No'te: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

]’he file name refers to the reference number, the AP42 chapter and section. The file name
1 "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be

1! ] from a previous version of the section and no longer cited. The primary source should always be checked.

Fate and behavior of
selected heavy metals
in incinerated sludge

Richard T. Dewling

U. S. Environmental Protection Agency, New York, N. Y.

Raymond M. Manganelli
Rutgers University, New Brunswick, N. J.

George T. Baer, Jr.

Northwest Bergen Sewer Authority, Waldwick, N. J.

Since the early 1940s, it has become in-
creasingly difficult to sell, give away, or dis-
pose of raw or partially dewatered wastewater
sludges. Conventional methods of handling,
including ocean dumping, landfill disposal,
lagooning, and placing on sand beds, have
become costly and unviable in terms of legis-
lation, health, and appearance. During the
next 3-5 years, disposal problems will be
further magnified by an anticipated doubling
of sludge volumes. This is due to the expan-
sion and construction of wastewater treatment
plants, and the requirement to cease ocean
dumping of harmful wastewater sludges by
19812

In the New York-New Jersey metropolitan
area, where 90% of the nation’s ocean dump-
ing problem exists, there has been renewed
interest in sludge incineration, which can: ac-
complish a maximum reduction of waste solids.
Of concern, however, is the potential air pollu-
tion resulting from this combustion process,
particularly the emission of heavy metals. To
address this problem, field-scale mass balance
studies were undertaken by Rutgers University
at the fluidized bed sludgg incinerator, oper-
ated by the Northwest Bergen Sewer Author-
ity, Waldwick, N. J. Data on the fate of Cd,
Cr, Cu, Ni, Pb, Zn, and Hg were developed.

FIELD-SCALE STUDIES CONDUCTED
The Authority’s treatment facility services
nine northern New Jersey suburban communi-
ties. Full activated sludge treatment is pro-
vided for the daily flow of 18925 m? (5.0
mil gal). Industrial contributions are esti-

mated to be less than 10% of the total flow.

The fluidized bed sludge incinerator, rated at
499 kg/h (1100 lb/h) on a dry solids basis,
operates at a bed temperature of approxi-
mately 788°C (1 450°F).

Dewatered wastewater sludge at approxi-
mately 189 solids is fed into the fluidized bed,
which is composed of graded silica sand. Air
is supplied to the reactor as close to the fuel
as is practical, and thoroughly mixed with the
dewatered sludge so that combustion may be
completed in a short time. Sufficient air is
used to keep the sand in suspension and at
the same time, prevent a carry over of a major
portion of the sand from the reactor. The
violent mixing of the solids and gases results
in uniform conditions of temperature, composi-
tion, and particle size distribution throughout
the bed. Heat transfer between the gases and
solids is exteremly rapid because of the large
surface area available. The bed retains the
organic sludge particles until they are reduced
to mineral ash, which is constantly stripped
from the reactor by the up-flowing gases.

It is noted that, depending on the design
and operating characteristics, a portion of the
bed sand, particularly the finer particles, is
contained in the carry-over gases. Ash leaves
the reactor with the combustion gases through
a refractory lined duct, heat exchanger, con-
tact venturi, and finally into a five-plate “Pea-
body Impingement” scrubber. Effluent from
the secondary treatment process is used in the
scrubber, and when separated from the ash. 3
directed back to the head of the treatment
facility. Figure 1 illustrates the flow of gases,
ash, and water through the reactor system.
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. are shown in Figure 1.
' sludge, scrubber water, secondary (final) ef-
- fluent, and ash were collected every half-hour.
= They were composited, based on flow, for each
. sampling or balance period. Separated liquids
i from the cyclone and centrifuge, which repre-
t sent a recirculating load through the treatment
' plant, were accounted for in the balance, al-
k though not independently sampled during the
- operating day.
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SAMPLING AND ANALYTICAL
PROCEDURES
Three separate heavy metal mass balances

- were conducted during a normal operating day

at the treatment facility. Sampling locations
Samples of the feed

Flow measurements were also obtained each

 time a sample was collected. Sludge and ash

 flows were measured using a bucket and stop-
. watch, while effluent and scrubber water were
i measured, respectively, by using the plant’s
totahzer readings and pump characteristic
Lcurves. Calibration of both these systems was
'"done by plant personnel 2 weeks prior to the
bactual incinerator test run.
i Stack particulate emissions were obtained
ising the standard U. S. Environmental Pro-
ptection Agency (EPA) sampling train, Method
5.2 Background heavy metal concentrations in
the glass fiber filters were determined prior to
onducting the mass balance studies. - Correc-
ions for each metal were applied to the final
Ralculations.

