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Trace metals

and anaerobic digestion

of leachate

Rohert D, Cameron, Frederic A. Koch
University of British Columbia, Vancouver

Recently, concerned awareness of the de-
leterious nature of leachates from municipal
landfill operations has begun to focus attention
oni the need to treat these highly complex,
often toxic dischaiges. These concerns are
well-founded as shown by investigators who
have documented serious environmental dam-
age resulting from the uncontralled release of
leachates to receiving streams and ground
waters,

The development and application of suitable
leachate treatment methods is nat, however, a
simple task. The extreme complexity of
leachates and their great variability in terms
of both strength and compaosition poses chal-
lenging problems. Hydraulic. loading is
equally variable and thus is a further com-
plication when it comes ta treatment design.
Depending on the age and nature of a par-
ticular landfill, leachates may alse contain
significant quantities of toxic materials that
can upset biological treatment systems.

In various leachate treatability studies, re-
searchers have investigated a wide range of
different treatment options, including bio-

logical, chemical, and physical-chemical treat-

ment methods. In an early study, Caok and
Foree ! cansidered aerobic biostabilization of
a medium strength leachate. They concluded
that aerobic treatment was a highly effective
means of stabilizing leachates, provided de-
tention times were greater than or equal to
10 days. Reduction of biochemical axygen
demand (nop) by this method was reported
to be in excess of 99%, indicating almost com-
plete biological stabilization.

Boyle and Ham 2 conducted an investigation
designed to evaluate the efficiency of a num-
ber of biological treatment processes. In their
studies, anaerobic treatment showed the most
promise by reducing BOD more than 90%
when hydraulic retention times were greater
than 10 days ({at design temperatures of 23°

to 30°C). Temperature effects on the an-
aerghic treatment process were found to be
significant, yielding a temperature coeflicient
of 1111 between 11° and 23°C. Aercbic
polishing of the anaerobic effluents produced
a marked  improvement in overall effluent
quality,  Additional testing by Bayle and
Ham,” using aerobic treatment methods,
showed some promise although these studies
were plagued with problems encountered as a
result of foaming and paor solids-liquid separa-
tion, which hindered settling of the biological
floc.

In these early studies, no attempt was made
to investigate the effects or distribution of
metals in the biological leachate treatment
processes. More recently, Uloth apd Mavinic 2
investigated the aercbic biological treatment
of a high strength leachate waste and paid
particular attention to the fate of metals in the
process. Using high mixed liquor wvolatile
suspended solids {mrvss) of 8000 ta 16000
mg/l, and a 10- to 60-day range of sludge
ages, chemical oxygen demand (cop) in the
effluent was reduced from 48 000 to 400 mg/1
for a cop remaval efficiency that exceeded
979,

Data were provided characterizing the trace
metals contained in this high strength leachate.
Aerohic hio-stabilization proved to be an effec-
tive means of removing these metals. Better
than 95% of the aluminum, cadmium, calcium,
chromium, iron, manganese, and zinc; 85% of
the lead; and 77% of the nickel were re-
moved, Between 49 and 96% of the mag-
nesium was also removed from the. mixed
liquor, The metals were found to he asso-
ejated mainly with sludge solids, remaved by
the settling of the biological floc in the final
clarifier. Potassium and sodium were found
to pass through the treatment system and re-
mained almost completely assaciated with the
liquid fraction of the mixed liquor.
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Trace Metals

While other studies have shown success with
various biological and physical-chemica] treat-
ment methods singularly or in combination,
these have, for the most part, not been con-
cerned with the effects or fate of metals in the
treatment process.

Becognizing that anaercbic digestion of
leachates could be effective, especially for a
high strength waste, this research focused on
this method of treatment. Emphasis' was
placed on producing preliminary data regard-
ing the distribution of trace metals in the
process.

