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Introduction

Polychlorinated naphthalenes (PCNs) can compose a mixture of up to 75
congeners and eight CN homologue groups. The lar ge-scale manufactur e of
PCNs and their main use from 1910 to 1980 as popular industrial compounds
become a main sour ce of environmental pollution™. The production and use
of PCNswere phased out in the US and Europe in the 1980s due to their
toxicity and environmental persistence. Although PCNs wer e also banned for
import and manufacture from theyear 1979 in Japan, PCN wax was
accidentally imported during 1998-2000 to manufacture Neoprene FB
polymer, which isa special grade of synthetic rubber product®. Rubber belts
(FB belts) were made from Neoprene FB and used for the domestic market
during 1999-2001. Large effortsrecalled all FB polymer aswell asfinished
products containing FB polymer from distribution channels. Most of the
remaining finished productsin the marketplace will probably beincinerated
aswastes after usagein the near future. Therefore, testing was conducted
using the thermal testing plant equipment in order to evaluate the emissions
from thermal destruction of FB belts containing PCNs, determining TEQ
emissions, studying PCNs behavior, considering the mixture effect of FB belts
co-incinerated with municipal solid waste (M SW) and examining the effect of
two-stage combustion and post-combustion controls. Material balances were
analyzed to grasp input and output of PCNs and the destruction behaviors
are examined by congener specific analysis of PCNs.

Materials and Methods
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Figure 1 shows process flow of the destruction experiment equipment. The
system is composed of arotary kiln primary combustion (with electrical
heating), an electrically heated vertical secondary combustion chamber, a gas
cooling zone, a bag filter, an activated carbon adsor ption tower and a
scrubber asa flue gastreatment equipment. Sodium hydrogen carbonate was
utilized for neutralizing acid gas. Table 1 showsthe conditions of the
experiments. The experiments wer e conducted with three different feed
conditions as follows: (1) smulated M SW sample (as a blank), (2) 5mg/kg of
FB beltsadded to MSW (as expected typical level in MSW) and (3) 150mg/kg
of FB beltsadded to MSW (as a high level). Feed materials with particle size
of 5- 10mm wer e used as crushed M SW. Continuous monitoring was
conducted for temperature, O,, CO and NOXx. A screw-type feeder was used
to feed materialsat aregular rate (2.5 kg/h). After the measured values of gas
concentration by continuous analyzer cameto the steady states, sampling for
PCNswas started. Flue gases wer e obtained at 4 sampling points (kiln exit,
bag filter entry, bag filter exit and final emission). Bottom ash and fly ash
wer e sampled after the end of the experiments (Figurel).

The solid
sampleswere
extracted in
tolueneby soxhlet  fgse
and liquid
sampleswere
extracted in
dichloromethane
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Figure 1 Flow of destruction experiment equipment and flue gas sampling points

internal standards

solution and then cleaned up by passing through a multi-layer silica gel
column chromatograph. At the further clean—up step, the elute was passed
through activated carbon column. HRGC/HRM S measurementswere carried
out with an Agilent M odel 6890 gas chromatograph coupled with a JEOL

JM S-700 mass spectrometer. An Agilent Ultra 2 capillary column (25 m x 0.2
mm i.d., df=0.33 um) was used. Peaks wer e identified using infor mation from
Nakano et. al and quantified by isotope dilution®. The analytical method used
was described in details elsewhere .
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Table 1. Conditions of destruction experiments

Results and , MSW FB belt additive FB belt additive
. . Combustion sample Smo/k 150me/ke
Discussion . . L
Acid gas treatment NaHCO; NaHCO; NaHCO;
Total MSW volume (g) 18750 20000 13750
Temperature ([J) Primary combustion 840 840 838
Tabl e 2 and Secondary 900 900 900
1 Outlet of seconda
Figure 2 show the ombosion 764 748 755
resu ItS of the Gas flow rate (m’N/h) 40 40 40
. Air flow rate (m3/h) 22 22 22
degr UC‘“ on Flue gas at bag exit 0, (%) 10.3 10.5 10.3
. CO (ppm) 0 0 0
experi ments. NOX (ppm) 43 43 47
H Volume (g) Bottom ash 1778.0 1886.5 1336.4
Flgure3 mOWSthe Fly ash 81.6 91.2 138.8
hom Ol Ogue MSW size (mm) @8 x25 ¢8x25 ¢8x25
. MSW feed rate (kg/h) 2.5 2.5 2.5
patterns of typical s beisize mm) 3x15 3x15
sam pl es. T he FB belt additive in MSW (mg/kg) 5 150

Assumed PCNs conc. (ng/g) 34 48 454

Combustion gas CO,NOx at 0,:12%
and residues have most congener s of all 75 possible chlorinated naphthalenes,
while MSW and FB belt were much smpler.

