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Abstract

A unique type of waste — air pollution control (APC) residues — has received increasing attention in China since the first large-scale
incinerator, Shanghai Yugiao municipal solid waste (MSW) incineration plant, was installed in the country in 2002. The APC residues
of this particular plant are similar to other residues that will be produced in other incineration plants under construction in China. This
work examines for the first time the benchmark contaminants of APC residues from the Yugiao Plant, with reference to soluble salts,
heavy metals and dioxins. Experimental findings reveal that the residues contained a marked amount of soluble salts, of up to 17.4-21.9%
(mostly chlorides), 0.98-1.5ng TEQ/g ash of dioxins and various heavy metals. Lead is of particular concern, and requires stabilization
before disposal. Heavy metal speciation schemes were implemented herein to determine the leaching characteristics. The correlation betweer
the amounts of soluble salts or chemical speciation of the heavy metals and the leaching toxicity of these heavy metals in the residues is
considered.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction signed with waste pits that store the MSW to be drained over
5 days to reduce the water content before combustion. There-
Air pollution control (APC) residues are formed as a fore, 165tofwaterwere removed per 1000t of MSW received
by-product from municipal solid waste (MSW) incinera- by the incinerator from October 2002 to September 2003.
tion plants. Dioxins, heavy metals and other species are Accordingly, the Yugiao MSW incineration plant, installed
the main contaminants. These residues are often classiin the Pudong New Area of Shanghai, was able to incinerate
fied as hazardous wastes that require special treatment anthe local MSW effectively, meeting EU emission standards
disposal[1,2]. Two large-scale modern MSW incinerators and design specifications.
were recently installed in Shanghai, each with a capacity of  This study reports the characteristics of the APC residues
1000 t/day, together accounting for approximately 12.5% of fromthe Yugiao MSW incineration plant. The levels of heavy
the 16,040 t/day of MSW generated in the diy. metals, dioxins and water-soluble salts, and the correlation
MSW in Shanghai has high water content, and therefore between these contaminants are considered. The first large-
arelatively low heat value. The installed incinerators are de- scale incinerator is now being used to treat typical MSW in
China, and the APC residues generated by the Yugiao incin-
* Corresponding author. Tel.: +86 21 6598 1383; fax: +86 21 6598 1383. Eration plant can be regarded as representative of APC waste
E-mail addressxhpjk@mail.tongji.edu.cn (P.-J. He). in China.
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Fig. 1. The composition of MSW from Shanghai Pudong New Area.

2. Materials and methods
2.1. Samples

Fig. 1 depicts the compositions of MSW collected from
the Pudong New Area of Shanghai City at a refuse transfer
station from June 2002 to April 2043]. Most of the solid
waste is food waste; the rest of the waste includes a little
paper and wood. The water content in the collected MSW

reaches 50-70%. The correlation analysis between the watef

content and the amount of food waste (sample nunfenf(
21 ande =0.01, criticalr =0.549) revealed no correlation (at
a correlation coefficient of 0.11) in the received MSW.

The Yugiao MSW incineration plant removes acid gas
from the flue gas using lime slurry (10% (w/w)), heavy metals
and dioxins using activated carbon (50 mg)nand particu-
lates by bag filtersKig. 2). The APC residues are collected
from the semidry reactors and from the fabric filter.

Seven APC residues (samples 1-7) were sampled (approx
imately bimonthly) from Yugiao incineration plant during

May 2002-June 2003 to elucidate the seasonal variation of

waste compositionHig. 1). All samples, except for the first
sample (with a 20% water content) collected after wetting to
avoid fugitive dust, were of fresh ash with water content of
less than 1.5%.

2.2. Analytical methods

2.2.1. Soluble salts

s Materials B116 (2004) 229-237

509 of APC residues using decarbonated distilled water at
a liquid-to-solid (L/S) ratio of 5:1, and their concentrations
in the filtered extract were measured by gravimetric anal-
ysis, H" titration, AgNG; titration and BaS@ gravimetric
analysis, respective[]. The concentrations of NaK* and
C&* were determined by atomic absorption spectrophotome-
ter (AAS; PE5100, Perkin Elmer, USA).

