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PREFACE

This report is a reproduction of a portion of
Mr. Roberﬁ J. Drake's Master's Thesis which'was:directed by
Drs. Donald Dean Adriaﬁ.and Donald L;.Madef. The research |
- described hereiﬁ:cqﬁéerns tﬁé'effecti#eness'of a forest'soil
 in treating?sanitary‘léndfill léachéte and the effects of
leachate on. three locai;ﬁarieties of éeedlings.

The guﬁhors'ﬁould like to‘aCKﬁowledge Dr.'EnriQﬁe'J.
Lg Mdtfa, Dr. Aaron:Jénnings, Ms . H.-Patricia Hynes,
Mr. David Leland, and,Mr.-Kevin Sheehan, all of whom providéd'
invaluable assistance through the course of this research.
The conﬁributioﬁs of.Mfs. Dorothy Paséoe and Ms. Christina Moore
in. the final preparation of the report are also greatly
appreéiafed;‘ | |

~ This ieseargh‘wés performed with Suppor§ from the
‘Massachusetts biﬁision of Water Pollufion Céntrol, Research
aﬁd.Demdnstratidn Project Nuﬁber 73—l0(2)_and‘£he United
‘States Forest Servicel ‘Northeastern Forest ExberimentlStétion,

Grant Number 23-041.
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ABSTRACT

In this study, the effectiveness of land application as
-a method of treating lagooned sanitary landfill leachate
was examined. Leachate was -collected from both primary
and secondary lagoons ‘at ﬁhe‘Barre Lanafill in Barre,
‘Massachusetts. anchéte was then applied to éeedlings
planted in plexiglas containers on Barre sand soil, on -
~ the grounds of'thé.University of MassaéhusettS'piiot waétéf
Qater treatment fgcility in Amherst. . Leachate.appiications
'were made at difﬁérent strengtﬁs and_ioadiﬁg rates over a
single growing seaéon."CQmparisons wereiméde'betweén the
- chemical composition of the leachate beforewaﬁd after |
land applica£ions; In addition, the effects of the leachate
6n threeftypes<3fseediings‘were noted at'the bencﬁ scale
level. . o |

‘Land treatment of the landfill léachéte resulted in COD
remoﬁéisrof abpféximately 70 peréeﬁt énd~ammonia removals
: of.aboutlBO percent. Niﬁpifigation was.thought tb be the“

major mechanism for ammonia removal. Of the three types.

of seedlings tested, white pine (Pinus strobus) was, the
only one shown to be leachate tolerant. Red maple {Acer

rubrum) was ieachate sensitive, and red oak (Quercus rubrum)

did not survive transplanting in sufficient numbers to be

‘ evaluated;
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1./ INTRODUCTION
* Qverview

fﬂe‘sanitary landfill has beenrthe most economical and
acceptable method of ultimate disposal of solid wastes on
land. Although a great improvement over its predecessof,'
the open dumpfthe'sénit?r§ landfill hasimany environmental
defects. One:of these iélthe'generétion of leachatgwby;inﬂ'
filtrating rainfall,'and its subsequent movement throhgh'.

.3 ) . [l |
the surrounding soil to surface and ground waters,

Lééchate‘increases‘the conéentrations of minerals and.
organic compouhds:in the receiving watérs,_lowering water
guality and affecting the suitability of.those wéters for‘
beneficial uses (1). Leéchates have beenjimplicated.ih
problems With'ﬁater_suppiies from both surface and

ground waters (2,3). The problems associated with water

. ‘7. . ! N . ' . . oa
supplies involve increased levels of inorganics (nitrogen,

heavy metals, and other metals), otganicsﬁand'baCterial and.

viral pathogens (4,5).

Because the composition of solid waste is extremely variable,

the general characterization of léachate becomes difficult.

Table 1 pfesents ranges of values for many of the con-

taminants found in leachate (6). The treatability of leachate

is obviously related to its chemical composition, and the
large degree of variability makes the selection of treat-

ment processes troublesome.



TABLE 1. General Characteristics of Leachate (6)

Parameter* Maximum ” , Minimum
cop ' 89,520 40
BOD, . 33,360 _ 81
TOC - 28,000 256

pH SO . 8.5 -

Total Solids = . - 58,200 0
TDS - | .- 44,900 © . 584
TSS - . - 700 10

Specific Conductance** 16,800 2,810

Alkalinity*** ' 20,850 -0

Hardness*#** L . 22,800 - 0

Total P ' .. 130 0

Ortho-P , 85 6.5

Ammonia~N - 1,105 0

Nitrate & Nitrite 10.3 0.2

Calcium | | 7,200 60

Chloride B 2,467 4.7

Sodium 7,700 . o

Poﬁassium. . o ' 3,770 o _ 28

Sulfate - 1,550 = 1

N Manganésé , ’ 125 L 09

Magnesium _-' ' . 15,600 . S 17

Iron | Ny 2,820

Zine R 370

Copper 9.9

Cadmium | 7. .03

Lead _ - 2.0 B : .10

*A1l Valueé_are‘in-mg/ﬁ unless otherwise noted.
**)-mhos/cm

***mg/L as CaCO3



The organic constituents of leachate are primarily
!
the end products of acid?fermentation of the biodegradable .

portions of thelandfilled wastes, primarily the fatty acids

(acétic, propionic, buty#ic, and valeric) (7). The bio-
: i 7 .
degradation is a two-step process . The first step involves the

conversion - of organic compounds to organic acids., The fatty
acids are converted to methane and carbon dioxide in the second,

rate controlling step, As the second step is slower
. I i .
and more environmentally'sensitive than the first, there

is usually (at 1eas£ inHa "young" landfill) an excess of .

volatile acids which are removed via leaching. The heavy
metals and other_constit%ents of the leacﬁate are essentially
solubilized by tﬁe redué%ng conditions wiﬁhin the Iaﬁdfill.
.As the landfill Ages, thé production ofrvolatile acids
decreases, but the leach§te can still he a serious problem
(3). , |

Leachate Management Alternatives

There are- three bas%c alternatives in,leachate'manage-

ment. The. first involves the exclusion of water from the
landfill, via ﬁse of impérmeable soil céver,\choice of
vegetative cover, and di§ersion of surface!flow‘(S). This
management technique is particularly susceptible to grdund-
water level fluctuationsi which can negate the effect of
rain and surface water e#clusion. This is also a difficult
technique to use while the landfill is being filled.

The second management technique involves the collection

and .recycling of leachaﬁe through the landfill. This



technique results in more rapid stabilization of the langd-
fill and significant reductions in manyscontaminants in the
final leachate (7). However, with this process there are
residual pollutants in the leachate which require further
treatment before release,. -

The final alternative involves the collection and
direct treatment of the leachate. Many optiqns-héve been
investigated and'have shown varyingAdegrees of potential:
utility. Most of these studies haverdealt with conventional
processes such as activated sludge/extended aeration or
anaerobic digestion and all have resﬁlted in significant
residual pollutant léads which require further treatment.