(1) 1st experiment (M SW only)

PCNs concentration in MSW was 34 ng/g, and total input PCNs amount was
340,000 ng in the 4hr s-sampling time, when total M SW was 10kg. PCNs
concentration in flue gas at kiln exit was 83,000 ng/m®, and PCNs amount
therewas 11,600,000 ng. PCNs wer e formed as by-product at the kiln by
combustion, because theratio of the PCNsamount in the flue gas at kiln exit
to input PCNs amount was 34.2. Most of PCNs wer e destroyed by the
secondary combustion, and the concentration was reduced to 23 ng/m>. After
the flue gastreatment, almost all PCNs wereremoved. PCNs concentration
and emissionsto air are 2.7 ng/m3and 432 ng, those to fly ash are 0.96 ng/g
and 257 ng, and thoseto bottom ash are 1.7 ng/g and 1,610 ng. The results
show the overall destruction efficiency is99.32%.

(2) 2nd experiment (Typical level, FB belt 5Smg/kQ)

PCNs concentration in FB belt was 2,800 ug/g. Total input PCNs amount
added on M SW was 480,000 ng in the 4hr s-sampling time, because 0.05g of
FB belt was added to M SW. PCNs concentration in flue gas at kiln exit was
63,000 ng/m®, and PCNs amount was 8,820,000 ng. PCNs wer e formed as by-
product at the kiln by combustion, because theratio of the PCNsamount in
theflue gasat kiln exit to input PCNs amount was 18.4. Most of PCNswere
destroyed by the secondary combustion, and the concentration was reduced to
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100 ng/m>. After the flue gastreatment, almost all PCNs wer e removed. PCNs
concentration and emissionsto air are 7.9 ng/m*and 1,260 ng, those to fly ash
are 0.48 ng/g and 123 ng, and those to bottom ash are 0.95 ng/g and 896 ng.
Theresults show the overall destruction efficiency is99.53%. It seemed that
the influences on the emissionsto the environment did not appear in the 2nd
experiment added on FB belt with 5Smg/kg. Likethe MSW only experiment,
the WHO-TEQ emission for this experiment was less than the 0.1 ng/m®N
standard’. FB belt addition at 5 mg/kg did not influence thermal treatment
emissions to the environment.

(3) 3rd experiment (High level, FB belt 150 mg/kg)

PCNs concentration in FB belt was 2,800 ug/g. Total input PCNs amount
added on M SW was 4,540,000 ng in the 4hrs-sampling time, because 1.5g of
FB belt wasadded to M SW. PCNs concentration in flue gas at kiln exit was
66,000 ng/m3, and PCNs amount was 8,980,000 ng. It isnot clear from total
PCN resultswhether PCNswer e formed at the kiln by combustion or not,
because theratio of the PCNsamount in the flue gas at kiln exit to input
PCNs amount was only 1.98. See next section for combustion by-product
discussion based on congener specific analysis. Most of PCNs wer e destroyed
by the secondary combustion, and the concentration was reduced to 47 ng/m>.
After theflue gastreatment, aimost all PCNswereremoved. PCNs
concentration and emissionsto air are 3.3 ng/m®and 528 ng, those to fly ash
are0.17 ng/g and 61.4ng, and those to bottom ash are 1.2 ng/g and 1,170 ng.
Theresults show the overall destruction efficiency is99.96%. Like the M SW
only experiment, the WHO-TEQ emission for this experiment was lessthan
the 0.1 ng/m°N standard’. FB belt addition at 150 mg/kg did not influence
thermal treatment emissionsto the environment.
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Table2 Behavior of PCN destruction and generation in thermal destructive test using Waste containing PCN

