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INTRODUCTION

The increasing volumes of sewage sludge and treated nunicipal
wastewater (sewage-effluent) have put pressure on cities to utilize or
dispose of these materials. Oune of the most readily available and
cheapest mcans of utilizing and disposing of these wastes is by ap-
plicacion to crop land. Tihe beneficial effects of land application of
sewape¢ 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 nicrogen (&),
phosphorus ‘P), potassium (K), zinc (Zn), Iron (Fe), copper (Cu) and
manganese (HMn) contents as well as for other trace elements and organic
matter. However, with increasing industrializati.n and modernization,
heavy metals and other toxie materials have been allowed to contaminate
municipal sewage materials, and it i< becoming increcasingly apparent
that Jond applicariuns of sewage must be restricted to levels that will
prevent pround and surface water pollution and prevent buildup of toxic
materials in the enviromment (3, 11, 13, 13, 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 piving information on most aspects
of crepland utilization of snwage sinch as fertvilizer 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
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reviewed the literature relating to infectious disease hazards of land-
spreading of scwage wastes and indicated that much evidence incicates
that pro sed sewane wastes, including chilorinated effluents and
digested sludues, still contain viral, bacterial, protozeoan and tel-
minthic agents of discasc. They also point out that the great majority
of illrnesses associated with svwane, appears to have been caused by ap~
plication of raw or inadequately truated scwage materials to crops
which were consumed raw; by contamination of private water supplies
from scpric systems; and by consumpt.on of raw shellfish grown in sew-
age poliuted wiaturs. They then indicate that the greatest hazard for
movement of pathogens from land appiication results from surface runoff
and that the evidence examined shows little danger either to workers or
people of surrcunding communities when chlorinated sewage materials are
used for irrigatioa or when anacrobically digested sludges or pathogen
reduced sludges are applied to soils for production of cro.s not to be
consumed raw by humans., Howcever, they zo on to conclude the following:

"Rejulations now in force in the United States usually
prohibic the use of raw sewage on growing crops and provide
that partially disinfected effluents shall not be used to
water foed crops to be consumed raw. The question of how
lonp land treated with anacrobically digested or partially
disinfected scwage 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 2 year's time, although Ascaris ova
may remain viable in woil much lonpger. Whether such ova can
bo a significant source of infection after a vear needs to
be determined.”" (9)

A pumber of alternatives exist for further treatment of sludge-car-
ried patherens surviving primary sewage treatments (anaerobic digestion,
aerobic i stion, chlcrinytion, ote.), 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 (352).

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 fonizing radiation for the des-
truction of pathogens in sewage has been reviewed by many including
Gerrard (22), Ballentine (2) and Reynolds (52). The radla;lon rocess
being developed at Sandia uses cesium-137 separated from o Ieag power
induetrizl wastes and has a favorable cost/benefit pOCentlal outlined
by Morris (47) Cesium-137 is a source of energetic (660 Kev) pamma
rays, sufficiently energetic to kill pathogens but of much lower cnergy
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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potentiar for u as a fertilizer ia agriculture or as a soll condition-r
for land reclumation, since it is free of the potencial pathopen hazard
associated with conventioual methods of land disposal (52, 33, 56, 98,.

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 sewape sludpes are frequently
higher than the concentrations found in soils, and some of these netals,
which arv tozic to plants or animals, are potentially available to the
crop growing an cludpe-treated soil.  The greatest concerns in the
United States have been focused ou cadmium, its subscquent movement
into the food chain, and the associated public health and environmental
problems (4-7, 10, 14-21, 24, 26-30, 37, 39, 42, 44-4H). Since it is
well known that most of the metals are less of a problem on neutral to
high pl soils than on acid soils, it is pencrally recomnended that the
sewage~sludpe amemded soll be maintained at a near-neutral or higher
pH (12). MNowever, little information is available about the effect
of sewapur-uludye application of trace elements or heavy metals in cal-
carcous 50ils having constantly higher than ncutral phi's.

Cropland utilizalion of sludge using calcareous soils (above neu-
tral plf) 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 ar
essential plant micronutrivnts. The problem fs especially acute wit
iron in thesc soils duc to high pH, time and bicarbonate contents
Also, zine, man: 1esc and copper b heen shown to be deficient.
Sewage-nlulse or sewage-ef {luent could represcut a great potential fer
adding motals to the deficient arecas.

