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Four flue gas sampling methods were compared with respect to the congeners of 

PCDDs and PCDFs. The gas temperature and dust concentration seem to affect 

the analytical results. Flyashes from four municipal refuse incinerators 

were distributed to four laboratories to examine the differences among the 

laboratories. Although four laboratories used their own laboratory procedure 

and their own reference standards, the results showed comparatively good 

agreement. 
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INTRODUCTION 

The amount of m u n i c i p a l r e f u s e a r e s t e a d i l y i n c r e a s i n g and t h e r e s i d e n t s 

r e q u i r e mofe and more comfor t ab le environment . There a r e many problems in 

munic ipa l r e fuse t r e a t m e n t and d i s p o s a l sys tem. The M i n i s t r y of Heal th and 

W e l f a r e of J a p a n has l a u n c h e d a new p r o j e c t , WI 21 C (Was te I n n o v a t i o n 21 

Century) t o f a c i l i t a t e the r e s e a r c h and development in the f i e l d of munic ipa l 

r e fu se i n c i n e r a t i o n system. 

As fo r a i r p o l l u t i o n p rob lem from m u n i c i p a l r e f u s e i n c i n e r a t i o n p l a n t , 

d i o x i n s emis s ion i s one of the most s e r i o u s p rob lems . The emis s ion must be 

m i n i m i z e d in a few y e a r s . O t h e r w i s e i t w i l l become v e r y d i f f i c u l t t o 
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c o n s t i r u c t new i n c i n e r a t i o n p l a n t s . 

T h e M i n i s t r y h a s i n v e s t i g a t e d t h e c o n c e n t r a t i o n o f PCDDs a n d P C D F s f r o m 

m u n i c i p a l i n c i n e r a t i o n p l a n t s f o r s e v e r a l y e a r s . H o w e v e r t h e s a m p l i n g a n d 

a n a l y t i c a l m e t h o d h a v e n o t y e t b e e n e s t a b l i s h e d i n J a p a n . T h e a u t h o r s 

c o n d u c t e d t h r e e a n a l y t i c a l e x a m i n a t i o n s ; C o m p a r i s o n o f S a m p l i n g M e t h o d , 

I n t e r l a b o r a t o r y C a l i b r a t i o n a n d C o m p a r i s o n o f C l e a n u p P r o c e d u r e . 

T h i s p a p e r p r e s e n t s t h e r e s u l t s o f t h e f o r m e r t w o e x a m i n a t i o n s . 

COMPARISON OF SAMPLING METHODS 

M e t h o d s 

F o u r s a m p l i n g m e t h o d s w e r e c o m p a r e d a t a m u n i c i p a l r e f u s e i n c i n e r a t i o n p l a n t . 

T h e f r o n t - e n d s y s t e m i n t h e f o u r s a m p l i n g m e t h o d s w e r e s h o w n i n F i g u r e 1 . 

T h e f i r s t o n e ( N o . 1 S a m p l i n g M e t h o d ) h a s a w a t e r c o o l e d p r o b e i n t h e d u c t , 

a n d i t h a s a d u s t t u b e and a c y l i n d r i c a l t h i m b l e f i l t e r b e f o r e t h e s a m p l i n g 

t r a i n . T h e s e c o n d o n e (No . 2 S a m p l i n g M e t h o d ) h a s o n l y a d u s t t u b e a n d a 

c y l i n d r i c a l t h i m b l e f i l t e r . The t h i r d o n e (No. 3 S a m p l i n g M e t h o d ) h a s o n l y a 

c y l i n d r i c a l t h i m b l e f i l t e r o u t s i d e t h e d u c t . T h i s s y s t e m i s a u t h o r i z e d a s 

J I S ( J a p a n I n d u s t r i a l S t a n d a r d ) I I T y p e . T h e l a s t o n e ( N o . 4 S a m p l i n g 

M e t h o d ) h a s o n l y a c y l i n d r i c a l t h i m b l e f i l t e r i n s i d e t h e d u c t . T h i s s y s t e m 

i s a u t h o r i i e d a s J I S I T y p e . 

W a t e r C o o l e d 
p r o b e 

D u s t Tube F i F ^ r 
I t e r ir^ 

J I S N o . I I T y p e 

Method 3 

(C- = 3> 

Method 2 

J I S N o . l T y p e 

F i g u r e 1 Gas S a m p l i n g A p p a r a t u s 
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Resu l t s 

No. 1 Sampling Method and No. 2 Sampling Method were compared a t t h e o u t l e t 

of t h e i n c i n e r a t o r , where bo th t h e gas t e m p e r a t u r e and d u s t c o n c e n t r a t i o n 

were h i g h . The r e s u l t i s shown in F i g u r e 2. The g a s t e m p e r a t u r e a t t h e 

s a m p l i n g p o i n t was 770 deg . C e l s i u s . The c o n c e n t r a t i o n s by No. 2 Method 

were 2.5 t i m e s t o 25 t i m e s of t h o s e by No. 1 Method. The a u t h o r s t h i n k t h a t 

much amount of PCDDs and PCDFs were s y n t h e s i z e d on the dus t c o l l e c t e d on the 

f i l t e r , in t h e c a s e of No. 2 Method where t h e f l u e g a s was not c o o l e d down. 