-Research Objectives

This research e#amined,'at the bénch scale level,
a relative;y.low—cost method of leachatg‘treatmenti land
application £o a forest soil. The net removal of contaminants
by the'shalidw Barie sand soil at Various'loading rates and
strengths of leachaté was analyzed‘and the general effects
of leachate applibafion‘tb three species of tree seedlings
were assessed. | |

More specifically, the study was designed to document
changes in ihe levels of the followiné leachate coﬁstituénts
as they passed through the soil: émmonia, copper, iron,
manganese, zinc, COD, total dissolved solids (through specific
conductance)}, and pH. .The 1éachate used in the study was

taken from primary and secondary lagoons at the landfill in



Barre, MessachuSetts and 'experimental soil columns were set
up at the site of the Unﬂversity of ﬁassachusetts' pilot
wastewater treatment facility in Amherst. Some of the colufifis
were planted with local %eediings and meintaised‘out-of-doors
to approximate natural gtowing conditions. Soil solumns
.without seedlings, used as controls to-gauge the effect

of seedllngs on leachate treatment, Were kept 1ndoors for

- ease of sampllng.

In addition to monltorlng changes 1n leachate comp031t10n,

three types of seedllngs (red maple (Acer rubrum) , red oak

(Quercus rubrum),'and white pine (Pinus strobus)) were tested

for teactions te leachate additions at a variety of strengths
'and_ioading rates.7 Col1ected rain&ater was applied to some-
seedlingsrof each type at the same rate that the leachate was
being applied to“othersﬂf Thus, the effects df hydraulic 1oading
alone on the‘health of tﬁe plants. could be eontrolled"for.

.The leachate effects on seedllngs were assessed by examlnatlon
of the follow1ng plant characterlstlcs- he;ght, fotlar.metal

content, basal area, and actual mortallty.



IT. LITERATURE SURVEY

Leachate Treatment

" Both biological‘and‘bhysico-chemical processes have
been examined with respedt to leachate treafment. Chian
and:DeWalle fé) evaluated an anaerobic filter, an‘aerated
Lagoon {extended aeration), and co;treatment with municdpal
sewage in an activated sludge system, The anaerobic filter
(with recycle of effluent) essentlally dupllcated the
same two~stepldlgestlon Brocess found in the 1eachate fe—,
‘cycling'management scheﬁé, with phosphorus added as a
nutrient, For hydraulicidetention'times greaferfthan seven.
days, better than 95 percent chemical oxygen demand (COD)
reddctions were achieVedf However, with an influent of
'54,090 mg/% COD, the-residuai in the effluent exceeded
ZOOO'mq/E COD. The extended aeration lagoon was able to .
reduce COD concentratlona by 96.8. percent {75,900 mg/k to
1800 mg/z), and both 1ron and 21nc were reduced by 99 9 -
percent-(0.$ ng/% Fe and 0.25 mg/% Zn re51duals), Co-
;reatment‘with municipalfwastewater at a rate of O.S
percent (leachate/aewage) produced an.initial decerioration
of effluent quality whicn was 1ater_reversed.

Cameron and Koch (10) found substantial treatment of.
leachate by anaerobic di?estion with little coxicity displayed
'by heavy metals in the'system. COD removals of 80 percent

(8,000 mg/f COD residual) with 20 day detention times were



achieved. Metallremovais were also significant, with 85‘
percent of zinc and 40-70 percent manganese removals
recorded. - There were still significant residuals of iron,
however (26.0-61.7 mg/%).

 Physico-chemical treatment of leachate was examined
by Ho, gEﬂgi,.(li) aﬁd focused on precipitation,-ghemical
coagulation, chemical bxidatiOh,:and activatéd carbqn
‘adsorption. Precipitation using lime removed most iron
but sodium suifides had little-efféct. Chemicéi éoagulation-
with alum removed most of the iron but produced a.greaﬁ
_deal.of'siudge_ Ferric chloride showed 30 perqént'iron
- removal but‘only 10 perceﬁt CoD ;émoval.. Chemical oxidatioﬁ'
 with chlorine resulted in lowering.COD gonéentrations by‘
10725 percent, and removing some iron but increased the
‘chlorides and total solids. Caicium hypochlorite performed .
.Similarly, with an increase in hafdness és'Wéil, Qzone
pf&duced”COD‘removals df‘up Eo 37 perceht with a four hour
c&ntact.tiﬁe with‘some iroﬁ reméﬁal in addition."Activated
‘ca;bon adsorption, with a 45.7 minute-minimum coluﬁp. | |
'contact time, pfoduced 53 percent COD removals,-?S_percent'
iron removals, 29 percent hardness removals, and 23.5
percent total solids removal.

Thornten and Blanc (12) found.that_lime produced the .

bést results of all precipitation/coégulants,'but-ﬁhat
large doses were reguired (with,éoncomiﬁant generétion

of'sludge)‘and that the process was only effectiVe when




coupled with other treatment processes.

In general, physico+chemical processes were not
effective in leachate treatment.. Biological treatment was
more effective; however there were signifi;ant residuals
in all operations except municipal co-treatment.

‘Land Treatment and Leachate

The most important consideratipns in leachate applica-
tion fb land shquld include effects on local vegetation:
and the treatment capacity of the soil for cri£ical con-
taminants (nitrogen and heavy metals).- While exténSive
research has been done on applications of secondary effluent
to foréét soils (13), £here_have only been limited‘ihvesti—
gaﬁions of application of leachate to forestAsoils._ Menser,
et al. (14) and Beﬁnet, et al. (15) used an application rate‘of
1.5 inches per week of lagooned leachate to a forest site.
COD was reduced. from 10,000 mg/% to 1000 mg/%, but metals
tended to leach thréugh the soii. Nitrogen was retained in
the_first'six inches of soil, but iron,-ziné, and especially
. 'manganese moved:freelyrthrough the soil_matrix!

The major form of nitrogen in.leacﬁaté is ammonia.
Soil reactions involving ammonia include nitfification,
volatilization, and ammonia immobilizétipn {chelation and
exchange). The Environmental Pfotection Agency (EPA) (16)
and Overcash and Pal (17) have compiled the applicable in-
formation available on soil removal of pitrogen {as well

as other critical contaminants). Althoﬁgh kinetic rate



constants have been developed under steady-state conditions

for nitrification, these‘are not readily applicable to

soil studies because of varying environmental conditions

within the soil. At best a determination of inhibition

‘or enhancement of nitrification can be méde,_uti;izing

the appeafance (ér nonQappea;ancei of;tﬁe well-documented

Vnit;ate wave" phenomenon (16);<l0ptimum conditions for

nitrification include an'aerobiC'environment (at.leastA:

'0.5 mé/l dissolved oxygen (DO}), a pH that is neutfal to

élightlyralkéline, and a temperatufe between 24° and 35o

-Celsius (17}. Bouwer. (18) found that~iptermitteﬁt flooding

(and hence, deration) enhanced nitrification.» ”
Ammonia.vdlatilization is essentially pH dependent, -

with-veryrlittle NH., available at pH's below 8.0 (19).