CENTRIFUGE

TO HEAD OF PLANT

SLUDGE FROM ASH
THICKENER

POLYMER
ADDITION

Fluidized bed wastewater sludge incinerator—Northwest Bergen.

During collection of mercury samples, the
two impingers following the filter contained
20 ml of KMnO,, 5 m! of mercury-free H,SO,,
and 2 ml of mercury-free HNO;, and were
then brought up to a total volume of 75 ml
with the addition of deionized water. This
modification was intended to oxidize the cap-
tured organo-mercurials immediately because
the possibility existed for the mercury entering
the sampling train to pass through the glass
fiber filter as vapor, and therefore escape de-
tection. The total contents of the impingers,
plus the filter, were then analyzed in accord-
ance with EPA’s recommended procedure for
“Mercury in Sediment.”® The alternate di-
gestion procedure, employing an autoclave,
was followed.

A sampling traverse was not performed as
specified in Method 5. Instead, a velocity
traverse was completed in compliance with
Methods 1 and 2 of the standards of per-
formance.* From these data, an average stack
velocity was calculated. During sampling, a
traverse point was selected at which the veloc-
ity was equal to the average velocity, and the
entire 60-minute sample was withdrawn from
this point under isokinetic conditions. Sam-
pling was performed at approximately 4 m (13
ft) above the stack inlet to the scrubber.

All samples were iced (4°C) immediately
following collection and returned to the labor-
atory for analysis within 6 hours. Sludge and
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TABLE II. Mass balance—sampling period summary—Northwest Bergen. /
ds, morils- ' Sampling A (7:15-11:15 a.m.) B (11:15-3:1S p.m.) C (3:15-5:30 p.m.)
ined * Period -
termin Sludge Scrubber Sludge Scrubber Sludge Scrubber
aboratory, ' Feed Ash Water®  Stack Feed Ash Water®  Stack Feed  Ash Watert  Stack
and ash
hours at B 3 87 ND 5 264 70.3 ND
‘ g 696 20.6 . 549 0. 346.9 1844 393 ND
lyses. Ash % of total 100 46.2 12.5 — 100 48.1 12.8 — 100 53.2 1.3 —
. dried at 5 Cum. % — 46.2 58.7 58.7 — 48.1 60.9 60.9 — 53.2 64.5 64.5
¥ Cu
iples were ¥ 2 506 293 85.9 0.5 419 243 755 0.1 2644 1717 40.7 0.1
oss of the ‘ % of total 100 579 169 0.1 100 574 180 002 100 649 154 0.04
Cum. % — 579 748 749 — 574 7514 75.16 — 64.9 803  80.3
Pb
glass fiber 4 g 1502 1376  20.6 0.4 1127 953 158 0.08 762 13.7 7.9 0.2
contents % of total 100 °1.6  13.7 0.3 100 89.6  14.0 007 100 96.7  10.4 0.3
’ T Cum.% - — 916 1053 1056 —  89.6 1036  103.7 — 967 1071 1074
vater were b Cr :
co g 184 122 0.4 0.2 163 14.3 0.5 0.1 88 75 0.3 0.04 :
»eqtro;s Py . % oftotal 100 66.3 2.1 1.1 100 87.7 3.1 0.6 100 85.2 3.4 0.4 - g
Jgies. ) i Cum. % — 663 681 69.2 — 877 908 914 — 852 886  89.0 i
at EPA’s % Ni
li ;. S 123 8.0 0.7 0.03 11.6 5.4 ) 0.03 63 3.8 005 ND
J. Quality H % of total 100 65.0 5.7 0.2 100 46.6 ) 0.3 100 60.3 0.8 —
i
lowed the i Cum. % — 650  70.7 70.9 — 466 466  46.9 - 603  61.1 61.1
B Cd
EPA lab- | . 2.1 1.5 0.4 0.002 1.3 12 006 ND 1.1 08 04 ND
2% of the B % of total 100 714 190 0.1 100 923 46 — 100 727 364 —
alaboratory Cum. % — 714 904 905 — 923 969 969 — 727 991 991
N g k35 4
repllcatu?n, f  * ND = glass fiber filter back d exceeded sample amount.
and main- . b Net metal weight (grams): scrubber water out (sampling point 4) — scrubber water in (sampling point 2).
n (X) and ; ) v
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fis felt that this closure problem was not at- ances were conducted during a normal plant
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in Table I Wf‘t;ler» or en‘l]lSSlODS. }!at?er& ‘; (lis assolcxated recovery values reported are acceptable. Table
ass balance W1 a acc;urate]); mles”““t‘}“eg ﬁ cks u ge lv c:iumes, IV summarizes these data, based on a nommnali-
mer | . : .
’t mercury, ﬁterogecnmedyus v:lati:om inaterfanl(; S'Il"lh fse ff): zation to 100% of the actual field recoveries.
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able III. . . . : ,
zrganic and balance calculation purposes. Figure 2 illus- WS emitted to the_: atmqsphere during .t.hxs te.st !
olatilize be- Sllrates the mercury balance for the incinerator Program, the Northwest Bergen facility did ‘

