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INTRODUCTION

Ionizing radiat ion has been increasingly accepted for large scale
treatment of various substances and commodities in recent years. The
poss ib i l i t y of using isotopic and electronic sources of ionizing
radiat ion for the treatment of l i q u i d and so l id waste has at t racted a
great deal of in terest ,especial ly in Europe and the USA.

The European Society of Nuclear methods in Agr icul ture (ESNA) has set
up a special Working Group on "Waste I r rad ia t i on " w i th the aim to promote
not only exchange of information on th is new technology but to coordinate
research as well as to foster cooperation between research ins t i tu tes
in Europe working in th is f i e l d .

The WorkingGroup f i r s t met at Munich in the Federal Republic of Germany
in 1976 and subsequently at the Annual Meetingsof ESNA at Uppsala, Sweden
in 1977 and at Brno, CSSR in 1978. At these meetings i t became clear that
the Working Group should concentrate on the par t i cu la r appl icat ion o f using
ionizing radiat ion to upgrade and convert organic waste to animal feed.
Therefore a special workshop on th i s matter was arranged at the I ns t i t u te
fur Biophysik o f the University o f Hannover from May 2-k, 1979- This
international workshop was generously supported by the Deutsche Forschungs-
gemeinschaft ( Grand Number ^850/61/78 ).

The proceedings give the f u l l text of most presented papers. Some
resetting has been done to the extent considered necessary for a bet ter
understanding by the readers. The views expressed and the form of
presentation remain, however, the responsib i l i ty o f the authors.
Papers have been pr inted by d i rec t photocopying of the manuscripts .

The proceedings of the workshop and the documentation of previous
meetings of the Working Group can be ordered from the ESNA-secretariat,
P.O.Box *»8, 67OO AA Wageningen, The Netherlands.

The edi tor is indebted to the part icipants for the i r l i ve l y comments,
to the speakers for the i r e f fo r t s at the workshop, to Prof. Or. W. Kiihn
for his e f f i c i e n t support in planning and organizing the workshop, and
to Mrs. Roswitha Fendrik who won the grati tude of the part ic ipants for
excellent secretar ia l services, management and social arrangements.

Final ly a special acknowledgement is due to the Deutsche
Forschungsgemeinschaft, to the Ins t i tu te fur Biophysik, Hannover
and to i t s Director Prof. Dr. H. Glubrecht, who strongly supported
the planning, organization and performance of the internat ional
worshop at Hannover.

A. F. Groneman
Editor and Chairman
of ESNA Working Group
"Waste I r r a d i a t i o n " ,
P.O. Box *»8
67OO AA Wageningen,
The Netherlands.
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DRIED, IRRADIATED SEWAGE SOLIDS AS SUPPLEMENTAL FEED FOR CATTLE^'-7

G. S. SMITH, H. E. KIESLItfG, E. E. RAY, R. ORCASBERRO

P. TRUJILLO and C. H. HERBEL
i

New Mexico State University, Las Cruces, New Mexico 88003, U.S.A.

and

J. S. SIVINSKI

Sandia Laboratories, Albuquerque, New Mexico 87185, U.S.A.

Abstract

DRIED, IRRADIATED SEWAGE SOLIDS AS SUPPLEMENTAL FEED FOR CATTLE
Sewage solids were collected as "primary settled solids" and then dried and
gamma-irradiated (using Co-60 or Cs-137) to absorbed dosage of about one nega-
rad to minimize viable parasites and pathogenic organisms. Nutrient composi-
tion and bloassays uith rumen microbes suggested prospective usage as supplemental
feed for ruminants. Short-term experiments uith sheep and then uith cattle fur-
ther suggested that usage of nutrients could be beneficial and that accumulation
of heavy metals was not excessive. A longer-term feeding trial uith cattle fed
sewage solids as 203 of diet for 68 days demonstrated that tissue uptake of
elements such as Cu, Fe and Fb was measurably increased, but not sufficient to
exceed ranges considered normal. Likewise, of 22 "refractory organic compounds"
having toxlcological interest, only a few were detectible in adipose tissue and
none of these exceeded levels that have been reported in tissues from cattle
produced conventionally. Bloassays uith rats fed these same sewage solids as
10, 20 or 30% of diet from weaning through young adulthood showed no overt
symptoms of toxlclty and no adverse effect on subsequent reproduction or
longevity; although livers were enlarged and concentrations of Fe, Cu and Pb
uerc measurably Increased (but not excessive) in livers and kidneys- Tissue
Cd was not excessive, since sewage solids were relatively low In content of Cd
(10 to 15 mg/kg) and fecal excretion accounted for about 90% of Cd intake. In
a large-scale experiment, beef cows grazing poor-quality rangeland forage during
late gestation-early lactation uere given either no supplemental feed or cotton-
seed meal or experimental supplement comprised of 62% sewage solids. Supplements
uere provided for 13 weeks until rangeland forage quality improved seasonably.
Supplemental cottonseed meal for cows improved weaning weights of calves by
about 11Z over unsupplemented controls; whereas, supplement with 62% sewage
solids improved calf ueaning weights by about IX. Hazards or risks to animals
or to human health appear to be slight when sewage solids of this type are fed
as supplemental feeds to cattle in production programs of this type.

— A status report on research conducted by the New Mexico State University
Agricultural Experiment Station (Uis Cruces, Neu Mexico 8B003) in coopera-
tion uith Sandia Laboratories (Albuquerque, New Mexico 87185), under
Contract Ko. EY-76-S-04-3626, U.S. Department of Energy/Albuquerque Operations
Office, P.O. Box 5400, Albuquerque, New Mexico 87185.

- Released as PubHrntion S-122 from the New Mexico State University Agricultural
Experiment Station for pre-publication distribution in SANDIA IRRADIATOR FOR
DRIED SEVACE SOL1US (Proc, Seminar and Dedication; Oct. 18-19, 1978;
SAND79-0182; Sandia Labs, Albuquerque, New Mexico 87185). A revised version
was published, with copyright, in MUNICIPAL SLUDGE MANAGEMENT: IMPACT OF
TOXIC MATERIALS ON POTW SLUDGE (Proc. 8th Natl. Conf. on Sludge Management;
Miami Beach, Florida, U.S.A.; March 19-21, 1979) under the title "Prospective
Usage of Sewage Solids as Fe«d for Cattle", by INFORMATION TRANSFER, INC.,
9300 Columbia Boulevard, Silver Spring, Maryland 20910, U.S.A. (Telephone
(301) 587-9390). This manuscript is presented here uith permission of
INFORMATION TRANSFER, INC.
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INTRODUCTION

Disposal of sewage solids is a major economic burden to the nation.

Recent drastic changes in price of fossil fuels have altered signifi-

cantly the economics by which disposal options have been selected tradi-

tionally. In some areas, concern for quality of environment has taken

precedence over cost and other considerations in decisions regarding dis-

posal options.

It is now widely recognized that sewage solids and sewage waste-

waters represent a vast resource which deserves serious efforts toward re-

cycling. Land application of sewage solids as well as wastewaters has

long been recognized as a means whereby recycling may be accomplished

beneficially. Although less widely recognized, the nutrients in sewage

solids represent a resource that, potentially, is more valuable when

used as animal feed than when used as fertilizer, especially when fed to

ruminant animals. Recycling of excreta from livestock has been investi-

gated extensively (27), and technology has developed for practical re-

feeding.

Ruminants (cattle, sheep, goats, deer) exist in a symbiotic (mut-

ually beneficial) relationship with vast populations of microorganisms

which inhabit their fore-stomach compartments. These microbes pre-digest

whatever feeds the ruminants ingest, and the host animal "feeds" on the

products of microbial fermentation. This mutual relationship enables the

ruminant to utilize nutrients from fibrous feeds that are unusable by

humans and animals with simple-stomach digestive systems. Moreover, the

microbes utilize non-protein nitrogen compounds, such as urea, in form-

ing microbial protein which provides the amino acids that are essential

to the ruminant. Thus, the ruminant derives nutrient energy, nitrogen,

and vitamins from microbial fermentation of feeds that are unusable by —



and often even toxic to — non-ruminants (8, 11).

The solids from typical "raw" sewage represent a "broth" tnat is

rich in nutrients for the ruminant's microbial population, and, as such,

is somewhat comparable to expensive feed supplements such as soybean

meal and cottonseed meal (7, 17).

At present, direct recycling of sewage solids as feeds for livestock

is constrained primarily by the hazard of pathogens and parasites in sew-

age. Another important constraint is the risks to animal health and/or

human welfare that relate to chemical contaminants in sewage. Lesser con-

straints, but important at present, are cultural stigma related to human

excreta, legislation and regulations which prohibit usage of sewage pro-

ducts in feeds, and lack of technology to develop quality-controlled pro-

ducts from sewage.

It is reasonable to expect that, as with most other natural resources,

recycling of sewage solids will result when valid assessments of benefits/

costs/risks show that usage will provide benefits which substantially out-

weigh costs and risks. Recent assessments have suggested that substantial

benefits could be gained by recycling sewage solids as feed supplements

under certain carefully-managed programs, especially when technology is

applied which eliminates the hazard or risks of pathogens and parasites

(13, 19). Although much concern has been expressed regarding risks from

chemical contaminants in sewage, more definitive data are required to

properly assess such risks and to compare them with other risks which

society has deemed worth bearing.

THE NMSU-SANDIA RESEARCH PROGRAM

In 1975, New Mexico State University (HMSU) and Sandia Laboratories
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(SANDIA) initiated a program of cooperative research under contract with

the U.S. Department of Energy/Albuquerque Operations (DOE/ALO) to assess

the feasibility of technologies for beneficial usage of "waste radionu-

clides" in destruction of pathogens and parasites in sewage solids, and

for recycling sewage solids to agriculture. A primary hypothesis is that

risUs from chemical contaminants in sewage products are insufficient to

preclude such agricultural usage, especially in the southwestern U.S.A.

(and other large areas of the world) where situations exist that would

maximize the benefits and minimize the risks, if pathogens are eliminated.

Assessment of gamma-irradiation as a means of eliminating pathogens

and parasites in sewage products has been reported (13, 19). Likewise,

results from agronomic experimentation in the NMSU-SANDIA program have

been reported (12, 25).

Processing Sewage Solids

Undigested sewage solids were collected by air-drying primary

sludge (about 5% solids) or by centrifuging primary sludge through a

Sharpies centrifuge to about 20 to 25 percent solids and then air-drying

to about 90 percent solids. Subsequent to drying, the solids were bagged

and subjected to gamma-radiation (accomplished at Sandia Laboratories)

at dosage of 1 mega-rad or more. In the first two years of the NMSU-

SANDIA research program all sewage solids were collected from the Albu-

querque Sanitation Plant. For recent experimentation, sewage solids were

collected from the Las Cruces Sewage Treatment Plant. Prior to experi-

ments with ruminants, sewage solids have been analyzed chemically for nu-

trients and for potentially toxic chemicals such as heavy metals. Fur-

ther pre-testing has been accomplished using rumen microbes cultured in
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vitro, to assess any toxicity to rumen microbes and to evaluate the usage

of sewage nutrients by the microbes. The experimental protocol of the

NMSU program has not been designed primarily as a toxicological program.

However, considerable attention has been given to measurement of potential

toxicants in sewage and to the assessment of toxicity by feeding the sew-

age products to rats, from weaning age through adulthood, and at least one

phase of reproduction, prior to usage with ruminants.

Animal Experimentation

Results from experimentation during the first two years of the NMSU-

SANDIA program have been reported (1-3, 5, 6, 10, 18, 20-22). Short-term

trials with sheep and cattle demonstrated that sewage solids from primary

sludge provided nutritive energy and nitrogen worth at least half the value

of cottonseed meal to ruminants fed poor-quality, fibrous feeds. Cotton-

seed meal is widely fed to ruminants grazing dormant grasses on rangelands

or subsisting on poor-quality roughage feeds. In longer-term feeding experi-

ments with sheep fed 20 or 30 percent of the diet as sewage solids, tissue

retention of certain trace elements (Ag, Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn,

Pb and Zn) was detectably increased over the experimental controls. How-

ever, only in the case of Fe were such increases of sufficient magnitude

to be considered biologically important. These early experiments tended

to confirm the hypothesis that sewage solids can be beneficially used by

ruminants in short-term feeding periods, without causing apparent symptoms

of toxicity to the animals or serious risk to the quality of meat products.

Moreover, experimentation has suggested that physiologically acceptable (23,

24) usage of sodium silicate in drinking water may be beneficial in reduc-

ing uptake of dietary heavy metals (1, 2, 3). Experimentation reported
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herein was designed to further assess the benefits and risks from usage

of sewage products as supplemental feeds for cattle over longer periods

of time.

BACKGROUNDING TRIAL WITH HEIFERS

During autumn and winter 1977-78, at the Clayton Livestock Research

Center (a sub-station of NMSU located in northeastern New Mexico), forty

beef-type heifers of uniform age, weight and pre-experimental background

were placed in feedlot and group-fed either a practical, growing-finishing

diet ("control") or a similar formulation ("experimental") containing

twenty percent (20%) of the diet as sewage solids from Albuquerque, NM.

The primary objective of this trial was to determine whether prolonged in-

gestion of sewage solids at_ a_ rather high level would result in biologically

important accumulation of chemical toxicants in tissues of the heifers, and

whether any such accumulation(s) would be reduced by subsequent feeding of

a practical diet containing no sewage solids. Thus, it was anticipated

that this experiment could serve as a model of typical "backgrounding pro-

grams," in which animals are fed a low-quality diet for some period of

time and subsequently changed to another program leading either to slaughter

or, perhaps, to replacement in the breeding herd. Accordingly, heifers

were used in the experiments, and they were exposed to fertile bulls during

the phase when sewage solids were fed, with the objective of assessing

any adverse effect(s) of sewage product in conception, embryonation or

development of feti.

The ingredient composition of diets fed during the "backgrounding

phase" of the trial is shown in table 1. Chemical composition of the

sewage solids is shown in table 2. Chemical composition of these diets
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Table 1- Ingredient composition of diets ted to heifers in "back-
grounding trial" at Clayton Livestock Research Center,
Autumn-Winter, 1977-7S.

Mixture Ingredients Content

Basal Mixture Alfalfa hay, 40Z
Cottonseed hulls, 202
Processed mllo, 30%
Cane molasses, 72
Animal fat, 31

Control Diet Basal mixture 93.SZ
Cottonseed Deal 6.5Z

Experimental Diet Basal mixture . SOX
Sewage solids*' 20*

— Albuquerque Irradiated Dried Sewage ("AIDS"), collected from
Albuquerque Sanitation District, July-October, 1977; received by
NMSU, after irradiation by SANDIA LABS, in four batches.

Table 2. Chemical composition of sewage solids— from Albuquerque, NM,
(Albuquerque Irradiated Dried Sewage, "AIDS") used in formu-
lating experimental diet for heifers in "backgrounding trial"
at Clayton Livestock Research Center.

Component Content, RanRe of Four Batches

Dry matter

KJeldahl nitrogen^

Crude protein equivalent (N x 6.25)
Ether extract (crude fat)

Acid detergent fiber (ADF)
Acid detergent lignin (ADL)
Ash (55O°C)
Acid Insoluble ash ("crude silica")
Gross energy
Calcium
Phosphorus

Ag
Cd
Co
Cr
Cu
Pe
Hg
K

«S
Mn
Na
Hi
Pb
Se
Zn

— Sewage solids were received at MMSU in four batches of 300 lbs, 300
lbs, 1500 lbs and 2700 lbs, July-October, 1977.

— Of the total H, 20-241 was present as non-protein nitrogen, as eUter
olned by solubility in 103! trichloroacetlc acid.

— Trace elements were determined by Atomic Absorption/Emission Spectre
photometry, using solutions from samples wet-ashed with nitric acid
and, subsequently, perchloric acid.

Z of
2
15
13
47
7
32
24
4
1
1

UK/K,

8B-96

Drj
.50
.6
.0
.1
.1

.4

.5

.6

• Matter

- 1.57
-22.3
-17.2
-48.4

- 9.7
-45
-34
- 4 . 9 Kcal/g
- 2.6
- 1.8

Dry Matter^
36
11
6
95
436
7015
4.1

1979
2052

69
1143
66
151

less I

B99

- 42

- 15
8

- 144
- 536

-9620
- 4i7
-2407
-2293
- 116
-1236
- 88

- 159
than 1

-1006
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is shown in table t. The heifers were group-fed in lots of ten head

each, with two lots receiving the "control" diet and two receiving the

"experimental" diet. Sewage solids were thoroughly nixed and then added

daily into the "experimental" diet in amounts sufficient to allow ad

libitum consumption. Both diets were fed in bunkers as a dry mixture

(the diets were not pelleted), and no efforts were made to mask odors or

improve palatabiiity of either diet. At the end of a 6C-day period, four

heifers from each diet-treatment group were selected at random and

slaughtered at the NMSU abbatoir. The remaining sixteen heifers in each

of the two groups were then fed the same diet (a conventional, high-con-

centrate finishing diet) for an additional 56-day period and then slaughtered

at a commercial packing house. Samples of blood, livers, kidneys and sev-

eral other organs and tissues (including reproductive tracts and feti) were

collected from all individuals and frozen until sub-sampled for various

analyses.

Results and Discussion

Feeding performance of the heifers was evaluated during the first 56

days of the 68-day period when control and experimental diets were fed.

The results are summarized in table 4. Palatability of the experimental

diet was obviously poor during the initial two-week period, and feed in-

take by experimental heifers was low. These effects are reflected in

the performance data for the 56-day period; however, palatability became

less of a problem during the final 28 days of the "backgrounding program,"

and performance by one lot of the heifers had improved considerably. It

must be noted that bulls were present during this period and feeding per-

formance was obviously influenced by mating behavior. The data hardly
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Table 3. Chemical CQnposltlon of diets fed to heifers In "background-
Ing trial" at Clayton Livestock Research Center, Autumn-
Winter. 1977-78.

Items Control Experimental

Moisture, Z 10.3 8.3

Main Components. I of d.ro.

Ash

Ether extract
Crude protein (N x 6.25)
Acid detergent fiber
Acid detergent lignln

13.1
9,9

16.6
25.0

6.4

21.8
11.2
14.8
33.6
7.8

Hacro-Nutrlenc Elements. Z of d.m.

Ca 1 .02
P . 7 1
Ha . 1 5
K 2.21
Mg . 3 7

1.34
.82
.13

1.72
.31

Trace Elements, rag/kg (ppm), of d.m.

Ag
Cd
Cr
Cu
Fe
Hg
Kn
Nl
Pb
Zn

1.3
.46
5.9
8.6

931
.012

46
36
12
32

9.1
3.5

56.5
149

3328

1.51
62
54
81
302

Table 4. Feeding performance of beef heifers fed "control" and "experi-
mental" dlecs In "backgrounding trial" at Clayton Livestock
Research Center.

Diets

Items Controls Eitperlmentals

Lots 47 48 (means) 45 46 (means)

Performance. Entire 56 Days:

Dally feed/hd. lbs
Dally galn/hd, lbs
Feed/gain

25.8 26.7 (26.3)
2.29 2.29 ( 2.29)
11.26 11.67 (11.46)

20.6 22.5 (21.5)
1.15 1.37 ( 1.26)

17.89 16.41 (17.09)

Performance. Last 28 Days:

Dally feed/hd. lbs
Dally galn/hd. lbs
Fead/gain

29.2 29.8 (29.5)

2.39 2.34 ( 2.37)
12.2 12.7 (12.4)

23.3 24.6 (23.9)
2.10 1.46 ( 1.78)
11.1 16.9 (13.5)
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afford interpretation in regard to feeding performance under more prac-

tical conditions; although they support the conclusion that a diet con-

taining as much as 20 percent sewage solids is satisfactory for mainten-

ance and — after adaptation — even suitable growth of immature breeding

heifers.

Composition of Blood, Livers and Kidneys. Analysis of blood, livers

and kidneys have been completed for a variety of trace elements and

heavy metals, *asing samples from a representative sampling of individuals

selected randomly from each treatment group. The data are summarized in

tables 5, 6 and 7. Samples of blood and livers (biopsy sampled) were ob-

tained at the onset of the trial from seven representative heifers that

were not used in the experiment, and data from these heifers are included

to facilitate evaluations of treatment effects.

