
ENVIRONMENTAL LEVELS II 

EXPERIMENTAL EVALUATION OF PCDD/DFs IN CEMENT SAMPLES 
FROM KILNS USING WASTE TIRES 

M. S. Hsu and Y. C Ling 

Department of Chemistry, National Tsing Hua University, Hsinchu 300, Taiwan, ROC 

Introduction 
Transportation usmg automobiles is increasingly prevalent in Taiwan. Appropriate disposal of 
vehicle tfres is needed. An estimated amount of about 500,000 tons of waste tfres from 1973 to 
1989 are present in stockpiles. Curtently approximately 60,000 tons of wasle tfres are discarded 
annually. Various disposal methods are available'" .̂ The use of waste tire as fiiel substitutes in 
energy-processes such as cement kihis is an atfractive option". This is significant in Taiwan as 
local energy resources are very limited. 
The utilization of waste tires as auxiliary fiiel in cement production has been widely practiced. 
The impact of this reclamation method to the environment has been widely studied. However, 
most studies are focused on gaseous emissions, i.e., the speciation and quantification of emitted 
afr pollutants'"'. Thermal reactions have been regarded as one of the four primary sources of 
PCDD/DFs and usually resuh m PCDD/DFs emissions into the air'. The influence of adding 
shredded tires to the cement kihis on the formation of hazardous materials, i.e., 2,3,7,8-substituled 
polychlorinated dibenzo-p-dioxins and dibenzofiirans (2,3,7,8-substituted PCDD/DFs) in the 
clinker is not clear. This information is critical to the acceptance of cement products by the public 
due to the epidemic fear of dioxin. This study is therefore focused on the analysis of PCDD/DFs 
in the raw materials, waste tire, clinker and fiy ash from a cement kiln during trial bum. The aim 
is to investigate the quality of cement obtained by the incorporation of waste tires in a cement kiln 
for energy recovery. 

Methods and Materials 
A total of 6 samples were collected from the cement kiln. They are raw materials (mill consisting 
of limestone, clay, silica, iron dregs, gypsum and coal), waste tire, clinker-1 (produced using raw 
materials only), clinker-2 (produced using raw materials with 25% of the coal replaced by 
shredded tfres), fly ash-1 (collected when producing clinker-1) and fly ash-2 (collected when 
producing clinker-2), abbreviated as RM, WT, Cl, C2, FI and F2, respectively, hereafter. The fly 
ash samples were collected from the elecfrostatic precipitator. All samples were grounded and 
sieved witii a 60-mesh. Approxmiate 20-g of RM, 2.S-g of WT, 10-g of Cl and C2, 18-g of Fl 
and F2 were analyzed using USEPA method 1613B. The spiked concenttates were analyzed usmg 
a HP-S890GC/Fisson Ultima HRMS equipped witii a J&W DB-5ms column (60 m x 0.25 mm i.d. 
X 0.25 pm film). The recoveries of the intemal standards are all within the quality control limits. 
The detection limits are from O.OI pg/g to 0.05 pg/g. The toxic equivalents (TEQ) were calculated 
using the l-TEF/89 system' while the concenfrations of the not detected congeners are calculated 
with zeros. 

