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Abstract ;: Pollutants characteristics, especially in components and contents of heavy metals and PCDD/Fs, were chemical analyzed and
toxicological evaluated in fly ash from 6 typical kinds of solid waste incinerators in Zhejiang province. The results indicated that the
main elements in fly ash were Si, Ca, Al, Fe, K, Na and Cl. Among all kinds of heavy metals, the Zn content was the highest one,
whose average was up to 9 458 mg/kg. Meanwhile, the Cd, Zn, Cu,Cr,Ni, Pb and As contents in the fly ash samples were 642, 127,
22, 18,15, 10 and 2-fold of those in polluted soil, respectively. The leaching ratios of heavy metals in fly ash concluded according to
the HJ/T 299-2007 Procedure were lower than its limitation. However, the leaching ratios from NB and LS sample concluded according
to the Toxicity Characteristic Leaching Procedure (TCLP) exceeded its limitation. The TEQ of PCDD/Fs from all samples were lower
than the limitation in GB 5085. 6-2007, while higher than the soil-limitation in Canadian, New Zealand and Sweden, with 105, 59,
401, 369 and 5-fold in the sample HZ, WZ, NB, TZ and HUZ, respectively. It could be concluded that the components and contents
of the pollutants were various from different fly ashes. The components of heavy metals were mainly affected by the type of solid wastes.
And the technology of the incinerator played important role in the pollution characteristics in fly ash. Thus, it is of significant meaning
to study the particulate pollution characteristics of a certain fly ash before disposal or reuse for the purpose of adequate risk assessment
and management.
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25 000 ng/kg, Kakuta 25 318 7 H A% e « K —
M S W 55 iy A T 19 ~ 1000 ng/kg 2 1], 3% H
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Table 1  Detail information of the sampled incinerators

L N Ab 7R R s JH A R 4

KA R BT S edl BB il W KR R T o
HZ (EEZR/R AN 800 EERREAYS 20% % & = =
WZ e 600 A i b 0.1% %5 & & &
NB [EEEH 30 3727} 20% %3 [ 2 2
LS FLY e 10 Tk 23% S 1 2 2
Tz AR be 10 BT R 17% & 2 2 =
HUZ PR R + [l 7 30 I + TR 5% FLEM o & &

1.2 pH {8 e 2B 70 #r

KK pH {H K F GB/T 15555. 12-1995 [i] {4
0 5 Tl U 5 - B P RRVE DU A R SR R R R
W5E , Z M LY/T 1251-1999 Zr bk L K PE R 70 7
Brs S8 7R A0 SR B A 7%, Z | GB/T 176-
2008 7K e A 27 3 M1 755 s AR e RO H Ay A K
I X3 4 9 6 ' 1% A 5E -
L3 HE &R0 R b vt

TKRKAE R e HE (1) ASTMD6457200a 31 fift J7
RS TR &8 . bt K Cul Zn,
As, Cr, Ni, Pb fil Cd ¥ & i@ i ICP-AES il %€ , Hg
R g SO ' B E

5t A R R AR O R A AR v (HD /T 299-
2007) 5 & H O fR B MR I % (toxicity

characteristic leaching procedure, TCLP) , 43 Hil 481 &
TRAE TR M B /K e WA T 5 7 S 3 A HLIR A B8 v (1
AT A T ROR R B R R R A R R 1
TR P (B R AN R VR A, pH =3.20 £0.05)
RE B 51021 (L/kg) , & I8 18 h +2 h; TCLP %
K2 S84 50(0. 1 mol/L L%, pH =2.88 +
0.05) , ¥ [ kb 200 1 (L/kg) , P 3% 1) 18 h +2 h.
FICRE TP 3k A3 10 B T 4 g oo = W e U7 ik
] L.

1.4 BRSSP o) b

K Y v 2y E AR 8 % - 2 B i v (HRGC/
HRMS) %} PCDFs fil PCDDs w45 B 5 2 2% (1) 17 Fif
SRR IEAT 23 BT 38 3 K 3L 1A TR Ak G ) 41 o) A
HSARM T 2,3,7,8-TCDD 2 7 (1) & ok &, b
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SO -8 AL B A 6 K
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pollution control device, APCD) 1 [f] 47 K 5§ N & #
E T WK Ca & 5 MR, b B A A R g8 R
WA KETVE(HE 1) I NB 5 LS &R, H e K
t CaO & HARMK, Pism 0 AN 2.69% 5 1.61% 5
IR AR BN SN A KK HZ . WZ R HUZ %% k¢
J ALK Ca & BEAL NB LS K K i — A
Hoh g, Hob B w1 HUZ K K v CaO & & ik