3 :
OvércashAand Pal_(l?)-present-a previously developed ammonia
‘volatilization model ‘which has a major'drawback‘in'that

pPH is ﬁbﬁ considered as a parameter in the model., It

follows simple first order reaction kinetics:

TAN, = TAN e °F; -

where
TANt = total ammonia nitrogen at time t
TANO =.total ammonia nitrogen at time 0

t = time in days
k = a kinetic rate constant
The rate constant, k, can be corrected for temperature and’

cation exchange capacity of the soil.
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Ammonia immobilization involves two processes: the
exchange and adsorption of NHZ within the soil matrix
and the chelation with ofganics. Keeney and Wildung (20)
have shown that the prin#ipal factors invblved in these
reactions are the cation, exchange capacity and the amount
of organic maﬁter in the:soil. |

The heavy metals are removed or immobilized in the

s0il matrix by meéhanisms including precipitation, ion
exchange, plant_uptéke, énd chelation with organics, {17).
Precipitation is governed by the solubility of the specific
metal under the pH:and redox conditions'p?esent in the soil
and is thé main rémo&al mechanism wheﬁ.large.céncentraﬁibns
of metals are present (17). Ion‘exchange depends on cation
exchange capacity and chelation with soil organic content;
both of these mechanisms become important as metal concen—.
trations become smaller. While Freundlich-énd Laqgmuir
.isothérms‘havé beén'proposed for soil adsbrption of metals
(16), the widely varying'conditioﬁs.withiﬁ'the soii and tﬁe
' non-continuous nature of the hydraulic application in land
| treatment méke the deterﬁination and effective use of the
isotherms difficult. Jennings, et al. (21) found that iron
which was sorbed from leachate by Barre sand soil under
anaercbhic conditions was later reléased; Walsh, et al; (22)
that sandy soils especially had a low capacity for re-
taining nutrients and metals, and that‘toxic concentrations

could be reached with lower loading rates.

found
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Toxicity of Leachate to Trees

Several of the studies conducted with leachate have
attempted to gauge the toxic effects which may limit
treatment effectiveness. Cameron and Koch (23) identified .
ammonia, #annin, copper and hydrogen ion concentration (pH)
as major sources of toxicity to fainbow.tfout from leachates.’
They were élso able to demonstrate that leachate recycliﬁg
was an.effective‘means of attenuating tokicity. ﬁalker
‘and Adfian'(24) showed inhibitory growth effeéts on algae

(Scenedesmus dimorphous) and found specific conductance

td be the best indicator of toxicity.. Specific conductance
measurements of greater than 375 micro-mho/cm were found

to indicate toxicity to the aigae, whilé readings of
greater than 200 micro-mho/cm indicéte&.an'inhibitory effect.

Menser, et al. and Bennet, et_al. (14,15) showed mortality

iﬁ_réd maple (Acer rubrum) saplings dﬁe to leachate'applications
while mature trees were unaffected. Undefétory vegetation wés
drasticélly affected. Toxicity most;likely was due to
metals, as the uptake by maples was dramétic; Leaves of
red maple showed'a five-fold incréase ih.iron conﬁent,-a
three-fold increase in manganese content, and a doubling .
of zinc. Dirr (25) found a sensitivity .of red mapies to
increased salt concentrations, another possible éxplanation
for'the toxicity. | |

Flooding represents another possible adverse effect to red
maples in land application of leachate fesidualé'.

Voéburgh (26) found increased mortality and decreased growth
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dué to flooding conditions in the Lake Champlain region.

Thé mechanism suggested t? explain toxicity was continued
depletion of oxygen in the root zone which inhibits respira-
tion; enhances build-up of carbon dioxide, and ¢an contribute

to a build-up of toxic materials due to reducing conditions.

'Environmentél tolerances of red oakr(Quérqus rubrum) -
have been doéumentéd. 'Séidél (27) found poor‘arought
resistance in red oak seeélihgs,,whi}é'Buckner énd Maki
(28) found very low growtﬁ'and survivgl'ﬁatés in red oaks
'when feftiiized and irrigéted. Dirr (25) found red oak
to,be,moderéteiy'sehsitivé-to salts.. Réa_oaks were also.
| found to have a 1arge-variation'infgrOWth, making them hard-
to'Caﬁegbrize - (29). | |

White pines (Pinus strobus) are relatively insensitive

to salt concentrations:(Bb), ﬁhilerMcColl found no'significant'
effect‘én growth or nutrientlppfakeAdue to sdil'moistgfe
(floéding or drought). White pinés also:seem;weli adapted
to:acié rain cdﬁaitipns; Wood and Bormann (31) found incréasing
productivity in whiﬁe pine seedlings with‘decreaginglpH.‘ 7
-The greatest amount of grbwth”was at'pH'Z.B'and thé least at pH
5.2.. |
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III. EXPERIMENTAL PROCEDURE

Land Applicatibn of Leachate Residuals

Leachate residuals were collected from the Barre
Landfill which is operated by the‘Martone Trudking Company .
Leachate is collected aﬁjthe landfill and treated'in a
series of shallow'lagoens. The lagoons'are bperated as a
two-stage'batch syétem;"the first stage.(primary treatment) -
utiiizes'aeration and pfecipitation as the.majOr treatment
processes. .The second stage 1nvolves more srgnlflcant

biological treatment by.bacterla, algae, and some aquatlc

plants (Lemna, sp.). Leachate collected from primary lagoons

will henceforth be termed "primary leachate", while that from
secondary lagoons will be termed "secondary leachate".

The land appllcatlon of leachate to seedlings was carried
out from May to September, 1979. The three representative
seedllngtypes were Red Maple (Acer rubrum), Red Oak (QueICus

rubrum) , and Whlte Plneh(Plnus strobus). _Plne seedllngs were

obtained from a local nursery, while' maple and oak seedlings were
found in local forests. Barre sand soil, obtained from a
‘forest site near the Barre Landfill, was placed in an 18 inch
deep plexiglas container to a depth of approximately one
foot. The container was arranged so tha£ leachate could be
collected from the bottom (Figure 1).

Soil treatment was divided into two categories, each with
characteristic loading.rates: an indoor.eoil-only(no seedlings)

study which examined COD reduction and.monitored ammonia
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removal and subsequent nitrification {(the "nitrate wave"
phenomenon); and a series of outdoor épplications to

- seedlings where, in addition to COD and ammonia, changes in
concentrations of iron, éopper, zinc, and manganese were
monitored. Preliminary tests made on the soil were particle
.size distribution, soil pH (33), cation‘exchange-éapacity}
lsoil Total‘Kjeldahl ditrogen_(TKN), and extractable metal
concentrations for the four metals mentioned.  Cation'exchange
capacity was determined by the micro-Kjeldahl téchnique (33),

while metals were extracted with hot HCL-HNO., and determined

3
by atomic absorption (32).

In the soil-only study, once preliminary £ests were
completed, rainwater and primary leachate residuals
were alternately applied, with three days allowed for drying
between_each application. Artificial rainwater was prepared
by adjusting deionized—distiiled‘water ﬁo-a pﬂ of approxi-
mafély 4.5 with concentrated sulfuric,écid. This was to
‘'simulate the aCid rain which New England receives. The
_volume Qf éffluent was recorded, and the drained leachate
itself tésted for specific conductance, pH, ammonia, nitrdté,
and COD. Similar analyses were made.on‘the raw leachate.

In the seedling study, application rates of 1;27 cm,
2.54 cm, 5.08 cm, and 7;62 cm per week of secondary
leachate and 5.08 cm per week of primary leachate were
made to designated containers planted with seedlings. Each
seeding type received all of the application rates.

The controls of each of the species were maintained
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with hydraulic loading rates paralleling the application

rates of the leachate-applied pots. Collected rainwater

was used (when possible) for control applications. Filtrate

analysis included volume, pH, TKN, iron, manganese, copper,

zinc, ammonia, specific -conductance, _and COD. | | : .
.Statistical analysis in this study was two-fold.

First, a-two-téiled test was émployed:toldeterﬁine-whether.

differences bet@een'filtrate concentfatibns'andfépplied

leachate goncentrations were significant at the‘.OS level

of confidence., .This test was also employed to determine

whether the leachate~filtrate was significantly different

than the control-filtrate for the varioué parameters ﬁeasufed.

