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EFFECTS OF WASTEWATER AND
SEWAGE SLUDGE ON THE GROWTH AND
CHEMICAL COMPOSITION OF TURFGRASS

Antonio ). Palazzo

INTRODUCTION

Turfgrasses have the poterntial to be an effec-
tive crop for use in treating municipal
wastewaters and sewage sludges. As well as
renovating wastewater, turfgrass sod is in de-
mand for lawn use in urban areas, and fewer
health constraints are placed on the use of turf-
grasses as compared to food and feed crops
Practices for growing turfgrass sod differ from
pasture management in that turfgrasses require
clipping or mowing weekly. Materials removed
from the site during sod harvest consist of the
aboveground or aerial portions of the plant, an
organic thatch layer which includes grass clip-
pings, and approximately 1.25 cm (%2 in.) of soil
which contains roots and rhizomes. The sod is
harvested throughout the growing season, and a
new crop is established prior to the winter
months or nongrowing season. The site is
covered with vegetation which reduces soil
losses by erosion during the winter.

Turfgrasses include species and varieties that
require large annual applications of fertilizer.
State agricultural experimental station recom-
mendations for N applications to turfgrasses
grown under average conditions can range from
5 to 6 Ib/1000 ft? (240 to 287 kg/ha) per year for
Merion Kentucky bluegrass (Poa pratensis L), 3
to 5 1b/1000 ft* (144 to 240 kg/ha) for tall fescue
(Festuca arundinacea Schreb.), and 4 to 6 Ib/1000
ft? (191 to 287 kg/ha) for colonial bentgrasses
(Agrostis tenuis Sibth) (Juska et al. 1969). Clip-
pings from a well-fertilized Merion Kentucky

bluegrass lawn, mowed weekly, may contain up
to 6% nitrogen (Pesek et al. 1971). As noted in a
review on turfgrass fertilization by Beard (1973),
N influences the growth rates of turfgrass
tissues, roots, and shoots.

Phosphorus accumulation in soil is one of the
possible limiting factors to the life of a land
treatment system. Red fescue (Festuca rubra L.)
and Kentucky bluegrass have been shown to
grow without any detrimental effects on soils
containing up to 1500 Ib/acre (1650 kg/ha) of
phosphorus (Juska et al. 1965).

The thatch layer, removed from the site during
sod harvesting, has a high cation exchange
capacity, and includes undecomposed grass
clippings, roots and rhizomes. This thatch layer
or organic mat provides a good removal
mechanism for wastewater-applied NH,N, P,
and metals, as well as for N and P contained in
the grass clippings. About 2 [b/1000 ft? (96 kg/ha)
of extra N/yr was required in a Merion Kentucky
bluegrass area where the grass clippings were
removed to maintain color, shoot density, and
turfgrass quality, as compared to an area where
the clippings were returned to the soil (Beard
1973). Also, since metals and P are relatively im-
mobile in soils, the thin layer of surface soil
removed during sod harvest below the thatch
layer should contain high concentrations of
these elements. Thus, sod farming would be an
excellent method of removing chemical ele-
ments in wastewater that accumulate in the sur-
face layer of the soil.




Lhe obyed tive of this stady was to determine
the ettedts of wastewater and sewage sludpge on
the growth and chemucal composition ot two
tartetass seed mintures grown on o Charlton st
loam sorl The study was condudcted i a green