2.2.2. Heavy metals

Ten milliliters of hydrochloric acid was added to ash sam-
ple (0.3-0.59) in a polytetrafluorethylene digestion vessel
and heated on an electric heating plate until only 2-3 mL
of hydrochloric acid remained. Then, the sample was vig-
orously digested with nitric acid (5mL), perchloric acid
(3mL) and hydrofluoric acid (5mL) before AAS testing

[6].

2.2.3. Leaching toxicity and chemical speciation of
heavy metals

The extraction procedure for the toxicity of solid waste
(EPTSW) test and the sequential chemical extraction (SCE)
test were performed herein. In the EPTSW test, 100g (dry
weight) of ash sample was extracted using distilled water
t a 10:1 L/S ratio in a 2L PE bottle that was shaken at
1104 10rpm for 8 h. After settling for 16 h, the eluate was
vacuum-filtered using a 0.4B6m membrane film and the
heavy metal contents in the filtrate were measured by AAS
[7].

The SCE testwas performed on 1 g of dried ash sample us-
ing the extraction sequence presentetdhle 1 by a method
modified from that of Kerby and Rimstidi8], Abanades et
al. [9] and Tessier et a[10]. In each step, except the last,
10 mL of the specific reagent was used to extract the ash, and
the extract was separated from the solid using a high speed
freeze centrifuge (GL-20G-Il, Anting, China) at 10,00@
for 30 min. The heavy metal contents in the extract were mea-
sured by AAS. In steps 1 and 4, solution pH was modified
using nitric acid. The water-soluble or acid-soluble fractions
were available for leaching under neutral or acidic conditions,
respectively. The Ca-exchangeable fraction would probably
be leached out if the brine had moved through an APC residue
disposal site. The Ag-exchangeable fraction was of tightly
bound complexes, and was unlikely to be released by simply

Water-soluble salts in the ash were analyzed. The solubleflowing fluids. Fractions differentiated in steps 5-8 were very

salts of CQ?~, CI~ and SQ?~ were analyzed by extracting

Activated carbon

Hydrated lime

hard to dissolv¢2,8,9,11]

-------- Semidry system Y- - - - p{Fabric filter}- - - -

Stack gas

Exhaust fan t - - - | Stack -+ Emission

A

Fig. 2. Flow diagram of the APC sy

y APC residues
7| Storehouse

stem of Yugiao incineration plant.
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Table 1

Sequential chemical extraction scheme for the APC residues

Step Speciation Reagent Conditions

1 Water-soluble Deionized water 2Q, pH 7, continuous agitation, 3h

2 Ca exchangeable 0.5M Ca(M)R 20°C, continuous agitation, 3h

3 Ag exchangeable 0.5M AgNO 20°C, continuous agitation, 3h

4 Acid soluble 0.5M CHCOOH + 0.1 M Ca(N@)2 20°C, pH 5, continuous agitation, 3h

5 Organically bound 0.1 M Ng2,O7 85°C, variable agitation, 3h

6 Amorphous iron oxide occluded 0.175M (NHC204 + 0.1 M HyCp04 95°C, variable agitation, 3 h, without light
7 Crystalline iron oxide occluded 0.1 M MNEDTA + 0.3M NH,OH-HC1 95°C, variable agitation, 24 h

8 Residual 10 mL HCl + 5mL HN@+ 3mL HCIO4 + 5mL HF 0.2-0.3 g of dried solid ash from previous step

was digested

2.2.4. Mineralogy
Mineralogical analyses were performed on 20g of ash 20g of spiked sample with internal standard
using an X-ray diffractometer (XRD; PW1710, Philips, The of °Ciz-1,2,7,8-TeCDF and ’C1,-#79-TeCB
Netherlands). The working conditions of the XRD were as
follows, tube anode: Cu; generator tension: 40 kV; generator
current: 20 A; start and end angle®)23—70; step size (2):

0.02; time per step: 0.4s.