So t h e d a t a by No. 2 Method do no t r e f l e c t t h e a c t u a l s t a t e of t h e o u t l e t of 

the furnace . 

No. 2 Sampl ing Method and No. 4 Sampl ing Method were compared a t t h e i n l e t of 

the e l e c t r o s t a t i c p r e c i p i t a t o r , where the gas t e m p e r a t u r e was c o m p a r a t i v e l y 

low and t h e d u s t c o n c e n t r a t i o n was h i g h . The r e s u l t i s shown i n F i g u r e 3. 

The gas t e m p e r a t u r e a t t h e s a m p l i n g p o i n t was 300 d e g . C e l s i u s . The 
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c o n c e n t r a t i o n s by No. 4 Method were h i g h e r by 1.2 t i m e s t o 16.7 t i m e s t h a n 

t h o s e by No. 2 Method. At t h e p l a c e of h i g h d u s t c o n c e n t r a t i o n , so much 

amount of d u s t i s k e p t i n t h e c y l i n d r i c a l t h i m b l e f i l t e r t h a t PCDDs and 

PCDFs a r e s y n t h e s i z e d on t h e dus t w i t h i n the long sampl ing pe r iod . 

No. 3 Sampling Method and No. 4 Sampling Method were compared a t the o u t l e t 

of t h e e l e c t r o s t a t i c p r e c i p i t a t o r where the gas t e m p e r a t u r e was c o m p a r a t i v e l y 

low and t h e d u s t c o n c e n t r a t i o n was low. The r e s u l t s a r e shown i n F i g u r e 4. 
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F igure 4 Comparison of No.3 and No.4 Sampling Method 
(Ou t l e t of ESP) 

The t e m p e r a t u r e of t h e g a s was 270 d e g . C e l s i u s . The PCDDs and PCDFs 

c o n c e n t r a t i o n s by No. 4 Method were 0.75 t i m e s t o 2.13 t i m e s of t h o s e by No.3 

M e t h o d . So t h e s e t w o s a m p l i n g m e t h o d s a r e c o m p a r a t i v e when b o t h t h e 

t e m p e r a t u r e and the d u s t c o n c e n t r a t i o n a r e low. 

T a b l e 1 shows t h e o t h e r a n a l y s i s by an I n s t i t u t e , c o m p a r i n g No. 3 Method w i t h 

No. 4 Method. Also in t h e s e d a t a , t h e e f f e c t of d u s t a t h igh t e m p e r a t u r e a r e 

Table 1 Comparison of Method 3 with Method 4 (ng/N cu.m) 

Temperature TeCDD 
deg.C. 

PeCDD HxCDD HpCDD OcCDD T o t a l 

Outlet 
of ESP 

Inlet 
of FF 

Outlet of 
Furnace 

Method 3 
Method 4 

Method 3 
Method 4 

Method 3 
Method 4 

266 
266 

138 
138 

304 
304 

1 ,620 
1 ,680 

0.2 
0.2 

9.6 
ND 

5 
5 
,830 
,340 

0.5 
0.3 

5.4 
3.5 

8,820 
8,030 

2.4 
2.3 

4.6 
12.4 

9,990 
8,270 

2.2 
1.7 

2.5 
22.8 

8,300 
7,300 

2.8 
4.8 

3.5 
34.6 

34,600 
30,600 

8.1 
9.3 

25.8 
73.3 

Out le t 
of ESP 

I n l e t 
of FF 

Method 3 
Method 4 

Method 3 
Method 4 

TeCDF PeCDF HxCDF HpCDF OcCDF Total 

12,900 
12,800 

2.0 
4 .2 

17,800 
15,400 

0.6 
3.6 

2,000 
22,100 

17,800 
20,200 

1 .7 
1 .0 

9,060 
10,200 

0.8 
0.6 

77,600 
80,700 

6.3 
10.9 
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not seen at the outlet of electrostatic precipitator and fabric filter, but 

there are notable differences in the concentrations at the outlet of the 

furnace, where both the temperature and the dust concentration are comparatively 

high. 

The authors conclude; ^ 

1 .The temperature of dust collection portion should be below 200 deg. 

Celsius. 

2.When the gas temperature in the duct is over 200 deg. Celsius, JIS II Type 

of sampling system should be used. Water cooled probe may be recommended. 

3.When the flue gas temperature is over 500 deg. Celsius, water cooled probe 

should be used, 

INTERLABORATORY CALIBRATION 

Methods 

Fiyash samples frora four incineration plants (A, B, C and D)were collected 

and well mixed after pulverization. Each sample was divided into four 

portions and provided to four Laboratories (R, S, T and U) in Japan. The 

laboratories have their own procedure to analyze PCDDs and PCDFs as shown in 

Figure 5. 