A two-factor test was employed to diééern trends.due to

increasing 1oadiﬁ§ rateé, leachate sﬁrenéth, and inter-

relations between the_two. The two factor analyéis was also J

considered siénificant at the .05Ilevei of cpnfidencé (34). |

' Leachate Effects on Seedlings

Asg mehtioﬁed above, lécal species of maélé, oakrand pine
were selected as representative flora of New England forests.
The experimentél prdcedure envisioned hine_containers of
each séecies with four seedlings per coni.:ainer and the .
application rates mentioned above. Seedling analysis -
included height, basal area, foliar métal content, and
observation of toxicity.
Detrimental effects on the seediings were analyzed

statistically by using the two-factor test, first with



mean growth as the parameter. Toxicity and foliar metal
;
content were similarly employed as parameters. The con-

fidence limit was again chosen to be .05. ;
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- IV. RESULTS AND DATA ANALYSIS

Lagooned Leachate Analysis

The general characteristics gf the lagoon-treated
1ea¢hate are presented in Table 2. Although there appear
to be minor differencéé in the parameters due to lagoon
type,‘the only significant.divergence is seen in the COD
data, where the sécondary lagoon shows é iower concentration.
Statisticai analyéis-(two-tailedlt-teSt) bore out this |
observation, finding dnly the COD dafa to be significantly
different at the .05 level of confidence between the two ponds
(34). | |

.The pH waé neﬁtral to slightly‘alkaline in both ponds,
énd the,specific conductance was approximatéiy 2000 in both
systems.. Ammonia concentrations varied widely in botﬁ ponds,
with an averége concentration of about 100 mg/% in the primary
1;goon and about 50 mg/% in the secondary'lagooh. Organic
nitrogen was a lesser constituént of the total nitrogen,
with concentrat;ons appr§ximately one—fifth of_thése'for
‘ammonia.

Metal concentrations, with the exception of iron, were
not‘éery large (average concentrations less than 1 mg/g)

but varied more than an order of magnitude.

Land Treatment Results. ' :

Soil characteristics. Soil characteristics obviously

play an important role in the treatment capacity of the

soil. Pertinent properties of Barre sand are compiled in Table 3



Primary and Secondary Leachate Lagoon Characteristics

~ pH

TABLE 2.
Primary’Leachate Secondary Leachate

;;rameﬁer* Mean - Maximum Minimum Mean Maximum Minimum

7.56 8.0 7.0 - 7.86 8.0 7.15
Specific ' ‘ | ‘ '
Conductance** 2200 3100 1630 1880 2200 1675
COoD 1090 - 2580 340 340 1045 110.
Ammonia~N 99.4  381.2 39.2 49.2 126.8 27.1
organic-N 17.4 ~ s0.8 2.2 9.8 18.9 0.5
Copper 2100 27 .00l 0.12 0.50 0.01
Iron 16.22 - 56.96 . 2.31 9.00 40.14 1.34
ﬁanganeSé 0.48  -2.36 | .601 0.94 6.00 0.06
Zinc 0.11 0.61 .001 0.18

.001

¥"ll values except pH and spec1f1cconductance1n mg/%.

**y-mhos/cm.

6T
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TARLE 3. Chara%teristics of Barre Sand Boil

Parameter Mean

pH | ‘ . 5.25

Cation exchange | H ' :

capacity _ ' 9.5 millieqguivalents/100 gm
E_%'Orgénic content : 9.4 | |
| Extractable'iron‘- : B 493 mg/kg

Extractable copper : 25 mg/kg
. Exﬁractable manganesé 85 mg/kg

Extractable zinc . 22 mg/kg.

Soil pH‘Was acidic,_whilé both the cation exchange Capacity

énd the soil organic contént were substantial. The particle

size distributioh is shown in Figure 2. From this distribution,

it can be concluded that the soil is a well-graded sand soil.

L

- COD treatméﬁt. -The‘leachate'appliedvtOusoil phly'7-
wﬁs.differéht frbm that used in' the ofhéf systems. - The
charécéeristics ére éumma;ized in Taﬁlelﬂé lCOD data were
collécted bothlfor soii aioﬂe'and_for'Fhe.three:typés of

‘seedlings;. Initial draingge from the soil only'indicated'a
base level of COD of about 80 mg/%. Upoh applicatibn of
léachaté, there was én'initial.reductién.in COD concentration
of between 65-36 percent, as shown in Table 5. When "rainwater"
was applied there was a slight “waéhout".df COD; the effluent
concentration was greater than the_base'levelrbut less than that
of initial trectment. Theis appeared to be little carry-over

fror application Zc applica:ion.
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1 .

TABLE 4. Characteristics of Leachate Applied to

Soil Onyy

Parameter ' Mean* Maximum . Minimum
pH & o 6.49 C 6.65 6.35
Specific -: _ _ ":- | .,. o . ,
Conductance** = .. 2560 2830 - 2170
cop o ssao 3e30 3370 .
Ammonia-N - . 167 183 151
Nitrate-N o 1.2 - 1.5 - . 0.8

*all values except pH and'specific conduictance in mg/%.

**u~mhos/cm.

. These results were essehtially confirmed in the field
tests} 'Applications of;p;imary leachate ahd seconaary :
leachate (Téble 2) were made and £he effluent'e#amined from
the three'seedling types. . Effluent results:froﬁ these systems
are Summafi;ed in Table ‘5. CéD reduéﬁioﬁs of‘beﬁween 65-79.
‘pércen£ were achieved witﬂ avéfage feéiduals between -225-383
mg/i. Average base values for controls were between 76 and‘
46.mg/E. The type of vegetation.in the systemé appeared not
to be significant while diffeténces with respective cont;bls

were significant. (.05 level of confidence).

. Metal results. Data on soil treatment with respect
to metals were collected only for systems with.seedlings.
Both primary and secondary‘leachate were examined for

metal treatability. Results for each application rate
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TABLE 5. . COD Residuals in Land Treatment

System Mean* Maximum - . Minimum % RDN**
Soil alone 770 - 1266 515 _ 78
Maples .. 225 . 452 147 79 S .
Oaks . 383 - 666 165 65
Pines o229 302 ' 183 79
Maple : : : : _
Controls 46 71 : 26 -

Oak ‘ ‘ , . ‘ . '

Controls - 76 103 ' 60 -

Pine - . ' o
Controls 75 110 - 51 -

*all values in mg/%.

**3 decrease in average levels in soil filtrate.compared
- with average levels in applied leachate.
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andseedling type are snmmerized in Tables 6~9.

There was no signifioant removal of copper by eny
treatment scheme at any aéplication rate. Effluent concen-
trations showed no’significant trend with eithen loading

rate or strength of:leachate. Using leveis of extractable'
copper in the soil as a gulde, leachate appeared to 1ncrease
the amount of copper removed from the soil. There were also
signlflcant effects due to loading rate; at hlgher loading
reteslhore copper}was 1eaohed, 'Significant‘interective |
effects (both‘loaaing rate and leachete strength) were. also
noted. Throughout the entire study, copper levels wete:'
'hiéher in.soil leachate than in lagooned {(primary or secondary)
leachate.' In general, iron waS'removed by land apolication;

There‘were s1gn1f1cant reductions in iron éoncentrations
in the primary leachate appllcatlon schemes, the 5.08 cm
and 7.62 cm - per week appllcatxons of secondary leachate-

. to pines, and the 2.54 and 5 08 cm per week appllcatlon of
secondary leachate.to map;es.' Reductlonsof 80 and 86 percent
were recorded fot:the pines, while rednct;ons_1n'concentratlonr
of 94“and189.percent'(feséectively) were foundffor‘naples.

