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ABSTRACT

Sludge samples from wastewater treatment plants were studicd by the Finnish Centre
for Radiation and Nuclear Safety from 1979 onwards. Sampling of sludge was
extended to include more sewage treatment plants after the accident at the Chernobyl
nuclear power station. The study was continued in some of the wastewater treatment
plants in order to continuously follow the level of and changes in the faliout
radioactivity. Sludge samples were also taken from treatment plants in communitics
close to the nuclear power stations at Loviisa and Olkiluoto.

For a long time the most frequently detected nuclide in sewage sludge was “’Cs
uriginating from Chemobyl. The **’Cs activity concentration in sludge varied in 1988
from 68 to 750, in 1989 from 16 to 480 and in 1990 from 11 to 300 Bq kg™ dry
weight. The activation products in sludge originating from nuclear power stations
in Finland were some becquerels per kilo, at the most about twenty becquerels per
kilo dry weight. The most frequently detected medical radionuclide was '],
frequently detected in almost all wastewater treatment plants.
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1 INTRODUCTION

Sludge samples from wastewater treatment plants were studied for radionuclide
content by the Finmish Centre for Radiation and Nuclear Safety from 1979 onwards.
At first samples were collected from cities, where hospitals use large amounts of
radionuclides and from communities located in the vicinity of Finnish nuclear power
stations. ** Sampling of sludge was extended to include more sewage tr. - *ment plants
after the accident at the Chemobyl nuclear power station. In 1986 samples were
received from 25 communitics. The highest concentration of **’Cs measured in sludge
was 12000 Bq kg™ dry weight.® In 1987 the number of samples tested decreased
and the highest *'Cs activity measured was 1800 Bq kg™ dry wcight.”

From 1988 on the study was continued in some of the wastewater trcatment plants
in order to continuously monitor the level of and changes in the fallout radioactivity.

Sludge samples were also taken from treatment plants in communities close to the
nuclear power stations at Loviisa and Olkiluoto to detect radionuchides originating
from these stations. Such samples were taken and analyscd from 1984 onwards.

The Finnish Centre for Radiation and Nuclear Safety has also studied the transfer
to wastewater trcatr, ent plants of ™1 used in hospitals. In that study the samples
were taken primarily from wastewater arriving at the plant. The esults of this
wastewater sampling will be published in a separate report later. The results of the
mcasurements of sludge samples taken at the same time as the wastewater samples
are, however, given in this report.
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2 MATERIAL AND METHODS

In most of the wastewater trcatment plants studied, sewage is trcated using a
biological-chemical simultaneous precipitation mcthod in which phosphorus
compounds are precipitated by adding compounds of iron, aluminium or calcium.®
The most commonly added compound is ferrosulphate. Almost all the plants studicd
use mechanical dewatering which allows the concentration of dry material in the
sfudge to rcach levels of 15-25%. In the plants in Helsinki, Espoo and Kuopio a
digestion process, involving a 20-30 day residence time for the sludge, is used
before drying.

The sludge samples were take from 10 wastewater treatment plants. The sampling
locations are shown in Figure 1; and data on treatment mcthods, daily discharges
and amounts of sludge precuced are given in Table I. The treatment plant at Loviisa
is situated about 10 km from the nuclear power plants, at Loviisa and those at Rauma
and Eurajoki about 10 km from the nuclear power plants at Olkiluoto. Some samples
were dricd at a temperature of 105 °C, homogenised and measured gammaspectro—-
metrically using a cylindrical geometry for approximately 1000 min to dctect even
minute amounts of radionuclides. Other samples were packed without pretreatment
in Marinelli beakers of about half a litre and measured with lithium-drifted or high-
purity Ge detectors. The measurement time for these samples was 60-400 minutes.

The calculated activities were corrected for physical decay back to the midpoint of
the collecting period. Th. percentage of dry material in all the samples was
determined after drying the sludge at 105 °C.