EXPERIMENTAL PROCEDURE

Three bench-scale anaerchic digesters, op-
erating in the mesophilic range (29° to 38°C),
were used in this investigation. Each had a
capacity of 14 litres and was equipped with a
mechanical mixer and a thermostatically con-
trolled heater. The digester contents could
thus he stirred continously to-ensure complete
mixing and held at a constant, centrolled tem-
perature (34°C = 1°C),

Digester start-up was achieved hy introdue-

ing 7 litres of anaerobically digested, domestic
wastewater sludge to each digester, then seal-
ing the units and operating them for 24 hours
to make certain that anaerobie conditions pre-
vailed as indicated by the onset of gas produc-
tion. Leachate was then added at the rate of
0.5 1/d with no wasting of digester contents.
This procedure was continued for a period of
2 weeks, then the digesters, completely filled,
were allowed to become fully stabilized prior
to commencement of the first phase of the
study.

Digester stability during start-up and for

the duration of this phase of the experiment

was determined by monitoring pH, alkalinity,
suspended solids, wvolatile suspended solids,
volatile " acids, gas production rate, and gas
composition.  Alkalinity and volatile acids
determinations were made on filtered samples
using the procedure outlined in “Standard
Methads.” + Gas production was measured
using a volumetric gas flow meter {Wright);
gas composition analyses were made using a
gas partitioner (Fisher-Hamilton). In addi-
tion, comprehensive testing of the leachate was
conducted to fully document feed character-
istics {Table I}. All leachate analyses were
conducted using procedures outlined in “Stan-
dard Methods.” ¢+ Metals determinations were
made on feed and digested samples using an
atomic adsorption spectrophotometer (Jarell-
Ash Model 810).

ing the first phase of experimentation.

Acclimatization of the digester microorgan-
isms to the leachate feed proved ta be difficult.
This was mainly because of its low pH and
phasphorus levels. After several months, how-
ever, during which time pH was adjusted by
adding Ca{OH), and nutrients were added in
the form of di-ammonium phasphate to main-
tain an adequate BoD:nitrogen:phosphorus
ratio (100:5:1), complete stabilization was
achieved in all three digesters as indicated by
the establishment of stable base-line param-
eters. Lime additions were not needed after
4 weeks of operation. The volume in each
digester was then reduced to 10 litres and a
routine feeding procedure implemented. This
consisted of withdrawing 0.5, 1, and 2 litres of
mixed digester contents daily from digesters
I, 2 and 3, respectively, and replacing these
with equal aliguots of fresh leachate feed.
The resultant solids detention times were thus
20, 10, and 5 days.

Duting the first of the experimental runs,
which lasted a total of 64 days, digester effu-
ent was analyzed for cop and metal concen-
trations. Metal determinations were also made
ari the centrate from digester effluent samples
that were centrifuged for 20 minutes at 2 000
rev/min on a centrifuge (International Equip-
ment Co, Model CS).

After completion of the first experimental
tun, Digesters 2 and 3 were conpected in series
to test their extended operation in a high rate,
two-stage configuration. Sludge age was initi-
ally held at 10 days, then reduced to 5 days
during the latter stages of the run. Few data
were collected during this phase except for gas
compeasition data, which were obtained weekly
to provide an indirect measure of digester per-
formance stability. After about 10 months of
aperation, the digesters were emptied and a
comprehensive set of analyses made of their
entire contents.

EXPERIMENTAL RESULTS

Phase I—digester performanee study, Once
the initial difficulties encountered with acelima-
tization of digester microorganisms to the
leachate feed were overcome, stable digester
performance was easily maintained throughout
the duration of the study. Leachate feed
characteristics {summarized in Table I} are
shown for each of the four different feed
batches used. 1t will be noted that there was
a definite reduction in leachate strength dur-
This
occurred because over a period of time the
leachate was taken from solid waste test

February 1980 283

This content downloaded from 195.221.106.47 on Tue, 26 Aug 2014 12:30:38 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