-In the pine.system, the tno loading retes which showed
significant treatment also showed a significant'increase over
controls for these rates. This was dupllcated by the 5 0g"

cm | per week of secondary leachate 1oad1ng rate for the

maples, but not for the 2.54 cm per week. rate. This non-

duplication was caused in part by the wide variation in
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TABLE 6. Copper in Land Application Filtrate

System/Loading | Mean Control 3 RDN**%*

Pine Seedlings | | | |

1.27 em/wk (S)** 0.37 0.12 . -208 .
2.54 em/wk (8) o . 0.21  0.14  -7s

5.08 em/wk (5) . 0.10 0.1 17

7.62 cm/wk (SS : o |  0.09' | 0.07 . 25

5.08 om/wk (P)*%% .13 0.11 =30

Maple. Seedlings

1.27 cm/wk (S) - 0.09 .09 o 25‘
2.54 cm/wk (S) - 0.10  0.11 17
5.08 cm/wk (S) I 0.08 0.07 20
7.62 cm/wk (S)  om 0.11 8

5.08 cm/wk (P) 0.08 ' 0.07 20

Oak Seedlings

5.08 cm/wk (P). . , 0,09 0.62 10

*All-valués.in ng/L.
**Secondar§ leachate applied
***Pr'imary leachate applied , N B _ o .

**k** 3 decrease of average: levels in 5011 flltrate compared
w1th average levels in applled 1eachate



TABLE 7. Iron in Land Application Filtrate

System/Loading

Pine Seedlings
1.27 cm/wk (S)**
2.54 cm/wk (S)
5,08'¢m/wk (8)
7.62 cm/wk (8S)

5.08 cm/wk (P)***

Maple Seedlings
1.27 em/wk (8)
2.54 cm/wk (S)

5.08 cm/wk (S)

‘ 7.62vcm/wk (8)

5.08 cm/wk ()B)

Qak Seeﬂliggg'

5.08 cm/wk (P)

26

1.

Mean* Control § RDN**##
3,39 4.51 59
7.28.° '4.56 11
1.62  0.37 80"
1.16 -~ .0.50 86
73 0.37 83
0.53 8.86 94
0.46 4,21 94
19 © 0.34 85
6.34 0.81 22
1.86  0.34 89
2,43 £ 0.45

a5

*Al1l valueszin»mg/zJ
**Secondary leachate applied.

***primary leachate applied.

Xkkx g decrease of average levels in soil filtrate compared
with average levels in applied leachate.
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TABLE 8. Manganese in Land Application Filtrate

System/Loading

Piné-Seedlings

1.27 cm/wk (S)**"
2.54 cm/wk- (5}
5.08 cm/wk (8)
7.62 cm/wk (S)v
5.08 cm/uk (P)***

Maple Seediings

1.27 cm/wk (8)
2.54 cm/wk (S)
5.08- cm/wk (S)
7.62'cm/wk (S)
5.08 cm/wk (P)

Qak Seedlings

5.08 cm/wk (P)

Mean* Control &_5221::1.
3.19 1.67  ° -240
1.08 . 1.29 -15
1.86 0.73° . -98
1.07 . 1.38  -14
2.75 0,73 - =4730
1.37 . 1.63° _46

1 1.62 1.33 . ~72
2,11, 0.76 - . =124
1.48 0.99 57
1.52 . 0.76 = =217

11,07 . =17

0.56"

*A1l values in mg/%.

**Secondary leachate applied.

***primary leachate applied.

**%* 3 decrease in average levels in soil filtrate compared
‘with -average levels in applied leachate.




28

TABLE 9. Zinc in Land Application Filtrate

System/Loading , Mean* Control 3 RDN*#*%*

Pine Seedlings

1.27 em/wk (S)** . 1.09 5. 43 -2080
2.54 cm/wk (S) fﬂ | - .49 0.43 . -880
5.08 cm/wk (S) - o 0.18  0.10 ~  -260
7.62 cm/wk - (S) _l o : 0.08‘ 0.11 © =60
5.08 cm/ﬁk (D) *** o655 .0.10 - -49

Maple Seedlings _'

1.27 em/wk (8) . - 032 ¢ 0.22 ~540
2.54 cm/wk (S) I 0.23  0.32°  -360
5.08 em/wk (8) o 0.17 0.17 . =240
7.62'cm/&k (s) . - 0.08 V".q5127 . =60
5.08 en/uk (B) - 0.20 0 0.17 82

Oak Seedlings

5.08 cm/wk (P) . 011 0.2 - 0

*All values in mg/%.
**Secondary leachate applied.
***Primary leachate applied.

**** ¢ decrease in average levels in soil filtrate compared
with average levels in applied leachate.
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concentration levels for both treatment and control samples,
and in part by the generally high concentrations of iron
{(greater than 1 mg/%) in the ground water. Indeed,
the applications which did not result in significant reduc-
tiens in'iron also did not differ significantly from their
reepective controls. | |

.Reductioﬁs of 83 and 89'petCEnt were found in the
three treatment schemes for ptimary_leachate,'with no
signifieant difference'betweeﬁ anf one system. Using two-
faetof analysis, no significent trend was found in'secondary
leachate'aéplicationsi When the change in levels of soil
extractable iron:is examined (tWo-factor analysis) it is
found that the'decrease in soil iroﬁ is related to both
loadlng rate and an interaction between leachate strength
and loading rate. At higher loadlng rates of leachate, the
ext:actable iron reduction was much,lees{ 'Higher 1oad1ng
rates of controls alsoiéroduced similar ?esults. :This is
centrary to what would be expected | | |

In general, manganese was not reduced by land appllca-
tion treatment; Indeed, in the 1.27 cm of secondary-:
and 5.08 cm pé£ week application of primary leachate to
pines, levels of mangahese were signifiéantly,ﬁigher in the
effluent than in theAinfluent; These levels were also
significantly higher than the'codtrols-fqr the-same loading
rates. Although no other differences were significant, most
of the effluent was slightly higher in mangahese than the

influent. Two-factor analysis showed no discernable
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trend with respect to loading rate or leachate strength.
Aithéugh the above data indicate a general leaching of
manganese‘from the so0il, the résults of analysis of soil.
extraétable manganese do not bear £his out. There was no
significant trend in the amount of eifractabie manganese
leached from the soil. . | | |

Zinc concentratiohé were not decreased by any treatment
scheme. . The 1.27 em and‘2;54'cm-per'week applicationé
of secondary leachate-shpwed signifiéapt increases in zinb‘ 
concentration in the effiuent. Only iﬁ-the case of the .
1.27 &m ..per.week application to pines wés this significantlf
greater thah the éontral,‘ TwO facﬁor;statistical,énalysis' |
showed no éignificant trehd (in the‘effluent.concéntrations)
with respeét to loading rate or leachate strength, Likewise,
fhere was no trend in_éoil extractablé zinc.

In summation, onIY‘irbn was significantiy}redﬂced'in
the soilrtreatment.-:This‘was observed hy a &ec:easé iﬁ soil
efflﬁent cdnceﬁtration‘and‘minimal leaching from theAsoil
at.higher leéchate loading rates. While all metals investi-
gated seemed to‘Be'remﬁved to some éxtent, only with cdpper
was there a definite correlation between leachate lbading
and increased removal. 1In mést cages, soil éffluent con-
centrations did not differ sigﬁificantl? between tes£ aﬁd
control.samp;es,_and both were somewhat-lafger than the

concentrations applied. 1In all cases concentrations varied

w;dely.