The feeding of sewage solids at 20 percent of diet did not signifi-

cantly affect composition of blood for any of the elements measured

(table 5); although Fe tended to be slightly lower and Pb tended to be

slightly higher in heifers fed sewage solids.

Livers (table 6) from heifers fed sewage solids for 68 days had con-

tents of Fe that were increased four-fold over controls (199 + 58 versus

49.4 + 8.8 ppm, fresh basis), and Fe levels remained somewhat higher than

controls after subsequent consumption of the conventional finishing diet

for 56 days (107.6 +77.2 versus 42.4 + 7.2 ppm, fresh basis). Copper

levels in livers were decreased (P < .10) by the diet with sewage solids,,

but no difference existed between controls and experimentals after 56

days on the conventional finishing diet. Liver content of Pb was in-

creased about three-fold in experimentals over controls (1.41 + .52 versus

.46 + .07 ppm, fres"; basis) after 68 days on experiment, but returned to
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Table 5. Element .content of whole blood from cattle as affected by sewage
solids2 at 20 percent of an experimental diet after 68 days.

Concent of Whole BloodT PPP—
Pte-Trial
Controls

(N-7)
Controls "I Experimental9

(N-M

Ag

Ca

Cd

Cr

Cu

Fe

-Hg

-. K _

"*

«n

Na

Nl

p

Pb

Zn

.044+. 002

50.8+6.6

.025*. 011

.040*.033

.92+.10

394+38

.006+.004

506+74

19.9+2.8

,036+. 0 U

2320+147

.078+. 045

187+16

.133+.O17

.048+. 011

51.2+2.8

<;.001

.O37+.O26

.82+. 20

541+41

(saioplea were contaminated

570*122

- : 21.7+.8 --

" " - ~ ,044+. 015 ~SL~:~ /.

2445+61

.057+.018

295+15

.159+.046

.047+.011

55.1+7.8

<.001

.0/6+.034

.8S+.11

470+22

la analys

553+62

20.9+3.5

.035+.01B

2456+135

.081+.024

268+31

.221+.025

2.53+-86 (samples were contaminated In analysis)

— "AIDS." a product from Albuquerque. NM.

— Vuluvsi are means + standard deviations for the respective group*•

Table 6. Element concent of livers la cattle as affected by sewage solidŝ - at 20 percent
diet after 68 days* and by subsequent feeding of a conventional diet for 56 days,

of an experimental

Elements

Ag

Ca

Cd

Cr

Cu

Fe

Hg

K

Hg
Mn

Na
Nl

?

Pb

Zn

- -- - —

Pre-Trlal
Concrola

(H-7>

1.92+.57

32+16

.090+.035

.20+.U

68+22

48+. 1

.007+.004

3009+222

182+13

2.76+.26

895+129

(not directed)

6820+539

<.0l

26.J+1.9

-- ----- —

After

Controls
(N-4)

1.16+.22

20.9+4.5

.104+.008

.44+. 32

48.5+14

49.4+8.8

.019+.010

8733+711

217+34

2.9B+.74

865+37

.189+.OSS

4493+52Z

.46+.07

36.Z+4.1

Content or Fresh

68 Davs 'an D'ets

Experlmentals
-<N-4)

1.61+.04

24.6+4.9

.098+.026

.20+. 17

22.4+18.1*

199*+58

.015+.0O2

9728+606

234+23

2.69+.17

940+94

.261+. 033

4854+546

1.41*+.52

28.3+1.7

Livers, ppn—
_ After

56 Days on

Controls
(N-10)

1.1O+.73

23.9+3.5

.092+.021

.194+.089

50.8+11.3

42.4+7.2

.010+.004

4995+771

218+41

3.13+.45

884+14Z

.264+.096

3846+176

.547+.091

38.8+4.5

Subsequent
Conventional Dlec

Experimental
(N>10)

1.73+.4Z

23.4+.3.1

-098+.032

. 193+.179

45.6+13.6

IO7J6+77.2

.013+.008

5535+461

237+4S

3.36+.30

906+95

.173+.O51

3972+244

.598+.O9S

38.4+4.S

— "AIDS," a produce of sewage fro» Albuquerque, ^ .

- Values are neans + standard deviations (or the respective groups.

9 Enperlnencals differ from respecdve controls, P '• .10.

• Experlnuncali ilKfcc frua redpuctlve concroU. f '- .05.
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levels not different from controls after subsequent 56 days on the con-

ventional finishing diet. Although the level of Pb in livers was unques- "

tionably increased by feeding of sewage solids, it should be noted that

Pb content of livers from healthy, apparently normal cattle range from

0.2 to 1.9 pg/g of fresh liver (26). The highest level of Pb in liver

that was measured in the present study was 2.19 ug/g, fresh basis, thus

indicating that accumulation of Pb had not reached abnormal levels after

68 days.

Kidneys (table 7) from heifers fed sewage solids had contents of Fe

that were about one and one-half times higher than controls (96 + 29

versus (64 + 4 ppm, fresh basis), and Pb contents were nearly four-fold

greater than controls (1.92 + .51 versus .61 + .04 ppm, fresh basis).

None of the other elements that were measured was affected by feeding

the diet with sewage solids. Because kidneys, if damaged, often accumu-

late water and thus could mask actual accumulation of metals when ex-

pressed on fresh basis, the data were converted to dry matter basis

(table 8). There was no evidence of edema (water accumulation), and thus

no change in relationships when expressed on dry basis, except that var-

iability within groups was reduced. These levels of Fe and Pb are not ab-

normal (26).

Data on composition of edible muscle tissue from these animals are

not yet complete; however, it is widely accepted (26) that livers and

kidneys accumulate elements such as Cd, Cu, Fe, Hg and Pb to a far greater

extent than does muscle tissue. Thus, it appears highly unlikely that

tliese elements were accumulated in muscle tissue of the heifers in this

study to an extent that could be interpreted as abnormal.

Pesticide Residues. Because pesticide residues and other halogenated



Table 7. Element^content of kidneys in cattle as affected by sewage
solids^ at 20 percent of an experimental diet after 68
days, and by subsequent feeding of a conventional diet for
56 days.

- _ _ _

Elements

Ag

Ca

Cd

Cr

Cu

Fe

Hg

K

Mg

Mn

Na

Ni

P

Pb

Zn

Content of Fresh

After 68 :
Controls

(N=4)

.050+.010

65+10

. 28+. 11

.22+. 08

4.3+.2

64+4

.025+.017

4251+471

275*93

1.4+.3

2958+374

.37+.12

2734+121

.61+.04

21.1+.9

Days on Diets
Experimentals

(N=4)

.061+. 007^

65+12

.34+.18

.15+.07

3.7+.3

96+29^

.029+.011

4272+306

264+29

1.8+.3

2864+365

.40+.11

2656+245

1.92+.51*

22.1+2.6

Kidneys, ppm—
After Subsequent 56 Days

on Conventional Diet
Controls

(N=6)

.126+.017

76+14

.233+.035

.07+.02

3.9+.2

59+10

.012+.007

2830+195

179+8

1.3+.2

2196+238

. 22+. 04

2866+141

.33+.04

17.6+1.4

Experimentals
(N=6)

.116+.015

66+6

.376+.070

.10+.08

4.4+.4

63+12

.014+.004

3064+153

188+9

1.2+.2

2150+96

.30+.10

2972+99

.54+.08

19.3+.6

—/"AIDS," a product of sewage from Albuquerque, NM.

— Values are means + standard deviations for the respective groups.

0 Experimentals differ from respective controls, P < .10.

* Experimentals differ from respective controls, P < .05.



Table 8. Element .content of kidneys in cattle as affected by sewage
solids^ at 20 percent in an experimental diet after 68
days.

-- Content of Kidneys, ppm— , Dry Basis
Controls Experimentals

Elements (N=4) (N=A)

Ag .21+.04 .27+.03

Ca 278+46 288+56

Cd 1.19+.47 1.49+.79

Cr .96+.32 .65+.26

Cu 13.5+.80 16.4+.80

Fe 276+16 422+127*

Hg .108+.075 .130+.051

K 18,290+2150 18,825+1465

Mg 1,203+405 1,161+102

Mn 6.1+1.4 7.8+1.0

Na 14,360+2945 12,630+1740

Ni 1.6O+.54 1.77+.53

P 11,765+642 11,683+792

Pb 2.62+.14 8.43+2.28**

Zn 90.8+4.5 97.3+10.0

— "AIDS," a product of sewage from Albuquerque, MM.

— Values are means +_ standard deviations for respective groups.

*Experimentals differ from controls, P < .05.

**Experimentals differ from controls, P < .01.
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hydrocarbons which are of primary toxicological concern tend to accumu-

late most readily in adipose tissue, samples of "kidney fat" were col-

lected from controls and experimentals after 68 days of feeding these

diets and also from individuals fed these diets and then subsequently fed

the finishing diet for 56 days. These samples of fat, and a sample of

the sewage solids that had been fed, were submitted to an "EPA certified"

laboratory (Colorado Epidemiological Pesticide Studies Center, Fort

Collins, Colorado) for analysis of "refractory organic residues" which

represent pesticide residues. Data from these analyses are summarized in

cable 9. Of the 22 substances analyzed, only five were detectable at mea-

surable levels in the sample of sewage solids used in the experiment with

the heifers. Seven of the 22 residues checked were detected in fat from

the heifers, and, of these, five were significantly elevated by the diet

containing sewage. Feeding the conventional finishing diet for 56 days

after the 68-day period when sewage solids were fed reduced the levels

of all five residues, but not as low as the levels detected in fat from

the control animals. Yet, the residues detected and the levels measured

fall within ranges that were reported by Kienholz e£ a]L. (9) and char-

acterized by them as "... none... was high enough to be considered out of

tne range frequently found in farm animals... For the present... these

levels do not appear to represent a significant hazard either to these

animals or to the human food chain."

Meats Quality. Carcasses from the animals slaughtered at the NMSU

abattoir after receiving control or experimental diets for 68 days were

evaluated by specialists in meats quality. The data revealed ira differ-

ence in color and firmness of the lean tissue, nor in acceptability of

steaks, roasts, beef patties and bulk ground beef, as expressed by volun-
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Table 10. Uody velghts t weight gains, carcass weights and carcass data
for heifers In NMSU-SANDZA Project, Cattle Trial P3 (Clayton,
U77-78).

Items Controls Experlmentals

Average Initial body weights, lbs 678+50 (H-20)- 679+35 (N-20)-

Average wts., 68 days expt'l diets , lbs 9'.i+56 (N-20) 763+46 (N-20)

Average galas, 68 days, lbs 158 84

Average dally gains, 68 days, lbs 2.32 1.24

Average final body weights (124 days),
lbs

Average 124-day gain, lbs

Average dally gains, 124 days, lbs

946+60 (N-16) 874+62 (N-16)

2 5 9 b/ 1 9 5W

Carcass weights, lbs

Dressing percent

USOA carcass quality grades

Number of carcasses graded "Choice"

Number of livers condemned

588+37 (N-16) 538448 (N-16)

62 61

10 (of 16)

5 (of 20)- '

11.6+1,7-'

9 (of 16)

2 (of 20)^

— Values are means + standard deviations.

~ These values are biased slightly, being unadjusted fox initial weight
of cattle slaughtered at HMSU after 68 days on trial.

-These values reflecc scores of "High Good" to "Low Choice".

4.1.These numbers do not exceed normal rates of liver condemnations for
feedlot cattle managed nom il ly in the Southwest.
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teer (non-trained) subjects. Products from heifers fed the experimental

diet exhibited less marbling of the lean, which merely reflects the fact

that they were lighter in weight and had not fattened to the same ex-

tent as the controls. There was no difference in shelf life between pro-

ducts from experimental and contro". >.?her\ peaks, roasts, beef patties

and bulk ground beef were displayed tor 72 hours in a retail display case

at 2 to 4°C.

Microbial cultures from hanging carcasses at days 0, 2 and 7 and

from swabs and cores of meat at days 0, 3 and 17 were developed and eval-

uated by microbiologists of the NMSU Department of Biology. There were

no differences in microbial counts that were related to dietary treatments.

Body Weights, Carcass Weights and USDA Scores. The animals (16 con-

trols and 16 experimentals) which were fed the conventional finishing

diet for 56 days were slaughtered at a commercial packing house, where

carcass data were obtained. The results are summarized in table 10. Except

for slightly lower weight gains and consequently slightly smaller carcasses,

the animals fed sewage solids for 68 days and then subsequently fed con-

ventionally for 56 days were not different from controls.

Reproductive Performance. At slaughter, 17 of the 20 heifers pre-

viously fed the control diet were pregnant; whereas only 13 of the 20

heifers previously fed the experimental diet were pregnant. One heifer

in each group carried a calf that was quite large and which had obviously

been conceived prior to onset of experimentation. All of the other feti

were about the same size, ranging from 100 to 300 grams in weight when the

heifers were slaughtered. There was no evidence of gross morphological

abnormality in any of the feti, as judged by NMSU staff with specialty in

reproductive physiology.
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Although conception was lower in haifers fed the experimental diet

containing sewage solids, the effect was more probably attributable to the

lower plane of nutrition relating to poor palatability of the diet than

to some noxious effect of the diet.

Discussion. This experiment demonstrated that risks to animal health

and to the quality of meat products are small when sewage solids are fed

at a level of 20 percent or less in "backgrounding programs" for cattle

destined1 forrsubsequent finishing and slaughter or for_subsequent replace-

ment into breeding herds.

SUPPLEMENTATION OF BREEDING HERD ON RANGELAND

Sewage solids were collected as "primary sludge" at the Las Cruces

Sewage Treatment Plant (Las Cruces, NM) during January and February, 1978,

gamma-irradiated and incorporated into a pelleted supplemental feed suit-

able for feeding to cattle grazing dormant forage on semi-desert rangeland

in New Mexico. Ingredient composition and chemical composition of this

experimental supplemental mixture, designated as "Range Supplement #2," are

shown in table 11. Elemental analysis of the sewage solids (collected as

three batches) and of Range Supplement #2 is shown in table 12. Because the

sewage solids contained only 16 percent crude protein, urea was added to

the experimental supplement to provide a total crude protein equivalent

of about 22%. This represents only about one-half the concentration of

crude protein in cottonseed meal, expressed as percent of dry matter.

A contractural arrangement was made with the U.S.D.A./S.E.A. Jornada

Experimental Range 'situated on the Jornada del Muerto plain near Las

Cruces, NM) whereby seventy-five head of beef cows with known records of

breeding and reproductive performance were grouped in January and treated
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Table 11. Composition of "Range Supplement 12," formulated from undi-
gested, gamma-radiated sewage solids from Las Cruets, New
Mexico (December 77 - January 78) and fed to cattle at the
U.S.D.A./S.E.A. - Jornada Experlaent&l Range (Spring 1978).

Item Content. Dry Basis

Ingredients Z

Las Cruces sewage solids

Ground sorghum grain (mllo)

Cane molasses
Urea (45* N)
Bentonlte (clay, pellet binder)
Flavoring substances

Total

Chemical Composition £

Dry matter 89.8
Ash (550 C) 20.9
Crude protetn (Kjeldahl-N x 6.26) 22.5

Total non-protein nitrogen (MPN) 1,5
Total acid-detergent Insoluble nitrogen (ADIN) 0.38

Ether extract ("crude liplds") 10.5
Acid detergent fiber (corrected for acid-insoluble ash) 32.6
Acid detergent llgnln 4.7
Silica 12.5
Calcium 1.21
Phosphorus 0.52

2432
855
158
115
AS
10

3915

lbs
lbs
lbs
lbs
lbs
lbs

62.1
21.8

11.7
2.94

1.15
0.26

99.95

Table 12. Elemental ana lys i s of undigested, gamma-radiated sewage s o l i d s
from Las Cruces, New Mexico (November 77 - January 78) and of
"Range Supplement 12" fed in Jornada Catt le Experiment (Spring
1978).

Las Cruces Sewage Sol ids Range

Elements Batch 01 Batch 92 Batch 03 (Average) Supplement 02

(Content, ppm, dry b a s i s )

Ag 6.5 7.7 8.5 6.2
Cd
Co
Cr
Cu

Fe
Hg
K
Hg
Mn
Na
Nl
Pb

Zn

4.7
5.0

165
285

6667
2.3

2108
2538
86
870
IS
45

780

5.2
5.2

168
386

6516
2.8

1908
2404

84
955
16
59

746

7.8
6.7

218
480

7245
3.4

2098
2840

107
1186
20
53

1829

6.2
4.5
S7
244

4145

1.5
11293
1885
83

2524
11
71

796

- Samples were "wet ished" with n i t r i c acid followed by perchloric a d d
and analyzed by atomic absorption/emission spectrophotometry.
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as a single herd. The cows were allotted into three groups on the basis of

age, breed and body size so that each of these characteristics was equal-

ized among groups,, and f.he cows were ear-tagged with colored tags to iden-

tity treatments. Starting in mid-April (4-14-78) and continuing through

mid-July (to 7-21-78), the cows were pastured in a 3,000-acre pasture

which had been thoroughly researched in previous rangeland research (14).

Throughout this period, the cows were "rounded up" (collected) twice

weekly and penned together overnight with water available but no feed.

On the subsequent mornings, cows were grouped by ear tag color and sub-

jected to three feeding regimens: a) no supplemental feed - "negative

controls"; b) cottonseed meal supplement - "positive controls"; and c)

Range Supplement #2 - "experimentals". Consumption of cottonseed meal

supplement was restricted to about two pounds per head twice weekly;

whereas Range Supplement #2 was consumed ajl libitum.

Rangeland forage was abundant during the supplementation phase of

this experiment; however, the forage was dormant and range specialists

judged that supplementation was practical. (Seasonal rains generally

come in July and August in the Las Cruces area, and forage is normally

mainly dormant until such time.) During the period when supplementation

was practiced, steers fitted (surgically) with esophageal fistulae and

cannulae were pastured with the cow herd and used to sample the forage

being grazed.

The primary objective of the supplementation trial was to test the

hypothesis that Range Supplement if2, comprised largely (62%) of sewage

solids, would provide supplemental energy and nitrogen and thereby in-

crease digestibility (and, perhaps, intake) of the forage. It was anti-

cipated that the primary criteria of evaluation would be: a) intake of
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supplement; b) average weights of calves at termination of supplementa-

tion and at weaning; and c) re-breeding interval of the cows. The experi-

ment was designed to be repeated, using the same cows in the same treat-

ment groups, through at least three years.

Secondary criteria of evaluation were analyses of blood, livers

(biopsy sampled) and milk from the cows at the termination of supplemen-

tation each year.

Results and Discussion

The rangeland forage grazed during the supplementation period con-

tained only 4.5 percent crude protein, and thus required supplemental

feeding for suitable utilization under practical condition (14). Lactat-

ing beef cows need about nine percent crude protein in the diet.

Cows in the experimental group refused to consume Range Supplement #2

during the first two weeks. Thereafter, molasses was added to the pel-

lets in the feed bunk at each feeding, in amounts sufficient, to wet the

surface of the pellets, and ground cottonseed meal was sprinkled ever the

surface (amounting to less than 1 percent of the total supplement) .

Thereafter, cows consumed about 1.5 to 1.8 pounds per head of the experi-

mental supplement twice weekly; whereas cows fed cottonseed meal con-

sumed two pounds per head twice weekly. Cottonseed meal contained about

twice as much crude protein as did Range Supplement //2; thus, the sup-

plementation did not accomplish isonitrogenous intakes.

Although most of the cows had already calved prior to onset of sup-

plemental feeding (a few calves were born in late February) about one-

third of the cows in each group calved after supplementation was started.

Results of supplemental feeding on cow weights and calf weights at



the end of the supplemental feeding period are summarized in table 13.

It was not expected that cow weights would be meaningful since the data

are confounded by state of pregnancy at the initial weighing and by age

of calf at the final weighing. Calf weights, expressed as weights per

day of age, were not meaningful for calves born late in the program;

therefore, data are shown for only those calves judged suitable in age

for meaningful comparisons. Supplementation with cottonseed meal in-

creased weights of calves to 118 percent of weights for calves from cows"-_

given no supplement; whereas supplementation with Range Supplement #2 in-1

creased weights of calves to 111 percent of calves from cows given no sup-

plement. These results show that both supplements improved performance,

and that Range Supplement #2 was about 60 percent as effective as cotton-

seed meal. However, Range Supplement #2 was consumed only to about 60-80

percent of cottonseed meal consumption, so that on an equal intake basis

the supplement with sewage solids compared favorably with cottonseed meal.