8.
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Energy/fnvironmental Protoction Agen
utilize hencficially the isotope -«
ing amounts of sewage sludge being generated as we clean up our waste-
water discharpes. The isotope is used to irradiate the sludpe :»
reduce pathogens so that the s&ydge can besyscd 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.
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i/“ivinski, H. D., "Treatments of Sewage Sludge with Combinations of
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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 Sludgye Managemenc, SAND77-7029, November
1977, Sandia Laboratories, Battelle-Pacific Northwest Laboratories
and Arthur D. Little, Inc. .



per is a summary of four series of experiments designed to
exanine a-radiation effects on vxtracuable and plant-available sluno
cleawnts and to exanine the response of crops to sludjpe applicatlons on
two trpical, calecdareous soils in New Mexico. Some of the data presentod
herein have been published previously, as noted by references.

Thi

METHODS

Experiment 1

Products. Methods and Results of Experi-
ment 1 are a ¢Caslin and Titman (41). Approximately 400
gallon liquid samples of both undipested (raw scvwage as it entered the
treatment plant) and anacrebically digested sewape sludpe (after second-
ary seware troatment) from the Albuguerque, New Mexico Sanitation Dis-
triet were collected and ecach thoroughly mixed and then divided into
halves, Une-halr of cach of the digested (DSS) and undigested (USS)
sludge vargples were radiation treated (RDSS and RUSS, respectively); rhe
other half of each sample of sludge was left untreated. The sludges

were air dricd and shipped to Nuw Mexico State University.

Chara

Sewapge siudges for chumical 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 Brermer (8) and orpanic carbon content by the kalkley-Black
method, Allisor (1). Sludges were prepared for mineral analysis by nirric
+ percitloric acid wet digestion (5! and for analysis of water-soliuble
elemcuts bv mixing deionized water with 50 grams of sludge until an ap-
proxinat: «turation pasta abtained wsing 150 percent water by weighr
for dirested sludge and 220 percent water by weight Feor undigested
sludye.  Saturation pactes were equilibrated for 24 hours and suctien
filtercd. BSludges were prepared for DIPA-extractable metals determina-
tion by «haking 25 grams of sludse with 150 vl DTPA extractant for 2
hours /). For 0.1 N, HCl cutractahle metal determination sludges
were prepared by shaking 2 g siudge with 100 ml 0.1 N HCl for 2 hours.
Saturation extracts, nitric-perchloric digests, HCl extracts and DIPA
extracts were analyzed for Fe, Cu, Mn, Zn, Pb, Cr and Cd by atomic ab-
sorption spectrophotometry.

Plant Available Sludge Flements. A greenhouse experiment with 11
treatments (Table 1) in a five replication randomized block design was
establisiied. Each of the sludges was added to soil at rates to supply
500 and 1020 pounds of elemeatal N per acre. unt:zeated go0il and
two commercial fertilizer treatments of 112 ngZa 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 1lbs (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 zm]
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




Table 1. Treatment description and amount of fertilizer or sludge added in each treatment for 2-month
greenhouse experiment.*

Amount of Sludge or Comparable Amount of
Treatment Ferrilizer Added ta Sludge or Fertilizer
Description 3.9 ®pg Soil Added per Land Area Basis
Check 0 0
100-40-0 .389 g urea 222 lb/acre urea (249 kg/ha)
.152 g superphosphate 87 1b/acre superphosphate (97 kg/ha)
200-80-0 .778 g urea 444 1b/acre urea (497 kg/ha)
.304 g superphosphate 174 lb/acre superphosphate (195 kg/ha)
USS - 500 1b N/A 32,423 g 9 ton/acre
(560 kg/ha) (20.2 metric ton/ha)
USS - 1000 1b N/A 6L.347 g 18 ton/acre
(1120 kg/ha) (40.3 metric ton/ha)
TRUSS - 500 1b N/A 32,423 2 9 ton/acre
(560 kg/ha) (20.2 metric ton/ha)
TRUSS - 1000 1b N/A 64,347 2 18 ton/acre
(1120 kg/ha) (40.3 metric ton/ha)
DSS - 500 1b N/A 51.496 g 15 ton/acre
(560 kg/ha) (33.6 metrlc ton/ha)
DSS ~ 1L00 1b N/A 102.992 ¢ 30 ton/acre
(1120 kg/ha) 67.2 metric ton/ha)
TRDSS - 500 1lb N/A 51.496 g 15 ton/acre
(560 kg/ha) (33.6 metric ton/ha)
TRDSS - 1000 1b N/A 102.992 30 ton/acre