31

Nitrogén results. Three basic phenomena were investi-

gated in the nitrogen portion of the study: breakthrough
of ammonia; breakthrough of organic nitrogen; and the
nitrate wave signalling the onset.of nitrification. The nitrate | .
wave phenomenon was monitored inthe soil-only s;'ttudy, organic nitro—.. '
gen in the seedling study, and aﬁmonia breakthrough ih both.

Nitrate test resﬁlts are présented‘qfaphiéally in
Figure 3. Both applied and effluent levels of nitrate are
shown. ,Concentrations'of niﬁrate arelcdnsiétently lowéf,'
in. the applied leacﬁate (less than 2 mg/z_niﬁrate-ﬁ)' _
than in tﬁe'effluent from the syétem. The efflﬁént péﬁcenf
tration femains essenﬁiélly constarit foi about 15 days, then
increasés to almost 50 mg/% nitfate-nitfdgen'aftéf 37 déys,
Since high ievels of ammonia wére constaﬁtly,appiied, thisr.
increase iﬁ effluent.nifrate must signal nitrification.,

The organic nitrogen resulﬁs are.presénted in Table 10.
There was ﬁg significant réduction.in organic nitrogen f;om_
sécondary leachate.--In,the 7.62 cm pé;zweek-appiication
rate to pineg there was a signifipant increase in filtrafé
concentiétions éémpared with the conﬁrél, whilé all rateS;ébOve
1.27 em per wéek in maples showed a sigriifiéant increase. .
Applicatioﬁs 6f'primary leachaté did result in significant
reductions in 6rganic'nitrogen in both the piﬁe and maple
systems, but this was not duplic ated with the oak systein.
Both maple and oak effluents from ﬁrimary leachate applications

were significantly greater in organic nitrogen than their




NITRATE CONCENTRATION (mg/D

32

50 - O---0 INFLUENT NO4-N
' . &—& EFFLUENT NO;-N

© TIME (DAYS)

t

Figure 3. Nitrate in Land Application.
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TABLE 10, Organic Nitrogén in Land Application Filtrate

System/Loading ' Mean* ~Control % RDN****

Pine Seedlings 7 : o . .
1.27 cm/wk (S)** © 3ss 2. 63

2.54 empwk (S) . . s.a0 2.1 a5

5.08 cm/wk (s) © 3.06  2.68 - 69

7.62 empuk () ‘8.6 1.02 17

5.08 cm/wk (P) - 4,41 2.68 .. 75

Maple Seedlings’

1.27 em/wk (8) 3.06  1.85 - 63 .
2.54 cm/wk (8) . 4.86 1.96 50
5.08 qm/ﬁk (S) | - 7.10  1.23 27
7.62 cm/wk (S) - 5.61  1.76 43
5.08 em/wk (P) . S 5.58 1,23 . 43

Oak Seedlings -

5.08 cm/wk (P) _ ‘ . 4.87 . 1.03 - . 850

*All values in mg/%.
**Secondary leachate applied. '_ : - .
***primary leachate applied.

**%* § decrease in average levels in soil filtrate compared |
with average levels in applied leachate.
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respective controls. Only the pine system showed a
significant reduction in organic nitrogen without a significant
increase in the effluent (compared with the control). Two
factor analysis of organic nitrogen effluent concentrations
.showed no significant trend with elther.loading rate or
leachate strength. |

The ammonia results are presented in. Table 11. Ammonia
in the effluent was significantly less than that epplied,in
all systems and at.all loading rates. This also resulted in
significantly larger concentratlons of ammonia in. the effluent
of test subjects than in their respectlve controls, ‘with
the exceptlon of the 1.27 cm per week loading rate on
maples. Ammonia concentrations in test subjects tended to
decrease with time until{ at the end of the'experimental
period, they were equivalent to those found ln the controls.

Two factor analy51s of ammonia results showed a posrtlve
correlatlon of flltrate concentration w1th leachate strength
(secondary over controls), but no 51gn1flcant correlatlon'
with loading rate or'interacti?e-effeots’between the two.

Specific conductance and pH. Specific conductance

results are presented in Table 12. There was a significant
reduction in specific conductance iﬁ all treatment schemes

at all loading rates. The reductions were between 21 percent
and 62 percent, indicating a build-up of salts within the soil.
However, in all cases the effluent specific conductance was
significaﬁtly greater than the respective controls. Two factor

analysis showed a significant trend only in the strength of the
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TABLE 1l. Ammonia in Land Application Filtrate

System/Loading
Soil only
5.08 cm/wk (SL)**

Pine Seedlings

1.27 cm/wk (S)***
2.54 cm/wk (S)
5.08 em/wk (sj
7.62 em/wk (S)
5-08_Cm/wk(P)*¥f*

" Maple Seedlings

1.27 em/wk (8)
2.54 cm/wk (S)
5.08 cm/wk (8) -
. 7.62 cm/wk (8)
5.08 cm/wk (P)-

Oak Séédliﬁgs

5.08 cm/wk (P)

Mean* Control % RDN****x#%
21.75  2.30 80
13.38° - 4.71 73
11.45 5.81 77
22.79 2.43 54 -
16.90° - 1.05° 66
13.26. © 2.43 88
7.25 4.96 85
8.05 3.35 84
30.13.  2.83 39
27.55 4.36 44
20.78.  2.83 81
15.99 86

*All values in mg/%.
**Leachate for soil only applied.
***Secondary leachate applied.

****Primary leachate applied.

**k** % decrease in average levels in soil filtrate compared
with average levels in applied leachate.

. 1
'
|
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TABLE 12. Specific Conductance in
Land Application Filtrate

System/Loading : Mean* Control % RDN

Soil Only
5.08 cm/wk (SL)** 963 170 62

Pine Seedlings

1.27 cm/wk (S)*** o 1112 344 - 41
2.54 cm/wk (S) S 1157 314 39
5.08 cm/wk (S) - 1481 142 21
7.62 cm/wk (S) ’ 1325 135, 30
5.08 cm/wk (P)**%* 1217 142 45

Maple Seedlings

1.27 cm/wk (S) | w 883 1306 53
2.54 cm/wk (S) | 918. 208 51
5.08 cm/wk (S) | 133 151 29
7.62 cm/wk (S) | 1150 159 . 39
5.08 cm/wk (P) 1043 151 53

Oak Seedlings

5.08 cm/wk (P) ' | 870 284 60

*All values in p-mhos/cm.
**Leachate for soil only applied.
***Secondary leachate applied.

****Primary leachate applied.
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specific conductaince of leachate applied vs. controls.

One. trend thch-was observed but whichIWas not found to be
significant by two factor analysis.was:the progressively
diminishing specific conductance in the controls with _ .
incréaéing loading rate;_ This-Qas paralleled by an increase
in spécific conductance with‘incredsed loading rate in test
subjects. | |

The pH reéults-aré'presented in fahle‘l3t . The pH of
fhe filtrate was significantly lower than that of the appiiedr
ieachate at all lcading ratés for both primary and
secondary leachates.“The applicétionrof ieaéhate tended té'
raise the-pH'of filtfate»from'the test éubjecﬁs significantly
over that of their‘respective‘controls. There - seemed to be
a trend that inéreasgd léadingfrates of leachate resulted in
higher pH's in the filtrate} hoWévef,-ﬁwo factor'analyéis |
showed no sigﬁificant trend due £6 loading rate, léachaté
vs. coﬁtrol, or interactive éfféctsu -

',gxdraulic loading results. Hydraulic loading results

for land appiication:are presented in Figures 4-dﬁd'5, The.

most stfiking-effect noted is the consistencf of fluid retention
across different loading rates. Deépite ‘the varying amounts .’
applied, most systems_retained between 15 and 30 cm of

f}uid in thé maple system, and slightly (but nOt signifiﬁantly)
higher limits in pine seedlings.' TWO facfbr‘analysis showed

ne trend in fluid retention due to loading fate, leachate

application, or interactive effects between the two.
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TABLE 13. pH of Eiltrate'from>Land App;ication

System/Loading : Mean Control % Increase?