No.1 Simulated samples of municipal solid wastes as blank condition
Initial materials Gas
Item Fly ash Bottom ash
MSW FB belt Fll.le gas.at Flue gas at Flue gag at Flue gas al. y
kiln exit bag entry bag exit the final exit
Concentration PCN 34 ng/g 2,800,000 ng/g 83,000 ng/m‘N 23 ngm}N 22 ng/mN’N 2.7 ng/m‘N 0.96 ng/g 1.7 ng/g
PCN volume PCN 340,000 ng 0 ng 11,600,000 ng 3,220 ng 3,170 ng 432 ng 257 ng 1,610 ng
Sample volume 10,000 g 0g 140 m*N 140 m°N 144 m’N 160 m*N 267 g 948 g
Destruction efficiency 99.3235 %
Ratio 1 34.2 0.00947 0.00932 0.00127 0.000754 0.00474
No.2 Simulated sample [JFB belt (FB belt 5mg/kgCIMSW[]
Initial materials Gas
Ttem e Fly ash Bott sh
MSW FB belt F]L.l(: gas.al Flue gas at Flue gas at Flue gas at. y asl ottom as
kiln exit bag entry bag exit the final exit
Concentration PCN 34 ng/g | 2,800,000 ng/g 63,000 ng/m’N 100 ng/m’N 17 ng/m’N 7.9 ng/m’N 0.48 ng/g 0.95 ng/g
PCN volume PCN 340,000 ng 140,000 ng 8,820,000 ng 14,000 ng 2,450 ng 1,260 ng 123 ng 896 ng
Sample volume 10,000 g 0.05 g 140 m’N 140 m’N 144 m’N 160 m’N 257 g 943 g
Destruction efficiency 99.5251 %
Ratio 1 18.4 0.0292 0.00510 0.00263 0.000257 0.00187
No.3 Simulated sample [JFB belt (FB belt 150mg/kg[IMSW[]
Initial materials Gas
ITtem ¥ as S ¢ ¥ Fly ash Bottom ash
MSW FB belt Fh.xe gaa.aﬁ Flue gas at Flue gas at Flu? gas aﬁ. y
kiln exit bag entry bag exit the final exit
Concentration ~ PCN 34 ng/g | 2,800,000 ng/g 66,000 ng/m’N 47 ng/m*N 39 ng/m’N 33 ngm’N | 0.17 ng/g 12 ng/g
PCN volume PCN 340,000 ng 4,200,000 ng 8,980,000 ng 6,390 ng 5,620 ng 528 ng 61.4 ng 1,170 ng
Sample volume 10,000 g 15¢g 136 m°N 136 m’N 144 m’N 160 m’N 361 g 972 g
Destruction efficiency 99.9612 %
Ratio 1 1.98 | 0.00141 0.00124 0.000116 0.0000135 0.000258

(4) Congener specific analysisof PCNs
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The PCNs —
congenersthat are
traceor absent in 10000900 |

the FB belt or

1000000
Halowaxes and the R znd/
significant dominant 2 g [ Ist
PCNscongenersin

fly ashesand 10000
emission gas from
incinerationsare
#29, 44, 66, 67, 70. 100
They can bethe

combustion mark

congeners*®. Themajor congenersin FB belt were #38/40 (17.1%), #21/24
(14.3%), #37/33/34 (13.2%). They can betheinput mark congeners. We
focused on these congenersfor discussion of the influence of adding FB belt at
kiln on combustion emissions. Figure 4 showsthe transition of the mark
congenersin 3 experiments. Asfor the combustion mark congeners, theratio
of total amount at kiln exit to input shows 107-161 (#44), 150-231 (#29), 145-
223 (#66/67), and 2.45-3.55 (#70) respectively. The combustion mark
congenerswer e clearly formed as by-product at the kiln by combustion. They
wer e destroyed by the secondary combustion, and removed by the flue gas
treatment. Asfor theinput mark congeners (major congenersin FB belt), the
ratio of total amount at kiln exit to input was lar gely changed among three
experiments. In the 1st experiment, theratio increased in 3 congener groups,
38/40, 21/24, 37/33/34, and ther efor e these congener s might be formed to some
extent. In the 3rd experiment, theratio decreased in 3 congener groups and
thereforethey were clearly destroyed by the kiln combustion. The bag filter
and the activated carbon treatment also removed them. The results of
congener specific analysis clearly showed that PCN congeners contained in

FB belt were both destroyed and formed at the kiln by combustion.
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When input PCNswere
340,00014,540,000 ngin #66/67 :m
threetests, PCNs formed 100000 _‘_g?(?
as by-product at thekiln 10000 /\
was mor e than the input 1000

100 J \ ‘

PCNs. Most of PCNswere .
destroyed by the 010 B\L
secondary combustion and 001

almost all PCNswere hput Kih Bag Bag Fhal
removed after a flue gas extt ;‘Tf'” ?}Ee{ extt
treatment. The destruction A

efficienciesin this system #38/40 =
wer e calculated as 99.53% 1000000 r —a— g

Ratio to input

and 99.96%, and adding = 100000 déﬁ_; —A—3n
FB belt in two testsdid not £ 010000

influence emissionsto the 2001000 \\\\*"\”\.;k
environment. Asfor the £ 000100

major congenersin FB A 000010 \l———ﬁi
belt, #38/40, #21/24, 000001 .
#37/33/34, theratio of kiln hput KﬂTﬂt E}ﬁg ET?S FH?J
exit amount to input ex entr; i
decreased, which

demonstrated ori gi nal Figure 4 Transition of the mark congeners in 3 experiments

PCNsin thefeed materials

wer e decomposed by the kiln combustion. Meanwhile, because the
combustion mark congenerswere largely formed as by-product, thermal
treatment of FB finished products should be conducted in moder n type of
solid waste inciner ator s meeting current dioxin emission standardsto assure
acceptable emissionsto the environment.
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