2M-HCI pretreatment
(20mmol-H"/g-ash)

Cake Filtrate
2.2.5. Dioxins }
v : ; ; : Air dryin; Vibration extraction
.T.he dioxins, mcludmg_ polych!orlnated dibenpe- 100mL of dichloromethane
dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) per liter of filtrate, three times

; Soxhlet extraction
and coplanar PCBs (PCBs), in the three ash samples were | gj.ene. 300mL 16h)

analyzed by Shimadzu Techno-Research Inc., Japan. The

sample was spiked with a mixture 51C1,-labeled internal R;:g;’;‘t’;’l‘fe“:sngsﬁ?{:;
standards and then Soxhlet extracted in 300 mL of benzene water to deduce acidity)

for 16 h. The extract was concentrated and spiked with inter- } [ Water Tayer |
nal standard, before being cleaned up through a multilayer et aye
silica gel column and an alumina column. The final elute was

Concentration

micro-concentrated an&’Cy, labeled recovery standards
were added before the HRGC/HRMS procedure was per- - .
X " i or coplanar-PCBs analysis For PCDDs/Fs analysis
formed using an HP-6890, equipped with a DB-5 MS-fused [
silica capillary column (60 nx 0.25mmx 0.25um, J&W Clean up spike Clean up spike
Scientific). Fig. 3 and Table 2present the flow diagram of "*C13-co-PCBs C,:2,3,7,8-TeCDD~OCDD
. . C,-2,3,7,8-TeCDF~OCDF
the analysis process and the reagents (Cambridge Isotope
Laboratory Co. Ltd.) used. Multi-layer silica |

gel column Multi-layer silica gel column

10%AgNO;-silica gel (w/w)

/22%H,S0;- silica gel
Alumina column

/44%H,SO04- silica gel
/2%KOH- silica gel/ silica gel

Concentration

Fig. 4 presents the results of the analysis of soluble salts. e
umina column

The fresh APC residues contained 17.4—-21.9% soluble salts, @f@?‘i‘
of which CI~ accounted for nearly half, in the form of 2% dichloromethane 50% dichloromethane

3. Results and discussion

3.1. Water-soluble salts

5% dichloromethane/hexane
o

mainly NaCl and KCI, as indicated by the mineralogical Syringe spike e | /hexane

analysis Fig. 5). It also contained 1.3-1.9% of $& and Cr#llI-PeCB [Preservation | [Concentration |

0.09-0.24% of C@* (since CaS@ and CaCQ were de-

tected by XRD). N&, K* and C&* were found to account HRGC/HRMS Syringe spike

for 35-40% of all of the soluble matter. PCir1,2,3,4-TeCDD
Soluble salts in the residues may pollute groundwater

following disposal. Groundwater with more than 2000 mg/L HRGC/HRMS

soluble salts is classified as having the worst level of
pollution, according to the “Quality standard for ground Fig. 3. Dioxin analysis of the APC residues.
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Chemical reagents used in the dioxins measurement process

Standard solution

Internal spiked standard solution

Standard solution

Internal spiked standard solution

2,3,7,8-TeCDD

2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

13¢C1,-1,3,6,8-TeCDD
13C,,-2,3,7,8-TeCDD
13¢C1»-1,2,3,4-TeCDD
13C;,-1,2,3,7,8-PeCDD
13C4,-1,2,3,4,7,8-HxCDD
13C4,-1,2,3,7,8,9-HxCDD

13C4,-1,2,3,4,6,7,8-HpCDD

2,3,7,8-TeCDF

1,2,3,7,8-PeCDF
1,2,4,7,8-PeCDF
1,2,3,4,7,8-HXCDF
1,2,3,6,7,8-HXCDF
1,2,3,7,8,9-HXCDF
2,3,4,6,7,8-HXCDF
1,2,3,4,6,7,8-HpCDF