Data showing element composition of blood and liver samples from

the cows are shown in tables 14 and 15. To facilitate comparisons, data

are shown for samples collected from representative indiviudals from the

same herd prior to onset of supplemental feeding. The results indicate

that feeding Range Supplement #2 caused no significant change in elemen-

tal content of blood or livers.

Fecal samples collected at termination of the supplementation ex-

hibited no unusual parasite counts, and no differences attributable to

feeding the experimental supplement. |

These results tend to confirm the hypothesis that a range supplement

comprised largely of sewage solids could provide benefits which compare

favorably with cottonseed meal, to cows grazing dormant forage, with



Table 13. Effects of Las Cruces Seuage Solids in Range Supplement 02
for lacracing beef cows (Jornada Experimental Range).

Items

Cows with calves during
test (95 days)

Cow weights (4/14/78). lbs

Cow weights (7/21/78), lbs

Mean age of calves
(7/21/78), days

Calf weights per day
of age, lbs

Calf weights per day of age,
Z increase

No Supplement

16

762 (69)-'

782 (82)

117 (29)

2.32 (.31)

—

Diet

CSM*'

19

790 (110)

804 (96)

106 (34)

2.73 (.79)

18

RS02b-'

18

786 (97)

773 (89)

109 (28)

2.58 (.47)

11

— CSM * Cottonseed meal; consumed at 2 lbs per cow, twice weekly for
13.5 weeks.

— RS 02 • Range Supplement 02 which contained: 62Z Las truces Sewage
Solids, 22Z sorghum grain, 12Z cane molasses, 2.94 urea; 1.151 Ben-
tonite clay and 0.26Z flavors; consumed at about 1.5-1.8 lbs per
cow, twice weekly for 13 weeks.

— Values are means and standard deviations.

Table 14. Element content of Jugular whole blood from mother cows graz-
ing dormant rangeland forage at the- Jornada Experimental
Range, April-July. 1978, as affected by supplemental feeding
of sewage solids— or non-supplementation during 95 days.

Content In Jugular Whole Blood, ug/ml (ppm) ~
Prior to Onset of After 95 Days of

Supplements (4/14/78) Supplemental FeedinR (7/21/78)
Unsupplemented Supplemented

Controls Experimentals
Elements (N-12) (N=6) (K»7)

Ag .018 (.004)-' .017 (.006) .014 (.004)

Ca 57 (4) 56 (5) 58 (4)

Cd .024 (.002) .008 (.003) .010 (.003)

Cr .041 (.012) .038 (.013) .049 (.017)

Cu .59 (.08) .53 (.06) .54 (.07)

Fe 418 (40) 381 (44) 363 (25)

Hg (No differences among groups; actual values being rechecked)

K 593 (104) 498 (69) 432 (43)

Mg 17.3 (1.9) 18.6 (2.4) 18.5 (2.0)

Mn .030 (.006) .032 (.014) .024 (.009)

Na 3928 (236) 2580 (102) 2645 (72)

Nl .10 (.02) .06 (.03) .06 (.03)

?b .19 (.02) .10 (.03) .13 (.03)

Zn 3.0 (.3) 2.8 (.6) 2.9 (.7)

-"Experimentals" were fed 1.5 to 1.8 pounds of "Range Supplement »2"
per head twice weekly from 4/14/78 through 7/21/78 (95 days), which
contained about 62Z sewage solids from Las Cruces, New Mexico.

— Values shown are mea.ns (+ standard deviations).
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fable 15. Element content of fresh liver tissue (biopsy samples) from
mother cows grazing dormant -rangeland forage at the Jornada
Experimental Range, April-July, 1978, as affected by supple-
mental feeding of sewage solids^ or non-supplementation
during 95 days.

" " Content of Fresh Liver Tissue, yg/g (ppm)
Prior to Onset of After 95 Days of

Supplements (4/14/78) Supplemental Feeding (7/21/78)
_ . . . . - Unsupplemented Supplemented

Controls -—- -. Experimentals
Elements - (N=6) - - ~~- (N=4) >> (N=4) ^

Ag

Ca

Cd

Cr

Cu

Fe

Hg

K

Mg

Mn

Na

Ni

P

Pb

Zn

.17 (.04)^

/ ____

V _—_

.26 (.07)

.71 (.50)

43 (28)

95 (29)

.037 (.034)

2640 (410)

174 (15)

3.5 (.2)

1003 (207)

.47 (.38)

.64 (.18)

33 (5)

.72 (.20)

—data incomplete-

.19 (.06)

,17 (.14)

25 (7)

88 (18)

.009 (.005)

2860 (211)

144 (10)

2.5 (.3)

1577 (215)

.37 (.12)

—data incomplete-

.43 (.05)

25 (2)

.58 (.12)

.27 (.12)

.19 (.14)

17 (6)

81 (21)

.006 (.001)

2023 (167)

149 (3)

2.8 (.6)

1533 (68)

-36 (.03)

\

.49 (.18)

31 (8)

— "Experimentals" were fed 1.5 to 1.8 pounds of "Range Supplement #2"
per head twice weekly from 4/14/78 through 7/21/78 (95 days), which
contained about 62% sewage solids from Las Cruces, New Mexico.

b/
— Values shown are means (+ standard deviations).
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little apparent risk from accumulation of heavy metals or other poten-

tially toxic elements.

Calves from the present trial will be used in further, feedlot ex-

perimentation to evaluate benefits and risks from the treatments already

imposed. Furthermore, the effects of such supplemental feeding will be

assayed in terms of re-breeding interval and conception rates of the cows.

It is anticipated that repetition of the range-supplementation program,

with these same cows, through at least three years, will be necessary to

properly evaluate benefits from supplements formulated from sewage solids.

PROSPECTS FOR RECYCLING AS FEEDSTUFFS

Although the NMSU research program is still in progress and conclu-

sive data regarding benefits, costs and risks are not available, the re-

sults to date suggest that benefits from usage of sewage solids as sup-

plemental feedstuffs in "backgrounding programs" for ruminants could be

substantial. It is recognized that the protocols used herein for asses-

ment of risks or hazards are inadequate to satisfy guidelines of agencies

such as EPA and FDA regarding toxicity to animals or risks to the human

food chain. Results from experimentation already completed suggest, how-

ever, that potential benefits are sufficient to justify the substantial

costs of more rigorous investigations to fully assess any such risks. If

nutritive value of sewage solids for ruminants can be placed - conserva-

tively - at even one-half the value of cottonseed meal, currently priced

at $165-180 per ton (Feedstuffs, Sept. 25, 1978), then, at current econ-

omics, any city of 100,000 persons is presently disposing - at great

cost - resources which could be worth about half a million dollars an-

nually. These considerations could be projected to many millions of dol-
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lars, nationally.

The production of beef cattle and sheep on marginal agricultural

lands and on uncultivatable range and forest lands represents a multibil-

lion dollar industry in the U.S.A. Costs of supplemental feeds for these

animals represent a significant portion of capital expense (4). We have

calculated that beef cows are maintained as breeding herds within 200 miles

of Albuquerque, NM (a city of about 300,000)-in sufficient numbers to

consume all of the sewage solids from that city, if used ^n replacement

of conventionally used supplements and only during three or four months

yearly when cows graze dormant forage.

These projections appear to justify serious efforts toward improve-

ment of technology to minimize the contaminants in sewage which pose

risks to this potentially important "crop," and to justify the develop-

ment of technology which can assure "quality control" of the product(s)

to be recycled to agriculture. It seems certain that such technology will

be needed in the future, as increasing human populations place increasing

demands upon world food production (16, 28).
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Abstract

NEED AND CONCEPT FOR HIGH-LEVEL DOSIMETRY IN SLUDGE IRRADIATION

There is at present an increasing interest in the process of

sludge irradiation for subsequent use as fertilizer and

animal feed. For reasons of both safety and economy, the

irradiations require observance of the nesessary dose levels

with the least possible accuracy. The most appropriate way to

dermine whether a product has properly been treated or not is

to make accurate dosimetry measurements. According to a recent

IAEA survey, a variety of dosimeter systems are practised

world-wide, lacking standardization. The paper proposes a

concept of dosimetry hierarchy based on tracability to the

primary standards of dosimetry and on intercomparisons using

transfer dosimetry. The reliability and applicability of specifi-

cally the transfer dosemeter system are discussed taking a

tissue equivalent solid state dosemeter on araino acid basis as

example. The expectation value for accuracy is compared with

values experienced in preliminary international intercomparions

organized by IAEA covering the dose range of 0.1 - 10 Mrad and

various climatic conditions.

INTRODUCTION

The disposal of sewage sludge is getting a major problem in

industrialized and developping countries. Aspects of health

risk and the increasing concern for quality of environment call

for alternatives in waste management. Also in this context,

recycling of waste material deserves particular emphasis.
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In case of sewage sludge, recycling is so much the more of

interest since it is widely recognized as a vast resource.

The nutrients in sludge can be applied for land application

as fertilizer but potentially more valuably as amimal feed.

The decisions whether sludge should be disposed of or utilized

in any particular instance will finally be based on economic

considerations, affected by its intrinsic value, cost of

transport and cost involved to make it acceptable for any

specific method of disposal or utilization. Cost for utilization

is mainly influenced by two factors, i.e. odor and health risk

associated with its disposal or use which must be controlled

or eliminated. The health hazard results from the presence of

toxic chemicals and pathogenic organisms. While toxic chemicals

will have to be eleminated, pathagens and parasites can be

eleminated or controlled by means of various sludge treatments.

Conventional treatment is highly energy consuming and due to

recent drastic changes in price.of fossil fuels, rather costly.

As an alternative, the application of radiation has been

investigated since more than two decades yielding stimulating

results. The practical introduction of radiation processing

largely depends on three factors, i.e. proof of safety for the

biocycle, technological feasability and economic competitiveness

ofthe process. For reasons of efficiency radiation seems to be

comparable or superior to conventional techniques. Moreover,

economy calculations showed that at least for larger irradiator

plants radiation processing is competing with conventional

digestion techniques.

Table 1 World status of high-dose application

(IAEA interim summary 31.1.1978)

33 Countries

with 78 Institutes

with 133 High-dose facilities



Table 2 World status of high-dose irradiators

(IAEA interim summary 31.8.1978)

Source

Co-60
CS-137
Accelerator
X-ray

No.

96
8
27
2

%

72
6
20
1

,2
,0
,3
,5

Purpose of
processing

Steril. med.
Food preserv.
Steril. pharm.
Cur.S.Ctq.
Research
Animal feed
preserv. and
other

No.

78
54
33
20
21

47

%

58,6
40,6
24,8
15,0
15,8

35,3

all % data from normalization to total irradiator
number

World~wide, there are 133 radiation processing plants

operating in 33 countries, according to a recent IAEA survey

(Table 1) /1/. Most of the irradiatiors are based on radio-

isotopes, i.e. cobalt-60 or caesium-137. To a somehow lower

extent, accelerators are used (Table 2). As can also be seen

from table 2, sterilization of medical equipment has major

priority in radiation processing followed by food preservation

and sterilization of pharmacological products. The percentage

of sludge digestion for production of fertilizer or animal feed

is not given explicitly.

NEED FOR DOSIMETRY

The hygienic practice of sludge treatment with radiation

requires the proper determination of the radiation doses

expressed in terms of lower and higher limits, and the

observance of these limits in operational routine. The need

for reliable dose determinations is most acute since health

and safety of the customer are affected. Regulatory bodies

in USA have recently moved away from suggusting biological

testing as prime controlling factor in product release, due
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to its imprecision and impracticability. There are new

recommendations now that radiation dosimetry be used to deter-

mine that a product has been irradiated to the required dose.

The most appropriate way to determine whether a product has

been properly treated or not is to make accurate dosimetry

measurements during research, development, commissioning and

routine operation of the irradiator plant. Calculations of

absorbed dose and dose distributions based on source and

geometry parameters (e.g. source activity or photon flux,

arrangement of sources, conveyor speed, product geometry) are

difficult to perform. The heterogeneous products, diffuse

radiation incidence and broad spectral distributions do not

favour this approach to dose.

Regular dosimetry measurements during routine operation may

also serve for monitoring operational parameters of the plant

(i.e. function control) and for record keeping in product

inventory control.

Table 3 Survey on dosimetry methods used in 133 radiation

processing facilities (IAEA interim summary 31.8.1978)

Routine dosimetry

Red perspex
Clear perspex
Blue cellophane
Ferrous cupric
Cobalt glass
PVC film
Cellulose triacetate

film
Red acrylic
Ion chamber
Fricke
LiF
CaF2
CuSO4

KNO3
Ethanol chlorobenzen
Phosphate glass
Polycarbonate film
Ceric sulfate
Nitrate-nitrite
Red acrylic
Ceric-cerous
Radiochromic dye
Calorimeter
Pencil dosemeter

%

40
20
5.5
5.5
4
4

3
2.3
•

*2%< ach

• •

Reference dosimetry

Fricke
Ceric sulfate
Ion chamber
Calorimeter
Ceric-cupric sulfate
Radio chromic dye

Oxalid acid

%

58
30
3
2.5
T

D-glucose <2%each
Ferrous cupric sulfate
LiF
Biological dosemeter I
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DOSIMETRY CONCEPT

There has been no international effort, up to now, to achieve

measurement standardization of dosimetry for radiation

processing. This becomes evident from an IAEA survey on applied

dosimetry methods in 1978, where particularly routine dosimetry

is lacking uniformity (Table 3). More homogeneity in dosimetry

methods is found in reference dosimetry for which approximately

90 % of the processing plants use Pricke or eerie sulfate

dosimetry. In principle,a certain variety of dosimetry systems

is justified since the type of radiation (gamma rays, X-rays,

electrons), the spectral distribution of photons or particles

at the point of measurement and the dose range of interest may

vary for different processing tasks.

Table 4 Dosimetric task and system for a high dose-level

plant

DOSIMETRIC TASK DOSIMETRY SYSTEM

plant commissioning; special dosimetry studies
after change of source, with recognized REFERENCE
conveyor speed, irradiation type dosemeters
geometry or type of product
to be processed

routine operation ROUTINE type dosemeter
-continous operation -2 dosemeters/24 hours
-batch operation -2 dosemeters/batch

international standardization intercomparisons using a
TRANSFER type dosemeter

Since public health is concerned, the accuracy of the dose

determination is of highest priority. This requires established

tracability of measurement to national standards by means of

reference dosimetry besides the routine dosimetry (Table 4).

It should be noted however, that there is no calibration

service available for high doses at primary dosimetry

laboratories, for the moment. NBS and BIPM are only beginning
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to establish a system which will eventually provide the

primary standard for high doses. It is only IAEA which has

elaborated assistance on this subject by providing a

"Manual of Food Irradiation Dosimetry" /2/ and organizing a

symposium on National and International Standardization of

Radiation Dosimetry in 1977 /3/.

Considering particularly international trade with processed

food, the different doses required, the variety of dosimetry ;

systems and that without primary standards, there is an

urgent need for an international standardization in high-level

dosimetry. The standardization can be provided by development

and operation of an internationally accepted intercomparison

service using a transfer type dosemeter (see Table 4). The

transfer dosemeter must provide optimum performance in terms

of precision, stability against ambient influences and

transportability. Such a transfer dosimetry service would

give the necessary tool to check consistency of dose

measurement in operational radiation processing facilities

on a world-wide basis.

Again IAEA has initiated activity by establishing a program

on high-dose standardization and intercomparison for industrial

radiation processing in February 1977. One goal of this

program is to develop and establish a transfer dosemeter

system.

PROPOSAL OF A TRANSFER DOSIMETER

GSF contributes to this IAEA program and proposes a transfer

dosimetry system based on approximately tissue-equivalent amino

acid. As for the physical mechanism, long-living free radicals

are induced and integrated in the crystalline solid while

exposed to ionizing radiation. Using electron spin resonance

technique (ESR) the free radicals are detected qualitatively

and quantitatively providing a potential dosimetry method.
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Fig. 1 GSF high-level dosimeter based on ESR
of alanine, as used for the IAEA high-
dose intercomparisons 1977 and 1978.

The detector material is of purified polycrystalline material

which is mixed with paraffine and yields solid species of

5 mm in diameter and approx. 1o mm in length. Paraffin-3 adds

no detectable ESR signal after irradiation. Fig. 1 shows three

species together with a build-up cap which for protection can

be sealed into a-thin_plastic sachet. So far, practical

experiences are referrring to alanine which is amino acid of

the formula CH3-NH2'CH-COOH.

The evaluation of the dose is straightforward using the

amplitude of the ESR signal and referring it to the amplitude

of the ESR signal of so-called calibration detectors which

have been exposed to known doses assessed with a secondary

standard type dosemeter. Formally, the dose D is determined

by:

D = N • M • K. ,

where D =

M =

N =

Ki=

dose in rad

reading value of the measuring signal

calibration factor (rad/reading value)

correction factors for temperature effects

during irradiation, transport and storage,

for humidity effects and for individual sensitivity
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The following fundamental properties of the alanine dose-

meter were found:

Photon response. Practicability aspects of a transfer dosemeter

service require only few, preferably one dosemeter to cover the

dose range under consideration. The ESR signal of alanine is

useful for dosimetry in a wide dose range from <1 krad to

> 1O Mrad (Fig. 2) . Since the signal-to-dose ratio is linear

up to 1 Mrad, only one calibration dosemeter is necessary in

this range. Above 1 Mrad a calibration curve is required. Thus

the dose range of the alanine dosemeter covers most high-dose

applications including food preservation, sterilisation and

industrial use.

Response function. If also radioactive irradiators are

loaded with cobalt-60 or caesium-137, there is a broad photon

spectrum to be expected due to scattering requiring a transfer

dosemeter with a response with is preferably independent of

the photon energy. In case of alanine the chemical composition

is close to tissue providing radiation absorption similar to

biological systems. Fig. 3 shows the flat response function

which only below 100 keV photon energy will slightly under-

estimate the radiation dose.

UJ
-10 0 *10 .20 *30
Temperature, *C

*50 *60 »70 *80 *90

Fig. 4 Change of ESR signal of alanine as
a function of irradiation temperature,
normalized to 22°C. Parameter absorbed
dose.
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Free radical production and stability. Since a transfer

dosemeter has to operate under moderate climate conditions

as well as in tropical countries and cannot be evaluated

immediately after exposure, its response should be independent

or only moderately dependent on temperature and air humidity

during irradiation, storage and transport. For alanine, the

production rate of free radicals slightly increases with

temperature (Fig. 4) . For doses up to about 1 Mrad the amount

of increase is constant and independent of dose,

AS/A0 = 0,18 % / °C (D< 1 Mrad).

Only for doses above 1 Mrad this factor is to some extend

dose dependent(Fig. 5)•

As for the long-term stability of the free radicals of alanine,

no significant signal loss was found up to 4 weeks under

moderate ambient humidity conditions, if temperature did not

exceed 50°C (Fig. 6). For increased relative humidity (e.g.,

r.h. = 70 % ) , there is a measurable signal fading particularly

for elevated temperature, which effect is again more pronounced

at dose levels above 1 Mrad. It should be noted, that the

humidity effect can be eliminated by sealing the alanine dose-

meter together with dry gel into the plastic sachet.

Uncertainty. The overall uncertainty of dose estimation with

the alanine/ESR dosemeter depends on uncertainty instrinsic

to this particular method and the uncertainty which stems from

the calibration factor of the reference dosemeter used for

the calibration procedure. The latter uncertainty is given by

the national laboratory to within 3-4 % for cobalt-60 radiation.

The intrinsic uncertainty is composed of component uncer-

tainties referring batch uniformity and effects of influence

quantities to the detector during irradiation, storage and

readout as well as readout geometry and stability of the read-

out equipment. The linear summation of the component uncertainties

to an overall uncertainty of 13 % is a conservative estimate,for

alanine/ESR dosimetry. More realistic appears a quadratic

summation yielding an overall uncertainty of 7 % for a 95 %

confidence level.



Table 5 Irradiation laboratories during comprehensive

IAEA high dose interccinparison, 1978

-Atomic Energy of Canada Ltd., Canada

-Bhabha Atomic Research Centre, India

-Boris Kidric Institute of Nuclear Sciences, Yugoslavia

-Centre d'Etudes Nuclearies de Saclay, France

-Comision Nacional de Energia Atomica, Argentina

-Gesellschaft fur Strahlen- und Umweltforschung mbH,
Germany, F.R.

