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Abstract

The polychlorinated dibenzo-p-dioxins and furans (PCDD/Fs) levelsin soil samples collected from four hazardous
waste incinerator plants and their vicinities from different sites of Chinawere investigated respectively. Soil samples
collected in Plants showed concentration ranging from 1.9 ng I-TEQ/Kkg to 13 ng I-TEQ/kg with an average value of
8.2 pg I-TEQ/g while the soil sample collected from in the vicinity of HWI Plants range from 0.41 to 2.0 ng
[-TEQ/kg with an average vaue of 1.19 pg-TEQ/g. The PCDD/Fslevels in this work could be comparable to the
results from other countries. PCDD/Fs pattern and Factor analysis were also employed to explore the characteristic
and possible source of the PCDD/Fsin soil.

Introduction

In presenting UNEP inventories toolkits', Hazardous waste incinerators (HWI) were catalogued as important
potential emission sources of PCDD/Fs. In China, The stringent emission control regulations took effort for HWI
emissions from 2000. However, there was still little information known about the environmental impact of HWI1%°,
In thisinvestigation, soil samples at different sites of four HWI plants and their vicinity were collected to evaluate
PCDD/Fs contaminated levels.

Materialsand M ethods

The four HWI plants here assessed |located in different Provinces of China. Mgjor characteristics of the sel ected HWI
plants were shown in table 1. Four Soil samples were collected from four sites at each plant, onein the HWI plants
and the others in the range 0.5-1.5km to HWI plants (estimated maximum concentration points from emissions). For
the analysis of the relationship between stack emission and soil, the corresponding HWI PCDD/Fs stack emission
profiles were also provided. 16 soil samples were collected in total in 2006. Each soil sampling was carried out by
five-points- averaging method to represent average sampling point conditions and to avoid interference from possible
local variationsin soil characterigtics. In each site, 500 g of soil was collected with ameta hand-operated sampler at
the depth of about 20cm. All samples were sent to laboratory after sealed with duminum foil.

Table1 Major characteristics of the selected HWI plants

HWI-A HWI-B HWI-C HWI-D
Type Rotary Kiln Rotary Kiln Pyrolysis furnace Pyrolysis furnace
Maximum capecity(t/d) | 45 15 24 25
Flue gas cleaning Semi-dry method+  Wet method+ Wet method + Wet scrubber + Wet
Technology Bag filter Bag filter+Active Bag filter+Active method

Carbon adsorption Carbon adsorption

Y ear of start-up 2001 2002 2004 2003
Stack height(m) 45 35 35 45

All samples were analyzed according to the laboratory SOP adapted from US-EPA method 1613B .The soil samples
were air dried at ambient temperature. After sieved and homogenized, samples were spiked with **C-labelled i sotope
standards EPA 1613 LCS and soxhlet-Dean stark extracted by 300ml toluene, pesticide-grade, for 19-24h.then the
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extracts were solvent transferred to hexane and concentrated for H,SO, purification. After H,SO, treatment the
extractswere cleaned up by amulti —layer silica column which described by JIS 0311K. Then an active carbon
impregnated silica column was used to separate the PCDD/Fs from PCBs. The third toluene fraction containing
PCDD/Fs congeners was collected and concentrated to 0.5ml by rotary distillation, and then find extracts were
concentrated to 50 ul by gentle nitrogen blow. After EPA 1613 ISS internal standard added, the extracts were
transferred to a PTFE sedled vial for HGRC/HRM S anaysis.

PCDD/F anaysis was conducted by a HRGC/HRM S Autospec Ultima NT equipped with Agilent 6890N. The mass
spectrometer was operated in Electron Impact Mode at 35 €V ionizing potentia and 10 000 resolution power (10%
pesk valley definition). For the analysis of PCDD/F isomer, both DB5-MS 60 m long, i.d.0.25 mm, film thickness
0.25 um and DB17-MS 60m long, i.d. 0.25 mm, film thickness 0.25 um, were used to ensure that all 2378 substituted
congeners could be separated from other non 2378substituted congeners.

Reaultsand Discussion

The PCDD/Fslevelsin soil expressed in I-TEQ were given in table 2. For those congeners below the detection limit
the actual concentration was assumed to be zero during the calculation of 1-TEQ. Soil samples collected in Plants
showed concentration ranging from 1.9 ng I-TEQ/kg to 13 ng I-TEQ/kg with an average value of 8.2 pg I-TEQ/g.
Whereas the soil sample collected from in the vicinity of HWI Plants range from 0.41 to 2.0 ng I-TEQ/kg with an
average value of 1.19 pg-TEQ/g. PCDD/Fs levels of soil in Plants were obvious higher than levels of the soil in the
vicinity of plants. Compared with average vaues from different sitesin Italy (0.95)%,(2.68-6.91)* ,JUSA (4.0)°, Spain
(1.08,12.24) and Japan(1.8,6.0,6.1 and 7.1) ° the PCDD/Fslevelsin thiswork could be comparable. Compared with
the soil guideline in Germany and Sweden, which are 5 and 10 pg-TEQ/g, respectively, It seems that the soil from
the vicinity of al selected HWI Plants could be considered safe till 2006 and further consideration to evaluate
environmental risk maybe needed for the soil from HWI-A ,HWI-B and HWI-D plants in case necessary. However,
dueto the working time of all investigated plants maybe not long enough to make a notable PCDD/Fs levelsin the
soil from thevicinity of HWI plants; further long-term monitoring would be expected.