13¢,»-1,3,6,8-TeCDF
13¢C1,-1,2,7,8-TeCDF
13¢,»-2,3,7,8-TeCDF
13¢4,-1,2,3,7,8-PeCDF
13C15-1,2,4,7,8-PeCDF
13¢y,-1,2,3,4.7,8-HXCDF

13¢y,-1,2,3,7,8,9-HXCDF
13C,,-2,3.4,6,7,8-HxCDF
13C,,-1,2,3.4,6,7,8-HpCDF

1,2,3,4,6,7,8,9-OCDD 13¢y,-1,2,3,4,6,7,8,9-OCDD

Standard solution Internal standard solution

1,2,3,4,7,8,9-HpCDF
1,2,3,4,6,7,8,9-OCDF

13C1,-1,2,3,4,7,8,9-HpCDF
13C4,-1,2,3,4,6,7,8,9-OCDF

#8113C1,-3,4,45-TeCHE
#7713C1,-3,3,4,4-TeCB?
#10513Cy,-2,3,3,4,4-PeCB
#11413C,»-2,3,3,4,4,5-PeCR
#11813Cy,-2,3,4,4,5-PeCB
#12313C,,-2,3,4,4,5-PeCB
#12613C1»-3,3,4,4,5-TeCE
#15613Cy,-2,3,3,4,4,5-HxCBP
#15713C1»-2,3,3,4,4,5-HXCB°
#16713C1,-2,3,3,4,4,5,5-HxCBP
#16913Cy,-3,3,4,4,5,5-HxCBP
#18013Cy,-2,2,3,4,4,5,5-HpCEB*
#17013Cy2-2,2,3,3,4,4,5-HpCE
#18913Cy,-2,3,3,4,4,5,5-HpCRP
#7913C1,-3,3,4,5-TeCP’
#11113Cy,-2,3,3,5,5-PeCB

#81 3,4,45-TeCB

#77 3,3,4,4-TeCB?

#105 2,3,34,4-PeCP
#114 2,3,34,4,5-PeCR
#118 2,34,4 5-PeCH
#123 2,3,4,4,5-PeCB
#126 3,34,4,5-TeCB
#156 2,3,3,4,/45-HXCB?
#157 2,3.4,4,5-HxCB°
#167 2,3,3,4/45,5-HxCBP
#169 3,34,4,5,5-HxCB?
#180 2,2,3,4,4,5,5-HpCE°
#1702,2,3,3,4,4,5-HpCE
#189 2,3,34,4,5,5-HpCB"

2 Non-ortho-PCBs.
b Mono-ortho-PCBs.
¢ Di-ortho-PCBs.

water” in China[12]. Although the “Standard for pollution

control on the security landfill site for hazardous wastes”

3.2. Heavy metals

by SEPA does not state limiting concentrations of soluble 3.2.1. Total amount

salts in hazardous was{&3], France and Germany have

Table 3states the concentration of heavy metals in the

legislated that the soluble salt content in waste in a landfill APC residues from the Yugiao incineration plant. The Cd, Pb

should be kept below 5% and 10%, respectijéH]. These

and Zn contents in the APC residues were much lower than

standards require that the present APC residues cannothe range of the contents of these metals in the dry/semidry
directly be put in a landfill because of their high soluble salt APC residues from 20 foreign Mass Burn incinerators (five

contents.
25
20 Total soluble
salts
S5t
g
=l Cr
S 10+ *
K+
5 Na* . ca®*
2
SO o 4 L

Fig. 4. Soluble salts analysis of the APC residues.

in Canada, 1986-1991; four in Denmark, 1989-1992; one
in Germany, 1982; one in The Netherlands, 1992; four in
Sweden, 1985-1988, and five in the USA, 1988-192R)

The data can be compared because similar APC systems are
used in these incinerators at incineration temperatures of up
to 850°C, and the ratio of ash production to MSW by weight
(4.1% for Yugiao incineration plant from October 2002 to
2003 and 3-5% for other incinerators stated above) is similar.

