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Introduction

MSWI Industrial Process (region of Lisbon)

—

¥ Process: mass burning

Start: 1999

Nominal Capacity:
2000 ton/day
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APC residues

[IAWG, 1997]
Legend: 1- Refuse Collection Vehicle  7- Forced-Draft Fan 13- Economiser
2- Refuse Storage Pit 8- Undergrate Air zones 14- Semi-dry Scrubber
3- Refuse Handling Crane 9- Furnace 15- Fabric Filter
4- Feed Hopper 10 i Boiler 16- Induced -Draft Fan
5- Feeder 11- Ash Bunker 17- Stack
6- Grate 12 - Superheater 18- Fly Ash Conveyor
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Introduction

MSW{UES Table - Total elemental contents for APC residues (samples Al to A5)
AL« » 1 T Digestion Al A2 A3 A4 Ai&
. \‘. " Pb (mg/kg) .o, 2338 1924 1853 2408 2194 2143
‘ - : Cd (Mg/kg) e 65 57 74 8 75 72
Zn(mglkg) 1., 5826 4308 5642 6367 4939 5416
Cr(mgky) e 259 232 216 188 228 225
Ni (Mgkg)  1e 132 121 113 87 60 103
Cu(Mmgkg) e 568 456 647 600 504 555
K (g/kg) o1 283 285 242 249 302 27.2
Na (g/kg)  1or 295 289 282 278 331 295
Ca(gkg) .o, 2433 287.3 nd 349.6 3616 310.5
Fe (@kg) e 1.4 161 132 994 962 121
Al (g/kg) o 400 391 209 365 351 36.1
Si (g/kg) e 454 599 655 831 685 645
Ct(g/kg) 118.9 106.4 101.1 131.9 138.
Hg (mg/kg) 1631 922 10.14 1540 nd 128
C (%) 289 655 6.44 563 284 4.87
H (%) 068 072 075 189 151 1.11
N (%) <D <LD <LD <LD <LD <LD
S (%) 147 124 148 119 185 1.45
O (%) nd nd nd nd 19.24 19.2

TC1- HNO,; TC2- aqua regia; TC3-HF+HNO,; nd- non determined; LD- Limit of detection.
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Introduction

The | eaching testseée

7

€ have proven to be fundament al C h e
environmental risk.

Leaching processes occur when constituents dissolve to greater or lesser

extent from solid materials if they are in contact with a liquid.

Also for APC residues it iIs necessary to estimate the leachability and the
leaching behaviour of components in both:

the_short term and long term.

Column tests: Batch tests:

gives detailed information on the gives a rough estimate of the
composition and variations of the leached amounts and the leaching
first leachates to be formed on a behaviour on a landfill .

disposal site.
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Introduction

Factors influencing leaching processes:

Physical factors

. Patrticle size . _ _

. Heterogeneity of solid phase Liquid/solid ratio (L/S)
. Time

. Flow rate or amount of the leachant

. Temperature

. Porosity of the solid

. Permeability .of solid mgtrix Column tests

. Hydrogeological conditions //

Chemical factors Batch tests

. Equilibrium or kinetic control //
. Potential leachability
. pH
. Complexation with organics or inorganic
. Redox conditions
. Sorption processes
é
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Introduction

In practice, both batch or column tests can be used to evaluate equilibrium-controlled
or availability-controlled leaching, as well as for compliance analysis.

Column tests

advantages
- provides a better estimate to leaching processes under field conditions;
- more suitable for prediction purposes

weakness
- time consuming (from days to weeks)
- moderate cost

Batch tests
advantages
simpler design and low cost
- can be carried out in shorter periods of time (from hours to days)
weakness
- may occur excessive mobilization (e.g. DOC) and/or colloids
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Introduction

The APC residues from MSWI are hazardous, and taking into account their physical
and chemical properties, leaching of contaminants into the environment is the main
concern.,

In our work the main Objective

€ I's the analysis of the I eaching b
Ni, Cu) and inorganics associated with soluble salts (Na, K, Ca, Cl) from APC
residues from MSWI in columns and batch experiments, in order to compare
the results from both tests.
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Experimental methods