49.94% . Si & mAF HZ, WZ Fl NB " & A 6 85
T 25% e il REAE T HZ B WZ AR
ARG I D AR TR AR B, NB AR ) A
BER) L EONHLHL , 200 A2 s M S AT R
fhE Tk . FIR HZ T B THB AT 20%
A8 D Al B oRE i LR AT RO 7 A 5y A8 A A
IRAE R T2, A 3L 32 2 e 73 55 9% 3 K e i, 3t
Si0, FHEE WZ K&K EH 60% UL F. B CaO 5 SiO,
b, KK RRE S AT KT (R 2 s Gl AL Fe | Mg,
Na, K &, XS CR B A BRI REMNRET). 7£%
W6 Bl KK H LS KKK Na & 5 B dh = IJUH
i, 73 )5 38.62% L5 98.72% Xt TR RET
PO A B B A2 B0 B il DMIF B 0K 1 [T i
Je ¥ 5

AT R &, LS, HUZ R TZ & K Ky ke 2k &
T 20% 3K R A SR AP I B R AR BB T 3K
6RO AE i 52 1) A 2 B (R CR) AT e 7 SIS X
R AT B

#2 RPN A B (R 8 /%

Table 2 Main composition mass fraction of the solid waste incinerator fly ash from Zhejiang Province/%

SERE 5 (FRAE(R 22 <0. 5% )

FE Sy e oo NB s 7 HUZ HEHLTOR B AR
Sio, 42.22 25.98 40. 31 2.27 4.18 1.30 50.53
Ca0 10. 95 19. 11 2.69 1.61 42,54 49. 94 3.91
Al O, 23.19 9.56 33.40 0.51 1.17 0.91 33.87
Fe, 05 6. 62 4.02 5.98 0.25 1.26 0.24 4.84
MgO 1. 80 3.34 1.52 0.36 1.24 0.21 1. 10
K,0 2.51 5.15 1.96 7.72 0.12 0.41 N.D. "
Na, 0 1.91 4.54 6.71 38. 62 0.13 5.68 N. D.
cl- 3.20 8.94 0.30 10. 72 2.40 18.78 N.D.
B 4.68 13.92 4.34 98.72 8.20 39.51 N. D.
LOI 6.39 10. 80 3.70 20. 07 50.78 34.30 4.02

)N. DRI AR, T 1A

fic W 2 40 00 5 o B % 30 bR ME ( GB 5085. 1-
2007) B M3 I pH=12.5 8 <2.0 I, )
V0 S FUAT 8 bl 4 0 9 o 4. 6 B A e Kk
F J5 bl pHL) B2 45 R L2 3. BLBR KK Ca0 55
4 0 G B R L B R AL AU s R
K6 HA e KA B R B AT P X T

DA A st 5 i g s 1) TZ R HUZ K K 1K) pH A B
i, Her TZ KO B 45 30 56 090 b AE 10 1 BRAR L 2% ) K
K LS, HZ, WZ ,NB ® K] pH B 52 PP WK
pH E AN CHR 2 T3 il 3 1, S 5 ) e 2 Y 11
EGHE" AR 6 B KK pH 2B B 44 0]
AE 3 B ) RO G IR R AL 1) 22 52

*3 ZulAR ORI pH

Table 3 pH of the solid waste incinerator fly ash from Zhejiang Province

R HZ WZ

NB LS TZ HUZ

=12.5 & <2.0" 10.40 £0. 04 9.96 £0. 06

7.13 £0. 03

10. 69 +0. 06 12.39 £0.09 12.10 £0. 08

1) 2 I B K 40 WD U6 o 468 0 B e (GB 5085. 1-2007)
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2.2 BERRRKINE &R A R Y N %

4 A ] R )8 Je KOK B B TS e R
Z— K4 LUE I, 2R 6 B KK S AT =
KV ESJEICE. Zn &2 WK (B LS K K)
T o M E &8 ot &, U [ £ 2100 ~ 32100
mg/ kg, BIIIA9 458 mg/kg. ¥ KK (48 & &
HEN g o S E AT R, KRB K Cd
Zn, Cu, Cr, Ni, Pb, As [/ 18 53 5 by 1 5 1)
642, 127,22 18 15,10, 2 {5 {HAFE S & +1E
TR Y He, WK P ) He & AR AE 5 H HEAT B
B, ALK A 1) 46 8 B AR b8 KR A EAT b B R I I, 5
SPEUR D K Hg AJRAL K TH w3 R B S g ik
4b,Cu. Zn, Cr, Cd. Cr #1 Hg ¥ B A7 w5 A4 # E
M) L. A I, FEREAT KO IR A B AL I R axX g
4 B U AU B L 8 1) AR