3.2.2. Leaching toxicity of heavy metals

Table 3also presents the leaching characteristics of heavy
metals in the APC residues and the limits set by the “Identi-
fication standard for hazardous waste” (Std[2] and the
“Standard for pollution control at security landfill sites for
hazardous waste” (Std B)3]. The concentrations of lead of
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O-Sio, X— CaCo,
2001 O—ALSIO, |4—CaSO,
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Fig. 5. XRD micrograph of the APC residues from Yugiao incineration plant.

present APC residues greatly exceeded those limits, makingresidues thus importantly affected their leaching characteris-
the present residues hazardous waste. Cd and Zn were alstics.
heavy metals of concern.
3.2.4. Factors that affect leaching toxicity

3.2.3. Chemical speciation The analytical results for heavy metals, presented in

Fig. 6and Table 3present the analytical results of SCE. Table 3and those for soluble salts presented-ig. 4, re-
The amounts of Cd, Cr, Cu and Ni leached in step 1 of SCE veal correlation coefficients)between the amounts of heavy
exceeded those in the EPTSW test, indicating that the water-Metals leached in EPTSW and in every step of the SCE test,
soluble fractions of Cd, Cr, Cu and Ni contributed to the met- Which were calculated using the following equation. Corre-
als leached in the latter test. The leached Zn in the EPTSW!ation coefficients between soluble salts and heavy metals
test, however, exceeded that in step 1 of the SCE test, in-leached in EPTSW were also evaluatéable 4summarizes

dicating that ion-exchangeable Zn was also released during?!! results

the EPTSW test. This occurrence is probably attributable to S (H™ — H"™(H". — H"

; . . > j—a(H"; i )(H i)
the alkaline environment produced by the reaction betweenr;(m, n) = - —— 1 Q)
residue and water. All metals leached in the EPTSW tests, [ S a(H — H{")ZZle(H{fj — H"?]

except for Pb, contributed only a little to the easily leachable
fractions of the total metal content (leached amounts in stepsWherei,  are theth species of heavy metal ajttl species of
1,2 and 4 in the SCE test). The leached Pb in the EPTSW testssh, respectivel\§the total number of the sampleS= 5 or
sometimes exceeded this so-defined easily leachable fraction? herein;H; ; the amount of théth species of heavy metal (or
revealing that some Pb in the organically bound or crystalline Water-soluble salt for soluble salt analysis) inSmESDeCieS
iron oxide-occluded phase was also be released during thedf ash analyzed in théth test; Hf = (1/S)>.7_, H} the
EPTSW tests (by distilled water leaching). average of the amount of thth species of heavy metal in

In the residues, Cr exhibited weak mobility because it was thekth testm, n, k the arraym, arrayn and arrayk, whose
trapped primarily in phases that could not be easily leachedelements are data concerning theamples in thenth, nth
(Fig. 6). In contrast, Cd, Cu and Zn were far more easily andkth test (such as soluble salts analysis) or the step of SCE,
leachable, and were primarily acid soluble. The Pb and Ni arraym={H/";}, n={H;}, k={H};},j=1,2,..., S ri(m,
exhibited moderate mobility, with the former mainly acid sol- 1) the correlation coefficient between arnayand arrayn.
uble and the latter, evenly distributed in the first four leaching ~ The amount of heavy metals leached in EPTSW correlated
steps. The rich acid-soluble phase of heavy metals in the APCWith the amount of water-soluble phase more strongly than

E Water soluble

E3Ca exchangeable

1 Ag exchangeable

Acid soluble

Organically bound

B Amorphous iron oxide occluded

M Crystalline iron oxide occluded
Residual

Fig. 6. Results of SCE of the APC residues (sampled on October 2002).
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Table 3
Analytical results of heavy metals