There is aresidential arca for maintenance workers close to the Loviisa nuclear power
plant. The sewage from these houses flows into the local wastewater treatment
plant. The sewage is treated chemically using AISO, - precipitation. The sludge
formed in the septic tank has a dry weight of about 4 per cent and was transported
to a dumping site once a week. As the tank is not always pumped complety empty,
older sludge may be mixed with more recent matter, and the samples taken may
consist of a mixture of both old and new sludge. Samples were taken from the septic
tank during the maintenance and refuelling periods at the nuclear power piant in
1988-90.
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3 RESULTS

The activity concentrations of gamma-emitting radionuclides in the dewatered sewage
sludge samples taken at different treatment plants in 1988-1990 are shown in
Tables H-1V. The "'Cs activity concentration varied in 1988 from 68 to 750, in
1989 from 16 to 480, and in 1990 from 11 to 300 Bq kg™* dry weight. The variations
in ¥’Cs activity concentrations ixtween 1986 and 1990 at the wastewater treatment
plants in Rauma (Maanpiiniemi), Loviisa (Virdo) and Helsinki (Kylisaari) are shown
in Figures 2 and 3. In 1988 radionuclides other than cesium also detected in sludge
were '*Ru, Sb and "Ce originating from the Chernobyl fallout. After 1988, of
the fallout nuclides, only "*Cs and **’Cs were detected. In 1990 'Sb was detected
in ouc sample. In July 1990 the *’Cs activity concentration in sludge from Helsinki
{Kylisaari) was about 40% of the corresponding concentration in 1988. The ratio
of the ™Cs and ™'Cs activity concentrations decreased from 0.28 in 1988 to 0.16
in 1990.

Between 1988 and 1790 small amounts of *'Cr, **Sb, *Mn, *Co and *Co were
detected in the Eurajoki wastcwater trecatment plant during the annual maintenance
shutdown periods of the nuclcar power station at Olkiluoto. At Rauma only “Mn
and “Co of the above mentioned nuclides were detected. At Loviisa """ Ag was
detected during every maintenance shutdown period. In 1988 *Mn, *Co and ®Co
were also detected. The activity concentrations in sludge from the septic tank for
the residential area for maintenance workers near the Loviisa nuclear power station
arc given in Table V. The activation products *Cr, *Mn, *Co, ®Co, *F¢, "™Ag
and 'Sb were detectzd during the annual maintenance shutdown period. Fission
products *Zz, “*Ru, ™'1, *'Ce and "*Cc were detected in 1989 and 1990.

Of the gamma--cmitting radionuclides used in medicine, *Cr,*'Co, ®Fe and ™' Iwerc
detected in sewage sludge. Of the short~live? radionuclides used in medicine "' In
(T, = 2.8 d), “Ga (T,; = 3.3 d) and *'T1 (T, = 3.1 d) were occasionally detected
in trcatmer:t plants. The most frequently detected medical radionuclide was *'1, which
was found in almost all wastewater trcatment plants. The greatest concentration of
1] 7900 Bq kg™ dry weight was found on March 15, 1989 in Lappcenranta. At a
Lappeenranta hospital paticnts were given ™1 for therapy on March 9 and 10, 1989.
The variations in ™'l activity concentration in sludge samples from Helsinki
(Kyldsaari) are shown in Figurc 4. Concentrations varied from 31 to 220

Bq kg’ dry weight.
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4 DISCUSSION

The amounts of fallout radionuclides in sewage sludge are influenced by the fallout
level in the sewer arca, the amounts of rain and runoff, the type of runoff arca and
ihe treatment method used on the sewer water. Also the activity of tapwater and
of foodstuffs influcnce the activity concentration asdo the Al-precipitation produced
in waterworks and transported to wasterwater treatment plants and the sludge from
industrial prosesscs.

The inhabitants of the Helsinki arca get their tap water partly from different fallout
rcgions. In the Helsinki area there are two wastewater treatment plants, at Kylisaari
ard Suomenoja. The sewer area served by those plants belongs to the same fallout
region. Both trcatment plants use thc same treatment mcthod, digestion and
mechanical dewatering of the sludge. The difference between them is that rain and
runoff flow to the Kyldsaari treatment plant from a very large arca whercas at
Suomenoja no rain water enters the trcatment process. A special source of activity
in the Kylasaari treatment plant is the Al-precipitation produced in waterworks
using raw water from a lake in the highest fallout region. 7 The amounts of sludge
at the Kylasaari plant are double those at the Suomienoja plant.”® For a long time
the two most frequently detected nuclides in sewage sludge were ™Cs and ™ Cs
orginating from Chernobyl. The '’Cs concentrations at the Suomenoja plant were
approximately one tenth of those at the Kylisaari plant during the 1986-1989 period.
Further investigations will give information on the importance of the different factors
influencing radionuclide concentrations of sewage sludge in the Helsinki area.