(1120 kg/ha) (n7.2 metric ton/ha)

*Table 1is from McCaslin and Titman (41).
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Table 2. Chemical propertics of scll used in <-month greenhouse experiment.*®

Organic _
E.C. Matter NO3 P K Caco., Fa Cu Mn Zn CEC Sand Silt Clay
umhos  pH % ppm__ pum  ppm s vpm __ ppm  ppm  ppm  weq/l00g % % %
4,05 7.57 .33 26 19 448 7.5

7 3 7 8 21 29 34 37

-*Table 1s from McCaslin and Titman (41).
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grown with natural illumination in a greenhouse for approzimately twe
months, Scptemher 25 to November 19, 1976. Pots werce watered by hand

to approzimately 90 percent of field capacity twice weekly., Plants
were harvested from the soil surface, washed, dried at 70°C and weighe!.
Three replicate plant tissue samples were analyzed for total nitrogen
as in Bremncr (8) and digested with nitric + perchloric acid and ana-
lyzed for I, ¥, ¥e, 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, sicved (2 mm) and analyzed for extractable P, K and exchangeable
NH, and NO. pH, electrical conductivity and DTPA extractable Fe, Mn,

Zne Cu, Cd? Pb and Cr.

Experiment 2

Sludge. Methods and Resulis of Experiment 2 are a summary from
McCaslin and Rodriguez (40). Anzecrobically digested sewage sludge sam-—
pled after secondary scwage treatment from the Albuquerque, New Mexico
Sanitation District plant was collccted 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 kilometers northeast of lovington, New
Mexico. The Lea soil was classified as a fine-loamy, mixed, thermir

Petrocalcie Palcusioll and was known to be severely irou-deficient.

Sorghun plants growing in Lhe soil Lypically develop iron chlorosis ey
toms very early (7 to 10 days after germination) and usuwally die 20 to
25 days after germinatien. Bulk samples of Whis soil were obtained ran-
domly from the 0-25 cm depth. f{be soil air «dried, crushed to pass

a 5-mm sieve and stored in plastic barrels.

Freperinental Desiga.  This @ sporiment was desipred 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 applird at constant increments of 10 metric ton/ha, up to
50 metric ton/ha on the surface area basis. The treatments inclvded as
checks were: 1) untreated soil, 2) soil ratio 2:1 (s0il/RDSS) by dry
weight, 3) pure RD35, and 4) commercial fertilizer 200 kg N/ha. The
normal rate of N racommended for sorghum in the Lovington, New Mexico,
area is 170 kg/hn. 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 sceds 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.
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Table 3. Treatment description in greenhouse e¢xperiment 2.

Treatnent

Amount af RDSS or Fertilizer

Added to 2 kg Soil

Soil only

RDSS 10 wetrin ton/ha
RDSS 20 metric ton/ha
RDSS 30 metric ton/ha
RDSS 40 merric ton/ha
RDSS 50 metric ton/ha

RDSS 261.5 mctric ton/ha
Radio 2:) (soil/RDSS)

Pure RDSS (no soil)

200 kg N/ha

o]
16.51 g BDSS
33.02 g RDSS
49.54 g RDSS
66.05 g RDSS
82.56 g RDSS

630.00 g RDSS

1,260.00 g RDSS

0.72 g RDSS
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: Plants ware harvested at the soil surface, oven driled 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 bags for
later chemical analysis, After plant harvest, soil samples were ;
\.takcn from cach 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
thorouphly 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 l4 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, c¢tc., were used as described for the first planting.
For the third plaanting period (from April 3 to June 13, 1977), the same
procedures uscd for the sccond planting were followed.