house in Hanover New Honpshiee

! MATERIALS AND METHODS
Lieatments consinted ot weekly apphoations
ot ozonated secondany wastewater throughout
the study on 25 cm o diameter pots contaminyg 8 0
K of Charlton silt Toam sor toven diy ) with and
without one time mitial applications of 45 o
v pot (diny werght) ot pramary nhx'_r\(ml SeW et
adee traom Hanover New Hampshoe (b )
he mitial sorl Chenmical datac are shown in Lable
I he sludee was added poor to seedimg each ot
the turty mantures !hq' mttial metal concen
trations of the sewage sludege wastewater and
soul are shownoan Table 11 The metal concentra
tons of the three matenals are low Jdue to the
fact that the sorl was not previousty teated with v
organie wastes and the wastewater and sewage
sludee wete prunacdy teom domestic souries
AL treatments mdludimg contiols . waere
b rephicated three times  Four separate applica
trons to total 5 or 1O cm of wastewater were ap
phied on a particular day dutmg cach ot the 30 Fagure ToOverview OF turfgrass study
weeks A treatments recened sapplemental o
meation ot distilled water when necessarny to o
maintam cood plant gromth rates tertihzer was
admiizved wath the sonl i control pots just poon to
seedimg to o provide 028 010 and 019 5 pot o
NP oand N respectively Sorl i control pots was Table L imitial soil analyses of the Charlton wilt
topdressed with tertihizer at 700 119 1L 18! loam sl *
and 240 days atter seedimg with rates sinlar to
mitial apphcations  except on the hrnd day Paramete Conuentration
when only o halt rate apphcation was made
Woastewater used i the study contamed 2400 77 VRS Ll
Eatiad table d 1R
and 1280 mel or NOFoand KNorespectinely
ph (SN
(Concentrations q‘\pn'\-.ml Are means  oboan solubile salts (mmbadom oA
dividual deternmmations trom samples collected Cabion ey hange ©apracity pmeg 1y 1
duting each apphication ) Sewage sludge con Eatra tabile cations
tamed 11% N and 2 8% P but only trace ke
amounts of K Components of the two turfgrass :h ’
mintures and the seedimg rates (mn g poth were as Na \s
tollows
A Concentiaton Vi vess othenw e noted
1 Bluegrass minture Nentucky bloewiass
(Poa pratensis 1 vaa Menon bat 03w ored
tescue (Pestaca rabra l o var Pennlawn ) at o i
woand RGO tyegrass (Lolwam maltitiorum Lam)
a0
y ~




Table 11 Initial metal concentrations of soil,
wastewater, and sewage sludge.

C (o Zn Ni Cr Pb
Parameter (ppm]  (ppm) (ppm]  (ppm) (ppm)  (ppm|
Charlton soul o L) 91 277? 255 A1
titiuent® aoatl 02 022 oote oo
Mudyge 188 258 137

“ttlaent values trom Iskandar (1975)

2o lall tescue minture tall tescue (Festuca
arundmacea Scheb var “K-317) at 027 g and an
nual ryegrass (Lolium mualtittoram Lam )} at Q09
N

Lurtgrasses were harvested 14 times tor yield
determinations by chipping at a height ot 5 ¢m
Plant toliage samples were collected trom the
5th to the 10th chippings. washed o distilled
water doed to constant weight. and ground to
pass through a 20 mesh sieve Concentrations of
N P K Cu Cd Zn N Croand Phoan plant tolage
were determimed by standard Kjeldahl ol
ormmetne and  atomic absorption procedures
atter ashing i a muttle turmace (Jackson 1967)

Yields and chenmical concentration data were
subjected to an analysis of varance tor a sphit
plot  design with wastewater  and  sludge
treatments as the subplots Dancan s Multiple
Range Test was used to determine ditterences in
treatment means

Weekly wastewater apphications added more
N and K but less P othan single sludge applica
tons. which were made pnior to seeding (Table
1) Amounts of major nutnients apphied on con
trol plots were simdar to amounts supphed as
constituents of wastewater at a rate ot 5 cmwk

The total amounts of N apphied on a kg ha
basis tor the vanous treatments and the control
are also presented i Table HE Applications ot
10 cwk of wastewater on pots amended with
90 g of sludge added N in amounts that were
almost tour times those applied on control pots

RESULTS AND DISCUSSION

Yields

Wastewater and sewage sludge apphied at
varous rates resulted in signiticant ditterences
i grass yields, which were similar tor the two
turtgrass muntures (lable Al Yields increased
with apphications ot wastewater alone or with
sludge. as compared to those with sludge alone
(Table IV) Highest yields were obtamed with the
10 cmwh wastewater application rate in com
bination with the sewage sludge treatment ot 90
R pot Lowest yields were observed when sludge
was apphed alone Sludge alone had the lowest
N tertility and probably lower availability ot the
total N supphed because much ot it was most
hikely contamed in the organic traction Yields
may also have been attected by fow amounts of
avatlable Koon pots with only added sludge
(Table ) Ditterences in yields were due primar
Iy to difterences in amounts ot wastew ater and
sludge borne N

Prior to the eighth harvest 152 dayvs atter
seeding. photographs were taken ot two turt
Qrass mintures growing on pots i osoil Dt
terences m grass density and growth as attected
by wastewater and sewage sludge treatments
can be compared to conditions on control pots
by examumng higures 25

Table 1. Total amounts of N, P, and K applied in the dif-
ferent wastewater and sludge treatments.