Column test (NEN 7343)
About 365 g of APC residues;

/54:' LIS=  Dp<4mm;
2 S Small flow during 3 weeks;

> 1
1 8.2 Leachant is collected in 7 fractions

c 0.5
0 1 Analysis:

5| ke 2 - pH

S U 150 - electrical conductivity
M - CI;
“ - Pb, Zn, Cr, Ni, Cu, K, Na, Ca

M -TDS
Percolation with \T/

Q acidified water (pH=4) :' :
;ll \9 : |
Note: the low water flow through the column ’ ﬁ |
ensures a better achievement : ; t A1

of equilibrium or near equilibrium. ' ™ N ‘




Experimental methods

Batch test (based on DIN 38 414 1 S4)

Closed leak-proof bottles
X g of APC residues;

@ L/S = Dp<2mm;

Example L/S=10 2 24h
xample Lis= 5 end-over-end shaken

100 g APC residues i 10 _
1 L of water = 50 Analysis:

B 100 - pH

H 200 - electrical conductivity
500 _Cl
- Pb, Zn, Cr, Ni, Cu, K, Na, Ca
pee - TDS

o —— 4‘_




Results and Discussion

At1t4he end of each leaching test and after a few minutes of settling, leachate pH and conductivity w
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Figurel- (a)} pH (b} ElectricadonductivitiestheleachingolutiofiromcolummandbatchestsasafunctioofL/S

- In column the leachant hag,pH4, but the final value is determined by the waste, strongly basic solutic
- At very low L/S ratios, the pH is moderately alkaline, followed by increasing pH for higher L/S ratios.

- due to carbonate shell dissolution, formed during the injection of slurry of lidng sorthdoegmi

which surrounds a hydroxide interior of the particles.

- These pH variation may strongly determine the release of some specific elements (e.g. amphoteric «
- The pH values observed at the column outlet match with the ones observed in the batch experiment
- The electrical conductivity shows a hyperbolic relationship with L/S, linearly related with the total dis
- For low L/S ratios the conductivity may exceed 200 mS/cm and for high L/S this parameter may be ¢

- The electrical conductoMitserved at the column outlet match with the ones observed in the batch expe
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Figure Za) TDS (g/L) as a function of conductivitipl(Po) as a function of L/S ratio.

1000

-The TDS when expressed in g/L may cover a broad range depending on the L/S ratio used in the

- A high percentag®IC residues may be dissolved when in contact with water.
- From the batch experiments it is observable that more than 50% of the solid nmiahibesdssokihe

major problems of this waste.
-For L/S=10 the TDS are betwegdl20

-The TDS in column experiments (in terms of cumulative release) they match with batch experimel
- The differential results are also indicated being possible to notice that almost all the soluble fractic

the solid material is released until L/S equal 1.
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Results and Discussion

The APC residues are hazardous waste mainly due to the amount of toxic heavy metals released in

The obtained patterns over the L/S range are consequence of the availability, solubility
transfer from solid to liquid.

Solubility control I Availability control
mg/L ™~ ~ mg/kg
— ] ~
~
\ \
kg moiL ™~ ~
LIS | | LIS

Now &€ Comparison of concentration and release amounts of toxic heavy metals
as a function of L/S for column experiments and batch tests for samples A2 and A4

Pb, Zn, Cr, Ni, Cu in mg/L and mg/kg
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Results and Discussion
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- A significant difference between the results obtained in column and batch.
- At L/S=10 in column experiments is significantly lower than in batch experiments.
- the significant difference in pH of the leachant solution may play a role
- immobilization may occur during the 3-week column tes
-The release amount of Pb exceed UO (4mk/kg) for all cases and
Ul (25 mk/kg) is exceeded for both samples;
- Fair reproducibility may be observed
- The release pattern reveals an increase cumulative with the increase L/S in column
experiments indicating a solubility control. www.uc.pt



Results and Discussion
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- Good agreement between the results from column and batch tests.
- This element is present in significant amounts in APC residues (4300-6370 mg/kg)
but only a small fraction is released when in contact with water.
- The threshold UO (10 mg/kg) is exceeded for all samples but U1l (40 mg/kg) is complied.
- For Zn very good reproducibility is observed in the experiments.
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Results and Discussion
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- Fair reproducibility in the experiments

- From the low amounts (TC= 188-259 mg/kg), a small fraction is released when in contact with water
- The threshold U1l (30 mg/kg) is complied.