n cted bperating day. not violate the EPA mercury emission limit of
‘or tempera- 3 200 grams per day. Other wastewater shidge
), to detect BUMMARY ' - incinerators are likely to violate this standard
k emissions. k Actual total recoveries for the heavy metals if higher levels of mercury are contained in
ian,® 7 how- xamined, as shown in Table III, ranged from the raw wastes.

‘rcury in the e )

inerator ash, PABLE ITI. Mass balance total “‘day” operation at Northwest Bergen’s

o the atmo- jnidized bed sludge incinerator.

and, did not - - .

: wastewater X Sludge Scrubber % Wgt.

‘ esting - Feed Agh (Net) Stack Total % Remain % Wgt. % Wgt.
: :;%t% od or } Metal @/d) (g/d) g/d) (g/d)  Recovery Ash  Sciubber Atmos.
. i k : : , .

: bzh“ SI:Ca 44 35 09  ND= 00 79.5 205  ND»
» cause t 43 34 1.2 0.3 82.6 79.1 2.8 0.7
res not e"‘sl’ i+ Cu 1189 705 203 1.0 76.5 59.3 17.1 0.1
merated only ki Pb 339 307 45 0.7 104.0 90.5 - 13.3 0.2
;e emissions i Ni 30 17 0.8 0.03 59.5 56.7 2.7 0.1
s opposed to ¥ Zn 1592 770 197 0 60.8 484 12.4 0.0

. studies con-
nercury that
R

N D = Glass fiber filter background exceeded sample amount.
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or——
SLUDGE FEED
6,058 mg

" FIGURE 2. Mercury mass balance for op-
erating day (10.25 hours) Northwest Bergen.

With the recent promulgation by EPA of a
national ambient standard for lead—1.5 pg/m?*
—and the future possibility of a cadmium
standard, additional studies are needed to
substantiate the possible loss of these metals
to the atmosphere. Laboratory and pilot
studies in pyrolysis-type incinerators by My-
telka® and Takeda ° suggest significant losses
—30-509% of both metals, particularly when
temperatures exceed 649°C (1200°F). How-
ever, studies by Copeland support the
findings of this investigation; that is, no sig-
nificant loss of either cadmium or lead. A
possible ‘explanation for these reported differ-
ences would appear to be centered in the
. sampling train used for measuring stack emis-
sions. Method 5, unless modified (as done
during this study for only mercury), is not

TABLE IV. Fluidizéd bed incinerator—
heavy metal mass balance, % weight
distribution (normalized ).

Metal Ash  Scrubber Stack
Zinc 79 20 1
Copper 78 21 1
Lead 87 12 1
Chromium 95 4 1
Nickel 80 20 ND»
Mercury " 04 2 97.6
Cadmium 80 20 NDs=

* ND = Glass fiber filter background exceeded‘

sample amount.

designed to capture submicron particles that
may pass through the glass fiber filter.

CONCLUSIONS

e With the exception of mercury, there is
no evidence to suggest significant Cd, Cr, Cu,
Ni, Pb and Zn enrichment of the off-gas and
particulates emitted from a fluidized bed
wastewater sludge incinerator. Ash contained,
depending upon the metal, from 78 to 959
of the total amount present in the feed sludge.
Scrubber water from the incinerator contained
from 4 to 219, of the particular heavy metal.

e Approximately 98% of the mercury in the
feed sludge was emitted to the atmosphere
when combustion temperatures averaged
788°C (1 450°F). Only 0.49 was retained
in the ash and slightly more than 2% was
found in the scrubber water.
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