-Institute for Atomic Sciences in Agriculture,
Netherlands •

-Institute of Isotopes, Hungary

-National Bureau of Standards, USA

-National Physical Laboratory, United Kingdom

-Ris0 National Laboratory, Denmark

Experimental data on the overall uncertainty of the alanine/

ESR system were abtained from an international high dose-

level intercomparison organized by IAEA in 1978 in order to

find out a porper transfer type dosemeter. Eleven institutions

in different parts of the world were participating as

irradiation laboratoris (Table 5).

Each laboratory received six dosemeters to be irradiated with

doses between O.I Mrad and 10 Mrad. These laboratories did

not provide separate calibration dosemeters, the evaluation

was based on calibration at GSF. The results are given in

Fig. 7. It should be mentioned that apart from alanine/ESR

three other dosemeter systems from different organizations

participated in this intercomparison, based on ethanol-

chlorobenzene, ceric-cerous and radiochromic dye the results

of which will be published elsewhere.
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Fig. 7 Results for the GSF alanine/ESR dosemeter
from the 2nd IAEA International High-Level
Dosimetry_Intercomparison 1978

From Fig. 7 taking the evaluation of 60 alanine/ESR dosemeters

into account, the above mentioned overall uncertainty is well

proofed. Investigations are continuing to further improve

accuracy and reliability. But even at the present state, this

dosemeter system approaches the requirements to a future transfer

dosemeter very closely.

CONCLUSION

The alanine/ESR method is suitable for relative dosimetry

requiring proper calibration. The samples can normally not be

reused, however, the detector material is rather low-priced.

The risk for affecting the measurement value by surface

contaminations is very small. If the rather sophisticated and

expensive reading equipment is not easily accessible, this

should be no principle hindrance for the application of this

dosimetry technique, since the detectors are suitable for

transportation and centralized evaluation, i.e. for transfer

dosimetry. In this context, the wide dose range and the

achievable accuracy of better than 7 % on a 95 % confidence

level based on a long-lived signal moderately affected by

ambient influence quantities is worth mentioning. The present

and planned studies performed at GSF within the scope of an

IAEA Research Agreement will settle the reliability of this

dosimetry method also for unusual conditions of irradiation,

storage and transport.



In order to get practival experience in near future limited

numbers of alanine/ESR high-level tiosemeters are available

cost-free from GSF in the frame of a preliminary transfer

dosimetry program.
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Abstract

RADIATION INDUCED CHEMICAL CHANGES IN AND DISINFECTION OF ORGANIC WASTES
SUITABLE FOR SUPPLEMENTAL FEED

Ionizing radiation has been found to disinfect organic wastes and simul-
taneously ease the separation of suspended solids from water. Because these
effects can have important favourable impacts on the technology of upgrading
organic wastes to animal feed or fertilizers, experimental studies are re-
ported on the rationale of effects of gamma irradiation or disinfection and
separation of the solid and the liquid phase of organic waste systems. The
radiation inactivation of microorganisms occurs by direct and indirect ac-
tion. Mechanisms of inactivation are discussed and measures are proposed how
the indirect action of the radiation inactivation of microorganisms can be
increased. Effects of gamma irradiation on dewatering properties of organic
wastes were indirectly caused by the oxidizing OH radicals produced by the
irradiation of water. OH radicals react with organic components of the so-
lid phase which leads to their solubi1ization resulting in an increase of
the total organic carbon concentration in the liquid phase.

Results of a mutagenicity test indicate that the solvated compounds ex-
hibited no mutagenic activity.

Microbiological case studies on the disinfection and upgrading of liquid
and solid organic wastes to animal feed are discussed and the acceptance of
radiation processing is evaluated.

INTRODUCTION

Handling and disposal of liquid and solid organic wastes are costly unit
processes. Because of the rising energy costs, the increase of the quantities
of collected organic wastes, and the general environmental concern, alterna-
tive ways of waste handling and disposal are being examined.

Organic wastes contain significant quantities of organic matter, nitrogen,
phosphorus, and micronutrients, which frequently make it an interesting raw
material for supplemental feed or a valuable soil conditioner and fertilizer.
Although these facts have been known for years, the relatively low cost of
fossil fuels has made feed and synthetic fertilizers more attractive to the
farm community than organic wastes. Recent environmental concern and economic
development, particularly the diminishing availability of energy and its feed
and fertilizer products, have created greater acceptance of beneficial
recycling of organic wastes to animals and agricultural land.



However, there are problems associated with the recycling of organic
wastes. There is a disease potential. The problem in dealing with biological
agents becomes acute when they are harmful to the human food chain. Ionizing
radiation has been found to disinfect organic wastes and simultaneously
ease the separation of suspended solids from water.

This report briefly discusses the rationale of current radiation chemical
aspects regarding irradiation of wastes and relates this with experimental
work that has been conducted at the Association EURATOM-ITAL.

EXPERIMENTAL

Gamma irradiation was carried out at a dose rate of approximately 10 kGy/h
(1 Mrad/h) with a 3.9 PBq (105 kCi): cobalt-60 source of the Pilot Plant for
Food Irradiation of ITAL near Wageningen.

The irradiation dose was measured with 3 mm HX Perspex dosimeters.
The Most Probable Number (MPN) technique was used for counting cells of

Salmonellae*of the Faecal streptococcal group, of the Coliform group, and
of Esoherichia aoli. The methods and nutrient media used in the assay
procedures are given in Table 1.

Table 1. Methods and Nutrient Media

Microorganism Method Med i um Incubation

E. coli MPN

F. streptococcal group MPN

Coliform group

Salmonellae

MPN

MPN

Briljant Green Lactose Bile Broth kk °C

Azide Dextrose Broth 37 °C, W h
Confirmed in Ethyl Violet Azide

Broth

Briljant Green Bile Broth 30 °C, kS h

Buffered Pepton Broth, enrichment 37 °C, 18 h

Total bacteria Plate
(aerobic and facultative)

Aerobic Spores Plate

Entevobaoteviaoeae Plate

Lactic acid bacteria Plate

Muller-Kauffman medium

Briljant Green Phenol red agar,
selection plate

Triple Sugar Iron Agar
Lysine Decarboxylase medium
Con f i rma to ry med i um

Tryptone Glucose Yeast Agar

Tryptone Glucose Yeast Agar

, 2k/k8h

37 °C, 2k h

37 °C, 2k h

30 °C, 3 days

30 °C, 3 days

Yeast and Moulds Plate

Crystal Violet Red Bile Glucose
Agar 37 °C, 24 h

Polymyxine Sorb inic Acid Agar 37 °C, 3 days
anaerobic

Oxytetracyclinic Glucose Yeast
Agar 2k °C, 3~5 days

Tests for mutagenicity were carried out according to the procedure des-
cribed by Ames et al. (1975). The two tester strains Salmonella typhimurium
TA 100 and TA 98 were obtained from Dr. B.N. Ames.

Radiation units : 1 gray = 100 rad or 1 daGy = 1 krad; 1 curie = 37 gigabecquerel



Extracts of treated and untreated sludge were tested and obtained by
filtration prior to centrifugation at 10 000 x G for 30 minutes. Some ex-
tracts were concentrated by freeze-drying. All extracts were sterilized by
filtration through a membrane filter of 0.22 urn pore diameter. Each ex-
periment was done twice with three replicates and revertants were counted
using an automatic colony counter.

DISCUSSION AND RESULTS

Fluid organic wastes usually have the following general characteristics:
1. they are infected by microorganisms; 2. they are comprised of light}
flocculent hydrophilic solids; 3. they tend to be voluminous. The major
component of fluid organic wastes is water because fluidal properties of
such materials are lost at concentrations ranging between 8 to 15 wt& dry
solids. At higher concentrations of solids the material normally becomes
an unpumpable cohering mass.

The bactericidal effects of ionizing radiations are well known and the
application of radiation to the sterilization of medical supplies has
greatly increased in recent years (Silverman, 1978).

The lethal effects of radiation for the disinfection of liquid and solid
wastes have also been considered and investigated in recent times.

Extensive series of microbiological studies have indicated that fluid
raw organic wastes (Groneman et at,, 1977). primary raw sludges
(Sinskey et al., 1976). fluid anaerobically diqested sludges (Wizinmarm,
1978), and solid organic wastes (Brandon, 1976) can be effectively dis-
infected by an appropriate dosage of ionizing radiation.

Also, drastic effects of ionizing radiation treatments on physical-
chemica) properties of such organic wastes have been reported.
Groneman (1977) for instance, clearly visualized changes in the interacting
forces between sludge particles due to an irradiation treatment of 20 kGy
(2 Mrad). Cohering forces between flocks of anaerobic digested sludges as
well as the adhering forces to the supporting material were drastically
altered.

Changes in- physical-chemical properties in organic wastes also occur at
lower irradiation doses. For instance a dose of 300 daGy has been shown
to ease the separation between the suspended solid phase and the liquid
phase.

Simultaneously the composition of the liquid phase was altered by
irradiation treatments (Groneman, 1975, 1976, 1978).

The disinfecting action of ionizing radiation and the improvement of de-
watering properties of organic wastes have technological and economic
potentials and may considerably improve the economics of the overall process.
In this regard it is appropriate to explore rationale bases of radiation
processes. A better interpretation, implementation, and control of physical-
chemical reactions may lead to an oDtimization of desired effects.

Radiation chemical aspects

Unlike photochemistry, the energy of the incident ionizing radiation is
far in excess of the bond energies or ionizing and excitation potentials of
any of the constituent molecules in the absorbing medium. This implies that
the fraction of the total energy deposited in each of the different com-
ponents of a multicomponent system such as an aqueous fluid organic waste
product is dependent on their relative abundance and not on their molecular
properties. :



As a matter of fact, the partition of energy is governed as a first
approximation, by the relative electron fraction of each component for
molecules of the lighter elements, such as present in fluid organic wastes
(Spinks and Woods, 1976).

It is this principle of nonselectivity of energy absorption that is to
be considered in the design of experiments and processes. This implies
that most of the absorbed energy is utilized in the radiolysis of water to
form hydrated electrons, primary free radicals and molecular products given
in Table 2.

Initially, the free-radical products of water radiolysis are not homo-
geneously distributed throughout the system. They are formed along or near
to the tracks of ionizing particles or high energy photons and then diffuse
out into the bulk of the solution. A homogeneous distribution is reached
in water until approximately 10~8 to 10~7 s after the initial ionizing event.
The yields are given in terms of the 6 value, which is defined as the
number of molecules or species formed per 100 eV of energy deposited in
the system (Table 2 ) . The values are little if at all dependent on temper-
ature (Hochanadel and Ghormley,1962).

Table 2. Yields of intermediates in the radiolysis of O2 free pure neutral
water with gamma irradiation or fast electrons

Species

G

After Dorfman and

OH-

2.8

Adams

H 20 2

0.7

(1973)

eaq
2.8

H-

0.6

H2

0.5

H 30
+

2.9

0H~

0.1

Radiation inactivation of microorganisms

Ionizing radiations are capable of causing damage in microbial cells.
These actions are direct and indirect.

The direct action of radiations results from the energy deposited within
a molecule in a sensitive area or target site within the organism.

A general consensus is that the primary cellular target is the DNA
molecule in the cell. The larger the DNA volume is in the cell, the more
complex it becomes and the more sensitive it is to ionizing radiation.
(Sparrow et al., 1967).

The indirect action of radiation is due to reactions of intermediate
products with the target molecule of a cell. Of the main reactive species
mentioned in Table 2, the one which has been shown to be the most
important in cellular damage is the OH--radical (Block and Loman, 1973).
OH--radicals react with the intracellular DNA molecules at near-diffusion
controlled rates and cause cell damage. The indirect action is important
when irradiation is applied for the disinfection of fluid organic wastes,
because it can be influenced. For instance results of microbiological
investigations at our laboratory indicated that gassing with oxygen
considerably increased the disinfecting power of radiation treatments in
thickened raw sludges as well as in anaerobic stabilized sludge, using E.
coli, the Coliform group, and a Faecal 8treptoaoaaal group as test
organisms.

The Faecal streptococcal group was the most radiation resistant among
the test organisms, having a D ] Q value of 79 daGy per log cycle in
anaerobic stabilized sludge of 3.1 vit% dry solids.
When O2 was adequately supplied during irradiation the D10 value decreased
to 52 daGy per log cycle, indicating an increase of radiation damage by
indirect action. This increase in radiation sensitivity by oxygen is
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referred to as the "oxygen effect" and is also reported to exist in the
case of electron radiation (Sinskey et at., 1976).

The oxygen effect is free radical in essence (Adams, 1972) and there is
much evidence that it involves the DMA of the cell.
Radiolytically produced free radicals in DNA and the OH--adduct (DNA-OH)•
react irreversibly with oxygen to form peroxy radica1s(Scholes ei at.,
1956).
These products prevent DNA "repair" reactions to occur, in which hydrogen
atoms are transferred from hydrogen-donating molecules e.g. SH-containing
compounds, endogenous in the cell.

Reactions of the reactive intermediates

The chemical species produced simultaneously by radiolysis of water are
oxidizing and reducing intermediates. To determine which intermediates
caused certain desired or undesired effects, series of irradiation ex-
periments were performed at ITAL.

In the following, properties of the intermediates and experimental
results are briefly summarized. These subjects are discussed in more detail
elsewhere (Groneman, 1978).

The oxidizing species are the hydroxyl radical (0H-) and hydrogen peroxide
(H202).

The OH-radicals are the main oxidizing intermediates and amount to 80%
of the formed oxidizing species. They are a powerful oxidizing agent and
have a high reactivity towards organic compounds. The molecular
products, H20_ , form only 20 % of the oxidizing species and have,
as compared to OH-radicals, a relatively low reactivity
towards organic compounds,

The major reducing species are the solvated electrons, e ,that form
82% of the reducing intermediates. The e are powerful reducing agents
and react with certain organic compoundi^by charge transfer or
addition. Also e react by nondissociative capture at
every collision they make with oxygen molecules.
In organic wastes, where oxygen concentrations are mostly low because of
microbiological consumption, the residual oxygen concentration is quickly
depleted by the reaction with electrons in anoxic conditions. Electrons can
have a lifetime ranging from micro- to milliseconds (Fig. 1).

The hydrogert atom H- is the second reducing product that forms 18% of
the reducing chemical species. H- can react with organic compounds but its
reactivity is relatively low.

Using various scavengers Groneman and Schubert (1978) collected ex-
perimental evidence that it was primarily the action of the oxidizing OH
radical, that leads to improvements in dewatering and sedimentation
properties of certain types of fluid organic wastes.

0H~radicals react with polymeric fines and slimes, which plug the
pores and channels through which water is released and drained during
filtration or sedimentation. These polymeric components disintegrate into
smaller parts or even liquidize. This results in an increase
of the carbon concentration in the liquid phase of the system, as
reflected by the increased value of the Total Organic Carbon concentrations
and increased Chemical Oxygen Demand.
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Fig. 1. Oscillogram shorting the production-and decay of eaq in the aqueous
de-aerated 3 x diluted liquid phase of anaerobicial ly digested
sludge,buffered at pH 8.7 after a pulse of 0.3 ysec and 2.2 daGy.
Wave length 650 nm; abscissa: 1 ysec per large division.
Ordinate 16.6?S change in transmission per large division.
Ti = 1 psec.

Irradiation of organic wastes for supplemental animal feed.

The application of nuclear methods for the treatment of organic wastes
has been considered for some time and a few case studies are briefly dis-
cussed in the following sections.

Poultry waste for supplemental animal feed

Poultry industry has made outstanding success in producing highly
efficient farms for production of meat and eggs in enormous quantities.
This development has resulted in" some ,"areas-"having" serious wastehandl ing
problems. Because of the increasing pollution from poultry wastes the
federal government of the USA has" awarded Cornell University a. grant to
study the problem and results were reported by Jackson (1971). The in-
efficiency of poultry in utilizing nutrients in feed is recognized and
numerous studies have been carried out to evaluated the reuse of,poultry
wastes (litter) in feeding studies for poultry, swine, sheep, and cattle.
The performance of animals fed with poultry waste at various bases has
generally been good and in some cases superior to that of control animals,
indicating that considerable feed value was derived from the material.

The major problem was that as the poultry waste content of the feed
increased the palatabi1ity and intake decreased. Another problem was the
possibility of chemical residues and disease organisms. Therefore an
isotopic irradiator was developed for treatment of poultry waste in order
to kill most bacteria and enhance rapid separation of the solids. The set
up is shown in Fig. 2. The radiation source is 1.85 PBq (50.000 Ci) of eoCo
and the system is designed for a capacity of 32 tons of aqueous slurry per
day containing 17 to 18% solids. The slurry receives a radiation dose of
120 daGy.
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CONVEYOR
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^COLLECTION
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Fig. 2. Poultry-waste-treatment system using a radioisotopic irradiator
(After Jackson 1971).

Organic wastes from slaughterhouses

In the Netherlands another application was considered to use organic
wastes from slaughterhouses as complementary animal feed for certain species
of otters, that are bread for their skins. The collected wastes form a
viscose fluid, which is heavily infected with spoilage microflora and other
microorganisms such as Enterobaateviaceae, including Salmonellae. The
latter microorganisms counted 105 cells per gram.

The protein rich wastes spoil rapidly. In a day or two the material
becomes slimy, putrefactive odors start to be generated and animals refuse
the feed. Precautions have to be taken to sufficiently delay the spoilage to
permit adequate time for collection and storage of the waste, for trans-
portation to animal farms, distribution and subsequent feeding.

Possible treatments for feed preservation are freezing, a heat treatment
or a gamma irradiation treatment. In this preliminary study, the effects
of gamma irradiation and a heat treatment at technical scale were in-
vestigated and results are presented in Table 3 and k. Barrels of 200 1, as
used in practice, were heated up and held at 70 °C for 30 minutes by steam
injection or irradiated on a rotating device, in front of a 6.5 PBq (175 kCi)
60Co source at the Pilot Plant for Food Irradiation near Wageningen in the
Netherlands. Data on the first line of Table 3 indicate that the heat treat-
ment of 70 °C had been inadequate in the decontamination of the organic
wastes of the slaughterhouse.

Poor heat transfer in such heterogeneous viscose mass is often the reason
of an inadequate inactivation of microorganisms. Similar problems have been
experienced in practice in thermal pasteurization installations used for
the disinfection of sewage sludge in •"••(tzerland (Hess, 1976).

The available data in Table 3 on the total bacterial counts indicate
that an irradiation dose of 800 daGy appears adequate in the inactivation of
bacteria. The total bacterial counts were selected as parameter bacause it
is the total of bacteria that causes spoilage. At total bacterial counts of
10G or more per gram, the protein rich material spoils by putrefaction and
becomes siimy.

The data on total bacteria] counts indicated that a microbial regrowth
occurred in the period of storage, but the counts were well below 106 per
gram and inspections of the well treated samples indicated no spoilage.

The available results of the storage experiment (Table 3 and k) suggest
also that 800 daGy is an adequate dose. It permits storage of the waste at
k °C for one month. If the waste has to be stored at 20 °C then a dose of
1200 daGy is advisable co obtain a storage life of 3 weeks.

An advantage of the irradiation treatment is also that Enterobaateriaceae,
including Sdlmonellae are adequately inactivated and this will reduce chances
of possible deseases of the otters.
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Table 3. Effects or different doses of g a m a irradiation, a heat treatment,
and storage time at 4 °C on the microbial contamination of fluid
organic waste from a poultry slaughterhouse.

Period of Radiation Unncatrd Heated at 70 °C for 30 min
storage at dose
4 °C after Total bacter- Enterobacter Total bacter- Enterobacter
irradiation ial count lal count

(days) (daGy) Counts/g Counts/g Counts/g Counts/g

6.0 x 10* 7.4 x 10s 1.2 x 10 s

4.6 x 10' <10
35 <10

3.9 x 10" <10
8.0 x ID3 < U

40 <IO

3.1 x 102

80

5.9 x ID3

9.4 x 10"

0
0
0
0
0
0

3
3
3
3
3

9
9
9
9
9
12
It
12
12
12

29
29
29
29
29

0
400
600
800
1000
1200

400
600
800
1000
1200

400
60C
800
1000
1200

400
600
80C
1000
1200

400
600
800
1000
1200

1.7

<
<

2.9

4.2
7.3
1.6

x 10'

-
:IO
"10
;10
„

-

70
30
20

-
90
10
to
_

x 10"

50
:10

x 10"
x 103

x 102

Table 4. Effects of different doses of gamma irradiation, a heat treatment,
and storage time at 20 °C on the bacteriological con tan I nation of
fluid organic waste from a poultry slaughterhouse.