- The differences between the column and batch results - pH and redox potential testing conditions
(Crlll and CrVI).
- In literature it was observed that :
- for MSW fly ash, the redox potential is negative in column experiments. In this reducing condition
Crlll is more stable than CrVI, which is characterized by lower solubility than CrVI.

- although Cr is a redox-sensitive element, for alkaline wastes, the leaching is determined mainly by CrVI.
- The leachability may be controlled by surface adsorption and solid solution formativth4with Ca-minerals.



Results and Discussion
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- Good agreement is observed between the results from column and batch tests.

- When the results are expressed in mg/kg it is possible to observe that the limit
U0 (10 mg/kg) is complied and thus Ni is not environmental problematic metal in this case.
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Results and Discussion
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- Good agreement is observed between the results from column and batch tests.

- When the results are expressed in mg/kg it is possible to observe that the limit
U0 (10 mg/kg) is complied and thus Cu is not environmental problematic metal in this case.
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Results and Discussion
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- Almost complete leached out from the APC residues until L/S=1-2 L/kg.

- K'is associated mainly to soluble salts, thus there is little retention in the particles.
- for APC residues from MSWI the batch tests (within a few hours) may be used to
assess the potential release of these species, as well as the total content.

-The release pattern is characterized by a rapid wash out, being the slope of the
cumulative release nearly 1 at L/S<1 followed by a slope of nearly O
(corresponding to depletion).
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Results and Discussion
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- similar conclusions as for K.
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- once again, the release pattern is characterized by a rapid wash out,
being the slope of the cumulative release nearly 1 at L/S<1 followed by a slope of nearly 0

(corresponding to depletion).
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Results and Discussion
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- similar conclusions as for K and Na.

Cl(mg/kg)
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- These experiments show that if washing is required, good results may be obtained
for low L/S, and thus the environment impact may be minimal.
- the U1 regulatory threshold (12000 mg/kg) is largely exceeded and again the residue

must be classified as hazardous.
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Results and Discussion
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- There is agreement between column and batch experiment, and the concentrations of this
element may attain very high values.

-The high concentration largely contributes to the ionic strength of the solution,
which may involve eco-toxicity.

-The origin of this huge amount of calcium is related with the semi-dry scrubber used for
gaseous cleaning, where slurry of lime is introduced.

- The calcium minerals are the main responsible for the high alkaline pH of the leaching solutions.
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Conclusions

. The APC residues from MSWI are hazardous according to NEN 7343 and DIN 38414-S4.

. The material exhibits high solubility, and the batch experiments showed that when the liquid
to solid ratio is high, it is possible to solubilize more than 50%.

. The pattern of release for the different inorganic species may be availability or solubility
controlled. The availability controlled pattern is easier to identify, being mainly associated
to soluble salt species.

. Both column and batch tests clearly showed that for the APC residues under analysis, the
most problematic heavy metal is Pb (regulatory thresholds are highly exceeded)

. The column experiments revealed that under percolation conditions it should be expected a
slow releasing of Pb along time.

. The cumulative results from column and batch experiments as a function of L/S, match for
Zn, Ni, Cu, K, Na, Cl and Ca.

. For Pb and Cr a significant difference were observed. Thus, for APC residues from MSWI the
released amounts obtained in batch experiments should be considered as the worst case
for short to medium-term.

. The batch values could be considered as a conservative estimation of column behaviour (for
the same L/S ratio). It is important to note that in environmental risk assessment, it is
better to obtain overestimations in leaching amounts predictions.

. In practice and whenever possible, batch experiments have the significant advantage of
being short when compared with the column tests which last 21 days.
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