) and wastewa-
ter irrigation areas (8). They could also occur
above sludge-treated forest land since total and
fecal coliform bacteria are known to survive for
months in sludge applied to forest clearcuts (4).
This study was initiated to determine whether
coliform bacterial aerosols are generated from
sludge surfaces in a forest clearcut and, if so, to
determine what meteorological conditions favor
such generation.

Anaerobically digested, dewatered (20 to 40%
solids) sewage sludge was transported from the
City of Seattle's West Point Treatment Plant
120 km south to the Charles Lathrop Experi-
mental Forest of the University of Washington.
Approximately 41 m3 of dewatered sludge (15
cm deep) was applied on 29 and 30 December
1976 to a 0.1-hectare circular area in a 21-hectare
clearcut. An adjacent area received sludge on 25
August 1977.

Aerosol samples were taken with an All Glass
Impinger (9), sampling 8 liters min-' in the mid-
dle of the treated areas. The low sampling rate
prevented excessive foaming. The orifice of the
sampler was located 8 cm above the sludge sur-
face and was pointed into the wind. Samples
were taken for 1 h, generally in the early after-
noon when bacterial concentrations were ex-
pected to be near the maximum (6), at approxi-
mately monthly intervals for 6 months, starting
on 2 January 1977, for the winter treatment and
at weekly intervals, from 1 September to 6 Oc-
tober, 1977 for the summer treatment. Air sam-
ples were also taken on a control plot approxi-
mately 1 km upwind from the sludge-treated
site. The collection solution was 30 ml of 0.1%
peptone (Difco Laboratories). Total coliform
bacteria counts were determined by using lac-
tose fermentation and the most-probable-num-
ber technique (2). Three replicates and a three-
fold dilution series were used. Samples were
processed within 0.5 h after collection. Total
coliforms in sludge at the initiation and end of

the study were also determined by the most-
probable-number technique (2). Sludge mois-
ture was determined gravimetrically in the sum-
mer treatment.
Wind speed, air temperature, relative humid-

ity, solar radiation, and rainfall data (at 10 m)
were obtained from the meteorological station
at Pack Forest, located about 1 km from the
sludge-treated areas. Such meteorological data
were generally representative of the study site.
On-site instruments should be used in future
studies, however.

Coliform bacteria were generated from the
surface of sludge which had been applied in
December 1976 (Table 1). No coliform bacteria
were detected in the control samples. The high-
est concentration was found on 5 April 1977. At
this time, air temperature, solar radiation, and
wind speed were high (21.7°C, 0.88 cal [ca. 3.69
J] cm-2 min-', and 1.15 m s-l, respectively). A
dry period preceded the sampling time. Interest-
ingly, on 27 June, although similar meteorolog-
ical conditions prevailed, no airborne coliforms
were detected. This could have been due to a
dieoff of coliform bacteria in the sludge. Initial
sampling revealed 3.5 x 107 coliform bacteria
per g of sludge, whereas numbers were only 5.0
x 105 per g of sludge on 27 June. No precipitation
was recorded during either sampling period.
When low airborne concentrations of coliform

bacteria occurred, air temperatures were cooler,
the sampling periods were preceded by wet pe-
riods, and wind speeds were low. For example,
during the 17 May sampling, when low concen-
trations of coliform bacteria occurred, the air
temperature was 8.9°C, the wind speed was 0.13
m s l (Table 1), and rain fell before the sampling
period.

Results of the initial study led to the second
study examining a summer sludge application.
Again similar results were found (Table 2), in
that generally the highest bacterial aerosoliza-
tion occurred after a dry period and when air
temperature, solar radiation, and wind speed
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TABLE 1. Airborne coliform bacteria concentrations (most probable number) above dewatered sludge
applied to a forest clearcut on 29 and 30 December 1976 and a control area,a wind speed, air temperature,

solar radiation, relative humidity, and precipitationb during the sampling period

Sampling date Airborne coli- Wind speed Air temp Solar radiation (cal Relative
(1977) Samplng time (h) form bacteria (m s-') (OC) cm-2 nin-1) humidity

(no. m-3) (%)

21 Jan. 1310-1410 -^ 0.75 4.8 0.07 (0.29)d 90
24 Feb. 1337-1447 1.1 x 102 0.70 7.5 0.40 (1.67) 55
24 Mar. 1112-1232 1.0 x 102 1.73 7.5 0.73 (3.06) 56
7 Apr. 1308-1408 1.2 x 103 1.15 21.7 0.88 (3.69) 53
17 May 1124-1234 55 0.13 8.9 0.17 (0.71) 87
27 June 1320-1420 0 1.27 18.6 0.84 (3.52) 54

a No coliform bacteria were detected in the control samples.
b No precipitation occurred during the sampling periods.
Coliforms were observed, but concentrations were not determined.

d Numbers in parentheses are joule equivalents.

TABLE 2. Airborne coliform bacteria concentrations (most probable number) above dewatered sludge
applied to a forest clearcut on 25 August 1977 and a control area,a percent moisture of the sludge, wind
speed, air temperature, solar radiation, precipitation,b and relative humidity during the sampling period

Airborne coli- % moisture Wind . Relative
Samplg7date Sampling time (h) form bacteria (fresh wt speed (m Artemp Solar radation) humRditY(1977) ~~~~~~(no.m-3) basis) 8-) (OC) (clc2 i' %hmdt

1 Sept. 1153-1243 1.5 x 104 72 1.00 20.1 0.95 (3.98)c 54
8 Sept. 1120-1205 2.3 x 102 25 1.22 16.8 0.94 (3.93) 55
14 Sept. 1230-1315 1.1 x 102 50 1.58 18.8 0.83 (3.48) 50
22 Sept. 1215-1302 0 60 0.62 14.0 0.76 (3.18) 66
29 Sept. 1241-1322 0.9 x 102 74 0.18 11.4 0.16 (0.67) 85
6 Oct. 1153-1247 1.0 x 102 47 0.95 12.2 0.47 (1.98) 90

a No coliform bacteria were detected in the control samples.
b No precipitation occurred during sampling periods except for a trace on 6 October.
'Numbers in parentheses are joule equivalents.

were high during the sampling period (Table 2).
Although sludge moisture was high (72%) on the
initial sampling date of 1 September 1977, sur-
face drying had occurred. The highest airborne
concentrations were also observed at this time
(Table 2). High concentrations also occurred
during the second sampling period when the
sludge moisture content was lowest (25%) (Table
2). Coliform bacteria numbers in the sludge
changed little during the sampling period and
averaged 1.4 x 106/g.
A trace of rain fell during the 6 October sam-

pling, and rain splash may have entered the
sampler. This represents a second mechanism
for aerosol generation other than wind blowing
of drying particles (3).

Coliform bacteria, which are universal indi-
cations of fecal pollution, are apparently capable
of being aerosolized from the surface of dewa-
tered sludge applied as a land treatment. It
might have been better to use fecal coliforms
rather than total coliforms in this study since
the former are better indicators. However, one
advantage of using total coliforms was that aero-
solization mechanisms could be better examined
because of their longer survival in the sludge.
The highest concentrations generally resulted

during warm, dry periods when particles were
picked up in the wind. Rain splash may be
another mechanism for aerosolization. It would
also appear that the highest numbers are likely
to be generated in the first few months after
application, when both total and fecal coliform
counts are high. Airborne coliforms were de-
tected during both the summer and the winter
above the sludge and could be detected months
after sludge application.
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