Soil Only

. 5.08Acm/wk {SL) ** 4.77 - 4.20 14
Pine Seédlings
1.27 emjwk (S)*** 438 4.46 -2
2.54 em/wk (S) | L 5.42 C 4.32 f 25
5.08 cm/wk (S) . 5.59 4.70 © 19
7.62 em/wk (S) | | | 5;42._, 4.55 19
5.08 cm/wk fP)**** ‘ 4,92 4.70. -5

Maple Seedlings

1.27 cm/wk (8) 420 409 3
2.54 em/wk (S) 4.37  4.18 5
5.08 cm/wk (S) | a2 4,24 - 11
7.62 cm/uk (S) 5074 4.26 - 34

' 5.08 cm/wk (P) - 491 4.24 ¢ . 16

Oak Seedlings

5.08 cm/wk (P) S 5.66 4.47 27

*% increase over control..
. **Leachate for soil only applied.
***Secondary leachate applied.

****primary leachate applied.
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Effects on Seedlings

As stated above, transplantation of seedlings began
in May, 1979. Unfortunately, this coincided with a two-week
drought. The deciduous seedlings lost their foliage,
and fhere’ was a delay of several weeks before maples c"ouJ.d- .
_be used, and even ionger for:theloaks. Indeed, onlf two:.
containers of caks, each with three seedlings{ rgcéveféd
sufficiently to be used at all. Becauée of size qonsiderations,
only two pine seedlings could be fitted to each céntaiﬂer.
Nevertheleés, application of leachaﬁe_residuals-to éine
seedlings began on July 6 and to ﬁaple‘seedings on July 13.
Effecté ori maples were dramatic.' Within a Qeek aIl.seedliﬁgs_
:eceiving 2.54 and 5.08 cm of secondafy leachate per week
were dead. Strangelf,'the seedlings‘receiving 7.62 cm."
of secondary and 5,08 &m oflprimary leaqhate per week
survived £he first week. Applicatiéhs weré.cdptinuea, and
on August 3, thg:tﬁo containe:s of oaﬁ ;eedlings ﬁere-adaed
(5.08 cm of pfimafy léaéhate per weék %nd ¢ontrols;

’ The-parameters'to be_used'in-aésessing effects on the
seedlipgsrﬁere growth (height), basal area, generél toxicify
(mortality), and foliar metal content. The two factor . .
analysis was the statistical procédure-chosen to gauge these
effects: Circumstances, however, iimited which‘tests could
be used, which subjects could be_usefully-tested, and the

applicability of the information gained.
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First, the massive mortality of transplanted oak
'seealings (21 out of 27 seedlings died) essentially
eliminated them from use for statistically valid operations;
only one loading rate (5.08 cm per week_of primary
leachate)} and its control were available. Therefore, only
the observaﬁion of mdrtality was performed on these subjects.

Sec0ndly,the.basal area measuremen£ was feund to.be
too'error—prohe'(non—réproducible) for ailztest subjects and
was'discontinued.. | |

Thifdiy,,the mortaiity evidenced in maples by leaehate
‘application made measurement of growth seperfluous, and
qualitative descriptions were employed for the survivors.

Finally, laboratory analysis problems limited foliar
metal content. determinations to that fo;=iron in_pine.
seedllngs.

Generally mortallty results for all three seedllng types
are presented in Table 14. The few oak seedllngs whlch
‘surv1vedtransplantatlonalso survived leachate appllcatlon,
Pine seedllngs showed no mortallty at any loadlng rate
with any appllcant type. The only mortality (durlng the
test peried) was found in the maple seedlings. There was a
100 percent mortality in both the 2.54 cm and 5.08 cm per
week application of secondary leachate. The 7.62 cm per - -
week loading rate showed one death for both_fest subject

and control.
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TABLE 14. Mortality in Land Application

System/Loading ' # of Deaths . Control

Pine Seedlings L ‘ ' .
1.27 cm/wk’ (S)* : ‘ 0 - -'._ 0

2.54 cm/wk (S) o R

5.08 cm/wk (S’ ' - 0 ' - - 0

7.62 cm/wk (S) ‘ o N -0

5.08 cm/wk (P)** 0 _ 0

Maple Seedlings

1.27 -cm/wk (S) ' 0 ‘ 0

2.54 cm/wk (S) o 4 S 0
5.08 em/wk (S) , 4 | d
7.62 em/wk (S) - 1 1
5.08 cm/wk (P) ' 0 0

Qak Seedlings

5.08 cm/wk (P) | o S

*Secondary leachate.

**Primary leachate. ' .
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Two factor analysis did not confirm the trend of
increased mortality with leachate application to a significant
degree. Nor was a significant trend with loading rate or
interactive effects demonstrated.

Growth results were collected only fér the pine seedlings
and are prégented in Table 15. At the .05 level of confidence,
there was no trend with either leachate loading or a com-
bination of effects. However, at the .20 level of confidence,
a trend was obsefved of increased growth with increased
loadings of 1eacha;e;

- As previously menﬁioned, foliar‘metal conteht was
limited by unforeseen ciréumstances tg determiﬂation of
tissue iron concentrations. . 3esult9'ére presented in Table 16.
While concentrations in test subjects were slightly greater
than respective controls, the wide variation in values pre-
cluded statistical Significance for the observed differencés.

Two factor analysis was likewise inconclusive.-
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TABLE 15. Growth in Pine Seedlings

Laading Rate Mean Growth* Control

1.27 cm/wk (S)** | 1.11 1.56 ®
2.54 cm/wk (S) | 0.32- 0.95

5.08 cm/wk (S) | 1.91 | | 0.64

7.62 cm/wk (S) 2.03 0.90

5.08 cm/wk (P)*** 0.64 | 0.64

*Growth in cm.
**Secondary leachate.

***Primary leachate.
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TABLE 16. Pine Foiliar Iron Content

Loading Rate ' Initial - Final Increase
1.27 cm/wk (S)** 177.9 . . 120.6 -57.3
1.27 cm/wk (C)*** 127.0 . 93.1 -33.9
2.54 cm/wk (S) 42.0 100.8  58.8.
2.54 cm/wk (C) o 122,22 12.5 . =109.7
5.08 cm/wk (S) | 150.7 131.8  -18.9
5.08 cm/wk (C) | | 25.3 77.8  52.5
7.62 cm/wk (S) 1117.8 *i 427.5 . 309.8
7.62 cm/wk (C) ©102.1  139.5 . 37.4.
5.08 cm/wk (P)**x% . 89.9 114.6 24.7

*all values in mg/kg.
**Secondary leachate applied.
***Hydraulic control.

****Primary leachate applied.
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V. DISCUSSION

Land Application

COD Results. Unlike results found for anaerobic conditions

(35), where little attenuation of organics was noted,
reductions of 65-79 percent of applied COD were achieved.
Organic acids, a major organic componentiof 1éachate,

have been shown to be decomposable by aerobic soil‘qrganisms
.(17). Filtering of suspended and colloi&aijmateriél may
also account. for some of the reduction (36). waever,‘even
with these reductiohs, COoDb effluents_irom tesi,subjects were
significantly higher than the controls, indicating a possible

threat to water guality by longterm, continuous applicatibn.