Cameron and Koch

lysimeters, which resulted in the loading rate
variability as shown in Table I

While Bop was chosen as the main per-
formance parameter, cop and volatile solids
(vs) data were also collected and are sum-
marized in Table III. Bob removal usually
improved slightly with decreased leachate
strength. The results for oo removal plotted
as a furiction of detention time are shawn in
Figure 1, which demonstrates that effluent
settling was responsible for removing only 2
to 3% of the Bop. The cob removal is plotted
as a function of detentien time in Figure 2.
It should be noted that these data are based
salely on results from the third leachate feed
batch (Days 26 to 47).
able to those for rop, with con remavals be-
ing slightly lower. _

Figure 3 shows the percentage Bor removal
for settled effuent as a function of organic

Results are compar-

loading. The expected trend is evident: con-
tinuously decreasing remaval efliciencies with
increases in organic loading. It is readily ap-
parent that somewhat highér removal eflicien-
cies would have been achieved had longer
solids detention times of 25 or 30 days been
used, Longer detention times were not in-
vestigated because of lack of time and because
in a field situation longer detention times
would require higher capital costs coupled
with reduced cast-effectiveness as the leachate
strength declined with time.

Digester gas camposition data are tabulated
in Table IV, These are typical of anaerabic
digestion and do not indicate any inhibition
as a result of toxic substances. In fact, as is
shown in Table V, methane praduction based
on cop removal was actually somewhat greater
than the thearetical value for methane produc-
tion, 0.35 m3/kg cop remaoved, as reported by

TABLE I. Composition of leachate feed used during study.

Batch 4

Batch 1 Batch 2 Batch 3

Concen- Concen- Concen- Concen-

tration tration tration tration

(mgfl) (mgfl) (mgf1) (mg/1)

Component Day 1 to 4 Day 5 to 25 Dray 26 to 47 Day 48 to 64

BOD 16 011 12 655 11 487 i1 811
can 32 562 27 870 23 571 21 146
Tatal carbon 11 140 9 500 8 500 7300
QOrganic carbon 11 140 9 500 £ 500 7 300
Total solids 15 880 14 015 11245 10 303
Vs 9 397 8150 6 363 5588
Dissolved solids 15 405 13 357 10 789 g 812
Aluminum 3.4 2.3 1.6 1.2
Barium (44 0.20 (.31 .11
Beryllium <0.1 <0.1 <0.1 <0.1
Calcium 1 680 1 415 1170 1 065
Cadmium 0.025 < 0,005 0.20 <{.005
Chlarine 1 060 1014 851 620
Chromium 0.40 0.20 0.16 0.12
Copper 0.005 0.037 0.04 0,03
Iron 560 628 588 620
Mercury <0001 001 0.006 <0.001
Potassium 710 585 480 350
Magunesium 156 128 160 84
Manganese 20.6 24.6 135 12.8
Nitrogen-total 693 693 517 511
NH; 624 494 454 404
Sodium 690 575 450 400
Nickel 0,27 0.12 0.21 .15
Phosphorus-total 12.3 131 10.1 10.9
Lead 1.41 0.37 0.88 6,37
S0, 473 410 350 192
Zine ) 90 a5 57 46
Tannin-like compounds 6440 392 396 530
pHs 5.1 5.15 5.21 531

s Nat in mg/L.
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TABLE II. Digester loading rates for various feed batches.*
Detention Unit
Time Loading Batch
Unit (days) Parameter Batch 1 Batch 2 Batch 3 Batch 4 Average

I 5 BOD a6 522 474 487 533
cOb {333 1333 972 871 1081

Vs Jao 386 263 PRI 253

2 10 BOD 330 261 237 244 269
oD 666 578 487 436 541

Vs 194 168 131 115 152

3 20 BOD 165 131 118 122 135
con 333 288 224 218 260

Vs 36 83 66 58 75

= All rates expressed as g/mi-d.

McCarty.” Coupled with relatively low CO,
values, this supports the theory that some
€O, is reduced to CH,.5 Total gas production
based on mob removal varied from 0.71 to
0.94 m3/kg BoD removed, averaging 0.88, 0.91,
and 0.84, respectively, for Digesters 1, 2, and
3 {Table III).