Sample Remark (overseas incinerators)
1 (May) 2 (September) 3 (November) 4 (January) 5 (April) 6 (May) 7 (June)
Total content (detected after digestion) (mg/kg)
Cd 498 658 449 527 509 NA NA 140-300
Cr 350 322 329 335 255 NA NA 73-570
Cu 770 667 561 628 665 NA NA 16-1700
Ni 136 131 881 115 134 NA NA 19-710
Pb 2480 1620 972 1230 2130 NA NA 2500-10000
Zn 3610 4860 3650 4160 4940 NA NA 7000-20000
Leaching toxicity (EPTSW) (mg/L)
Cd 007 017 012 014 013 020 019 0.3 0.8
Cr 0.14 024 060 008 011 015 012 10 12
Cu 013 019 012 014 011 032 043 5¢ 75
Ni 0.28 063 053 049 044 047 046 10 1%
Pb 688 881 276 537 925 988 632 3 5P
Zn 011 711 373 070 457 542 504 5¢ 75
Leached metals in step 1 (water-soluble phase, SCE) (mg/kg)
Cd 6.04 278 873 170 943 282 557
Cr 4.95 355 620 204 289 384 276
Cu 351 378 183 169 273 578 672
Ni 8.21 924 813 617 931 810 108
Pb 159 279 176 169 268 274 264
Zn 340 166 5.90 424 616 132 216
Leached metals in step 2 (Ca exchangeable phase, SCE) (mg/kg)
Cd 414 361 263 276 303 274 264
Cr 435 481 501 338 402 539 485
Cu 305 931 240 465 406 430 426
Ni 11.9 105 117 9.65 978 778 770
Pb 350 57.3 235 404 446 361 360
Zn 457 512 8.60 141 115 160 169
Leached metals in step 3 (Ag exchangeable phase, SCE) (mg/kg)
Cd 198 144 122 204 147 259 215
Cr 115 123 133 050 085 119 091
Cu 327 206 147 162 323 395 530
Ni 6.66 515 460 395 474 452 6.37
Pb 118 154 107 175 242 221 228
Zn 286 101 132 142 307 369 430
Leached metals in step 4 (acid soluble phase, SCE) (mg/kg)
Cd 187 269 7.57 146 881 213 188
Cr 163 8.38 330 056 138 156 385
Cu 339 351 134 8P 157 177 395
Ni 12.3 127 5.74 754 741 100 102
Pb 507 482 239 257 511 400 868
Zn 1190 1950 627 541 830 1090 1640
Leached metals in step 5 (Organically bound phase, SCE) (mg/kg)
Cd 268 190 170 245 164 216 155
Cr 159 252 291 117 108 6.06 713
Cu 699 527 105 125 67 849 684
Ni 5.79 6.30 6.33 543 515 586 643
Pb 473 356 233 314 367 353 397
Zn 151 190 225 265 139 251 147
Leaehed metals in step 6 (Amorphous iron oxide occluded phase, SCE) (mg/kg)
Cd 077 058 040 078 054 082 066
Cr 100 101 0.00 218 189 175 195
Cu 569 755 97.0 202 173 269 156
Ni 7.57 590 567 717 6.03 849 743
Pb 694 588 508 480 105 126 110
Zn 322 446 416 446 643 756 468
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Table 3 Continued
Sample Remark (overseas incinerators)

1 (May) 2 (September) 3 (November) 4 (January) 5 (April) 6 (May) 7 (June)
Leached metals in step 7 (Crystalline iron oxide occluded phase, SCE) (mg/kg)