Experiment 3

Experimental Design. This experiment was designed to evaluate the
efficicney of RDSS as a soil-applied irven fertilizer. The soil used
(Lea so0il) was the same as was used in Experiment 2. The 14 treatments
selected are presented in table 4. The BDSS rates were applied at con-
stant increments of 10 metric tou/ba, up to 40 metric ton/ha, based nn
the resvlts of LExperiment 1. Fertilizer Fe was added in the form of i
iron chelate, active ingredicent technical sodium ferric ethylenediamine
di-(hydroxyrphenylacetate}. ‘lhe componnd is sold commercially as 'Se- i
questrenc 138 Fe" (S-138 Fe) and coutains six percent Fe by weight.

The distributors recommend applyinp 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 oi the Lea so0il, the iron treat-
ments were applied at constant increments of 10 kg/ha, up to 30 kg/ha

‘of §-138 Fe, plus an additional high-iron treatment of S kg/ha of ele-
mental iron (equal to 83.34 kg/ha of S-138 Fe). The 83.34 kg/ha of 5-138
Fe would not be economically feasible to use, for its cost would be
around $3,000 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,OS/ha)

were included as checks., Since the amounts of $-138 Fe used Wefe very
small, each iron treatment was mixed with small amounts of the same

soil (8 to 10 g), passed through 60-mesh 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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Table 4. Treatments in Experiment 3.

é Amount of RDSS or Amount of Iron®
- S5-138 Fe Added to (Fe) Added Per
Treatments 2 kg of Soil Hectare
Soil only - -
RDSS 10 metric ton/ha 16.51 g 134.06 kg
RDSS 20 metric ton/ha 33.02 g ’ 268.12 kg
RDSS 30 metric ton/ha 49.54 g 402.18 kg
RDSS 40 metric ton/ha 66.05 g 536.24 kg
° 0.90 g urea +
0.18 g superphosphate -
S-138 ¥ -10 kg/ha + F 0.016 g + F 0.60 kg
S-138 Fo-70 kg/ha + F 0.032 g ¢+ F 1.20 kg
S-138 Fo-10 kg/ha + F N.0L8 g 4 F 1.80 kg
S~138 T¢-83.3 kg/ha + F 0.137 ¢ + F 5.00 kg
$-138 Fe-10 kg/ha 0.016 g 0.60 kg
. $-138 Fe-20 kg/ha 0.032 g 1.20 kg
S-138 Fe-30 kg/ha 0.048 g 1.80 kg
S$-138 Fe-83.3 kg/ha 0.137 5.00 kg

®Based on the RDSS total Fe concentration (13405 ug/g) and S-138
Fe equals Sequestrene 138 Fe, 6% elemental Fe.

bp equals N-P,05-K,0 (250-50-0) g/ha.
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and placed in a plastic pot (opun Lop equals 17 cm, base equals 11l cm
and height oqudls 17 em) with drainage holes in the bottom. Ten grain
sorghun (Sorphum hicolor var, Capitan) secds were planted in each pat
and thinned to two plan.a at 5 to 7 days after germination. TPlaats
were grown with natural lilumination in a greenhouse (different from
Experiment i) for 10 wecks, from Sepcember 16 to November 24, 1977. ’ihe
watering and sampling procedures were the same as described for the
first planting in Experiment 2.

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

Experiment 4

Site Description. Methads and Results of Experiment 4 arc a summary
from McCaslin and Kedriguez (39). Ficlds were located that had been
irrigated for forty yecars only with secondary sewage effluent from the
city of Clovis, New Mexico (population approximately 29,000). Appliru-

tion rates were not recorded over the years. ‘'owever, at least a mini-
mum of 0.8l m per year had been used and required for full crop produc-
tion. Aljarcent fields were locared that had never been irrigated with

sewage cofflyent.

Sails, Adjacent and compavable ficlds frow the Clovis acea were
selected, cne of which nad hLeey irrigated witi secoundary sewage effluent
for appreximately forty vears and the other ficld for forty years with
ground ~cager. From each =ite, Five {3 oo dismoterd volumnar soil sam-
ples were collected to a maximum depth of two meters with hydraulic,
truck-mounted sampier.

Effluent. Sccondary sewvage effluent from ome of the irrigation
lateral canals was sampled ar nine different times during a 24-hour
period. Two effluent samples were taken at each time, giving a total
of 18 samples. 1Ia the field, each sample was immediately placed on ice
for transport to tne laboratory. [n the laboratory one sample from
each sampling time was treated with sulphuric acid (H,S0,) and the other
with nitric acid (HNO,) in order to keep the pH betweén and 3 to help
prevent precipitation” of metals. The,; were then placed in refrigerator
storage for subsequent chemical analysis.