Results and Discussions 
The TEQ (pg/g) from tiie 17 2,3,7,8-substittited PCDD/DFs are listed in Table 1. A wide range of 
concenti-ation levels was observed. The TEQ ranges from 0.0026 pg/g in sample F2 to 8.91 pg/g 
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in WT. The TEQ value ofthe system blank sample is 0.0021 pg/g, indicating that the analytical 
system and method perform well. The 6 samples could be categorized into three sets, the feed-in 
set of RM and WT, the clinker set of Cl and C2, and the fly ash set of Fl and F2. The TEQ level 
detected in the feed-in set (4.62 pg/g average TEQ) is about an order of magnitude higher than 
that detected in the clinker set (0.447 pg/g average TEQ), indicating that native PCDD/DFs in the 
feed-in were desttoyed under the combustion conditions in the cement kihi, namely between 
900-1450 °C for 2-4 hours. The correlation ofthe TEQ levels ui the clinker to those in the feed-
in, i.e., the higher the TEQ in the feed-in (namely WT) the higher the TEQ in the clinker (namely 
the C2), indicating that the formation of PCDD/DFs in the clinker might still be influenced by the 
feed-in materials. The average TEQ level m the fly ash is 0.0068 pg/g, which is much lower than 
the TEQ levels found in fly ashes from other kinds of incinerators'". This might be attributed to 
the high combustion temperature and long resident time (2-5 s) in the cement kihi. The TEQ 
levels in all cement samples are far below the level of concem, i.e., tiie 1 ng-TEQ/g in resident 
soil recommended by the Center for Disease Conttol". This level is based on health risk 
assessments of ingesting soil daily over a lifetime period. Hence, it is fair to conclude that the 
quality of the cement obtained by the incorporation of waste tires in a cement kihi for energy 
recovery meets the environmental standards. 

Table 1 TEQ (pg/g) of 2,3,7,8-substituted PCDD/DFs 

Analyte 
RM WT 

Sample 
Cl C2 

in cement 

Fl 

samples 

F2 

PCDDs 0.0090 2.74 0.0069 0.13 0.0019 0.0016 

PCDFs 0.36 6.17 0.087 0.67 0.0088 0.00098 

PCDDs-fPCDFs 0.37 8.91 0.094 0.80 0.011 0.0026 

PCDDs/PCDFs 0.025 0.44 0.079 0.20 0.21 1.60 

The ratios ofthe PCDDs' TEQ to PCDFs' TEQ listed in Table 1 for RM and Cl are smaller tiian 
0.1. Similar TEQ ratios for WT and C2 are between 0.2 and 0.6, which are similar to fly ashes 
collected form other kinds of incinerators'". The characteristic profiles of 17 2,3,7,8-substituted 
PCDD/DFs of WT and C2 shown in Fig. I are also similar to fly ashes collected form other kinds 
of incinerators'", again implying the cortelation of formation of PCDD/DFs between the feed-in 
and the products. This observation warrants ftirther investigation. In summary, the dioxin content 
in the cement became higher when using waste tires as auxiliary fuel in a cement kiln. However, 
the dioxin content still meets the environmental standards. 
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Fig.l Characteristic profiles of 2,3,7,8-substituted PCDD/DF congeners in cement samples. 
The unit in the >'-axis is pg/g. 

3. Li, Z., Li, F. and Li, JSL. (1998) Magazine of Concrete Research. 50(4), 297. 
4. Clark, C , Meardon, K. and Russell, D. (1991) "Buming Tires for Fuel and Tire Pyrolysis: Afr 

Implications", EPA-450/3-91-024. 
5. Ferter, G. (1997) Resources Conservation and Recycling. 19(4), 221. 
6. Li, Z., Li, F. and Li, JSL. (1998) Magazine of Concrete Research. 50(4), 297. 
7. Khatib, ZK. And Bayomy, FM. (1999) J. Mater. Civil Engineer. 11 (3) 206. 
8. Lemieux, PM. And Ryan, JV. (1993) J. Air Waste Manage. Assoc. 43(8), 1106. 
9. Cartasco, F., Bredin, N., Gningue, Y. and Heitz. M. (1998) Environ. Techn., 19(5), 461. 
10. Giugliano, M., Cemuschi, S., Ghezzi, U. and Rosso, M. (1999) J. Air Waste Manage. Assoc. 

49(12) 1405. 
11. Rappe, C (1994) Fresenius J. Anal. Chem., 348, 63. 
12. NATO/CCMS Report No. 176(1988). 
13. Ling, YC. and Hou, PCC. (1998) J. Hazard Mater. 58, 83. 
14. Rofflnan, HK. (1993) Sixth Int. Conf on Municipal Solid Waste Combustor Ash Utilization, 

Resource Recovery Report, Arlington, VA. 

ORGANOHALOGEN COMPOUNDS 
Vol. 46 (2000) 368 