Period of Radiation Unhealed Heated at 70 °C for 30 min
storage at dose _ ^ _ ^ ^ _
20 °C afler Total bacter- Enterobacter Total bacter- Enterobacter
irradiation ial count ial count

(days) (daGy) Counts/ml Counts/ml Counts/ml Counts/ml

6.0 x 10s 7.4 x 106 1.2 x I05

4.6 x 102 <IO
35 <IO

7.7 x 10"
Z.3 x 10"

70

4.3 x 103 <10
7.5 x 103 <10

'10

0
0
0
0
0
0

3
3
3
3
3

9
9
9
9
9

12
12
12
12
12

0
400
600
800
1000
1200

400
600
800
1000
1200

400
600
BOO
tooo
1200

400
600
800
1000
1200

1.7

1.6

7.0
3.»
6.1

x I07

-
-
<10
<IO
<IO

-
x IOJ

50
30

-
x I03

x I03

x I02

•
-

• 10"



Disinfecting doses in some other fluid organic waste products are much
lower. For instance Hess and Breer (1975) and Wizigmann (1978) established
that a dose of approximately 300 daGy was adequate in the disinfection of
ana'erobical ly digested sludge and that this treatment was as effective as
an efficient thermal pasteurization treatment.

The efficient dose is much lower in the latter case, partially because
less reactive solutes are in the liquid phase of anaerobic digested sludge
since much of the solutes are microbiologically consumed during the anaerobic
digestion.

A larger fraction of the generated radicals will be available for the in-
activation of microorganisms, resulting in a larger indirect effect.

In organic wastes of slaughterhouses, the concentration of amino acids in
the liquid phase is considerable. Amino acid residues react with OH"radicals
at or near diffusion controlled rates and therefore reduce the indirect
action of radiation on the inactivation of microorganisms.

Decontamination of Nobel compost for use as feed.

Also the employ of radiation treatments for the disinfection of certain
non-fluid waste products has been considered. For instance, certain byproducts
of compost, commercially called "Nobelcompost", are a source of nutrients and
iron and are being used for feeding piglets.
The technology is similar to composting, that is the aerobic thermophilic de-
composition of organic matter from refuse and sewage sludge. Organic wastes
are dumped on piles and the inside temperature increases to about 70 °C.

At this temperature the number of Salmonellae is reduced by several log
cycles. However, at the outside of the pile, temperatures do not rise that
high and the Salmonella bacteria survive and grow. They reinfect the compost
during subsequent operations such as mixing, screening and bagging.

The microbiological contamination level is given in Table 5 which re-
presents the summarized results of six series of samples that were taken from
different batches of Nobelcompost produced over a period of three months.
It can be seen that Salmonella bacteria were present in all samples ranging
from 1.1 x 101* to 21 cells per 100 gram of Nobelcompost. The total count of
Enterobacteriaceae, which have a similar radiation resistance as Salmonellae,
was found to range between 2.7 x 105 and 1.1 x 107 per gram.

Because Salmonella-contain ing feeds are the first link of the food chain
leading eventually to contaminated foods used for human consumption, it is
important to e-liminate bacterial contamination via the feed by disinfection
of the Nobelcompost. An obvious consideration was to decontaminate the
compost at the end of the composting process,once the compost is packed in
bags. Decontamination by penetrating gamma irradiation was very appropriate
to consider and inactivation of microorganisms by gamma irradiation can be
deduced from Table 6.

After an irradiation treatment of 50 daGy Salmonellae counts decreased
below the detection level in all three samples. The total log count of
Enterobacteriaceae decreased from 5-6^ per gram to an undetectable count
after the Nobelcotipost had been exposed to 200 daGy of gamma irradiation.
The number of lactic bacteria was reduced by 5 log cycles at an irradiation
dose of 200 daGy.

Since the log counts if Salmonellae in the different batches of Nobel-
compost (Table 5) did reach numbers comparable to those of Enterobacteriaceae,
the results suggest that a dose of 200 daGy would be efficient to disinfect
adequately the Nobelcompost from Salmonella.



Table 5. Microbiological composition of six loads of Nobclcompost

Tola! a )

Aerobic
Bacteria

9-07
9.25
8.1.1

3.93

8.65

9.32

Aerobica)

spores

7.57

7.39

6.07

6.20

7.14

7.07

Enlerobacter

6.69

6.47

6.95

7.01.

5-43

5.6)

Lactic AcidaJ

Bacteria

6.25

6.88

5.93

6.8B

5.50

6.98

Moulds3'

5.36

5.97

4.39

5.01.

<<.50

4.64

Yeasts'"

1-99

1.99

4.23

4.95

3-17

4.00

Sali-onella

f."H

1.61.

1.32

4.04

4.04

1.64

3.04

a) log count per gram compost b) log count per 100 gram compost

Table 6. Effect of Irradiation treatments on survival counts of different microorganisms In Nobelcompost

Dose
daGy

0

50

100

200

250

300

400

Aerobic a'
Bacter!

8.74

+0.23

7.J6
•0.41

6.46

+0.73

4.85
•0.31

4.32
•0.26

3.37
+ 1.20

3.62
•0.21

Aerob!cal

Spores

6.89
•0.04

5.96
+0.76

5.55
+0.48

3,97
+0.45

4.04

+0.21

2.93
• 1.07

3.IB
+0.13

Enterobacter

5.64
+0.48

1.39
+0.76

1.39
+0.76

'0.95

<0.95

<0.95

<0.9S

Uctic Acida)

Bacteria

6.64

•0.52

4.73
+0.18

3.62

+0.15

<0.95

<0.95

1.30
+0.60

<0.95

Mou1dsa>

4.33.
•0.10

4.26

+0.32

3-87
+0.35

2.74
+0.46

2.61
+0.44

1.39
•0.79

<0.95

Yeasta|

4.03
•0.51

1.84

•0.77

1.95
+0.S8

1.39
+.0.76

1.39
•0.76

0.72
•0.39

1.55
+ 1.04

Salmonella1*1

MPN

1.07
+0.26

<0.48

<0.48

<0.48

<0.48

<0.48

<0.48

a) log count per gram compost and standard error; averages of three repli

b) log count per 100 gram compost; averages of three replicates.

vn
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Mutagenicity testing of treated organic wastes

The chemical reactions of radiolytical generated radicals with organic
components of the solid phase of fluid wastes has given rise to speculating
discussions whether or not the dissolved compounds would be mutagenic if
present in animal feed or sludge that is to be applied on land.

Since no data on mutagenic potentials of organic waste extracts have
been reported, the mutagenicity of extracts of treated sludges was evaluated
in preliminary experiments.

Mutagenicity testing was performed with the most generally used and most
critically evaluated bacterial mutagenicity assay developed by Ames and co-
workers (1975). In this test auxotrophic strains of Salmonella typhimuvium
were employed and the number of bacteria that were reverted back to an
ability to grow without added histidine on petri dishes was determined.
The employed strains were the most sensitive base-pair mutations TA 100,
and frameshift mutations TA 98. Appropriate positive controls were muta-
genic in each experiment.

Experimental results are presented in Table 7. Neither extracts of
irradiated sludge nor extracts of pasteurized sludge exhibited mutagenic
activities in any of the two tester strains. Furthermore growth of the
background lawn was not inhibited.

Although no single mutagenicity test is sufficient to detect all possible
adverse genetic effects, the results provide no indication of a mutagenic
effect of anaerobically digested sludge, whether pasteurized or irradiated
at 300 daGy.

Acceptance of irradiation treatments

The increasing applications.of ionizing radiations in various fields in-
dicate that radiation processing is becoming an acceptable and important
technology, which is currently meeting many of society's needs.
Some 80 gamma sources and 230 electron machines are in routine industrial
use.

Cross linking and sterilization of medical supplies are the major
applications (Silverman 1978). The fact that the applications have grown
steadily, indicates the reliability of the irradiation units. Interest in
the application of ionizing radiation in waste treatment is also increasing
due to favourable results obtained in research and in pilot plants for
irradiation of sewage sludge in Germany (Suess et al.3 1977) and in the
USA(Trump et al.3 1977, Sivinski et al.s 1377). In the USA a pilot plant
for the irrediation of dried sewage solids was recently put in operation
for the treatment of organic wastes to provide a product, which can be
used in a reasonably safe way, as ruminant animal' feedstuff or as a
fertilizing soil amendment (Sand 79-0182).

The choice, whether or not to employ radiation treatments, must be left
with the potential user to decide and it very much depends on circumstances.
Aspects of economics, effectiveness, convenience of handling of organic
wastes and nutritive value must all be taken into account.

CONCLUSIONS

Irradiation processing is a favourable method that can be used to upgrade
valuable organic wastes for supplemental animal feed or for fertilizers.

The required irradiation dose clearly depends on the desired control of
microbial contamination. If organic wastes need only to be disinfected from
Salmonellae and related enteropathogenic bacteria, a lower irradiation dose
may be used. The reported studies indicate that a dose ranging between 200
to 300 daGy was efficient to disinfect liquid and solid organic wastes
(compost) as well.
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Table 7. Reversion of Salmonella typhimurium strains TA 100 and TA 98
following exposure to extracts of untreated and treated
anaerobicaily digested sludge.

Test material

Original extracts
Untreated
sludge

Sludge, exposed
to 300 daGy of
Y irradiation

Sludge,
pasteurized at
70 °C for 30 min

*
Concentrated

extracts
Untreated
sludge

Sludge exposed
to 300 daGy of
V irradiation

Sludge,
pasteurized at
70 °C for 30 min

Total Organic
Carbon of Extract

ppm C

138
138
138

336
336
336

603
603
603

263
263
263

565
565
565

1027
1027
1027

lose level
"n ml per
plate

0.2
o.i.
0.8

0.2
0.1)
0.8

0.2
0.1(
0.8

0.2
O.li
0.8

0.2
0.1)
0.8

0.2
O.k
0.8

tevertants
Strain
TA 100

Uk + 11
106 + 11

139 + 20
125 + 6

128 + 9
128 + 9

102 + 13
104 + 12

117 + 16
91* +_ 1i»

127 + 11
129 ± 6

per plate
Strain
TA 98

16 + 3
18 + 9

l«t + 3
16 + k

17 + k
21 +_ 2

17 + 4
13 i 3

17 + 6
17 + 5

19 + 5
18 T 8

values are given as means +_ SO of three replicates.
Spontaneous revertants for strains TA 100 and TA 98 were respectively
127 ± 5 and 18 +_ 6 colonies per plate. No growth inhibition of the back-
ground lawn was observed. 2 yg N a ^ and 5 yg Ethidium bromide gave 600
revertants in TA 100 and 800 revertants in TA 98, respectively.
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At these and higher dose levels, the irradiation treatment simultaneously
improves the dewatering properties of certain liquid organic wastes.

Radiation processing can also be used for preservation of organic wastes,
but then a higher dose is required because a larger spectrum of micro-
organisms with higher radiation resistance has to be inactivated to prevent
spoilage. The reported work on preservation of liquid organic wastes
indicate that a dose of 800 daGy is needed for a storage period of one month
at k °C and a dose of 1200 daGy is advisable for a storage period of 3 weeks
at 20 °C.

Heat pasteurization at 70 °C for 30 min under conditions in practice was
an inadequate treatment.

Radiation inactivation of microorganisms occurs by direct and indirect
action.

Direct action takes place by energy deposition in a target molecule,
presumably DNA, within the microorganism. This type of action cannot be
influenced.

Indirect action of radiation occurs mainly by radiolytically generated
oxidizing OH--radicals. Indirect action of radiation can be increased, for
instance by irradiating organic wastes, in the presence of oxygen. It
has been postulated that O2 enhances DNA damage by peroxidation of
a DNA-OH adduct.

The implementation of the "oxygen effect" by adding air oxygen to mostly
O2 depleted fluid organic wastes can significantly reduce the irradiation
dose required for an adequate microbial decontamination treatment.

The indirect action can, where possible, also be increased when the re-
activity of the liquid phase towards OH-radicals is reduced.

Results of preliminary mutagenicity tests indicate that no mutagenic
effects were induced in anaerobically digested sludge by an irradiation
treatment of 300 daGy or by a thermal pasteurization treatment of 70 °C for
30 minutes.

Radiation processing is an effective method for disinfection of organic
wastes and is a well accepted industrial process.
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Abstract

IRRADIATION OF LIQUID MANURE FOR THE PURPOSE OF UTILIZATION IN AGRICULTURE

The proper disinfection of liquid manure prior to the
agricultural utilization has an ever growing importance.
In the present work the authors give account of the use of
ionizing radiation for disinfection of swine liquid manure.
The most common representatives of pathogenic and facultative
pathogenic microorganisms of swine liquid manure have been
irradiated and their sensitivity to different doses of Co
has been examined.
The microorganisms proved to be more resistant to irradiation
in culture media than in swine liquid manuret where most of the
studied bacteria were killed by radiation dose of 4 kGy.
However, a very high resistance-has been found at the saprophytic
and pathogenic mycobacteria and at the spore containing
Clostridium perfringens having required a lethal dose of 10 and
15 WJy respectively.
After radiation-treatment the liquid manure can be used in
agriculture for irrigation and i t can be recycled to the stall
cleaning procedures»
The use of irradiated liquid manure as a possible animal food
will be discussed too,1
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INTRODUCTION

Development of t h e la rge animal-breeding farms i n Hungary has
involved an increased waste water production, po l lu t ing t he
environment. A swine farm with 5000 animals produces dai ly
50-70 nr l i q u i d manure i n average. This by-product i s a new
material in the agriculture both in quality and in quantity.
Formerly - under the circumstances of traditional animal-keeping -
solid litter-manure was produced and as i t went through a digestive
process scarcely caused any hygienic and epidemic risk. On the
other hand this new animal by-product i s yielded in a great
quantity and i t must be removed continously. Pathogen microorganisms
may get into the liquid manure from the animal secretions. As the
liquid manure does not go through a digestive process, i t i s qualified
as an infectious material. Bacteriological examinations have proved
that the liquid manure contains pathogenes which are infectious
on animals as well as on human beings.
Various treatments are known to control the pathogenes in the
liquid manure.
One of these treatments is the homogenization where the settling
of the solid phase i s prevented and by this means the concentration
of the contaminating flora decreases.
Another process i s the separation of the two phases. This method
i s advantageous from the point of view of the veterinary hygiene
because most of the pathogenes can be collected in the solid phase
and after mixing with straw or with other compost-materials the
solid phase can be digested.
However, these treatments do not kill the pathogenes in a reliable
extent. Recently the physical disinfecting methods - implying the
irradiation - came into the lime-light.
The first important work related to the irradiation of liquid
manure was published by I.D. Grlsa,1ev and Ju. I f Andr.iunyin /1973/ 1 .
According to their examinations the efficiency of irradiation was
influenced by the number of germs to a great extent. Hess et al
/1975/ irradiated the liquid manure and gave informations on the
sensitivity of Salmonella bacteria to different doses of Co,
In our country J . Simon and P. Oroszlanv /1976/ ' as well as
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F. Kovacs and G. Tamasi /1977/ were engaged In irradiation of
liquid manure. The effect of radiation treatment on various
microorganisms has been studied. The authors have found that the
dose of 4 kGy killed the microorganisms responsible for the food-
and feedstuffs poisoning - except the Clostridium bacteria - .
There are several possibilities to utilize the irradiated liquid
manure in agriculture. I t can be used for example for irrigation
and i t is possible to recycle the disinfected liquid phase to the
stalls. The disinfected solid phase can be added to feedstuffs,
or i t can be used as an organic fertilizer in the agriculture.
In the scientific literature very few reports discuss the recycling
of disinfected liquid phase to the stalls. This method can only be
allowed where the veterinary hygiene is satisfactory and the
chemical parameters /e.g. COD, trace elements, heavy metals / do not
exceed the permitted values.

Some reports indicate that there is an ever growing interest in the
reuse of disinfected and dried manure as supplemental feed.
Blair and Knipht /1973/ showed that the swine liquid manure
contained about 10 % protein. Brldson /1973/ found many amino acids
/lysin, arginin, treonln, isoleucin/ in the swine liquid manure.
Tinnemit et al /1973/ gave account of four experiments where feed-
stuffs mixed with dried swine manure in the quantity of 20-80 %
were given to sheep;,. The results were favourable concerning the
nitrogen circulation. Henninp et al /1973/ found that the swine
liquid manure contained about 20 % crude protein and 20 % fiber.
57 % of crude protein was digested.

The listed references show that i t i s worth to deal with the use of
swine manure for the purpose of animal food.

EXPERIMENTAL

The most common represen ta t ives of pathogenic and f a c u l t a t i v e
pathogenic microorganisms of swine l i q u i d manure have been
i r r a d i a t e d . The l e t h a l r a d i a t i o n doses have been determined on the
microorganisms in cu l tu re media as wel l as i n swine l i q u i d manure.
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The culture media for propagating the microorganisms were
chosen on the basis of diagnostic experiences. Bouillon
containing 1 % glucose was used for bacteria strains. Leptospira
pomona was inoculated on the Korthof medium. Solid and liquid
media were applied for propagating Brucella suis, Corynebacterium
pyogenes, Mycoplasma hyorhinis and mycobacteria. The bacteria
inoculated on solid media were washed by physiological sodium
chloride solution and were prepared for irradiation.

60
The radiation treatments were carried out by Co source in the
Radiation Department of Phylaxia.
Activity of radiation source was 3x10 Bq at the time of treatments.
Dose rate was 2,5 kGy/h.
Samples were irradiated by radiation doses of 1, 2, 3» 4-, 5, 7,
10, 15, 20 and 30 kGy.
The treated samples were processed within two hours after
irradiation.
The survivors of mycobacteria and leptospira were determined
after irradiation by microscope and by biological and serological
tests . Results are shown in Table I .
The examinations were repeated with the above mentioned
microorganisms in such way, that after propagating the microorganisms
were added to sterile swine liquid manure. The sterilization was
carried out by heat-treatment in autoclave.
The artificially infected swine liquid manure was irradiated in
the same way as the culture media.
Number of germs in control samples and in the irradiated liquid
manure was measured and the lethal radiation doses were determined.
The results can be seen in the Table I I .
The chemical composition of swine liquid manure has been investigated
after heat-treatment. These data are found in the Table I I I ,

RESULTS

pH value of sterile swine liquid manure was 9,5.
Dry material content was 5 54.
There is a significant difference between the data of Table I.
and Table II. The starting numbers of germs were smaller in the



Table I .

Effect of Irradiation on the number of microorganism In culture n.edis

tUcroorganlsms

Erystpelothrlx
rhuslopathlae

Staphyloeoccus
auious

Salmonella
cholerae suls

Escherlchla coll

Pasteurella
haecolytica

Pasteurella
oultoclda

Usteria
monocytogenee

Brucella suls

Corynebacterlun
pyocenes

Bac. anthradB

Clostridium
perfrlngens

Hycoplasma
hyorhlnls

Actlnonyces bovis

Kycobacteriua
fortultum

K. avium

H. runyon

L. pomona
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2,lxlO7

7,5xlO13

6.0xl01 6
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l . ix lO 1 6

2.W

9 . 2 * 0 "
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0
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liquid manure than in the culture media, therefore smaller lethal
doses were found on microorganisms in the swine liquid manure.
The most sensitive bacteria to the irradiation were the
Erysipelothrix rhusiopathiae, Brucella suis, Mycoplasma hyorhinis
and Pasteurella haemolytica. These were killed by 1 kGy.
Staphylococcus aureus, Corynebacterium pyogenes and Pasteurella
raultocida required a lethal dose of 2 kGy. Listeria monocytogenes,
Salmonella cholerae suis? Actinomyces bovis, Escherichia coli and
Leptospira pomona were killed after irradiation by 3-4 kGy.
For killing Bacillus anthracis a radiation dose of 7 kGy was
needed.
Very high resistance was found at the saprophytic and pathogenic
mycobacteria as well as at the spore containing Clostridiura
perfrlngens. In the case of these bacteria the lethal doses were

10-15 kGy.
As it was mentioned above the lethal doses were smaller when the
microorganisms were irradiated in swine liquid manure.
When the Leptospira pomona propagated in bouillon, was added to
the swine liquid manure it was killed without irradiation within
a few minutes. This phenomenon can be explained by the alkaline
reaction of liquid manure.
From the data of Table III. it can be seen that the heat-treated
swine liquid manure contains 10 % crude protein and 16 % fiber.