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



field soil sampled; each corn sanmple consisted of a composite of three

corn plants randomly selected. The entive above ground portion of the

plant at approxinmate physiological maturity was sampled. ‘lhe next sea-
' son, wheat (Triticum aestivum) tissue sanples were taken from the same
ficlds consisting of five composite and randomly-selected samples taken

at the carly boor 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 leafl 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 icz2 cream containers for
subsequent chemical analysis.

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

RESULTS AND DISCUSSION

Experinent 1

Choewical Composition of Studges. ‘the total analyses of the dricd
sludpes used in the study g difference in putrient concentration

in N, orgauic carbom, plf, wlectricat conductivity, €/, ratio, Pb, Cd.
Cr, Fuv, Zn, Cu and Mo between undigested ((SS) aad the anaerobicallw
) (Table 5). (he radiation process had no

digesntr] rewage sludes (B
detectalle effect on concentration of chemicals, and the differences in
chemirnl r~opcentration Letweon disered oad westol sludges is

tially confounded by different sampling times.

Data are not given here but analysis of variance (F-test at 53 level)
for the triplicate extracts for heavy metals from both digested and undi-
g’ sted sewage materials indicatad no significant increases in extractable
metals resulting from the radiation treatment for the extractants HCI,
DTPA and H,0. iiowever, the HC1 Zn and Cd in the digested sludge was
approximatély 93 percent of the total Zn and Cd, compared to 69 and 72
percent of the total Zn aand Cd, respectively, in the undigested scwage.
The threc extractants were selected to give three degrees of strength of
extractability and did not necessarily represent plant available heavy
metals.

Effect of Radiation om_Plant Nutrient Availability. Significantly
more sorghum dry matter was produced in a.l undigested sewage sludge
treatments and in the 67.2 metric ton/A rates of the digested sewage




Table 5. Total analysis of undigesr.:d (USS), irradiated undigested (RUSS), digested (DSS) and ir-
radiated digested (RDSS) sewage sludges collected at the Albuquerque, New Mexico Sainita-~
tion District,**

Comm. rert.

Value for orr. E.C.* C/X
Sludge Type N P205 KZO Cirbon  pH mmhos Ratio Pb Cd Cr Fe Zn Cu Mn
% - {cm) = ppm —_——
uss 2.8 2.0 0 30 3.9 5.0 11/1 626 15 194 10771 1364 852 145
RUSS 2.8 2.3 0 30 3.3 ~.9 11/1 608 14 194 10864 1333 790 143
DSS 1.9 2.4 o] 15 5.5 3.1 8/1 678 26 379 14671 1684 1132 236
RDSS 1.8 2.5 o] 15 0.3 8.2 B/1 676 27 395 14857 1676 1121 234

" %H and E.C. are on approximate saturatlion ustracts, 150% water by welght

for digested siudge and
250% water by weight with undigested sludge.

#*Table is from McCaslin and Titman (31).

-£1-
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treated s
55 level of

. thus testing wh
ntal coneontration:

nooni

niticant increases In plant tissue elementa
corrvannnding radiation treated and un-
enotor the eiuvments analyze stsoat the
significance.  The total nutricat uplaxe ($.e., clemental
concentratie in tisgue nultiplicd by the total dry smatter vield) dow:
indicate the offect of Sludge applications on total heavy metals remered
from the toil. hiphest yielding, trceatments removed the most moetalrs.

rowrited

Y

Since the
content of the slud

wlication rate of cach sludge was based on the nitropen
s, the total anonnt of heavy netals added per pot
varied with sladye type as well o, with amount added.  More metals were
added per pot in the DSS treatments.  Extractable soil Cu, Cd, Pb, Fe,
Zn, ¥n oand Powere significantly higher for the DSS treatments than for
the USS treatments, but it should lLe remembered that more of these cle-
ments were added initially to the soil in the DSS treatments.