In Sweden ’Cs levels in sludge samples taken in 1989-90 from a wastewater
treatment plant at Lund were studied by Isaksson et al.” They estimated that about
35 per cent of the total ™' Cs activity in the treatment plant originated in cxcreta from
the inhabitants of the Lund arca and the remainder came mostly from runoff.

The activation products in sludge originating from nuclear power stations in Finland
amountcd to a few becquerels per kilo, at the most about twenty becquercels per kilo
dry weight. Sludge was produced at the treatment plant in Rauma at a rate of about
14-30 m’, at Eurajoki about 9 m® and at Loviisa 3-4 m’ per day. This usually
corresponded to less than 10 kBq/d during the maintenance and refuelling period.
Many workers at the Loviisa power station live in Loviisa, and many workess at
the Olkiluotn power station live in Eurajoki or Rauma. The control sites used were
Kotka, within ac. 35 km radius of the Loviisa nuclear power station, and Pori, within
a c. 35 km radius of the Olkiluoto nuclear power station. During the maintenance,
refuclling and shutdown period at the nuclcar power stations, of the artificial
radionuclides only ™1 and further nuclides originating in Chernobyl was detected
in the wastcwater treatment plants in Kotka and Pori.
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The greatest activity concentration in sludge came from medically used ™1 In
Lappeenranta and Kuopio the sampling was scheduled at times when hospitals
uscd large amounts of "'1 for therapy. The Kuopio treatment plant uses a digestion
process, involving a 25 day residence time for sludge. This caused a decrease in
the activity concentration before sampling. The decrease in the ™' concentration
at Helsinki (Kylisaari) after 1987 was partly causcd by the University hospital in
Helsinki beginning to use '®I instead of "1 for therapy.? The greatest amount of
5'Cr collected daily in sludge was 7500 kBq. This was calculated assuming the daily
sludge produc<tion to be about 130 m*. With a residence time of about 25 d,

14 MBg/d was collected in the sludge.

Annually 1 100 000 m’ dewatcred sewage sludge is produced in Finland. Of this
75% is utilized; 50% for fertilizing agricultural ficlds and 25% for landscaping.
We studied the uptake of "’Cs and observed that only a very small amount was
transferred from soil supplemented with sludge to ccreal.’ The rules on the usc of
sewage sludge on fields were changed recently. The maximum acceptable amount
of sludge is one metric ton of dry matter per hectare, or four tonnes every fourth
year.® The change was made to reduce the levels of heavy metals in fields.

The contribution of fallout radiocesium in sludge to the total radiation dosc was
considered insignificant.
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Table 1. Treatment methods, mean values for dry matter in sludge, daily
discharges and estimated amounts of sludge produced at wastewater
treatment plants. ™

Treat- Dry Discharge Amount Fallout

ment matter of sludge  region

method % m’ 4™ m® d”
Espoo, Suomenoja RS* 22 70865 70 1
Eurajoki, Kirkor.iyla RS 1.7 598 9 3
Helsinki, Kyldsaari RS 18 111462 134 1
Kotka, Mussalo RS 16 11869 23 4
Kotka, Sunila RS 15 13556 22 4
Kuopio, Lehtoniemi RS 28 25830 18 3
Lappeenranta, Toikansuo ES® 8 18090 1
Loviisa, Virdo S§¢ 19 2682 3-4 4
Pori, Luotsinmaki KS* 17 30388 82 3
Rauma, Maanpéinniemi RS 14 8869 14-24 3
* simultaneous precipitation ¢ direct precipitation
® pre—precipitation ¢ chemical treatment

15
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Table 11

Gamma-emitting radionuclides in sewage sludge (Bq kg™’ dry wt.)

in 1988.