Table2 PCDD/Fslevelsin sail ,I-TEQ (ng/kg)

N lants In Plants
g TEQK g1 52 Site3 Sited
HWIA 1 16 17 79
HWI-B 061 041 20 13
HWI-C 083 053 061 19
HWI-D 16 057 074 10

Figure 1 showed the composition of 2378-substituted PCDD/F congeners in soil and corresponding stack emission
from selected HWI plants respectively. It could be seen that highly chlorinated PCDD/F congeners, especialy
OCDD and OCDF, were prevailing in soil samples. It also could be observed that the percentage ratio of furansin
soil from in plants were greater than that in soil from the vicinity of various HWI plants respectivey. For sail
samples from HWI-A and HWI-B, except the sample from B-ste2, the OCDD percentage ratio was larger than 59%
while the OCDF percentage ratio was | ess than 8%. For the soil samples from HWI-C and HWI-D, the percentage of
OCDF (10-32%) was higher than those from HWI-A and HWI-B, but gtill less than the percentage of OCDD
(29-58%) in most cases. There might be a reasonable implication that OCDDs were more stable than OCDFsin soil.

The PCDD/Fs congener patternsin soil from HWI-A and HWI -B were obvious different from those in
corresponding stack emission, however the PCDD/Fs congener patternsin soil from HWI-C and HWI -D were
similar in some extent with those in corresponding stack emission. The difference may be caused by following two
possible reasons: one reason was that there might be another PCDD/Fs source. The other reason might be,
considering different physicochem property of each PCDD/Fs congener and longer working time of HWI Plants A
and B, that the PCDD/Fs patterns could be changed observably due to PCDD/Fs congener’s evaporation,
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transformation and trangportation in soil. The study on PCDD/Fs behaviorsin soil would be helpful to understand the
paterns differences.
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Figure 1 the composition of 2378 substituted PCDD/F congenersin soil and flue gas from selected HWI plants.

Factor analysisresults including all soil samples and corresponding stack emission samples were shown in Figure
2.the factor 1 scores (first factor -axis) of the plot explained 58% and factor 2(secondary factor -axis) explain 17% of
the total data variation. The data points in FA plot gppeared to cluster together to 4 groups. Group 1 contains flue gas
samples from HWI-A, B, C and D. Group 2 consisted of soil samples collected in HWI-B, C and D plants. Group 3
and Group 4 comprised soil samples collected from thevicinity of HWI-A,B and those from the vicinity of HWI —
CD respectively. The cluster results were matched with the PCDD/Fs pattern described in figure 1 approximately. It
should be noted that soil sample collected in HWI-A belonged to Group 4 while soil sample collected from HWI-C
site 1 was not assembled to any group. From the Fig 2, it could be seen that the distance between points D-FG and
D-4 represented were close to each other, same for points C-FG and C-4, which supported the similar conclusion
shown on Fig 1 and implied that these samples might have similar pattern and stack emission might be important
PCDD/Fs source for soil from HWI-C and HWI-D. As for HWI-A and HWI-B, further researches and discussions
would be needed.

Organohalogen Compounds, Volume 70 (2008) page 001272



FA Score FPlot

¥4 — 1 201 in C Plant e

Group 1 Group 3 4 51

I_Flue gas from 4 B C &0 73 Soil mear & CAD Plant
+ B3

\ i

-1 Group 2
Soil in EC & D Pl

Second Factor

Group 4

Zoil nfear A E

Soil ir‘ A FPlant 4
T

T T T T T T T #* I-F&
=Zah =l xRl -1.0 -0.5 0.0 0.5 1.0

First Factor

Fig 2 Factor Analysis plot of stack emission and soil samples collected from selected HWI plants

Conclusion

The PCDD/Fslevels in soil samples from the vicinity of investigated HWI Plants were found in very low level while
those in soil samples inside the HWI plants seemed alittle higher than the guideline value of Germany and Sweden
in afew cases. However all PCDD/Fslevelsin thisstudy could be comparable to data from other researchesin
different countries. Pattern anaysis and FA analysis revealed that stack emission from HWI might be direct sources
for PCDD/Fsin soil of some HWI plants. For other instances, further research on the behavior of PCDD/Fsin soil or
other potential source near HWI would be helpful to understand.
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