CONCLUSION

Summarizing the results of our investigations it can be stated
that the radiation dose of 4 kGy insures the killing most of the
studied pathogenes. However, at the time of epidemics this dose-
value probably has to be elevated.
The favourable results at the liquid manure can be explained by
the accumulation of oxygen, nitrate and ammonia in the samples.
The alkaline reaction and the low dry material content have a
considerable role in the better results measured at the swine
liquid manure.
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Table I I .

Effect of irradiation on the number of cilcroorganisms In swine
- - liquid manure

Microorganisms

E. ritual opathiae

S. oureua

S.cholerae suls

Escherichla coll

P, haeciolytlca

P. oiultoclda

L. monocytogenes
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Cl. perfrlngens

Actinocyces bovis

M. fortultum
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The degeneration of leptospira after irradiation by 2-4 kGy doses
and that of mycobacteria irradiated by 4-7 K*y doses is a very
interesting phenomenon. These radiation doses have irreversibly
changed the normal moving and propagation-capacity of leptospira
and raycobacteria and finally have caused their elimination.
In our further research-work we shall initiate investigations
related to the application possibilities of irradiated swine '
manure as supplemental feed. 7
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Abstract

HEAVY METALS FROM FOOD TO COW

We studied transfer of different air-born heavy metals as zinc,lead,cadmium,

iron, copper, chromium and cobalt from food to cow.

Concerning the metabolism of these heavy metals ingested in the daily ration we

established that faecal excretion is the major pathway to eliminate the heavy

metals. The transfer of heavy metals into milk, especially investigated, does

not present a particular sanitary risk.

Indeed the results obtained suggest that the dairy cow acts like a very good

filter for air-born heavy metals.

It appears that a homeostatic mechanism regulates the transfer into milk, at

least in the range of concentrations observed in our study.

1. INTRODUCTION

In the context of a nation wide research program we are studying the transfer

of several heavy metals from food to cow and the resulting potential contamina-

tion of the human foodchain (milk and meat).

This study was performed principally in order to evaluate the impact of air-born

heavy metals pollution. The results obtained could give some indications about the

transfer of heavy metals present in sludge to milk,in case of ingestion of those

sludges by a dairy cow.



2, MATERIALS.

For the purpose of our study hay,harvested in a polluted industrial area of

Belgium,was administered to two lactating cows during several months. We followed

faecal and urinary excretions of the heavy metals as well as their secretion

into milk. Then the two animals were slaughtered in order to determine the con-

centrations of the main heavy metals in various organs (liver, kidneys, and muscle);

these results are not yet available.

On the other hand we determined the level of contamination of the mentioned heavy

metals in the daily ration of the lactating cows located in two industrialized

regions of Belgium as well as the concentration of those metals in the milk.

Therefore we sampled twice a year (in spring and in autumn) the different con--

stituants of the ration administered by the farmers at that time of the year and

we obtained an average milk sample of the total milk production of the farm under

study. All the samples were analysed for their heavy metal content after either

mineralisation by H SO, - HNO_ - H_02 (1:3:3) for the plant samples or calcina-

tion at 450°C for the faeces and milk samples.

3. RESULTS AND DISCUSSION.

Table I : Level of concentration of heavy metals in a polluted hay administered

to lactating cows.

Elements

Zn

Pb

Cd

Mh

Fe

Cu

Co

Cr

concentration (mg/kg)

996

126

' 42

28

397

49

< 1

4

Table I gives the concentrations of heavy metals in the polluted hay, administered

to two cows. We can observe that the hay contained high concentrations of zinc

(996 mg/kg), lead (126 mg/kg), cadmium (42 mg/kg) and copper (49 mg/kg).
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Table II - Apparent absorption and faecal excretion of heavy metals administered

with a ration containing polluted hay.

Elements

Zn

Pb

Cd

Mn

Fe

Cu

Cr

Apparent absorption

(mg/day)

0

+ 370 + 20

+ 37.5 + 1.5

- 177 + 27

- 950 + 250

+ 220 +_ 80

+ 25.2 + 1.7

faecal excretion

(in % of the daily ingestion)

100

75.2 + 1

90.0 + 1

137.5 + 7

118.5 + 7.5

65+11

55.5 + 3.5

In table II the apparent absorption and faecal excretion of heavy metals ad-

ministered in the daily ration are given.

After a daily ingestion of 8.0 kg +_ 0.1 of the polluted hay we observed a daily

apparent absorption of lead, cadmium, copper and chromium.

For lead we noted an apparent absorption of +_ 24.8%", for cadmium +_ 10%::, for

copper +_ 35%:! and for chromium +_ 44.5%" (" as percentage of the daily ingested

quantities). It seems evident for all of these heavy metals that the faecal ex-

cretion is the major pathway of elimination after ingestion of contaminated food.

Data on the urinary excretion are not yet available. Further analysis of urine

samples are in progress.

The results concerning the transfer of different heavy metals from food to milk

1) for the study in two industrialized areas of Belgium and 2) for our experiment

with polluted hay are sumnarized in tables III and IV.
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Table III ; Ingeation of heavy me tain (in mg/day) and their concentration observed in milk (in mg/Iitre) produced in a
control zone, in two industrialised regions (Liege and Gent-kanaalzone) and during the experiment on
polluted hay.

Nona

Control

sept.-oct.1976
april-may 1977
sept,-oct.1977

Gent-Evergem

sept.-oct.1976
april-may 1977
sept.-oct.1977'

Gent -Ertvelde

sept.-oct.l976
april-may 1977
sept.-oat.1977

Liege-Flemalle 1

aept.-oct.l976
april-may 1977
sept.-oct.l977
LieKe-AiRremont

sept.-oct.1976
april-may 1977
sept.-oct. 1977

Liene-Ivoz-Ramet

sept.-oct. 1976
april-nay 1977
aept.-oct. 1977

D.H.

(kg)

11-16
12-17

•I.1
14.7
l«.3

8.1
17,6
15,8

9.6
15.0
10,8

lte

15,6
14.5
18,6

12.7
14,4
18,9

17,5

16,2

Zn
ration i
(mg/d)

50-100 pi

620s

75OK

I5OO«

560"
1700*
1700"

860"
790*
1300"

4300
7100
7400

7800
5800
16000

3500

6900

milk
mg/l>

>m

6,3
9,2
6.4

7,0
9.5
17(7)

7.3
29.-4 (T)
9,9

7,0
9.4
5,8

6.5
9.4
11,8

6,7

7,7

F
atioi
mg/d)

53
160
82

63
110
92

63
130
63

170
240
370

360
190
900

110

290

b
milk
(ng/l)

<0,6
< 0,6
<0,6

<0,6
<0,6
£0,6

<0,6
(0,6
C0,6

C0.6
<0,6
(0,6

(0,6
(0,6
C0.6

(0,6

(0,6

Cd
ration
(mg/d)

3,9
4.2
2.9

4.4
10,0
3,2

5,0
3,1
2.2

57
26
50

110
28
160

19

22

milk
(mg/1)

<0,06
< 0,06
< 0,06

< 0,06
<0,06
<0,06

< 0,06
<O,06
< 0,06

<0,06
•C0.06
< 0,06

<0,06
(0,06
•C0.06

(0,06

(0,06

Ho
ration
(mg/d)

20-IOOpptn

970*
HOOK
1600"

3400
3B00
5000

2500
7600
1200

1500*
95O»

3IOO«

900"
59O»
2000*

3400

1600"

milk
(mg/1)

0,08
0,1
0,05

0,1
0,09
0,1

0,04
0,07
0,05

0,06
0,08
0,07

0,06
0,07
0,04

0,06

0,08

Cu
ration
(mg/d)

5-IOppm

88"
140"
105*

120
240
110

120
130
81

I50-"
420
140*

160»
300
2I0«

190*

160*

milk
mg/1)

0,1
0,2
O.I

0,2
0.2
0,2

0,1
0,4
0,2

0,1
0,1
0,2

0,08
0,2
0,3

0,09

0.2

Ft
ration
(mg/d)

3O-60ppm

5200

2300

960

12600

3900

17300

milk
(mg/1)

2,1
2,4
I.)

2.4
2.7
2,1

0,l(?
3.0

2.4
3.5
1,6

1 ,0
2,6
1,8

1,0

5,3(?)

Table I U : Ingestion of heavy metals (in mg/day) and their concentration observed in milk (in mg/litre) produced in a
control zone, in two industrialized regions (Liege and Gent-kanaalzone) and during the experiment on
polluted hay. (continuation)

Cow 36
2th - 6th day
Z6th - 30th day

Cow 39
2th - 6th day
26th - 30th day

D.H.

(kg)

12.3
12,7

11,9
12.6

Zr

ration
(mg/d)

8400
9400

8110
9200

milk
(mg/1)

5,7
6,4

8,1
8.4

Fb

ration
(mg/d)

1640
1640

1540
1640

milk
(mg/D

<0,l
<0,l

<0,l
<0,l

Cd

ratioi
(ng/d)

390
390

370
380

milk
(mg/1)

< 0,001
< 0,001

< 0,001
(0,001

Hn

ration
(mg/d)

460«
460"

450"
460*

milk
(mg/l)

0,04
0,03

0,05
0,06

Cu

ration
(mg/d)

520
580

500
640

milk
(mg/1)

0,15
0,17

0,16
0,19

Fe

ration
(mg/d)

6200
6600

6400
6500

milk
mg/1)

1.4
1,0

1.5
0,9
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Table IV : Variation observed for Che daily ingestion and for Che concentration in milk for several heavy metals
(line, lead, cadmium, manganese, copper and iron).

Element

Zn

Pb

Cd

Hn

Cu

Fe

Daily ingestion"

<mg/day>

S6O a 16.000
1/28

S3 3 1640
1/31

2,2 a 3 W
1/177

590 a 5000
1/8,5

81 3 640
1/7,9

2300 3 17.300
1/7,5

ConcentraCion in"
railW/D

5,7 a 11,8
1/2,1

<0,l

< 0,001

0,04 a o,i
1/2,5

0,08 a 0,2
1/2,5

1 3 3,5
1/3.5

Concentrations in milk samples
after ration without addition

(ng/D

i a 6

0,02 a 0,04

0,02 a 0,03

o.oi a o,o2

J.06 a 0,17

0,3

observed by Archibald (1958)
after ration with addition

(mg/1)

3,5 a 7,0

Increase by increasing ingestion

-

0,02 a 0,13

-

constant

"our result!

Table IH shows the quantities of dry matter (in kg) zinc, lead, cadmium, man-

ganese, copper and iron present in the daily ration (in mg/d), as well as

their concentrations observed in the milk (in mg/1).

Table TSLrepresents the variation observed between the different heavy metals

ingested in the daily ration and the variation of their concentrations observed

in the milk.

In table III we observed that the concentration of heavy metals present in the

milk, is not proportional to the quantities daily ingested. The concentrations

of lead, cadmium in the milk samples were below the detection limit ( < 0.6 mg Pb/

litre and < 0.06 mg Cd/litre) of these elements using A.A.S. and ( < 0.1 mg Pb/

litre and < 0.001 mg Cd/litre) using flameless A.A.S.

The examination of table III and IV leads to the conclusion that the daily

supply of different metals in the food has not a very important influence on

the resulting concentrations observed in the milk.

For zinc a variation of the daily ingested dose from 1 to 28 for manganese

from 1 to 8.5,for copper from I to 7.9 and for iron from 1 to 7.5 induced
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respectively a variation for 1 to 2.1 (Zn), 1 to 2.5 (Mn and Cu) and from

1 to 3.5 (Fe) in the concentration measured in the milk.

These results suggest that the dairy cow acts like a very good filter for

air-born heavy metals. It appears conclusive that a homeostatic mechanism

regulates the transfer of most of the heavy metals into milk, at least for the

range of concentrations studied.

It might be interesting to compare the data obtained in the case of the

transfer of air.born heavy metals to milk with those on heavy metals contained

in Che irradiated sludges after their ingestion by the dairy cows. A coopera-

tive program in this way is planned.

This work is a part of a study supported by the Commission Interministerielle

de la Politique Scientifique (National Program-Environment Air). '
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Abstract

DRIED GAMMA-IRRADIATED SEWAGE SOLIDS USE ON CALCAREOUS SOILS:CROP YIELDS
AND HEAVY METALS UPTAKE.
The fertilizer values of gamma-irradiated digested sewage solids (RDSS)
and gamma-irradiated undigested sewage solids (RUSS) have been examined
on calcareous soils. Previously published data from Sandia Labora-
tories have shown that approximately 1 mega-rad of gamma-irradiation
effectively destroys pathogenic bacteria, parasites and plant seeds in
dried sewage solids. Greenhouse experiments directly comparing gamma-
irradiated and non-irradiated undigested and digested dried sewage
solids as fertilizers indicate little or no effect of 1 mega-rad gamma
radiation treatment on plant yield or plant-nutrient uptake and dem-
onstrated considerable benefit from using sewage solids on calcareous
soils. Plant response to undigested sewage solids was considerably
greater than to digested sewage solids when applied at levels that were
isonitrogenous. The calcareous soils in New Mexico typically range in
pH from 7.5 to 9.0, limiting the plant-availability of many elements,
especially heavy metals. Soils irrigated with sewage-effluent for 40
years demonstrated beneficial use of supplied plant-nutrients with no
apparent increase in plant-uptake of heavy metals.

RDSS applied to a calcareous soil low in plant-available iron increased
plant growth in the greenhouse considerably more than treatments with
equal amounts of nitrogen, phosphorus and iron applied as common fer-
tilizer materials. Plant tissue concentrations of Fe, Zn, Mn and Cu
showed that RDSS was a good source of these nutrients. Results also in-
dicated that the total soluble salt concentration of the RDSS was the
factor most limiting plant growth. Chromium, Cd, Ni and Pb plant-
tissue concentrations were apparently not increased by RDSS treatments.

— This research was conducted by the New Mexico State University Agricul-
tural Experiment Station (Las Cruces, NM 88003) in cooperation with
Sandia Laboratories, Applied Biology and Isotope Utilization Division
(Albuquerque, NM 87185) under Contract No. EY-76-S-04-3626 with the
United States Department of Energy, Albuquerque Operations Office,

_.P. 0. Box 5400, Albuquerque, NM 87115.
-~.Assistant Professor, New Mexico State University Agronomy Department.
— Manager, Biosystems Research Department, Sandia Laboratories, Albuquer-

que, NM 87185.



- 75 -

INTRODUCTION

The increasing volumes of sewage sludge and treated municipal
wastewater (sewage-effluent) have put pressure on cities to utilize or
dispose of these materials. One of the most readily available and
cheapest means of utilizing and disposing of these wastes is by ap-
plication to crop land. The beneficial effects of land application of
sewage products have been known at least since the early use by Greek
and Roman farmers as is indicated by writings of Theophratus (372-
287 B.C.)- Now sewage products are appreciated for their nitrogen (N),
phosphorus (P), potassium (K), zinc (Zn), Iron (Fe), copper (Cu) and ,
manganese (Mn) contents as well as for other trace elements and organic
matter. However, with increasing industrialization and modernization,
heavy metals and other toxic materials have been allowed to contaminate
municipal sewage materials, and it is becoming increasingly apparent
that land applications of sewage must be restricted to levels that will
prevent ground and surface water pollution and prevent buildup of toxic
materials in the environment (3, 11, 13, 18, 23, 30-35, 52, 54, 55, 57).

There has been an increase in number of books and articles pub-
lished in the last four or five years giving information on most aspects
of cropland utilization of sewage such as fertilizer value, crop dry-
matter production; plant tissue concentrations of nutrients and toxic
materials; optimum sludge application rates relative to sludge composi-
tion and soil parameters; land reclamation; and phytoxicity problems
related to nutrient imbalance and increased plant uptake of heavy metals.
The greatest risks from cropland utilization of sludge has been indicated
to be the potential introduction of toxic levels of heavy metals and/or
viable pathogens into the human food chain. Burge and March (9) recently

INPUT

SOURCE PLAQUE

Figure 1. Cutaway of Sandia Irradiator for
Dried Sewage Solids



reviewed the literature relating to infectious disease hazards of land-
spreading of sewage wastes and indicated that much evidence indicates
that processed sewage wastes, including chlorinated effluents and
digested sludges, still contain viral, bacterial, protozoan and hel-
minthic agents of disease. They also point out that the great majority
of illnesses associated with sewage, appears to have been caused by ap-
plication of raw or inadequately treated sewage materials to crops
which were consumed raw; by contamination of private water supplies
from septic systems; and by consumption of raw shellfish grown in sew-
age polluted waters. They then indicate that the greatest hazard for
movement of pathogens from land application results from surface runoff
and that the evidence examined shows little danger either to workers or
people of surrounding communities when chlorinated sewage materials are
used fcr irrigation or when anaerobically digested sludges or pathogen
reduced sludges are applied to soils for production of crops not to be
consumed raw by humans. However, they go on to conclude the following:

"Regulations now in force in the United States usually
prohibit the use of raw sewage on growing crops and provide
that partially disinfected effluents shall not be used to
water food crops to be consumed raw. The question of how
long land treated with anaerobically digested or partially
disinfected sewage wastes should remain out of food produc-
tion of food crops for consumption raw is currently being
debated. The time adopted will probably be not less than a
year, possibly much longer. Most pathogens will die or be
at very low numbers in a year's time, although Ascaris ova
may remain viable in soil much longer. Whether such ova can
be a significant source of infection after a year needs to
be determined." (9)

A number of alternatives exist for further treatment of sludge-car-
ried pathogens surviving primary sewage treatments (anaerobic digestion,
aerobic digestion, chlorination, etc.), such as air or mechanical de-
watering, pressure-heat treatment, incineration and heat drying. Heat
treatments result in complete inactivation of pathogens but pose air
pollution and high energy consumption problems (52).

The use of nuclear reactor wastes as a radiation source to kill
pathogens in sewage sludge has been studied at Sandia Laboratories,
Albuquerque, New Mexico, and is adding a new dimension to sludge utili-
zation in the United States. The use of ionizing radiation for the des-
truction of pathogens in sewage has been reviewed by many including
Gerrard (22), Ballentine (2) and Reynolds (52). The radiation process
being developed at Sandia uses cesium-137 separated from nuclear power
industrial wastes and has a favorable cost/benefit potential outlined
by Morris (47). Cesium-137 is a source of energetic (660 Kev) gamma
rays, sufficiently energetic to kill pathogens but of much lower energy
than required to induce radiation in the sludge itself. The cesium-137
process has been shown to be very effective in reducing sludge-carried
pathogen numbers to very low levels, including especially Ascaris ova
(Sivinski, 57). Sludge treated with gamma radiation offers considerable
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potential for use as a fertilizer in agriculture or as a soil conditioner
for land reclamation, since it is free of the potential pathogen hazard
associated with conventional methods of land disposal (52, 53, 56, 58).

Heavy metals transferred to the soil-plant system have received
much study, particularly when applied to acid soils. The concentra-
tions of plant-available metals found in sewage sludges are frequently
higher than the concentrations found in soils, and some of these metals,
which are toxic to plants or animals, are potentially available to the
crop growing on sludge-treated soil. The greatest concerns in the
United States have been focused on cadmium, its subsequent movement
into the food chain, and the associated public health and environmental
problems (4-7, 10, 14-21, 24, 26-30, 37, 39, 42, 44-46). Since it is
well known that most of the metals are less of a problem on neutral to
high pH soils than on acid soils, it is generally recommended that the
sewage-sludge amended soil be maintained at a near-neutral or higher
pH (12). However, little information is available about the effect
of sewage-sludge application of trace elements or heavy metals in cal-
careous soils having constantly higher than neutral pH's.