82K COR ) T 4 R 4 AR AE R AT A A
MR . ARK g LR, m K
K E G R A R E N AT 4 A, e T
A% 1) [ A P 4 (¥ B G e R 3 B, W NB R K
ff) Zn, Pb Ni &80 6 Bl €K e, Cu & EABIR
B, 5 R B GRS A AR, U LR S AR
AR AR TR B I T B ) v T (1 4

ErER R OC LS AR R R 2 R ) Sk
IE R P A (F) DMF S 4R R, e KK Cr & AR
1,154 380 mg/kg, [ i 3 Al B 4 R A ARG, Wi AE
JoAh S S B S 0 Zn TR KKTIE R
K 300 mg/kg; vk, 7648 be ik B o, 45 k1 5E

A e 2 ) i T G 0 RE TSORE B 3 07T 5 e AT AE
P 5 TROR ) IR B A TR R W A R S R
JLFE W Hg, Pb, Cd 5505 % W WK & 5 Fe,
NI 25 Mk 4 (1) 76 28 i B8 T v b e AN A RO
0 S B RO JBURE 1A 485 e o8 i (AR R 2
SO AR TE 3 5 e 4 e B AS T R e L4 R
e, FHPEARERREY (EFERR) . PVC
SRL A5 B E I R R, B e e AR R AR A
by B3 b R rh AR IR & CRF i) & HCL) /]
DL 4 @ 46 A A A, B A R T &R
Zn. Cu, Cr, Pb Ni GALY) 0 5 B KA T X
(NS =R 7/ R N0 I S oo o U e
FE R K, T 34 T I BG4 R M 4 e ROK
S S, KR ES S A SR T2
AR DA G, HZ KK WZ KA O 2R3 3 )
P KK RS E S =AM LA A R IE, (1
th T HZ K06 0 9 A6 K 5 ke 12, KK 7= %
(10% ~20% ) ) (3% ~5% ) mith il 2, H
BT ik 20% 14l B R B B N, B 2% o W R A
MRS ESRESREMT WZ K. TZ KKY
HUZ ® K3 Zn &5, M E SR o R &=
FHR A TZ “%OIK R B2 97 2 W) %8 ¢ K, HUZ K
IR N BT B Joe O 3 e TNk fE B R A Ak EE )R
IR BER IR B A ALAE 2 Fh K I 4 R
A A AR ALREAE . M Ah, BT T fE B R A 1 45
W ANTHZMESE S, Tl HUZ CKE S
TR LS T TZ UK.

T4 WAL KM ESE S/ mg kg ™!

Table 4 Contents of heavy metals in the solid waste incinerator fly ash samples from Zhejiang Province/mg-kg ™

1

RFE s (b 1 i 22 <0. 5% )

T HZ WZ NB LS TZ HUZ LR
Zn 2100 6 346 32100 300 4800 11 100 74.2
Cu 410 1175 1013 149.4 62.1 170.5 22.6
As 25.5 32.9 57 1.1 18.3 6.2 11.2
Pb 95 492 620 88.2 61.6 151 26
Cd 13.5 222.8 6.2 0. 40 42.9 18.6 0.079
Cr 299 1801 251 4380 16.6 21.6 61
Ni 54.78 94.73 2200 21. 46 1.23 4.8 26.9
Hg 1.38 0.44 0.3 0.025 1.25 0.776 N.D.

2.3 BB RN H R T A

e P o T S/ BT N R e S
(A48 b, A o 3L 3k AT A 3 A B sl B R AL R )
B AR . R bR A R A R V5 (HI/T 299-2007 ) 5
FEIA R F TR Ry TCLP L AT TR i
PEAE 6 M2l R AKMBENBESBKES pH

WS Hr NHIWT ST S R B, 5 4 )8 10 5 4R it i
¥ pH 2R W K K E S EE NS N
E N il N T A | = B TR
T B AR A B 4 R B 6 Bl Rz AR KK
B AR R 2% vh Be Jg , fH TCLP 2% 1) & 4 J8 2
YR S T AR 5k, AT BUA R O pH
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# 32 %

%

B by o B0 & IR &K P R s
FR e v 8CR WDk, B AR NB RO B R pH
fH AT, H il T HZ K& & A K& T NB K
K, B, TCLP & /7 i HZ KK Zn 3R HY & 5
BENB KK i I 8 . Bk AE TCLP & i 2 Jy
WZ KKK Cd w2 tHk LRI LS "R 1) Cr B K 2

W 5C [El EPA ) fg B8 PR W09t S 0 A HE A
FEA IR IR R A% T A 5% 1 16 PR 40 %6l A
e B AR RO R 2% v RE ) A, AE [ b AR
i MRE L TCLP [R50 46 1F T, AN & 3t il 2 s 1
KERM, AT 6 Fh AR CAKRLI
I 5 1Y) 352 HY 2