)

Experimont 2

Slud The RDSS used is characterizod by having slightly acid
reacti m, almost 12 pervent copanie carben content, with C/N ratio of
3/1 which i+ sufficientiz nartew to ohtain mineralization of nitrogenm,
a very high CEC compar~d to soil used, and a very high salt content.
Most of the micro-nutrient and heavy metal total concentrations are in’
general agreemnent with RDSS values reported in Table 5, and would be
typical of dried secondarr 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 some of them after the second growth
period in the pure RDSS treatment only; probably maialy due to high salt
levels indicateu by high electrical conductivity values, greater than
5 mmhos/cm. But, at tha 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 ~ne growth period to the next one.
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Table 6. The averapge sorphum dry satter produced per sludge and fer-
tilizer treatment atter approximately 2-month growing period
in grecenhousce conditions,**

Trestment N T Vield (g/Pot)
Check .159c*
100-40-0 .142c¢
200-80-0 .242¢
USS (9 roufh) Tt Tt 1.770b
UsSs (18 ton/A) 2,973a
TRUSS (9% 1onfA) 1.782b
TRUSS (18 ton/A) 2.443a
DSS {15 ton/A) st S .554¢
DSS (30 ran/h) 1.480b
TRDSS (15 ton/A) W426c
TRDSS (30 ton/A) 1.438b

*Means followed by the same letter are not .ignificantly different
at the 5% level by the New Duncan's Multipl: Range Test.

**Table is from McCaslin and Titman (41).
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Total! dry mattuer viclds show sipgnificant RDSS effects for the suc-
cessive plantis {(Tabie 7). AL the first harvest, viclds showed a sig-
nificant incruase as the RDSS rates increased, up to 40 metric ton/ha
and no ¢1ds were obtained at the 2:1 (s0il/RDSS) ratio aund pure RDSS
treatments duc to the high salt contents as measured by clec-
trical conductivity. The svcond and third harvest followed similar
trends, as duescribed for the first harves except that higher yields
were obtained with 2:1 ($0il/kDSS) ratioc and pure RDSS treatments. The
soil alone and fertilizer treatments produced the lowest yield.

protao

The increase in yield after cach successive planting indicated
that the crops continued to respond vorably to RDSS applications;
prabably for at leasnt three plantings alcer treatment, principally at
the higher RDS:S ~ppliction rotes, Hoewever, these rates may have sup-
plicd greater amounts of nutrients than were needed originally.

Chromium, Cd, Ni and Pb were not detectable in sorghum tissue
digests cven fram the pure RDSS treatment <0.25 ppm. Iron concentra-
tion levels were not significantly affected Ly treatments at the first
harvest (probably due to the large variation among replications). The
levels at Lhe sccound and third harvest were affected by some RDSS
treatments, but there was no consistent trend. Concentrations from
the first to the third bharvest show 2 trend to decreasc, particularly
from the first to second harvest, which is similar to the trend fol-
lewed by D7PA-extractable iron.

Zine concentration levels in the first harvest were affected by
RDSS trearpments with tissue cencentrations increasing as RDSS rates in-
creased.  Tihe levels at the sceond and third barvests were affected in
a similar wmanner as described for lLron, except ror pure RDSS treatment
in which concentrations inereased rather than decreased. Amount of
DTPA-extractiable 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 lLarvests
vere 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 ug/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, concentiacions 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. Sarghum dry matter production as affected by several rates
of RUSS for cach of the three successive harvests.*

Harvesta
Treatments Ist . 2nd 3rd
g/pot
Soil only 0.42d 0.27e 0.3le
RDSS 10 M.Tt./ha 1l.41c 2.24cd 1.90d
RDSS 20 M.T./ha 2.18b 1.82d 3.06cd
RDSS 30 M.T./ha 2.04b 2.84bed 3.36cd
RDSS 40 M.T./ha 2.78a 3.39b¢ 3.76cd
RDSS 50 M.T./ha 2.31ab 3.74b 3.91¢
N 200 kg/ha 0.24d 0.21e 0.29%e
2:1 (soil/rnss) - 8.12a 8.66b
Pure RDSS - 1.97d 11.41a

#Means within each harvest followed by the same: letter are not sig-
nificantly different at the 5% level hy Duncan's Multiple Range
Test.