A deécrease in the methane fraction was oh-
served with increased solids retention time ac-
carmpanied by a corresponding increase in ni-
trogen {Figure 4). The CQ, fraction was
seen to be essentially independent of solids
retention time. To explain the observed trend,

a nitrogen balance was performed on the in-
fluent and efluent of each digester and this
analysis showed that there was a decrease in
total nitrogen levels in the effluent with in-
creased detention time, This decrease was
most noticeable in Digester 3 {Table VI).
While ammonia nitrogen levels did not change
during digestion, total nitrogen was reduced
by 2.3, 6.2, and 13.14% at the 5-, 10- and 20-
day " detention times, respectively, Thus it
appeared that a small degree of denitrification
was taking place during the digestion process,
and that with increased detention times, the

TABLE III. Digester performance during study related to various feed strengths.
Deten-
tion
Time . Batch
Unit (days) Performance Parameter Batch 1 Batch 2 Batch 3 Batch 4 Average
1 5 oD in efluent (mg/l) 2 530 2165 1992 1 897 2 146
pon removal (G5) a4.1 82.9 82.3 83.9 83.3
coD in efluent {mg/1} — — 8 250 — 8250
¢ab removal (95) — — 65.0 — 65.0
Gas production
{mi/kg BOD remaved) 0.74 0.91 0.94 0.94 0.88
2 10 BAD in efffuent (mg/l) — — 1 005 865 935
BOD remaval (%] — - 911 92.7 - 91.9
coD in effluent (mg/l) — — 7324 — 7324
cap removal {9} — — 68.9 — 68.9
Gas praduction
{m?/kg BOD remaved) — — 0.91 091 0.91
3 20 Bob in effluent (mg/l) 504 415 541 188 435
BOD removal (%) 96.3 96.7 96.9 98.4 97.1
cob in effluent (mg/l} — — 4 875 — 4 875
coD removal {9} — — 79.3 — 79.3
(Gas production
(m?/kg BOD removed) 0.71 0.87 0.89 0.89 (.84
NOTE: Dashes indicate no measurements taken.
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FIGURE 1.

conversion of nitrates and nitrites to free nitro-
gen was more significant. Also, the observed
decrease in the methane fraction suggests that
the methane formers and the denitrifying bac-
teria were competing for substrate. With
longer mean cell residence times, conditions
became more favorable for the denitrifiers.
The effect of denitrifying bacteria on gas
production as it relates ta Bop removal is prob-
ably significant because of the patentially
higher growth rates of the deniirifiers. For
example, grawth yield coeflicients for denitri-
fying bacteria are in the range of 0.5 to 1.0,%
whereas for the methane-forming bacteria
growth yields are only 0.04 to 0.06.7
Coincidentally, methane production related
to feed rate was not affected by the presence
of the denitrifying bacteria. In fact, methane
production showed slightly higher yields with
increased detention time (6.77 litres of meth-

Percentage BOD removal versus solids detention time.

ane per litre of feed from Digester 3 com-
pared with 6.50 and 6.41, respectively, pro-
duced by Digesters 1 and 2},

Kinetic coefficients. To obtain a hetter
understanding of the biokinetics of anaerobic
digestion as it is applied to leachate treatment
and also to see how it compares with the an-
aerpbic treatment of other wastes, the kinetic
coefficients for growth rate and waste utiliza-
tion were calculated (as outlined in References
7 and 8). The data are presented in Table
VII along with the range of values normally
used in anaerobic digester design.®

The high observed growth vield coefficient
(Y) confirms the complete absence of bio-
logical inhibition in this study, It also sug-
gests the presence of established bacterial
populations other than the methane formers,
providing support for the previously noted
presence of denitrifying bacteria.

S0 1 l ] T
ae
)
© BO|- —
>
a
£
v
o T0H —
Q
[ %]
Q 5 10 15 20

Solids detention lime - days

FIGURE 2. Percentage COD removal versus solids detention time.
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FIGURE 3. Percentage BOD removal versus organic loading rate.