Wastewater Sampling Measur- Dry

treatment  date ing matter
plant time
min. % 'Be K Cr *Mn “Co *Co “Co
Eurajoki 235.88" 1010 1.7 0 240 0 44 0 0 77
Helsinki, 5.4.88 8 199 120 280220 O 11 ¢ O
Kylasaari 1.7.88 60 219 300 310100 O 10 O O
3.11.88 99 149 380 190290 O 13 0 0
Kotka, 10.1088 4033 168 4 140 0 O ¢ 0 O
Mussalo
Kotka, 8-10288 1017 166 66 74 0 O 0 0 0
Sunila 25788 1053 142 34 5 0 O 0 0 O
10.10.882 1065 137 56 - 0 0 0O 0 O
Kuopio, 18988 407 273 110 0 0 O 0O 0 O
Lehtoniemi 19988 403 300 81 0O ¢ O 0 0 O
2098 121 269 56 74 0 0 0O 0 O
2198 422 278 47 715 0 ¢ 0O 0 O
Loviisa, 8288 1033 175 39 8 0 O 0O 0 O
Virdo  25.-28.788° 1043 170 110 130 0 11 0 66 63
10.1088 1080 188 110 160 0 O 0O 0 24
Pori, 2288 1028 169 35 39 0 O 0O 0 O
Luotsin- 23.-26.588 1019 189 51 75 0 O 0 0 O
maki 10.1088 1093 169 42 0 0 0 0O 0 O
Rauma, 8288 13910 120 140 140 0 O 0 0 20
Maanpiin- 2588 1021 114 120 150 O O 0O 0 O
niemi 23.-26.5.88* 1079 113 160 140 0 5 0 0 38
10.1088 1102 117 120 110 O O 9 0 O

16
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Table 11. cont.
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0 8
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29 120
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Annual maintenance shutdown period
* Olkiluoto nuclear power station 30.4.-9.6.1988

* Loviisa nuclear power station 24.6.-23.8.1988

¢ below detection limit
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Table 111 Gamma-emitting radionuclides in sewage sludge (Bq kg™ dry wt.) in 1989.
Wastewater Sampling Measur— Dry
treatment date ing material
plant time
min. % Be “K *'Cr "Co *Fe %Co "™Ag ™1 ™Cs "Cs
Espoo, 14.3.89 168 24.7 65 87 o 0 0 0 0O 5 1 42
Suomenoja
Eurajoki, 15.5.89* 1165 1.3 0 200 G 0 0 7 0 o0 135 66
Kirkonkyla 29.5.89* 4018 27 190 30 0 0 19 0 0 15 66
Helsinki, 4.1.89 120 19.1 94 160 200 0 0 0 0 57 110 430
Kylasaari 3.4.89 76 225 310 250 95 0 0 0 0 37 54 250
2.7.89 60 17.3 220 0 200 17 16 0 0 77 100 480
2.10.89 58 164 160 0 97 14 0 0 0 110 60 340
Kotka, 6.3.89 4052 13.6 93 140 0 0 0 0 0 48 60 250
Mussalo
Koika, 6.3.89 4012 10.7 77 120 0 1 0 0 0 310 44 150
Sunila 31.7.-3.8.89 1114 15.3 0 110 0 0 0 0 0 0 27 120
Lappeenranta, 15.3.89 79 0 0 0 0 0 0 07900° O 16
Toikansuo

ALFIVS AVAIONN ANV
NOLLVIAVYd 404 TUINTD HSINNIA

t6V-ILS
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Table 111 cont.

Wastewater Sampling Measur - Dry
treatment date ing material
plant time
min. % TBe OK Slcr S'lCo $9Fe ﬂ)Co llOmAg 131] IMCS IS'ICS
Loviisa, 21.3.89 1025 17.1 71 130 0 0 0 0 0 G 45 180
Viardo 22.5.89 1034 - 67 0 0 0 0 0 0 11 28 110
31.7.-3.8.89° 1128 18.5 160 140 0 0 0 0 10 0 59 280
16.10.89 1002 19.2 150 220 0 0 0 0 0 0 50 300
Pori, 6.3.89 671 18.2 88 77 0 0 0 0 0 0 15 72
Luotsinmaki 15.-18.5.89 4147 18.4 26 0 0 0 0 0 0 13 11 55
29.5.-1.6.89 1077 18.8 0 0 0 0 0 0 0 8 13 60
Rauma, 6.3.89 1772 11.7 150 230 o 0 0 0 0 57 2 92
Maanpiinniemi 8.-11.5.89° 1062 10.4 94 0 0 47 0 0 0 76 18 98
29.5.-1.6.89* 1060 13.1 87 110 0 98 O 4 0 110 18 86
25.-28.9.89 1040 13.3 0 0 o 0 0 0 0 0 88 49

* Annual maintenance shutdown period at Olkiluoto nuclear power station 30.4.-15.5.1989 and 20.5.-31.5.1989
® Annual maintenance shutdown period at Loviisa nuclear power station 9.7.-21.8.1989
° below detection limit

? at a nearby hospital, patien were given **'] therapy on March 9 and 10, 1989.