Cd 452 281 113 856 817 116 5.56
Cr 385 259 0.00 419 875 680 473
Cu 132 821 201 153 236 336 229
Ni 38.6 371 294 368 606 862 697
Pb 501 416 1230 1650 2350 2180 1330
Zn 990 773 1810 1430 2290 2840 2150
Leached metals in step 8 (Residual phase, SCE) (mg/kg)
Cd 159 448 652 602 519 571 656
Cr 469 177 272 216 242 175 188
Cu 156 390 743 592 104 742 821
Ni 106 345 388 532 716 153 211
Pb 1010 357 762 852 1960 839 688
Zn 1690 339 919 825 1360 1130 1060
a Std A.
b Std B.

with that of the acid-soluble phase, because the extractantwasner. For the first time, the dioxin level in the APC residues

distilled water. (The pH values of the leachants exceeded 12from China was measureddble 5. The concentrations of

at the end of the extraction.) The amounts of Pb and Cu weredioxins ranged from 0.98 ng TEQ/g ash in the January sample

positively correlated with the amounts of water-soluble salts. to 1.5 ng TEQ/g ash in the May sample. The concentration of

However, the contribution of heavy metals in the other seven dioxins apparently increased with the amounts of plastic and

phases was not clearly correlated with their leaching capacity water in the collected MSW.

(Table 4. The dioxin contents were in a similar range to those of
The teachability of Cd, Ni and Pb was found to be affected the APC residues from some overseas incineraiablé §

by the soluble salts in the residues, especially, Perhaps [16—25] Although the composition of MSW in Shanghai dif-

because the HC1 generated during incineration was releaseders from that of refuse in other parts of the world, the dioxin

into the flue gas and finally intercepted in the APC residues, level in the APC residues was only slightly different.

hence affecting the speciation of heavy metals. Current regulations in China, such as the “Environmen-
tal quality standard for soilg[26] or the “Standard for pol-
3.3. Dioxins lution control at secure landfill sites for hazardous wastes”

[13], do not control dioxin concentrations. The APC residues
Samples of the APC residues for dioxin analysis were €xamined herein do not comply with the environmental qual-
collected in January, May and June 2003. The correspondingity standards for soil applications (<1 ng TEQ/g ash) that are
MSW compositions and water contents varied noticeably. For specified by the “Law concerning special measures against
example, the leachate pumped from the waste pit was 0.07 t/tdioxin” in Japan27]. However, the levels are acceptable for
of MSW in January but as high as 0.22 t/t of MSW in the sum- landfill (<3 ng TEQ/g astf27]).

Table 4

Correlation coefficients between heavy metals leached in EPTSW (amagnd arrayn

Array n Cd Cr Cu Ni Pb Zn
Water-soluble (SCE) 691 0811 Q0902 Q072 0881 Q0337
Ca exchangeable (SCE) —0.586 0418 Q0126 —0.165 0688 Q724
Ag exchangeable (SCE) .366 0636 0802 —0.546 Q754 Q031
Acid soluble (SCE) o112 Q000 0566 —0.146 0231 0641
Organically bound (SCE) —0.515 Q0826 -0.291 Q376 -0.107 -0.222
Amorphous iron oxide occluded (SCE) .008 —0.904 0291 —0.498 Q456 Q365
Crystalline iron oxide occluded (SCE) 371 -0.764 Q362 -0.126 Q462 Q163
Residual (SCE) —0.770 Q077 —0.204 —0.378 Q175 -0.577
Total (detected after digestion) .63 Q0195 0091 0359 Q040 Q702
Total soluble salts Q970 Q227 Q0537 0948 0815 0855
Cl- 0.986 Q043 0618 0912 0887 0837
SOy 0.596 Q783 0114 Q787 Q0196 0490

WhenS=7 anda =0.01,r¢ (critical r) = 0.874, and if >r, the two arrays are the so-called obviously correlated.
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Table 5
Dioxin contents of the APC residues from Shanghai Yugiao incineration plant
Time Sample 4 (January) Sample 6 (end of May) Sample 7 (start of June)
Measured content