The endogenous respiration coefficient (b)
is very low, suggesting that the microorganisms
were maintained well within their logarithmic
growth phase. That is, food for the micro-
organisms was present in excess and thus there
was no need for them to enter into endogenous
respiration. This is confirmed by the near-
zero endogenous respiration rates.

Waste utilization coefficients (K and K,)
were found to be within the range of values
normally found in anaerobic digestion. This
again points to the healthiness of digester bac-
terial populations and their demeonstrated suit-
-ability for stabilizing leachate wastes.

Based on these kinetic coefficient data, a

TABLE IV. Composition of digester gas.®

minimum solids retention time, 4., can be
predicted below which washout of digester
microorganisms will occur. The caleulated
value of 4.~ is 1.7 days, which is slightly lower
than the limiting solids retention time cal-
culated or measured by other researchers that
normally ranges from 2.8 to 8.0 days.”™ Thus,
in terms of calculated biokinetics, anaerobic
digestion of a complex waste such as landfill
leachate is as good, if not better, than the
application of this process to other less com-
plex wastewaters,

Heavy metal aspects of anaerobic treatment.
To determine the approximate distribution of
trace metals in the anaerobic digestion pro-

Deten-
tion
Time Gas Batch
Unit {days) Components . Batch 1 Batch 2 Batch 3 Batch 4 Average
1 5 CH; 74.6 74.8 76.0 76.3 75.4
CQ, 23.8 24.1 23.2 22.5 234
Na 1.3 1.1 0.6 1.1 1.03
Oy .3 0.0 0.03 0.03 0.09
2 10 CH, — — 731 72.4 72.8
CQO, — — 23.2 23.5 234
N; — — 2.7 3.2 3.0
G, — — a.11 0.13 Q.12
3 20 CH, 69.8 68,7 69.1 69.2 69.2
COy 23.5 24.9 242 4.5 243
N, 6.0 5.8 6.5 6.1 6.1
0y Q.53 0.53 0.12 0.11 .31

NOTE: Dashes indicate items not analyzed.
s Composition data shown as percentage.
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cess, mass balances were performed for the
metals in question. Metals in the leachate
feed were analyzed in each of the four batches
{see Table 1) and, on twe occasions, in the
completely mixed digester effluent. At the
end of the second phase of the investigation
that consisted of operating two of the digesters
for 10 months in a twa-stage, high rate con-
figuration, analyses were performed on the en-
tire digester contents.

Trace metal separation of mixed effluent
samples was accomplished by centrifuging at
a relative centrifugal force (RCF} of 950
grams. This high RCF coupled with a rela-
tively leng centrifuging time (20 minutes)
gave good separation of mixed effluent metals
into their dissolved and suspended fractions.
From data provided by Chen et 4l.* it can be

estimated that this procedure removed well

over 909 of the suspended particulate ma-
terial contained in the digested effluent sam-
ples. Any suspended material remaining in

the centrate wauld be only of colloidal size-

{1g), and would nat be associated with any
except perhaps the very smallest of particulate
trace metal fractions,

Trace metal concentrations for both the
centrate and dry sludge fractions, as obtained
by the above separation method, are summar-
ized in Table VIII along with mixed efluent
concentrations for operation during the sec-
ond and third feed batches. Because no rela-
tionship was found to exist between the dis-
tribution of trace metals and the associated
solids retention time, data from all three
digesters have been combined.