*Table 1s from McCaslin and Rodriguez (40).
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Experi

The objective was to cvaluate tie RDSS as a source of iroa in a
s0il known L0 Lu severcly iros-deficivnt. Dry yields, iron concentra-
tions in plant tissuc, plant uptake of iron and DIPA-cxtractable iron
are given in Table 8. Sorghum plants prowing in the RDSS ireatments
133 ¥u luvel (5 kp/ha active Fo), were dark preen

and in the hipiest
and healtiy-loor
showed typical visual dren doficlencies in different grades, but there
were more severely affected plants in the soil aloue and fertilizer
Lreatments.

w oplants. o othe rest of the breatments the plants

fields for all RUSS treatments, 20 metric ton/ha and higher, were
significantly diffcerent from vach other and significantly higher than
the rest of rhe treatments,  3-138 Fe treatments were not affected hy
the addition of P fertilizer. The highest 5-138 Fe treatment (5 kg /la
vicld was not stallstically different fron the lowest RLSH
ton/ha) and was sisnificantiy hisher than the rest of
als,  Geaerally, vields tended Lo increase as the
5-138 Fe ratves increascd.  RDSS rates, however, showed sigaificant in-
creases with cach KDSS treatment,

Iron concentrations in plant tissue were not affected by treatmoenls
probably due to the prowth dilution effect. [ron uptake showed signi-
ficant differences comparable to viw!ds, and followed the same trend ss
a function described for vield.

Concentrations of DIPa-estractable s..l iron resulting from the
applicaticn «f all RPSS troateiats wore significantly diffecent frowm
each nther and significantly lLilvher than the rest of the treatments.
The higheot 5-138 Fe Jevel (3 ke/ha elemancal fe) with or without fer—
tilizer, snd all RDSS rates were the only nreatments vhich resulted in
concentrations equal or abcve 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 saurce of iron com-
pared to 5-138 Fe. The Fe-DTPA soil extractable iron values followed
vield levels racher closely with a correlation coefficient of r equals
0.88 (statistically significant at the 0.0l probability level). Fe-
DTPA was almost as closely related to total Fe uptake with a cor ela-
tion coefficient of r equals 0.87 (statisticalily significant at the
0.01 probability level). DTPA=extr-actable spil Fe is typically closely
assoclated with yields on soils low in plant-available iron.

Experiment 4

Soil. The comparative soils samples from the adjacent fields had
higher levels of NTPA-extractable zinc in the surface 2~30 cm depths in
the effluent-irrig.*ad profile, with little difference ia values at
lower depths. Amount of DIPA-extractable manganese was less throughout




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

Dry Yields® Fe-Conc.? Fe-Uptake? Fe-DTPA®
Treatments w/pot ue/gr ug/pot ppo

Soil only .75 66.82a 49,454 4.57e
RDSS 10 metric ton/ha 2.90d 29.46a 84.91d 7.994
RDSS 20 metric ton/ha 4.38c 30.58a 131.66¢ 12.32e
RDSS 30 metric ton/ha 6.28b 31.02a 194.26b 16.16h
RDSS 40 metric ton/ha 7.53%a 36.19%a 271.08a 1¢.99a
F* 1l.loafg 30.33a 35.18d 4.40e
S-1e8 Fe 10 kg/ha 4 F L.3befq 33.87a 46.06d 4.43¢
S-le8 Fe 20 kg/ha + F 1.35e 26.19a 48.45d 4.72¢
$-138 Fe 30 kg/ha + F Lo7aer 35.84a 62.36d 4.,91¢
5-138 Fe 5 kg/ha Fe-Active + F 3.41d 33.77a 116.82cd 5.3o0
$-138 Fe 10 kg/ha 0.038x 33.86a 31.494 4.5%¢e
S-138 Fe 20 kg/ha 1. 5efg 33.60a 51.34d 4,500
§-138 Fe 30 kg/ha 1.76ef 27.57a 48.52d 4.67e
S-138 Fe 5 kg/ha Fe~Active 3.46d 34.48 118.77cd 5.03¢

%Means followed by the same letter are not signiiicantly different at 5% level by Duncan’s
Multiple Range Test.

*F equals N~P205—K20 (250-50-0) kg/ha: 3-128 Fe cguils Seguestrene — 13§ Fo nli.