PCDDs (ng/g) 11 28 16

PCDFs (ng/g) 30 45 40

PCDDs/Fs (ng/g) 41 73 56

PCDDs/Fs (ng TEQ/g) 97 15 12
TEQ

PCBs (ng TEQ/g) m13 0023 Q016

Total (ng TEQ/Qg) 8 15 12
Discharged leachate/MSW (wt.%) .60 218 220
Table 6
Dioxin contents of APC residues from overseas MSW incinerators

Denmark UK Spain Korea EU
Incinerators (number) 19 11 8 11 Newly installed
References [16] [17] [18] [19] [20]
Dioxins (ng TEQ/g) 0.1-3.8 0.033-5.80 0.07-3.5 0.13-21 0.81-1.8
Japan Taiwan

Incinerators (number) 1 3 4 1 4 (>900 t/day) 2 (<150t/day)
References [21] [22] [23] [24] [25] [25]
Dioxins (ng TEQ/g) 2.63 7.3-641 0.5-6.7 0.65 0.26-6.95 23.8,28.9
3.4. Managing APC residues in Pudong New Area 4. Conclusions

The amounts of contaminants in APC residues depend on  The contaminant characteristics of air pollution control
the characteristics of MSW, the incineration temperature and (APC) residues of the first large-scale municipal solid waste
the removal efficiency of the APC system. Further works on (MSW) incinerator in China, located in the Pudong New Area
the effect of characteristics of MSW (including some minor of Shanghai, were investigated in this work. The distributions
constituents such as used batteries) on those of APC residuesf heavy metals in the APC residues examined herein dif-
were undertaken in the authors’ laboratory. In Shanghai, usedfered notably from those from other overseas incinerators:
batteries have been recovered for 5 years, and efforts in thislead (Pb) was the heavy metal that made the residues haz-
area continue to be made. A policy will soon be implemented ardous waste. The leaching toxicity of heavy metals (except
in Shanghai to charge for plastic bags in supermarkets to con-Pb) extracted by the extraction procedure for toxicity of solid
trol their use. The effect of these management measures orwaste (EPTSW) test depended primarily on the content in
the polluting characteristics of APC residues will gradually the water-soluble and acid-soluble phase, as determined in
become evident. sequential chemical extraction (SCE) tests. However, the Pb

As stated above, Pb, Cd and Zn are the heavy metals ofleached in the EPTSW tests was in a more tightly bound
concern in APC residues. In particular, the level of Pb sub- form.
stantially exceeded the permitted level of leaching toxicityfor ~ The APC residues contained substantial amounts of solu-
landfill. The residues also contained considerable amountsble salts, primarily Ct, whose concentrations were related
of soluble salts, with a strong potential to pollute groundwa- to the leaching toxicity of the heavy metals. The total amount
ter after landfill. Accordingly, heavy metals in APC residues of soluble salts also exceeded the amounts in the regulations
should be stabilized and soluble salts should be flushed outset in various countries for landfill.
before final disposal. The state-of-the-art MSW management  The content of dioxins in the APC residues herein was
practice in the Pudong New Area of Shanghai comprises anrelated to the data collected at similar incinerators world-
incineration plant, a recycling facility and a sanitary landfill wide, ranging from 0.98 to 1.5ng TEQ/g ash. These values
site. The City Government plans to construct a second land-were not consistent with the environmental quality standard
fill site. Available heavy metals may be released when water for soils (<1 ng TEQ/g ash) but were acceptable for a land-
flows through APC residues, so the use of a mono-landfill fill site (<3 ng TEQ/g ash), according to Japanese regulations.
unit for APC residues, with a cover, is more suitable than the Accordingly, the residues were proposed to be disposed of in
use of co-landfill with MSW, because the food waste in the a dedicated mono-landfill unit, with a pollution control sys-
latter generates a very large amount of leachate to promotetem, following stabilization of the heavy metals and flushing
metal leaching. out of the soluble salts.
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