It will be noted that for a number of metals,
mixed effluent concentrations exceed influent
concentrations, particularly for the second feed
batch. Practically, the two should be equal
because effluent samples used for analysis were
not collected until after at least 20 days of

1.0~
0.9+
.8+
0.7 P Methone Froction
’ )
e 0.6
2
S 0.5
2
“ 0.4
.l
a
v 0.3+
_Carbon Dioride Fraclion
0.2 =
0.0
] ! i ]
o 5 B (¢ 15 20

Salids detantion time - days

FIGURE 4. Gas composition versus solids
detention time.

copper which were, respectively, 12 and 85%
higher in the mixed efftuent, this is likely at-
tributable to metal contamination linked to
corrosion of interior digester parts and ap-
paratus such as the brass and copper fittings,
metal stirring rods, and bearing surfaces. On
the other hand, concentrations of caleium,
iron, and manganese in the mixed effluent
were as much as 509 lower than in the in-
fluent. This was likely a result of the forma-
tion of insoluble hydroxide and sulfide pre-
cipitates that accumulated underneath the
paddle stirrers in each digester because of
poor mixing in this zone.

Most of the metals in the effluent wete
found to be associated with the dry shudge
fraction, This was particularly true for cer-

" tain of the so-called heavy metals, specifically

aluminum, cadmium, iran, mereury, nickel, and
zinc, which were contained 809 or greater in
the sludge solids (Table IX). Other heavy
metals such as chromium, copper, lead, and
manganese were found to have 45 to 70% of

feeding, which should have been long enough  their fraction associated with the solids, For
to allow for a complete turngver of digester the alkali and alkali-earth metals, with the
contents even at the longest detention time.
In a number of instances, specifically zinc and TABLE VI. Nitrogen balance in digester
liquid.
TABLE V. Methane production related 1
to COD removal. Total
Nitrogen in
Deten-  Methane Methane Feed— Tatal
tion Production  Praduction Detention Including Nitrogen in
Time . (m*fkg COD (m“]l af Time N Added Effluent
TUnit (dzys)  removed) feed) Unit (days) {mgf1) (mg/1)
1 5 0.42 0.006 5 1 5 478.9 467 .8
2 10 0.39 0.006 4 2 10 4789 449.0
3 20 ¢ 36 0.006 8 3 20 4789 4164
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Values Determined

TABLE VII. Kinetic coefficients.
Values Normally Employed
Kinetic it Anaerobic
Coefficient Digestion Design

in This Investigation

0.01-0.04/d

el e

150-6 000 mg/l BOD;

{.04-0.6 mg vss/mg BOD;

3.0-8.0 mg BODs/my vss/d

0.10 mg vss/mg BOD;
6.006/d

5.88 mg BODs/mg vss/d
4 020 mg/l BOD;

single exception of barium, the sludge solids
were found to contain only 4 to 309 of the
metal.

The metal percentages contained in the dry
sludge show that anaerabic digestion can serve
as an efficient metal removal process. Need-
less to say, the effectiveness of sedimentation
will play a significant role in total metal re-
moval. In spite of the fact that analyses were
performed on centrifuged efluent samples,
complete settling of anaerobic leachate effluent
should result in metal removal efficiencies that
approach thase shown in Table IX.

Phase IT—extended digester operation. Gas
compasition data collected weekly during this
phase of the study showed that digester per-
formance remained essentially unimpaired for
nearly a year of continuous operation. Per-
formance stability, particularly of the first stage
digester, was affected somewhat during several
periods when high oxygen and nitrogen levels

were found in the digester gas stream. This
had a marked effect on methane percentage
and likely resulted from excessive air entrain-
ment during feeding. Slight air entrainment
was in evidence throughout most of this phase
of experimentation. While this affected the

degree of anaerobiasis, the gases from hoth

digesters contained in excess of 50% methane
{Table X).