R Ub. S Ub. T Lab. U Lib. 

S a i p l : 25e Sairple lOg HFlj Dustl- S2iple ZOi Sanple 25g 

2N-Ha.300iL 
(Z^MDl-HVf) 
Roco leap . Thr 

2N-Ha.200i i 
(40IIIO1-H7E) 
Rooa Teap. Ihr 

Acid Digestion 

la ter :Toluene 
SolidiSoxhIet Ext. 

Toluene.16hr 

Tater:Dichrolotiethane 
SolidiSoxhiot Ext. 

Toluene.16-2<hr 

2»-Ka.300ni, 
(30imol-H7£) 
Rooa Teop. Ihr 

IV-KL.ZtStaL 
(16MI01-HV?) 
RoGii Teop. Ihr 

•C-2.3.7.8-TCDD: Sng 
'C-OCOO : 5ng 

' • C - 2 . 3 . 7 
' • C - 2 . 3 . 7 
"C-OCOT 
'•C-OCDF 

8-TCDD 
8-TCDF lOnf 

lOnf 
lOng 

tater:Toluene 
Solid:Soxhlet Ext. 

Tolueoe.lBhr 

t i t e r iTo lueoe 
Solid:Soxhlet Ext. 

Benzene.16br 

Addition of —(' 
13C-Standanis 

S i l i cage l with 
AC(activated carbcn) 

Silicagel 
Alumina 

" C - 2 . 3 . 7 . 8 - T a D : 8.Ong 
• • C - 2 . 3 . 7 . 8 - T C D r : 7 .5ns 
'•C-OCDO : 1 1 . 6 n g 
'•C-OCDf : 15.Ong 

" C - 2 . 3 . 7 . ! - T n ) O : 1 0 n g 
' • C - 2 . 3 . 7 . 8 - T a ) F : 1 0 n j 
'•C-OCDD :10ng 
" C - O C D f : 1 0 n j 

-]citan-up^ Si l icagel with AC 
' — r , ' HPlC(Zorbai-SIU 

S i l i cage l 
A l u i n a 

JKS OX-303 J—I Shiinaiizij QP-1000 [ 1 CC/MS | 1 Shimlzu 9100tg I 1 JUS I 

Figure 5 A n a l y t i c a l Procedure for I n t e r l a b o r a t o r y C a l i b r a t i o n 

R e s u l t s 

The c o n c e n t r a t i o n s of PCDDs and PCDFs i n t h e f l y a s h e s A and D a r e shown i n 
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Figure 6, and the var iances are presented in Table 2. Although they used 

individual procedures, reference standards and instrumentation, their resu l t s 

show r e l a t i v e l y good agreement. Only some u n c e r t a i n t i e s in the chromatogram 

charts gotten by several laboratories were pointed out. 

j Fiyash A 

Laboratory 

R S T U 

r-,-, _ rf=(--|» rr^-tai r-r-r-— 1 1= 14 

Fiyash A 

LaBornEofy' 
R S T U 

— x ^ w 
risi>i 

Pe Hx Hp Oc Total 

Fiyash D 

Figure 6 Results of Interlaboratory Calibration 

Table 2 Variance apang Four Analyses (1) 

TeCDDs 

TcCDFs 

n.e 
15.5 

28.0 
19.9 

32.8 
19.5 

34.2 
37.5 

2,3,7,8-
TcCDD 
TcCDF 

H.6 
49.6 

38.1 
68.8 

30.5 
43.5 

66.5 
77.T 

PcCDDs 

PeCDFs 

18.4 
13.0 

31 .2 
26.2 

25.1 
10.6 

25.7 
26.2 

2,3,7,8-
PeCDO 
PcCDF 

32.9 
10.2 

47.8 
25.1 

44.5 
24.4 

53.0 
33.3 

HxCDDs 

HxCDFs 

20.6 
36.4 

29.5 
22.3 

46.1 
38.0 

32.8 
41.6 

2,3,7,6-
HxCDD 
HxCDF 

28.9 
46.3 

40.9 
33.5 

60.5 
52.6 

40.4 
53.6 

HpCDDs 

HpCDFs 

30.0 
6.3 

53.9 
59.3 

54.7 
11.4 

53.8 
33.8 

2,3,7,8-
HpCDD 
HpCDF 

32.7 
9.7 

55.5 
58.3 

58.2 
37.8 

54.6 
35.3 

OcCDD 

OcCDF 

6.6 
33.5 

38.2 
31 .7 

57.6 
56.5 

37.1 
43.2 

Total 
PCDDs 
PCDFs 

17.3 
12.2 

33.7 
19.7 

44.0 
20.1 

28.2 
31.0 

2,3,7, 
PCDDs 
PCDFs 

31.7 
22.8 

52.9 
31 .3 

56.3 
34.7 

49.8 
39.0 

To comple te the i n t e r l a b o r a t o r y c r o s s - c h e c k program, raw e x t r a c t s , p u r i f i e d 

e x t r a c t s and r e f e r e n c e s t a n d a r d s should be exchanged. 
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