€6V-ILS

NOLLVIAVY YOd FTALNID HSINNIA

ALFAVS IVIIONN ANV



& Table IV. Gamma-emitting radionuclides in sewage sludge (Bq kg™ dry wt.) in 1990.

Wasterwater Sampling Measur- Dry

treatment  date ing  material 'Be “K °'Cr *Mn YCo *Ce *Co "™Ag ™Sb ™'l ™Cs "Cs
plant timc %
min.

Eurajoki, 15.5.90* 1012 22 0° 150 0 0 0 0 €3 J 0 0 64 33
Kirkonkyia 28.5.90® 3843 19 0 47 4 12 0 08 17 0 0 018 11
Helsinki. 4190 1097 195 170 200 130 0 42 O 0 0 0 31 53 300
Kyldsaari 2490 116 219 160 2¢0 110 0 0 O 0 G 0 55 23 140
6790 192 208 150 230 81 0 28 O 0 0 0 98 46 290
1.10.90 126 17.6 230 120 86 0 0 0 0 0 0 150 32 250
Kotka, 12.3.90 1513 135 68 11C 0 0 o 0 0 0 G 370 28 150
Mussalo 3.-6990 335 207 0 52 0 0 0O 0 0 0 7 87 10 65
Kotka, 12390 392 141 n 86 0 0 0 O 0 0 0 0 27 140
Sunila 3.-6990 34: 19.7 0 0 0 0 C 0 0 0 0 25 11 74
Loviisa, 8390 1147 174 120 210 0 0 0 © 0 0 0 66 32 170
Vardo 15.8.90° 227 200 120 - 0 0 0O O 0 4 0 6 31 220
27.-30.8.90% 368 17.6 63 - 0 0 0 0O 0 5 0 0 17 110

AL34VS AVITIONN ANV
NOLLVIAVY Y04 TAINTD HSINNIA

¢6V-ANLS
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Table 1V. cont

Wasterwater Sampling Measur—- Dry

treatment  date ing  material 'Be ®K *'Cr *Mn "Co *Co *Co "™Ag ™Sb ™ ™Cs ™Cs
plant time %
min.

Pori,
Luotsinmiki 12.3.90 1213 183 31 7 0 0 0O O 0 0 0 0 71 42

14.-17.5.90 3855 19.5 2 41 0 0 0 O 0 0 0 0 54 32

25.9.90 1098 183 27 0 0 0 0 0 0 0 0 4 73 41

Rauma, 12390 1077 155 110 150 0 0 0O O 0 0 0 26 11 74
Maan- 14.-17.5.90* 305 15.2 26 100 0 0 0 0 0 0 0 100 5.7 45
paanniemi 25990 353 13.1 30 81 0 0 6 O 0 0 0 0 67 43

* Annual maintenance shutdown period at Olkiluoto nuclear power station 6.5.-9.6.1990
* Annual maintenance shutdown period at Loviisa nuclear power station 28.7.-24.9.1990

¢ below detection limat

LoV-ANLS

NOLLVIAVY 404 TULNID HSINNIA

ALFAVS YVATONN ANV



¥3 Table V. Gamma-emitting radionuclides in sludge (Bq kg™ dry wt.) from the septic tank at the housing area in
the vicinity of the Loviisa nuclear power plant.

Sampling

date SlCr S‘Mn 58C0 S‘)Fe mCo 93Zr lOdRu llhAg IZCSb 1311 IMCS 137CS Mlcc
13.7.88 47 71 270 27 190 0 0 170 180 17 14 61 0
19.7.88 40 33 130 13 100 0 0 160 160 57 5.1 22 0
27.7.88 46 90 210 33 180 0 0 260 180 7.2 15 61 0
27.7.89 0 14 48 0 57 0 0 350 120 0 10 49 0
38389 0 12 32 0 49 22 24 - 72 22 15 69 0
10.8.89 50 15 43 0 71 32 36 240 70 0 15 84 20
15.8.90 23 11 75 28 46 11 0 320 67 0 46 28 0
29.8.90 28 75 80 36 120 14 20 290 9% 0 8 47 0
5990 0 23 46 0 68 ] 12 240 74 0 0 0 0

ALIIVS AVAIONN ANV
NOLLVIAVYE ¥Od TULNID HSINNIA

€6VIINLS
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