Metal Results. Of the four metals examined, only iron was
significantly reduced in the treatment brocesé.
However, only the applied levels of iron
exceeded those in control filtrates. The other metals often
exhibited smaller concenfrations in.ihe pfimafy or secondary
leachate than in the control filtrate. Therefore, the metal
of most concern in this study is iron:

| The primary removal mechanisﬁ of iron (and other metals)
at higher concentrations in the so0il is precipitation {(17)
as oxides and hydroxides. At lower concentrations, chelation
and ion exchange play more significant roles. Thus, once
out of the aerobic zone, presumably lesser amounts of iron.
would be removed. Indeed, attenuative capacity for iron
under anaerobic conditions in Barre sand sbil was shown to
be somewhat temporary, ﬁith washouts common {(35). While |

there was some desorption of iron' from the aerobic treatment
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systems (especially following heavy rainfall), in general
iron was retained within the soil matrix.

Nitrogen Results. Nitrogen results were very informative

in this study. First, although many of the enviroﬁmental
conditions were not favorable (pH too low, ammonia too high},
nitrification of applied ammonia was demgnstfatéd. While
ammonia, usually in its ionic form, is a cation strongly
held within the soil matrix, nitrification results in an anion
for which soil has little or no attraction (37).  Inter-
mittent flooding, such as that used in this study, has-beep
shown to enhance nitrification (35). Since applied levels
of nitrogen are very high, this could lead to wate; quality
problems in terms of nitrate pollution.:‘ |

Secondly, organic nitrogen was substantial;y atfenuated
by sdil‘treatment and, hence, built up in the soil. This,
through mineralization, can increase ammohia-levels (and
hence, nitrate levels) in the soil.. However, the amount of
organic nitrogen aéﬁumulated was much less than that from
ammonia nitrogen.

Speéific Conductance and pH. As noted above, there was a

net removal of saltsl as delineated by specific conductance

in land application, also indicating a build up of salts with-
in the soil. Specific conductance levels- did not tend to
increase with time, indicating that the capacity for soil
retention was not totally exhausted. However, since effluent
levels were significantly higher than controls, a g;oundwater

contamination threat cannot be discounted.
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Some increase in pH of the filtrate occurred due to
leachate application, especially towards the end of the study.
Lower pH's can increase the solubility of metals and, hence,
their transport into groundwater. Extremely high pH's
(é.O or above) éan precipitate metals to the extent that
porous soil can be sealed off (39) with little Oor no
subsequent groundwater contamination. While leachate residuals
often equalled or exceeded those high pH's, acid rains would
ténd to mitigatg any large pH increases. |

Effects on Flora

Effects on Pines. There was no mortality in pine seedlings
due to leachate application. Indeed, a trend was noticed

of increased growth with increasing leachate ioading rate.
While applications of secondary effluent and sewage sludge
have been shown to be beneficial to pines {40}, this is the
first indication that leachate residuals could be beneficial,
rather than harmful, to fiora. Foliar iron conéentrations
tended to be higher in treatment subjects than in the controls,
although only at the highest loading rate of leachate was

the difference significant. In qengral, ?ines were not
adversely affected by leachatg residual applications.

Effects on,Maplesﬂ Red maples were the only test subjects

to which applications of leachate residuals proved lethal.

While gecondary effluent applications have been shown to be
beneficial to red maples (41), other researchers (26,27,42)
have indicated that the salt (specific conduétance) and

flooding aspects of leachate applications could be detri-

mental. Bennet et al. (15) also showed tremendous increases in
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foliar metal concentrations due to leachate loadings;

While statistically there was no significant correla-
tion of mortality with either loading rate or leachate
application, there seemed to be a trend that leachate
residual applications above 1.27 cm per week were toxic
to maples. It is'difficult:to select one basic cause for
this toxicity, as red maples are both salt sensifiﬁe and
more sensitive to-flooding than other bottomland species.
Therefore, in genéral, maples must be assumed to be'leachate
intolerant. |

Effects on Oaks. As reported above, the méjor problem with

oaks was their mortality.after.late season (May-June)
transplanﬁing. These lgsses may’have resﬁlted from poor
drought resistance (28) or poorlvigor éﬁd variable growth

. rates (29;30). Those individuals which éufvived<tran3plahfing
also survived leachate application. Red oaks have been

shown to be either indifferent (43) or enhénced by secondary
effluent applications. However, because bf the very low
number of individuals and single loadihé'rate, iittle can

be concluded from this portion of the study.

In general, the effects on flora can be summarized as
follows: leachate residual applications to white pine
seedlings wére non-lethal and may even have been beneficial;
applications to red maples showed a trend of toxicity; and

no conclusion can be drawn from the red oak study.
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VI. CONCLUSIONS

The first objective of this research was to determine
the treatment capacity of Barre sand soil in terms of
heavy metal, nitrogen, and COD removal from_leachate.

While most of the metals examined were not present in the
leachate in sigﬁificantly greater concentrations than were
found in the soil controls, some conclusions can be made
concerning iron treatment. Reductions of between 11 and 94
percent of applied iron concentrations were obtained; however,
there were significant increases in iron—concentrations in
test subjects over controls due to leachate applicationé.
Thus, while some treatment capacity in terms of irop removal
can be achieved, there is also an indication of.a possiblé
pollutant effect to ground waters due to increased iron
concentrations in the filtrate.

While ammonia concentrations were reduced substantially
by land application (39-38 percent),:résidualICOncentrationsr
in the filtrate were still rather high (7.25-30.13 mg/%).

In addition, much of the removed ammonia may be converted to
nitrates through the process of nitrification, which con-
stitutes another threat to groundwater quality.

Reductions in COD ranged from 65 to 79 percent of the
applied leachate levels. While this reflects subséantial
treatment, the residual levels passing beyond the aerobic

zone (225-770 mg/4%) constitute a definite pollution hazard.
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Thus, whiie there are substantial reductions in most of
the pollutants examined, residual concentrations are still
high enough to indicate possible groundwater quality
problems with prolonged usage. Barre sand soil is therefore
not recommended as a treatment ﬁedium for leachate residuals.

Thé final objective of this research‘was to assess
potentidily toxic effects of leachate residuals on three
seedling types. No toxic effects were noted for white pine
(Pinus strobus) and, ;ndeed} the leachaté may have had a

fertilizing effect. Toxicity was indiéated in red maples

(Acer rubrum), with increased salt and hydraulic loading

rates suggested as the major factors involved. No coriclusions

could be drawn with regard to red oaks (Quercus rubrum)

because of massive mortality in the transplantafion phase.
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“VIT. RECOM.ME‘-.NDATIONS

The small number of replicates in the land application
flora study made statistically significant conclusions
difficult.l Larger numbers of seedlings would perhaps
have made final analysis of leachate-effgcté much easier.
Red oaks especially reéuire further study because of the
limited nature.oflthe information gathered here. Fofmal
-biéassay studies a:élalso indicated to determine the exaCt
.causative agents of toxicity.

Furﬁher recommendations on the land applidaﬁion/
seedling study inc;ude the insuring of an adequate adaptatioﬁ
period for the seedlings to their new environment before
any sert of-pqllufant-lOading begins. This study was alsd
somewhat short-term (a single growing seasdn) and longer
term studies would certainly shed more light on leachate
effects on overall. growth. Soil types other than sand

should also be investigated.
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