Cropland utilization of sludge using calcareous soils (above neu-
tral pH) and gamma-radiation treatment greatly reduces the major two
risks (pathogens and heavy metals) to the human food chain. In addi-
tion, approximately 1.4 million hectares (ha) of southwestern United
States soils are deficient in various plant-available metals that are
essential plant micronutrients. The problem is especially acute with
iron in these soils due to high pH, lime and bicarbonate contents (48).
Also, zinc, manganese and copper have been shown to be deficient.
Sewage-sludge or sewage-effluent could represent a great potential for
adding metals to the deficient areas.

The general Beneficial Uses Program is a joint Department of
Energy/Environmental Protection Agency effort whose objective is to
utilize beneficially the isotope cesium-137 and the rapidly increas-
ing amounts of sewage sludge being generated as we clean up our waste-
water discharges. The isotope is used to irradiate the sludge to
reduce pathogens so that the sludge can bemused effectively in unlim-
ited agricultural applications— . Studies— underway indicate that
social, economic, public health and technical pressures are resulting
in searches for better methods of disposal or utilization which are
less polluting, energy and resource conservative and which recognize
recycling as a matter of great importance in a food-hungry world.

4/
— Sivinski, H. D., "Treatments of Sewage Sludge with Combinations of

Heat and Ionizing Radiation (Thermoradiation)," Proceedings of the
International Symposium on the Use of High-Level Radiation in Waste

^Treatment, Munich, IAEA-SM-194/303, March 1975.
— Report on Technical and Economic Factors in the Beneficial Use of

Radiation in Municipal Sludge Management, SAND77-7029, November
1977, Sandia Laboratories, Battelle-Pacific Northwest Laboratories
and Arthur D. Little, Inc.
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This paper is a summary of four series of experiments designed to
examine gamma-radiation effects on extractable and plant-available sludge
elements and to examine the response of crops to sludge applications on
two typical, calcareous soils in New Mexico. Some of the data presented '
herein have been published previously, as noted by references.

METHODS

Experiment 1

Characterization of Sludge Products. Methods and Results of Experi-
ment 1 are a summary from McCaslin and Titman (Al). Approximately 400
gallon liquid samples of both undigested (raw sewage as it entered the
treatment plant) and anaerobically digested sewage sludge (after second-
ary sewage treatment) from the Albuquerque, New Mexico Sanitation Dis-
trict were collected and each thoroughly mixed and then divided into
halves. One-half of each of the digested (DSS) and undigested (USS)
sludge samples were radiation treated (RDSS and RUSS, respectively); the
other half of each sample of sludge was left untreated. The sludges
were air dried and shipped to New Mexico State University.

Sewage sludges for chemical analysis were air dried in a forced air
oven (25°C) and ground to pass a 10 mesh screen in a stainless steel
Wiley Mill. The ground samples were analyzed for total nitrogen accord-
ing to Bremner (8) and organic carbon content by the Walkley-Black
method, Allison (1). Sludges were prepared for mineral analysis by nitric
+ perchloric acid wet digestion (51) and for analysis of water-soluble
elements by mixing deionized water with 50 grams of sludge until an ap-
proximate saturation paste was obtained using 150 percent water by weight
for digested sludge and 250 percent water by weight for undigested
sludge. Saturation pastes were equilibrated for 24 hours and suction
filtered. Sludges were prepared for DTPA-extractable metals determina-
tion by shaking 25 grams of sludge with 150 ml DTPA extractant for 2
hours (36). For 0.1 N, HC1 extractable metal determination sludges
were prepared by shaking 2 g sludge with 100 ml 0.1 N HC1 for 2 hours.
Saturation extracts, nitric-perchloric digests, HC1 extracts and DTPA
extracts were analyzed for Fe, Cu, Mn, Zn, Pb, Cr and Cd by atomic ab-
sorption spectrophotometry.

Plant Available Sludge Elements. A greenhouse experiment with 11
treatments (Table 1) in a five replication randomized block design was
established. Each of the sludges was added to soil at rates to supply
500 and 1000 pounds of elemental N per acre. An untreated soil and
two commercial fertilizer treatments of 112 kg/ha plus 45 kg/ha and 224
kg N/ha plus 90 kg P/ha were included as checks in the experiment.
Fertilizers or sludges were thoroughly mixed with 7.7 lbs (3.5 kg) soil
and placed in plastic 7 inch (17.8 cm) pots with drainage holes in the
bottom. The soil used in the experiment was a surface [0-12 in (30 cm]
sample of clay loam soil (Torrifluvent) from the New Mexico State Uni-
versity Plant Research Center (Table 2). Eight sorghum seeds were
planted in each pot and thinned to 3 plants at 2 weeks. Plants were
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Table X. Treatment description and aaount of ferUliiet or aludge added in each treatment fer 2-aonth -
grceithouae experlweat.*

Treatment
Description

Aanunt of Sludge or
Fertilizer Added to

3.5 ka Soil

Coaparable Apount of
Sludge OT Fertiliser

Added pet Land Area Basis

Check

100-40-0

200-80-0

USS -

USS -

TRUSS

TRUSS

DSS -

DSS -

•TRDSS

500 lb N/A
(560 kg/ha)

1000 1b N/A
(1120 kg/ha)

- 500 lb H/A
(560 kg/ha)

- 1000 1b N/A
(1120 kg/ha)

500 lb N/A :

(560 kg/ha)

1000 1b N/A
(1120 kg/ha)

- 500 lb N/A
(560 kg/ha)

TRDSS - 1000 lb N/A
(1120 kg/ha)

.389 g urea

.152 g superphosphate

.778 g urea

.304 f superphosphate

32.423 g

64.847 g' . ' .

32.423 g

64.847 g

51.496 g

102.992 g

51.496 %

102.992

222 lb/acte urea (249 *g/ha)
87 Ib/acre superphosphate (97 kg/ha)

444 lb/acr, urea (497 kg/ha)
174 lb/acre superphosphate (195 kg/ha)

9 ton/acre
(20.2 nettle ton/ha)

28 ton/acre
(40.3 aetrt.c ton/ha) . ~

9 ton/acre
(20.2 metric ton/ha)

18 ton/acre
(40.3 metric ton/ha)'

15 ton/acre
(33.6 metric ton/ha)

30 too/acre --
67.2 metric ton/ha)

15 ton/acre
(33-6 metric ton/ha)

30 ton/acre
(67.2 metric ton/ha)

•Table i s from HcCaslin and Tit man {41).

Table 2. Chemical properties of soi l used in 2-month greenhouse experiment.*

E.C.
mmhos

4.05 7

•Table

PH

.57

Is f

Organic
Hatter No"

X ppn

.53 26

row McCaslin and

T
ppm

19

E
ppm

448

Tltman (41)

CaCO

7.5

Fe
ppm

7

CM

3

Hn

7

2n
ppm

8

CEC
meq/lOOg

Sand
X

29

Silt
X

34

Clay
X

37
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grown with natural illumination in a greenhouse for approximately two [•
months, September 25 to November 19, 1976. Pots were watered by hand
to approximately 90 percent of field capacity twice weekly. Plants
were harvested from the soil surface, washed, dried at 70°C and weighed.
Three replicate plant tissue samples were analyzed for total nitrogen
as in Bremner (8) and digested with nitric + perchloric acid and ana- :
lyzed for P, K, Fe, Cu, Mn, Zn, Cr, Cd and Pb. After plant harvest
soil samples were taken from the surface to the bottom of the pot, air
dried, sieved (2 mm) and analyzed for extractable P, K and exchangeable
NH, and NO-, pH, electrical conductivity and DTPA extractable Fe, Mn,
Zn, Cu, Cd, Pb and Cr.

Experiment 2

Sludge. Methods and Results of Experiment 2 are a summary from
McCaslin and Rodriguez (40). Anaerobically digested sewage sludge sam-
pled after secondary sewage treatment from the Albuquerque, New Mexico
Sanitation District plant was collected by Sandia Laboratories and
irradiated with 150 Krad of gamma-radiation. In the laboratory, the
RDSS was dried at 25°C in a forced air oven, ground and stored in a
plastic barrel.

Soils. The soil used in experiments 2 and 3 was from Lea County,
New Mexico, approximately 25 kiln..eters northeast of Lovington, New
Mexico. The Lea soil was classified as a fine-loamy, mixed, thermic
Petrocalcic Paleustoll and was known to be severely iron-deficient.
Sorghum plants growing in the soil typically develop iron chlorosis symp-
toms very early (7 to 10 days sfter germination) and usually die 20 to
25 days after germination. Bulk samples of this soil were obtained ran-
domly from the 0-25 cm depth. The soil was air dried, crushed to pass
a 5-ram sieve and stored in plastic barrels.

Experimental Design. This experiment was designed to study the po-
tential phytotoxicity problem of RDSS and its micro-nutrient fertilizer
value, through three successive plantings of grain sorghum. The nine
treatments selected are presented in Table 3. For the first planting,
the RDSS was applied at constant increments of 10 metric ton/ha, up to
50 metric ton/ha on the surface area basis. The treatments included as
checks were: 1) untreated soil, 2) soil ratio 2:1 (soil/RDSS) by dry
weight, 3) pure RDSS, and 4) commercial fertilizer 200 kg N/ha. The
normal rate of N recommended for sorghum in the Lovington, New Mexico,
area is 170 kg/ha. The RDSS and fertilizer (urea) were thoroughly
mixed with 2 kg of soil and placed in a plastic pot (open top equals
17 cm, base equals 11 cm and height equals 17 cm), with drainage holes
(gravel was added) in the bottom. Ten grain sorghum seeds were then
planted in each pot and thinned to two plants at five to seven days
after germination. Plants were grown with natural illumination in a
greenhouse for ten weeks, from October 29, 1976, to January 8, 1977.
Pots were watered to approximately 90% of field capacity as determined
by pressure plate at 1/3 bar, initially once, and later twice per week.



Table 3. Treacoent description In greenhouse experiment 2.

Treatment
Amount of RDSS or Fertilizer

Added to 2 itg Soil

Soil only

ROSS 10 metric ton/ha

RDSS 20 metric ton/ha

RDSS 30 metric ton/ha

RDSS 40 metric ton/ha

RDSS SO metric ton/ha

RDSS 381.5 metric ton/ha
Radio 2:1 (soll/ROSS)

Pure RDSS (no soil)

200 kg N/ha

16.51 g ROSS

33.02 g RDSS

49.54 g RDSS

66.05 g RDSS

82.56 g RDSS

630.00 g RDSS

1,260.00 g RDS?

0.72 g BBSS

Table 4. Treatments In Experiment 3.

Treatments

Soil only

RDSS 10 metric ton/ha

RDSS 20 metric ton/ha

RDSS 30 metric ton/ha

RDSS 40 metric ton/ha

Fb

S-138 Fe-10 kg/ha + F

S-138 Fe-20 kg/ha + F

S-138 Fe-30 kg/ha + F

Amount of RDSS or
S-138 Fe Added to
2 kg of Soil

-

16.51 g

33.02 g

49.54 g

66.OS g

0.90 g urea +
0.18 g superphosphate -

0.016 g + F

0.032 g + F

0.048 g + F

Amount of Iron
(Fe) Added Per

Hectare

-

134.06 kg

268.12 kg

402.18 kg

536.24 kg

0.60 kg

1-20 kg

1.80 kg

S-13B Fe-83.3 kg/ha + F 0.137 g

S-138 Fe-10 kg/ha 0.016 g

S-138 Fe-20 kg/ha 0.032 g

S-138 Fe-30 kg/ha 0.048 g

S-138 Fe-83.3 kg/ha 0.137

5.00 kg

0.60 kg

1-20 kg

1.80 kg

5.00 kg

"Based on the RDSS total Fe concentration (13405 vg/g) and S-13B
Fe equals Sequestrene 138 Fe, 6! elemental Fe.

bFbF equals (250-50-0) g/ha.
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Plants were harvested at the soil surface, oven dried at 65°C in a
forced-air oven and weighed to determine total dry weight yields.
Ground plant tissue samples were stored in sealed plastic hags for
later chemical analysis. After plant harvest, soil samples were
taken from each pot, air dried, sieved (2-mm) and thoroughly mixed.
They were stored in sealed plastic bags for later chemical analysis.

The nine treatments selected were established in a randomized
complete block design, with four replications. Plant tissue for each
treatment and replication (with the exception of soil-only and fer-
tilizer treatments which were pooled over replications) were
thoroughly mixed, and the chemical determinations were the same as in
experiment 1.

After collecting soil samples from each pot from the first plant-
ing, the soil surface was mixed to loosen the surface as if by tillage
for the second planting period (from January 14 to March 25, 1977),
using the same grain sorghum variety and without appliction of the
treatments. The same watering, sampling and analysis procedures for
plant and soil, etc., were used as described for the first planting.
For the third planting period (from April 3 to June 13, 1977), the same
procedures used for the second planting were followed.

Experiment 3

Experimental Design. This experiment was designed to evaluate the
efficiency of RDSS as a soil-applied iron fertilizer. The soil used
(Lea soil) was the same as was used in Experiment 2. The 14 treatments
selected are presented in Table 4. The RDSS rates were applied at con-
stant increments of 10 metric ton/ha, up to 40 metric ton/ha, based on
the results of Experiment 1. Fertilizer Fe was added in the form of
iron chelate, active ingredient technical sodium ferric ethylenediamine
di-(hydroxyphenylacetate). The compound is sold commercially as "Se-
questrene 138 Fe" (S-138 Fe) and contains six percent Fe by weight.
The distributors recommend applying up to 5.6 kg/ha of commercial (S-
138 Fe) material at planting or when deficiencies first appear. However,
due to the severely Fe-deficient nature of the Lea soil, the iron treat-
ments were applied at constant increments of 10 kg/ha, up to 30 kg/ha
of S-138 Fe, plus an additional high-iron treatment of 5 kg/ha of ele-
mental iron (equal to 83.34 kg/ha of S-138 Fe). The 83.34 kg/ha of S-138
Fe would not be economically feasible to use, for its ._-,;.t would be
around $3s000 per hectare; however, the treatment was included for com-
parison purposes. All the iron treatments were applied with and with-
out the application of the N-P fertilizer treatment. An untreated soil
and one N-P fertilizer treatment alone (240 kg N plus 50 kg P 0 /ha)
were included as checks. Since the amounts of S-138 Fe used were very
small, each iron treatment was mixed with small amounts of the same
soil (8 to 10 g), passed through 60-raesh screen, and mixed uniformly into
each pot at planting time. The RDSS or fertilizer (urea and super-
phosphate materials) were thoroughly mixed with 2 kg of soil (Lea soil)
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and placed in a plastic pot (open top equals 17 cm, base equals 11 cm
and height equals 17 cm) with drainage holes in the bottom. Ten grain
sorghum (Sorghum bicolor var. Capitan) seeds were planted in each pot
and thinned to two plants at 5 to 7 days after germination. Plants
were grown with natural illumination in a greenhouse (different from
Experiment 1) for 10 weeks, from September 16 to November In, 1977. The
watering and sampling procedures were the same as described for the
first planting in Experiment 2.

The plant tissue for each treatment and replication (with the excep-
tion of treatments: soil alone, fertilizer and 10, 20 and 30 kg/ha of
S-138 Fe with and without fertilizer, which were pooled over replications),
were thoroughly mixed, and laboratory determinations were the same as in
plant material for Experiment 1. In order to compare the 14 means, the
analysis of homogeneity of variances was done using the Bartlett's test
After sorghum harvest, soil samples from each plot were collected and
analyzed for DTPA-extractable Fe, Zn and Mn.

Experiment 4

Site Description. Methods and Results of Experiment 4 are a summary
from McCaslin and Rodriguez (39). Fields were located that had been
irrigated for forty years only with secondary sewage effluent from the
city of Clovis, Hew Mexico (population approximately 29,000). Applica-
tion rates were not recorded over the years. However, at least a mini-
mum of 0.81 m per year had been used . •"J required for full crop produc-
tion. Adjacent fields were located • -.at had never been irrigated with
sewage effluent.

Soils. Adjacent and comparable fields from the Clovis area were
selected, one of which had been irrigated with secondary sewage effluent
for approximately forty years and the other field for forty years with
ground water. From each site, five (5 cm diameter) columnar soil sam-
ples were collected to a maximum depth of two meters with hydraulic,
truck-mounted sampler.

Effluent. Secondary sewage effluent from one of the irrigation
lateral canals was sampled at nine different times during a 24-hour
period. Two effluent samples were taken at each time, giving a total
of 18 samples. In the field, each sample was Immediately placed on ice
for transport to the laboratory. In the laboratory one sample from
each sampling time was treated with sulphuric acid (H-SjO,) and the other
with nitric acid (HNO ) in order to keep the pH between 2 and 3 to help
prevent precipitation of metal . They were then placed in refrigerator
storage for subsequent chemical analysis.

Plant Material. In the fall of 1976, six random representative
corn (Zea mays) and grain sorghum samples were collected from each Clovis



field soil sampled; each corn sample consisted of a composite of three
corn plants randomly selected. The entire above ground portion of the
plant at approximate physiological maturity was sampled. The next sea-
son, wheat (Triticum aestivum) tissue samples were taken from the same
fields consisting of five composite and randomly-selected samples taken
at the early boot stage of growth.

In the laboratory each plant sample was washed gently with mild
detergent and rinsed with glass-distilled deionized water and corn sam-
ples were separated into leaf and stem. Then all plant material sam-
ples were dried at 65°C for 48 hours in a forced-air oven and ground in
a Wiley mill equipped with stainless steel blades to pass a 40-mesh
screen. Ground samples were stored in paper ice cream containers for
subsequent chemical analysis.

Plant samples were thoroughly mixed, then from each sample (leaves
or stem), triplicate one gram samples of plant material were digested
using the wet ash (predigestion with nitric acid overnight, followed by
three or four hours perchloric acid digestion) method (51) . The concen-
trations of Fe, Zn, Mn, Cu, Cd, Cr, Ni and Pb in the diluted digest
were determined by atomic absorption spectrophotometry.

RESULTS AND DISCUSSION

Experiment 1

Chemical Composition of Sludges. The total analyses of the dried
sludges used in the study show a difference in nutrient concentration
in N, organic carbon, pH, electrical conductivity, C/N ratio, Pb, Cd,
Cr, Fe, Zn, Cu and Mn between undigested (USS) and the anaerobically
digested sewage sludes (DSS) (Table 5). The radiation process had no
detectable effect on concentration of chemicals, and the differences in
chemical concentration between digested and undigested sludges is par-
tially confounded by different sampling times.

Data are not given here but analysis of variance (F-test at 5% level)
for the triplicate extracts for heavy metals from both digested and undi-
gested sewage materials indicated no significant increases in extractable
metals resulting from the radiation treatment for the extractants HC1,
DTPA and H-O. However, the HC1, Zn and Cd in the digested sludge was
approximately 93 percent of the total Zn and Cd, compared to 69 and 72
percent of the total Zn and Cd, respectively, in the undigested sewage.
The three extractants were selected to give three degrees of strength of
extractability and did not necessarily represent plant available heavy
metals.

Effect of Radiation on Plant Nutrient Availability. Significantly
more sorghum dry matter was produced in all undigested sewage sludge
treatments and in the 67.2 metric ton/A rates of the digested sewage
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Table 5. Total analysis of undigested (USS). Irradiated undigested (WJSS), digested (DSS) and Ir-
radiated digested (RDSS) sewage sludges collected at the Albuquerque, New Mexico Sanita-
tion District.**

Coma. Fert.
Value for Org. E.C.* C/N

Sludge Type t> P2°5 K2~° C*rbo" *"* "*"" "" 1 O "* " ** F* Z" C" ""

u s s 2.8 2.0 0 :» 5.9 5.0 11/1 626 15 194 10771 1364 852 145

R U S S 2.8 2.3 0 30 5.8 4.9 11/1 608 14 194 10864 1333 796 143

D S S i.o 2.4 0 15 6.5 8.1 8/1 678 26 379 14671 1684 1132 236

!.8 2.5 0 15 6.3 8.2 8/1 676 27 395 14857 1676 1121 234

*pH and E.C are on approximate saturation extracts. 1501 water by weight for digested sludge an
250Z vater by weight with undigested sludge.