Treatiment
Wastewater SMudge Nitrogen Phosphorus Potassium
(em) (8! mpot) (kg ha) (R pot) (R pot)
5 A} 189 149 (AN (LR
10 \} U} Ja8 120 LR
Q0 45 049 19 1.29 Al
0 €0 0a 77 258 \l
5 5 2 187 189 (AT
| w0 AR 20 L] ot
0 N 477 (N 8 (R
control* V.27 LY 04 104

Control indludes sivapphications of commercial tertihzer
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Table IV, Effects ot various
wastewater and studge treatments on
yields of turfgrasses.

Crass chipping

Wastewater Sudie yield
«m R/ (wpot)

- (4] 17 30d

Iy [\] 23 55b

] 45 T 87e

O N SMe

o 45 21 8ab

5 W) 20 58

1w W) 2700
control 17 37¢d

“Yields tollowed by the same letter were
not signiticantly ditterent at the 5% level
of probability

Concentrations of N, P, K
and trace elements

As was the case toryields no ditterences were
observed in the chemical composition ot toliage
trom the two grass mintures  The mean squares
tor the analysis of vanance are presented
Table Al

As may be seenin Table Vo concentrations of
P K Zn Pb oand Cd i tohage tissues were at
tected by ditterences in wastewater and studye
treatments But concentrations of N Cu Ny and
Crwere not ditterent as a result ot treatment dit
terences  The hughest P concentrations were in
prasses recenving sludge alone, even though
grasses in other treatments recened greater
amounts of this element (Table 11N The highest
concentrations ot K were in toliage from control
pots. even though only about one halt as much K
was added to these pots as was supphied by

wastewater apphied at a rate ot 10 cmwk Ap

plications o wastewater tended to increase con
centrations of Zn and Cd in grasses Concentra
tions of Cdan plants from pots recening the two
levels of sewage sludge were similar to those in
plants trom control pots  Except for one an
stance, Pb concentrations were higher in plants
trom control pats than i plants growing on soil
amended  with sludge and or ongated  with
wastewater Rvg.u(ﬂvxs ol treatments concen
trations ot N P and K were adequate tor plant
growth (AMartin and Matocha 19731 Metal con
centrations in plants are ot concern since tosi
levels of some of these elements can reduce
plant growth and in turn cause serious problems
i using  soillplant  complexes  to renovate
wastewaters Concentrations of metals ingrasses
included in this study were below fevels general
Iy considered to be tonic to plants (Patterson
1971 and Allaway 1968 tor Ni, Allaway 1968 and
fones 1972 tor Zn and Cu, Lisk 1972 and AMort
vedt and Grordano 1975 tor Cr Warren and
Delvault 1972 tor Phooand Bingham et al 1975
tor Cd)

Removal of selected chemical elements
as constituents of grass foliage

As shown i Table VT only the removal o Cr
by grass harnvesting was unattected by waste
water and studge treatments . No o ditterences
were observed that were attubutable to dit
terences in turtgrass mintures This can be seen
from an examination of mean squares tor the
analysis of varnance, as exhibited in Table Al
In general treatment  ditferences  attecting
removal of chemical elements trom soil depend
ed more on ditterences in yields than on concen
tration ditterences in plant tissues trom the cor
relations ot total uptakes of N, Poand N with

Table V. Concentration of selected chemical elements in turfgrass foliage.