-6T~
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the ef fluvni-ircivated prorile.  DiPA-extractablce iron levels were

vat the ef fluent-isriyated profile and rore than three-
tie surface. oIt tractable Zn, Mo and Fe values
ihlished crit.ocal levels (49) and well within the range
city probiens.

preater
fold

rLon tended 2o be higher in the first three depths
in the profile irrivated with ceffluwent and then differcences tended to be
11t at lower deptd . was preater throurhout the profile
. quivalenl tended to be greater throughout the
fluent.  No Cetrimental effects from the use of
the orpanic carbon, X0, and CLC cquivalent
chemical properties. trends Indicated, i.e.; ber organic carbati,
lower N0 -1 and higher CEC, should be considered favorable effects, but
iv is difficule to apply vconomic bunefits to these changes.

none or
using weii water . %
profile irri
cffluent are

Plant Material. Corn and wheat crops growing at the sites irri-
gated wi well water and with secondary rewage efiluent for forty years
did not show any visual phytotoxicity symptoms. They showed uniform and
cut, deep pgreen color and were healthy-looking plants.

normal develops

Chrouumium, Cd, Ni and Pb were not detectable {n plant tissue digests
at the <0.25 ppw detection level. Concentritions of Fe, Zpn and Cu metals
in corn leaf were significantly higher and ¥n lower at the site irri-
gated with secondary sewape cifluent.  For corn stem tissues, vo signi-
fferences were noted for e and Cu levels, but Zn concentralions

ficant &i

were dfjcantly higher and Mn signif icancly lower at the site irri-
gated with f{luent compared to grenad wotes.  [n wheat tissue, iron was
the on tal whose cencentrations were significantly higher at the site
irri: ith sccoudar:y =e > ef flnent.  Concentrations of all ele-

1 »elow the tolerance levels of metals for
Melgted (42),

ments L plant cissue were
agronari- rrops suggestsd

CLonceatrations of nutrients and heavy metals saulyzed 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, Albuquergque, New Mexico, does not significantly increase
the chemical extractability and plant uptake of a broad range of nu-
trients and heavy metals. Therefors, 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 arte
eliminated and weed seeds killed. Rosopulo et al. (53) studied the ef-
fects of sludge irradiation on plant nutrient’'uptake and found no con-
cencration increases agreeing with results presented herein.
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Table 9. Concentrations of mineral elements and heavy metals in specimens of crops from a site
near Clovis, New Mexico, having 40-year history of ir-ig.tlon with scwage cffluent or

local groundwater.

Content of Element in Plaanr Dry Matter

Specimen/Treatment Ca

Zn __Fe Mn Cu An N Cr Cd

%

Maize Grain

P ——

Sewage effluent .012 .298  56.8  31.5 6.7 <.02 <.01 <.02 <02 <. 004
Ground water .013 .367 43.0 25.4 8.2 <.02 <.01  <K.02 <.02  <.00%
NS *% NS * *% XS NS NS NS NS
Corncobs
Sewage effluent .013 030 I 101 4.7 .02 <.01 <.02 <.02 <. 004
Groundwater 025 101 5.4 167 1.2 <.02 .01 <.02 <.02  <.,004
NS = hE] ** *% NS NS NS NS NS
Sorghum Grain
Sewage effluent .095 L3355 3s5.0 8.0 27.5 <.02 <.01 <.02 <.02  <.004
Groundwater .004 .282 95.7 56.0 14.7 <.02 <.01 <.02 <.02 <.004
15 NS NS RES % NS NS NS xS h$S
NS -

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

*Means are different, P < .05

**Means are different, P ¢ .01

-12~
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Experimentation published %o date is sufficient to forego recom-
zending indiscriminate use of scvwage sludge on all agricultural land,
CAST (12). However, sewape products may have special potential for
use on calcarcous soils, such as in the State of New Mexico in the
For instance, in New Mexico the lack of
because most New Mexico
is not routinely
to 8.0 or higher)
of many problem

southwestern United States
potassium in scwage products is not a problem
soils contain sufficient XK for good crop growth and K
added as a fertilizer. The naturally high pH (pH 7.5
of New Mcexico soil greatly reduces plant availabilicy
heavy mctals.

Dramatie increases in yield over and above that expected for N, P
Ipputs from scwage are typified by the greenhouse and field results
especially for the known micronutrient deficient soils
of New Mexico. Kesults idnicate that scwage sludge is apparently an
excellent Zn and Fe fertilizer. However, more research needs to be
done before the cconomics of sludge application can be calculated and
more ficld information is neecded on applications of dry irradiated sew-
age solids on various crops and soils before irradiated sewage products

presented herein.

are uscd indiscriminately.
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