**Table Is from HcCaslln and Tit man (41).

Table 6. The average sorghum dry matter produced per sludge and fer-
tilizer treatment after approximately 2-month growing period
In greenhouse conditions.**

Treatment Yield (g/PotT

Check .159c*

100-40-0 .142c

200-80-0 .242c

USS (9 ton/A) 1.770b

USS (18 ton/A) 2.973a

TRUSS (9 ton/A) 1.782b

TRUSS (IS ton/A) 2.443a

DSS (15 ton/A) .554c

DSS (30 ton/A) 1.480b

TRUSS (15 ton/A) ,426c

TRDSS (30 ton/A) 1.438b

*Means followed by the sane letter are not significantly different
at Che 5% level by Che New Duncan's Multiple Range Test.

"Table Is from McCaslln and TlCman (41).
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than in the check treatments (Table 6). The two high rate (40.3 metric
ton/ha) treatments of USS gave the highest yields, followed by the two
high rates of DSS and the two low rates of USS. There was no signifi-
cant difference between the two low rates of DSS and the checks. Also,
no significant growth differences occurred between any corresponding
radiation and untreated sludge treatments, indicating little or no ef-
fect from the radiation treatment in respect to growth response for sor-
ghum.

The sorghum tissues were then analyzed to determine whether nutrient
concentrations varied, thus testing whether radiation had significant ef-
fects on tissue elemental concentrations perhaps not displayed in plant
growth differences. No significant increases in plant tissue elemental
concentrations resulted from corresponding radiation treated and un-
treated sludges for the elements analyzed by orthogonal contrasts at the
5% level of significance. The total nutrient uptake (i.e., elemental
concentration in tissue multiplied by the total dry matter yield) does
indicate the effect of sludge applications on total heavy metals removed
from the soil. The highest yielding treatments removed the most metals.

Since the application rate of each sludge was based on the nitrogen
content of the sludge, the total amount of heavy metals added per pot
varied with sludge type as well as with amount added. More metals were
added per pot in the DSS treatments. Extractable soil Cu, Cd, Pb, Fe,
Zn, Mn and P were significantly higher for the DSS treatments than for
the USS treatments, but it should be remembered that more of these ele-
mrrts were added initially to the soil in the DSS treatments.

Experiment 2

Sludge. The RDSS used is characterized by having slightly acid
reaction, almost 12 percent organic carbon content, with C/N ratio of
5/1 which is sufficiently narrow to obtain mineralization of nitrogen,
a very high CEC compared to soil used, and a very high salt content.
Most of the micro-nutrient and heavy metal total concentrations are in
general agreement with RDSS values reported in Table 5, and would be
typical of dried secondary treated sewage solids from the Albuquerque,
New Mexico Sanitation District plant.

Plant Material. Sorghum plants growing in the RDSS-treated Lea
soil were actively growing, deep green and healthy-looking plants.
Plants in the pure RDSS and 2:1 (soil/RDSS) ratio treatments were dead
in the first growth period, and seme of them after the second growth
period in the pure RDSS treatment only; probably mainly due to high salt
levels indicated by high electrical conductivity values, greater than
5 mmhos/cm. But, at the third growth period, the plants in the pure
RDSS treatment were the largest plants. Plants growing in the control
soil and fertilizer treatment were stunted, light-green to yellow in
color, and very unhealthy-looking plants, typical of iron deficiency.
This symptom was more critical from one growth period to the next one,.
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Total dry matter yields show significant RDSS effects for the suc-
cessive plantings (Table 7). At the first harvest, yields showed a sig-
nificant increase as the RDSS rates increased, up to 40 metric ton/ha
and no yields were obtained at the 2:1 (soil/RDSS) ratio and pure RDSS
treatments, probably due to the high salt contents as measured by elec-
trical conductivity. The second and third harvest followed similar
trends, as described for the first harvest, except that higher yields
were obtained with 2:1 (soil/RDSS) ratio and pure RDSS treatments. The
soil alone and fertilizer treatments produced the lowest yield.

The increase in yield after each successive planting indicated
that the crops continued to respond favorably to RDSS applications;
probably for at least three plantings after treatment, principally at
the higher RDSS appliction rates. However, these rates may have sup-
plied greater amounts of nutrients than were needed originally.

Chromium, Cd, Ni and Pb were not detectable in sorghum tissue
digests even from the pure RDSS treatment <0.25 ppra. Iron concentra-
tion levels were not significantly affected by treatments at the first
harvest (probably due to the large variation among replications). The
levels at the second and third harvest were affected by some RDSS
treatments, but there was no consistent trend. Concentrations from
the first to the third harvest show a trend to decrease, particularly
from the first to second harvest, which is similar to the trend fol-
lowed by DTPA-extractable iron.

Zinc concentration levels in the first harvest were affected by
RDSS treatments with tissue concentrations increasing as RDSS rates in-
creased. The levels at the second and third harvests were affected in
a similar manner as described for iron, except for pure RDSS treatment
in which concentrations increased rather than decreased. Amount of
DTPA-extractable soil zinc also tended to decrease after successive
harvests for each treatment.

Manganese levels were either not affected or reduced by the RDSS
treatments, except for an increase by the pure RDSS treatment in the
second and third harvest. There was no significant effect of treat-
ments on Cu level at any of the three successive harvests.

Iron, Zn, Mn and Cu concentrations obtained at all harvests
were within the range normally found in plant tissue. They also were
below the tolerance levels of metals for agronomic crops suggested by
Melsted (43), with the exception of zinc at the third harvest in the
pure RDSS treatment where the suggested level of 300 Mg/g was exceeded
by 52.55 ug/g.

In almost all plant tissue harvests soil only and pure RDSS treat-
ment had similar, and the highest, concentrations of most of the ele-
ments but soil only produced lower total growth compared to other treat-
ments except soil + fertilizer nitrogen.
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Table 7. Sorghum dry matter production as affected by several rates
of RDSS for each of the three successive harvests.*

Treatments

Soil only

RDSS 10 H.T./ha

RDSS 20 H.T./ha

RDSS 30 H.T./ha

RDSS 40 H.T./ha

RDSS 50 H.T./ha

N 200 kg/ha

2:1 (soll/ROSS)

Pure RDSS

1st
_________—

0.42d

1.41c

2.18b

2.04b

2.78a

2.31ab

0.24d

—

—

Harve6ta

2nd
g/pot

O.27e

2.24cd

1.82d

2.B4bcd

3.39bc

3.74b

0.21e

8.12a

1.97d

3rd

0.31e

1.90d

3.0£cd

3.36cd

3.76cd

3.91c

O.29e

8.66b

11.41a

aHeans within each harvest followed by the same letter are not s ig -
nificantly different ac the 5Z level by Duncan's Multiple Range
Test.

•Table i s from HcCaslin and Rodriguez (40).

Table 8. Dry sorghum yields. Iron plant tissue concentration and uptake and DTPA-extractable iron
after Iron chelate and RDSS treatments application, short-term application.

Treatments

Soil only

RDSS 10 metric ton/ha

RDSS 20 metric ton/ha

RDSS 30 metric ton/ha

RDSS 40 metric ton/ha

F*

S-le8 Fe 10 kg/ha + F

S-le8 Fe 20 kg/ha + F

S-138 Fe 30 kg/ha + F

S.-13B Fe 5 kg/ha Fe-Actlve + F

S-138 Fe 10 kg/ha

S-138 Fe 20 kg/ha

S-138 F; 30 kg/ha

S-138 Fe 5 kg/ha Fe-Actlve

Dry Yields"
K/pot

0.74g

2.90d

4.38c

6.28b

7.54a

1.16efg

1.36efg

1.85e

1.74ef

".41d

0.93fg

1.33efg

1.76ef

3.46d

Fe-Conc.

66.82a

29.46a

30.58a

31.02a

36.19a

30.33a

. 33.87a

26.19a

35.84a

33.77a

33.86a

38.60a

27.57a

34.48

Fe-Uptake°

UR/pOt

49.4Sd

84.91d

131.66c

194.26b

271.08a

35.18d

46.06d

48.45d

62.36d

116.82cd

31.49d

51.34d

48.52d

118.77cd

Fe-DTPAa

ppm

4.57e

7.99d

12.32c

16.16b

19.99a

4.40e

4.43e

4.72e

4.91e

5.36e

4.55e

4.59e

4.67e

5.03e

"Means followed by the same letter are not significantly different at 5X level by Duncan's
Multiple Range Te6t.

*F equals H-P.Oj-K.C .250-50-0) kg/ha; S-138 Fe equals Sequestrene - 138 Fe <6»).
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Experiment 3

The objective was to evaluate the RDSS as a source of iron in a
soil known to be severely iron-deficient. Dry yields, iron concentra-
tions in plant tissue, plant uptake of iron and DTPA-extractable iron
are given in Table 8. Sorghum plants growing in the RDSS treatments
and in the highest S-138 Fe level (5 kg/ha active Fe), were dark green
and healthy-looking plants. In the rest of the treatments the plants
showed typical visual iron deficiencies in different grades, but there
weit more severely affected plants in the soil alone and fertilizer
treatments.

Yields for all RDSS treatments, 20 metric ton/ha and higher, were
significantly different from each other and significantly higher than
the rest of the treatments. S-138 Fe treatments were not affected by
the addition of N-P fertilizer. The highest S-138 Fe treatment (5 kg/ha
elemental Fe) yield was not statistically different from the lowest RDSS
level (10 metric ton/ha) and was significantly higher than the rest of
the S-138 Fe treatments. Generally, yields tended to increase as the
S-138 Fe rates increased. RDSS rates, however, showed significant in-
creases with each RDSS treatment.

Iron concentrations in plant tissue were not affected by treatments
probably due to the growth dilution effect. Iron uptake showed signi-
ficant differences comparable to yields, and followed the same trend as
a function described for yield.

Concentrations of DTPA-extractable soil iron resulting from the
application of all RDSS treatments were significantly different from
each other and significantly higher than the rest of the treatments.
The highest S-138 Fe level (5 kg/ha elemental Fe) with or without fer-
tilizer, and all RDSS rates were the only treatments which resulted in
concentrations equal or above the sufficiency level (>5 ppm).

These data indicate the deficiency of available iron in the Lea
soil and the superiority of soil-applied RDSS as a source of iron com-
pared to S-138 Fe. The Fe-DTPA soil extractable iron values followed
yield levels rather closely with a correlation coefficient of r equals
0.88 (statistically significant at the 0.01 probability level). Fe-
DTPA was almost as closely related to total Fe uptake With a correla-
jtion coefficient of r equals 0.87 (statistically significant at the
0.01 probability level). DTPA-extractable soil Fe is typically closely
associated with yields on soils low in plant-available

Experiment 4

Soil. The comparative soils samples from the adjacent fields had
higher levels of DTPA-extractable zinc in the surface 0-30 cm depths in
the effluent-irrigated profile, with little difference in values at
lower depths. Amount of DTPA-extractable manganese was less throughout
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the effluent-irrigated profile. DTPA-extractable iron levels were
greater throughout the effluent-irrigated profile and more than three-
fold greater at the surface. DTPA-extractable Zn, Mn and Fe values
were all above published critical levels (49) and well within the range
not to expect phytotoxicity problems.

Percent organic carbon tended to be higher in the first three depths
in the profile irrigated with effluent and then differences tended to be
none or small at lower depths. NO_-N was greater throughout the profile
using well water and CEC equivalent tended to be greater throughout the
profile irrigated with effluent. No detrimental effects from the use of
effluent are indicated by the organic carbon, NO and CEC equivalent
chemical properties. The trends indicated, i.e., higher organic carbon,
lower NO.-N and higher CEC, should be considered favorable effects, but
it is difficult to apply economic benefits to these changes.

Plant Material. Corn and wheat crops growing at the sites irri-
gate'' with well water and with secondary sewage effluent for forty years
did not show any visual phytotoxicity symptoms. They showed uniform and
normal development, deep green color and were healthy-looking plants.

Chromium, Cd, Ni and Pb were not detectable in plant tissue digests
at the <0.25 ppm detection level. Concentrations of Fe, Zn and Cu metals
in corn leaf were significantly higher and Mn lower at the site irri-
gated with secondary sewage effluent. For corn stem tissues, no signi-
ficant differences were noted for Fe and Cu levels, but Zn concentrations
were significantly higher and Mn significantly lower at the site irri-
gated with effluent compared to ground water. In wheat tissue, iron was
the only metal whose concentrations were significantly higher at the site
irrigated with secondary sewage effluent. Concentrations of all ele-
ments in plant tissue were well below the tolerance levels of metals for
agronomic crops suggested by Melsted (43).

Concentrations of nutrients and heavy metals analyzed for in Zea
maize grain and cob plus sorghum are given in Table 9. Levels of nu-
trients and metals are within ranges considered normal for these grains.

SUMMARY AND CONCLUSIONS

Information has been given indicating that the "radiation" process
of reducing pathogens in sewage products being developed by Sandia
Laboratories, Albuquerque, New Mexico, does not significantly increase
the chemical extractability and plant uptake of a broad range of nu-
trients and heavy metals. Therefore, results of experiments on using
sludges on calcareous soils should not differ greatly whether the sew-
age products are radiation treated or untreated.

However, radiation treatment greatly facilitates handling sewage
for experimentation, because pathogen contamination precautions are
eliminated and weed seeds killed. Rosopulo £t al. (53) studied the ef-
fects of sludge irradiation on plant nutrient uptake and found no con-
centration increases agreeing with results presented herein.
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Experimentation published to date is sufficient to forego recom-
mending indiscriminate use of sewage sludge on all agricultural land,
CAST (12). However, sewage products may have special potential for
use on calcareous soils, such as in the State of New Mexico in the
southwestern United States. For instance, in New Mexico the lack of
potassium in sewage products is not a problem because most New Mexico
soils contain sufficient K for good crop growth and K is not routinely
added as a fertilizer. The naturally high pH (pH 7.5 to 8.0 or higher)
of New Mexico soil greatly reduces plant availability of many problem
heavy metals.

Dramatic increases in yield over and above that expected for N, P
inputs from sewage are typified by the greenhouse and field results
presented herein, especially for the known micronutrient deficient soils
of New Mexico. Results indicate that sewage sludge is apparently an
excellent Zn and Fe fertilizer. However, more research needs to be
done before the economics of sludge application can be calculated and
more field information is needed on applications of dry irradiated sew-
age solids on various crops and soils before irradiated sewage products
are used indiscriminately.

Table 9. Concentrations oi mineral elements and heavy metals In specimens of crops from a s i t e
near Clovts, New Mexico, having 40-year history of Irrigation with sewage effluent or
local groundwater.

Specimen/Treatment
Content of Element In Plant Pry Hatter

Zn Fe Cu Nt

Maize Grain

Sewage effluent

Ground water

-ppm—

.012 .298 56.8 31.5 6.7 <.O2 <-01 <.O2 <.02 <.004

.013 .367 43.0 25.4 8.2 <.O2 <.01 <-02 <.02 <.O04

NS ** NS * ** NS JJS NS NS NS

Corncobs

Sewage effluent

Groundwater

.018 .040 S2.2

.023 .101 25.4

NS ** NS

101 4.7 <.O2

167 11.2 <.02

•* ** NS

.01 <.O2 <.O2 <.004

.01 <.02 <.02 <.004

NS NS NS NS

Sorghum Grain

Sewage effluent .095 .335 35.0 98.0 27.5 <-02 <.01 <.02 <-02 <.OO4

Groundwater .004 .282 95.7 56.0 14.7 <.O2 <.01 <.02 <.02 <-004

NS NS NS NS ** NS NS NS NS NS

NS

Indicates that values for means are not significantly different, P > .05.

*Means are different, P < .05

"Means are different, F < .01
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CONCLUSIONS AND RECOMMENDATIONS

The workshop on "Irradiation of organic wastes for the purpose

of animal food" was held at Hannover from 2 through *• May 1979•

This meeting of the ESNA working group on "Waste Irradiation" was

sponsored by the "Deutsche Forschungsgemeinschaft" and the

Institute for Biophysics of the University of Hannover.

Six papers were given and two color movies with several

additional communications were presented. The workshop was informal

with a maximum time allowed for discussions.

The meeting was attended by 18 representatives of various

segments of the technical community, including those involved in

academic research and development, governmental agencies and

laboratories, and the industrial sector from in and outside Europe.

A summary of the general conclusions and recommendations

discussed in the final session is given in the following paragraphs.

Disposal of sewage has become a major economic burden to the

developed nations. In many cases, concerns for environmental quality

deterioration have cancelled disposal options such as burning,

oceandumping and even land-filling. Recent drastic changes in price

and availability of fossil fuels have also placed additional

constraints on traditional methods for sewage management, disposal

and uti1ization.

It has now become widely recognized that sewage waste waters,

sewage solids and agricultural wastes represent a vast resource of

nutrients, which deserves serious efforts toward recycling, not

only as fertilizer or soil conditioner, but also as feed supplement

for animals. The solids from typical domestic sewage form a broth

that is rich in nutrients, especially for ruminant animals such

as cattle, sheep and goats, which pre-digest their feeds in a

microbia) fermentation in the fore-stomach.

The direct recycling of sewage, sludge and agricultural wastes

to agriculture is confined by the presence of pathogenic organisms
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and parasites from human and animal excreta that endanger human and

animal health. Another important constraint is the risk to human

health welfare and - on a larger scale - to the agricultural ecosystem

caused by toxic chemicals and heavy metals, which contaminate the

sewage from many cities. Lesser restraints but important at present

are the lack of technology whereby safe wholesome products could

be developed and cultural stigma related to human excreta, legislation

and regulations, which prohibit many ecological usage.

Over the past few years much interest has been expressed in

the possibility that nuclear technology now may offer safe and

economic methods for destruction of pathogens. Researchers have

suggested that when applied on a large scale, such technological

options offer considerable ecoloyical and economic benefits to

society.

It is reasonable to expect that the recycling of sewage products

and agricultural wastes not only as fertilizer but also as animal

feed supplements, will be implemented when valid assessments of

benefits, costs, and risks have demonstrated that benefits to

humanity outweight the economic costs and the ecological risks.

Efforts to demonstrate the value of nuclear technologies in

biological waste management, in relation to food production and

food preservation promise to profoundly offset future generations

from becoming victims of hunger.

RECOMMENDATIONS

Ionizing radiation is a promising technology in the destruction

of pathogens with favorable cost/benefit relationships. Therefore

studies, development and implementation efforts on various aspects

of radiation upgrading of municipal and agricultural wastes should

be continued in order to promote application in practice.

Further investigations should be made to determine the

potential hazard of chemical toxicants in organic waste products.

Knowledge about these hazards will be required in assessing the

possible usage of organic wastes as supplemental feed.

The accurate and reliable dose assessment in the irradiated

waste materials is of high priority.
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However, in spite of the general progress in sludge disinfection,

there has been up to now, no international effort to achieve

measurement standardization of dosimetry. Furthermore, no calibration

facilities are available for high-level dosimeters at national

laboratories. National regulation bodies as well as ESNA should

therefore take note of this situation and initiate activities in the

field of high-level dosimetry. This concerns the elaboration of

appropriate dosimetry methods for applications in dry and liquid

sludge present as bulk and thin film materials, and that for different

types of radiation, such as with photons and particularly electrons.

The dosimeter should be considered in a hierarchy of applications

as routine, reference, and transfer dosimeters in those ranges from

1 krad to 10 Mrad. Routine dosimetry should provide a simple and

cheap measuring technique with acceptable measuring accuracy and

should be able to serve also for plant functioning control.

The objective of reference dosimetry is on a level of irradiation

plant commissioning while the transfer dosimetry should provide in

international homogeneity and comparibi1ity in those levels applied.

Equally international intercomparison activities should be

encouraged and conducted which is considered to be promoted by ESNA.

These recommendations are of fundamental significance, not only

for animal feed disinfection, but also for food preservation and

general waste treatments with radiation for which tasks other

ESNA working groups will be concerned.

In view of the vast amount of useful knowledge accumulated

during the past years regarding the irradiation and recycling of

municipal and agricultural residues, demonstrating the technical

and economic feasibility of such processes and their potential for

environmental protection and more effective use of resources,

the preparation of a concise report giving a complete description

of the state of art is strongly recommended. Such a report is a

prerequisite for necessary future activities aiming at the promotion

and introduction of the practical use of residues {by-products} made

pathogen-free by radiation. In this context the construction of a

large number of demonstration plants for the different recycling

options is required as a first step.

ESNA is asked to look for sponsors to fund the elaboration and

to print and distribute such a report, which should be prepared

within 12 months by experts from the various disciplines.
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