In terms of the metal content of the digester
contents, analyses showed that the settleable
portion, which included the bottom layers re-
sulting from precipitation deposits, were ex-
tremely tich in iron and calcium and, to a
lesser extent, manganese. Concentrations ex-
pressed as milligram per kilogram dry weight
were as high as 293 300, 38 700, and 3 550,
respectively, for these three metals. Overall
metal content was camparable to mixed efflu-
ent values obtained earlier. Hence, there were

TABLE VIII. Trace metals in digester effluent.®
Second Feed Batch Third Feed Batch

Mixed  Centrifuged Dry Mixed Centrifuged Diry

Effluent Effluent Sludge Effluent Effluent Sludge

Cancen- Concen- Cancen- Concen- Concen- Concen-
Parameter tration tration tration tration tration tration
Aluminum 2.8 0.4 6.7 1.2 N.D. 38.8
Barium 0.25 N.D. 6.2 .14 N.D, 4.5
Cadmium 0.02 N.D. 0,66 0.01 N.D. <07
Calcium 679 447 7 600 449 375 4 100
Chramium .24 0.10 4.6 Q.10 0.06 1.1
Copper 0.24 0.12 4.0 .18 0.07 1.8
[ron 417 26.0 69.7 223 6.7 5230
Lead 073 0.14 19.1 0.29 0.19 3.6
Magnesium 129 121 390 96.7 9L.3 317
Manganese 12.9 23 321 5.2 1.8 1{3.5
Mercury N.D. N.D. N.D. 0.002 N.D. 0.07.
Nickel Q.30 .08 7.2 0.13 001 4.05
Potassium 669 a7 625 481 307 1290
Sodium 635 637 150 501 501 588
Zinc 0.64 2330 4.7 0.42 1 100

73.5

NOTE: N.D. =not detected.

* Concentrations expressed as mg/], except for dry sludge coneentration, which is expressed as ppr.
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no buildups in either the primary or secondary
digester aver the long-term experimentation.

DISCUSSION

In general terms, the experimental scale an-
aercbic digestion process perfarmed efficiently
in its application to leachate treatment. Pro-
cess stability was excellent throughout the en-
tire investigation, including the long-term,
high-rate studyv that pushed the process near
its limits with high organic loadings and short
solids retention times. The process did not fail
either beczuse of averloading or of the build-
up of toxicants.

The advantages inherent in anaerobic di-
gestion as a means of biostabilization are well
known. These, coupled with the amenability
of this process in its application to leachate
stabilization suggests that it is worthy of con-
sideration as a basis for full-scale leachate
treatment facilities. Anaerobic digestion is a
process well-suited to handling the large or-
ganic loads that often characterize leachates,
in particular those that are discharged from
“voung” landfill sites. High treatment effi-
ciencies can be achieved, particularly with
high strength wastes, without the high operat-
ing costs that are associated with other treat-
ment schemes that make use of aerobic, chem-
ical, or physical/chemical treatment methods.

The cost of heat addition required for di-
gester operation under mesophilic temperature
conditions would not be excessive if the meth-
ane produced were used for heating purpaeses.
Methane production is almost certain to be
well in excess of the necessary requirements
far heating purposes and might, in fact, pro-
vide some basis for incorperating additional
energy recovery schemes in the design of a
treatment facility. These could add signifi-
cantly to the capital cost requirements of treat-
ment, which in themselves are not excessive.
This would, of course, require further investi-
gation to determine feasibility.

A comparison of metal removal efficiencies
ohtained during this investigation with the
exceptionally high values reported by Uloth
and Mavinic ? in their aeraobic biostabilization
of a similar, although stronger, leachate re-
veals that anaerobic treatment is not quite as
efficient a means for removing metals. This
finding is not unexpected when one considers
the stronger affinity of aerobic sludges for
metals, particularly from the heavy metal
group. This has been documented by a num-
ber of investigators, For example, Neufeld
and Hermann 19 showed that completely mixed

TABLE IX. Summary of metal percentage
contained in dry sludge.

Parameter Percentage
Aluminum 94.2
Barium 91.5
Cadmium 100
Calcium 30.6
Chromium 44 6
Copper 40.4
[ron 79.7
Lead 50.3
Magnesium 2.9
Manganese 68.5
Mercury 100
Nickel 86.2
Potassium 5.6
Sodium K
Zinc 95.0

aerchic biological processes have a capability
for long-term remaoval-of heavy metal ions that
is far superior to anaerobic processes.