Tteatment

Woastewater Sludge N » N
«m) (R} (%) (%) (%)
5 0 1500 O 8¢ 1 18¢
10 4] 181a O 8¢ 3 21b
[ 45 i ida 0 51a 2T
i\ w) 530 O 5S40 275¢
5 45 Y774 037 AR
5 R RR N O 40b¢ 295
10 w) 3 55a [URRI ARTRIEN
control I 51a O 44b § U5y

n
‘

opm)

St Sk
T4 33ab
57 13
Ao a9rcd
6" T
Q¢
86 H8a
o 4.0d

Pb Cd Cr Cu \
(ppm) (ppm) ppm) ppm! pom
4 10h o 84ab Q8la 8670 11 25a
4 Hdab 9480 1 49 1275a 11 500
b 21\ 1 49 1275 T STa
10h 2 05¢ 1254 11 25a 1212
4 04 4 48 1 5% & *Sa 693
3 72b Tolab 103 12 33a [ERUAN]
AL y Alaby 113 10400 8080
S odda a0 vota 11 500 4 00

“Columns of elements tollowed by the same letter were not sigmiticantly ditterent at the 5% level of probatulbity

O




Symbol tlement | T
Q0 T 1 /
(&) Nitrogen (N) (4099 74
() Phosphorus( P! 1+ 99 P -
[ (o) Potassium(k)  +0 95 B3 -3
/
807 (¢ ) control
/ a
= N
4 <) ° y
s .
$ 60 ca Ko
) 'y
-
-
o
a 40t
>
a8’
a,
/P
3 P ¢ e
S P
8 i i 5 L i i 1 i i ) i 4 i 1 i L
0 4 ] 12 '3 20 24 OB 32
Grass Clipping Yields (g/pot dry wt)

Figure 6 Total uptakes ot NP and K as affected by grass
vields

v |
Table VI. Total amounts (mg/pot) of selected chemical elements contained in turfgrass foliage |
harvested from pots. {{
Treatment
Wastewdater Sudge
om 8 \ P A / Ph «d Cr Cu \ i
|
5 0 60 72¢* 663 54 95¢ (1 98¢ aaTh 012b 00140 015¢d  0193b
10 0 89 20a 907ab 76 05a 1 74b 011a 0a 00340 0 29 0 Joa |
0 45 6ad  400d  21129d 045d 003 017 0012 0104 006¢
0 €« 28 32¢ 437d 22 06d 0 8¢ 003 [UR RN Qot0a 0 09d [UR B AN |
3 45 73 71b¢ 8 18b¢ 60 6Ob 1 39h 0 08b 0 15ab 0021a 0 25ab 0 1dabe |
5 o) 82 03ab 8 13b¢ 60 84b¢ 1 48ab 0 09ab 011b 00340 0 19b¢ O 15abc
10 %N 95 02a 10 22a TT 400 2 4 O 10a 0 15ab 0 030a 0 28a 0 21ab
control 61 21¢ 7 bbb 68 "ab Oodcd 0 09ab 0 25¢ 0011a 0 20b¢ 0 23a

“Columns ot elements tollowed by the same letter were not signiticantly ditterent at 5% level of probability

vields, as depicted by bigure 6,1t can be seen
that N and K removals were attected to a greater
extent by yvields than by P removal The low
removal ot P was due to the lower concentra
tions in plants Potassium. an element not usual
Iy considered a potential pollutant, was re
moved by the grasses at a shghtly lower rate
than nitrogen  The two treatments which re
cenved 5 and 10 cm wk ot wastewater had only a
10 to 15% ditterence in the amounts of N and K
contained i the plant But the wastewater used

-
/

in this study supphied twice as much N as K
Results trom this study suggest that high plant
requirements tor K are necessary to remove max
imum amounts of nitrogen Wedin (1973) cites a
report by the National Research  Council
National Academy of Sciences (1970) in which it
is stated that, at yields ranging trom 8 to 16
tonne ha, the removal of K by cool season
grasses 15 9% ot that tor N From research per
tormed at CRREL (Palazzo 1976} it was tound
that torages recenving 5 cmwk of wastewater




Table VII. Ditferences in yields of turigrasses be-
tween consecutive harvests at ditferent wastewater
and sludge treatments (yes differences voted).

freatment

Wastewater SMudRe Harvests
cm N 13 45 ) 1012 1314

) ] No No No Yes Yes

10 4] No No No Yes Yes

(4] 45 No No No No No

0 ) No No No NoO NO

5 45 No No No Yes Yes

5 ‘W) No No No Yes Yes

10 W) No Yes Yes Yes Yes
Control Yes No No Yes Yes

contamed three times more N than K over a two
vear peniod Plants were marginally deticient in
K. and available concentrations ot this element
in the soil were reduced to relatively low levels
In this study large amounts ot K were absorbed
by plants that were grown on control pots which
recened supplemental K tertihizer Concentra
tions of K were 395% in the control plants and
ranged trom 2 75% to 3 23% (Table V) in plants
subjected to other treatments

Because yields are so important in the
removal o wastewater constitutents. rapid in
itial growth s important In this study, grasses
crown on control treatments, which receved
commercial tertihizer. produced higher yields in
itrally (Table VI Atter three harvests the com
bination of 10 cmwk of wastewater and 90 g pot
ot sludge produced the highest yields After 10
harvests. all treatments were similar in vields ex
cept tor those where only sludge was apphied
which were sigmiticantly lower Rates ot grass
growth depended on amounts of availability ot
apphied N Sludges alone supphied less total N
and some ot this N may have been only slowly
available

CONCLUSIONS

Turtgrasses responded tavorably to applica
tions of wastewater Higher quantities ot total N
supphed in wastewater promoted rapid initial
growth resulting in signiticantly higher removal
ot sludge and wastewater constituents Sludge

apphcations mcreased yields over those from
tertihzed controls only when apphed in com
bination with wastewater Much ot the N n

sludge s contamed in organic matter and s not
as readily available ¢ growamg plants as that
supphed i wastewater Concentrations of NP
K. and metals in the grasses studied were neither
deticient nor tonic to plant growth Compared to
contents generally tound, the range in concen
trations ot N (3 34 to 3 81%)was high indicating
that turtgrasses can take up large amounts ot
this element To mamtamn high N and metal
removnal rates, sods used to renovate wastewater
and tor the disposal of sludge may need tre
quent apphcations ot K tertilizers

RECOMMENDATIONS FOR FURTHER
STUDY

The capacity  of  turtgrasses to  renovate
wastewater needs to be determuned under tield
conditions  Results trom a tield study can be
used to more accuiately detine the eftfectiveness
ot these grasses and to dentity problems which
may occur i growing sod under hugh sludge and
wastewater loading rates  Total amounts ot
wastewater constituents removed by sod har
vesting need to be determined, where sod in
cludes the grass leaves, organic thatch layer. and
approximately 125 ¢cm of surtace soil The
capacity ot thatch lavers and surtace soils to
tilter and remove heavy metals and P, the qual
ty ot the sod produced. and the problems ot
grass injury trom diseases and insects need to be
evaluated in this tield study
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APPENDIX A. MEAN SQUARES AND STASTICAL SIGNIFICANCE
OF DATA INCLUDED IN STUDY

Table Al. Mean squares and statistical Table Alll. Mean squares and statistical
significance for differences in yields significance for differences in plant uptake
of turfgrasses. of selected chemical elements.
Seed Seed
Parameter Ireatments mixtures Error Flement Treatment mixture Error
Yields 405 367 148 8 b6 Nitrogen 5734 00* 3:53 13554
_ - = L e Phosphorus 39 94+ 055 268
“Sigmiticant at the 1% level of probability Potassium 410314+ 24 66 67 99
Zinc 3978712 90* 138 00 127114 63
Copper 50944 84* 170722 3979 58
Nuickel 42184 85* 228 48 9775 04
Chromium 964 14 1345 37453
lLead 7925 60* 57 00 408 15 v

Cadmium 45483 76* 447 24 467275

*Significant at the 1% level of probability

Table All. Mean squares and statistical
significance for differences in concen-
trations of selected chemical consti-
tuents in grasses.

Seed

Element Treatment  mixtures Error
Nitrogen 020 0.00 026
Phosphorus 004t 000 000
Potassium 137t 001 011
Zinc 2109 52t 15 66 13611
Copper 22 .86 758 1147
Nickel 6617 257 3214
Chromium 096 007 089
1 Lead 327+ 0.01 096
Cadmium 7212t 1.97 1260

*Significant at the 5% level of probability
tSignificant at the 1% level of probabihity
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