In aerobically produced sludge, the metals
that are usually completely associated with
the sludge mass dre most often organically
bound through the farmation of metal-arganic
complexes. High molecular weight exocellular
polymers of the biofloc, which include poly-
saccharide, protein, ribonucleic acid, and de-
oxyribonucleic acid, provides many functional
groupings that act as binding sites for the
metals.'t  With anaerobic sludges the metals
are usually considered to be distributed mainly
between the precipitated (insoluble) and or-
ganically bound fractions, although other
mechanisms such as ion exchange and chela-
tion come into play.!* Recent evidence pre-
sented by Hayes and Theis *? in their quanti-
tative investigation of metal distribution in
anaerobic digestion suggests that as much as
30 to 60% of the metal accumulation in di-
gested studges are organically bound, con-
tained in the intracellular portions of the bio-
mass. Their conclusions were that microbial

TABLE X. Average gas composition during
Phase [I—extended, high rate digestion.®

Digester 1 Digester 2
Parameter (stirred)  (not stirred)
Methane 51,1 51.5
Nitrogen 217 26.4
Carbon dioxide 14.9 14.6
Oxygen 6.3 3.5

* Digestion expressed as percentage.
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uptake activity competes with precipitation in
the removal of heavy metals from digester
supernatant.

The foregoing discussion raises some points
that are of particular importance when con-
sidering the availability of the accumulated
heavy metals in the sludge solids if they are
reintroduced after treatment to the landfill.
For example, if the metals are in the form of
precipitates, mild acidification, which is com-
mon in the landfill environment, would result
in immediate leaching of the heavy metals.
On the other hand, if the major portion of
metals are organically bound they will be re-
leased much more slowly even in acid en-
vironments at a rate dependent on the rate of
degradation of the organic phase. The form
of the metals will be equally important in
determining, for example, whether or not land
disposal or incineration can be utilized. More
investigatory work is required to establish the
exact form of metal present in the sludge solids
after anaerobic digestion of leachate so that
suitable sludge disposal techniques can he
developed.

SUMMARY AND CONCLUSIONS

Aerobic digestion of leachate at mesophilic
temperatures is an effective means of bio-
stabilization, removing between 81 and 969%
of the BoD contained in a medium strength
leachate. Settled effluent Bon remova! efhi-
ciencies of 83, 91, and 979, respectively, were
obtained for solids detention times of 5, 10,
and 20 days. Removal of cop was found to
range from 65 ta 809,

Throughout this investigation the anaerobic
digestion process was totally unaffected by the
presence of heavy metals and ather toxicants
" contained in the leachate feed. Methane pro-
duction exceeded 0.37 m3/kg of cop removed,
which is greater than that predicted for an-
aerobic treatment of wastewater sludge. Op-
eration of the digesters over an extended
period revealed that treatment process re-
mained essentially unimpaired, attesting to the
inherent, long-term stability of anaerobic di-
gestion as a means of stabilizing leachates.

Calculated kinetic coefficients based on data
collected during this investigation revealed
that the biokinetics of anaerobic digestion of
leachate are comparable to those for digestion
of municipal wastewater sludge. . In fact, mea-
sured yield coefficients were slightly higher,
whereas endogenous respiration coefficients
were slightly lower.

Heavy metal removal by anaerchic digestion
was good although not quite as high as has
been demonstrated using aerchic biostahiliza-
tion of leachates. Metal removal efficiencies
were greater than 859% for aluminum, barium,
cadmium, mercury, nickel, and zine; 809 for
iron; 40 to 70% for chromium, copper, lead,
and manganese; 309% for calcium; and less
than 109, for magnesium, potassium, and
sodium.

In terms of the distribution of trace metals
in anaerobic digestion, most are associated with
the sludge solids. Although the specific forms
of the metals were not established explicitly in
this investigation, they are likely to be either
as insoluble precipitates or organically bound
complexes. Determination of the metal forms
is seen as a very important factor before as-
sessment of a safe means of sludge disposal
can be identified.
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