S5 OWIVLA SRS CKIK GB Rl TCLP 72)7 2 45 3
Table 5 Leaching toxicity of the solid waste incinerator fly ash samples from Zhejiang Province

e ILH e %z uil )rff KA

FLIF 1 PR A HZ WZ NB LS TZ HUZ
Zn/mg-kg ! 100 0.36 £0.50 0.02+0.01 40.76 +12.50  0.23 £0.04 0.14 £0. 11 7.44 £0. 88
Cu/mg-kg ™' 100 0.13 0. 12 0.06 +0.01 0.24 +0.01  0.19 +0.01 0.05 £0.01 2.29 £0.91
Pb/mg-kg ™' 5 N.D. N.D. N.D. 0.04 +£0.01 N.D. 0.34 +0.01

B Cd/mg-kg ! 1 0.01 £0.00 0.02 +£0.00 0.20 £0.00  0.01 £0.00 0.01 £0. 00 0.01 £0. 00
Cr/mg-kg ™" 15 0.55 +0.01 5.60 +0.23 N.D. 10. 61 +0.24 0.05 £0.02 0.24 £0.01
Ni/mg-kg ™' 5 N.D. N.D. 1.09 £0.03  0.69 +0.02 N.D. N.D.
He/pg-kg ™' 100 0.60 +0. 31 0.90 0. 13 0.30£0.06  0.06 £0.04 0.30 £0. 10 0. 15 +0.06
pH 9.52 +0.37 10.52 +0. 10 6.46 +0.14  9.71+£0.02  12.34 +0.03 12.11 £0. 04
Zn/mg-kg ™! — 42.23 £1.48  26.94 +1.32 73.83 +£0.77  0.07 £0.05 0.04 £0.03 4.94 £0.51
Cu/mg-kg ™' — 2.49 £0.09 0.55 +0.06 8.16+0.18 0.09 +0.01 0.04 £0. 00 2.82+0.34
Pb/mg-kg ™! 5 0.11 +£0.01 0.25 +£0.06 0.52£0.01  0.03 £0.00 N.D. 0.48 £0.02

- Cd/mg-kg ™! 1 0.25 +0.00 2.16 £0. 04 0.17 £0.00  0.01 +0.00 0.01 £0. 00 0.01 £0. 00

reLp Cr/mg-kg ™" 5 1.11 +£0. 14 1.11 +£0. 10 0.32+0.02 5.75+0.18 0.63 £0.05 0.62 +£0.03
Ni/mg-kg ' — 0.28 £0.01 0.23 +0.01 0.93 +£0.01 0.39 +£0. 01 N.D. N.D.
Hg/p,g'kg_l 200 N. D. 7.09 £1.05 0.57 £0.22 N. D. 0.28 £0.17 N.D.
pH 4.95£0.02 7.46 £0. 06 4.08£0.08 9.01+0.04 12.02 +0.17 12.07 £0. 03

1) GBI )7 fa B MR Al f vk (HI/T 299-2007 )
2.4 BEPER KT TRESESRAL G W) o0 A B R 3R 2,3,4,7,8-PeCDF, = F J & Jit & 7 # 2 M /dy

] R R A B 45 77 AR KR B0, H R OR 2
B8 HE TR W S A R A R A
g G RS OR B 80% ~90% 1T
Chang 25" Yy, KB A B S (A% e ik
HERCR 11 0% 7647 Shin 2610 % i[5 8 3 45 48 4 1)
ZBE S HE O ST R I, 80% LA b 3 kY B g — BE
LWL R

1R WES KA G W, i 5 PCDDs (59 47 7
i, Fil ¢ PCDFs A6 & 2947 10 B, 35X 17 Fp — BE 5 3K
WG W AE 2 OB P I B R S Al AT TEQ Bt ik 2 L
6. Bk TZ KA, 53 5 MR I RS KA S
Y& o A HE AR — 3, PCDD 5 PCDF & v — - /¢
Ai 3T TZ KK PCDF (7 T3 3/4, 31X 7] g & K 4
TZ B AR I T W, o B A s KCE
i) PCBs, I K73 PCBs &5 #4911 415 T PCDFs, % 4%
R PCDFs (& i3 S AR ©A P B K P B 3%
TN RS A A B4 B, PCDDs th B R 0 I
J& OCDD F11,2,3,4,6,7,8-HpCDD, }§ % 7 (5 i &
¥ 2 F 5 PCDD/Fs ) 16.71% ~ 44.39% ; PCDFs
AR & 1,2,3,4,6,7,8-HpCDF . OCDF &5

PCDD/Fs (1] 25. 12% ~38.91% . )\ & P 4 & JE
FES BT, DTk B K2 2,3,4,7,8-PeCDF, L 57 ik
HN28.92% ~45.07% , KK T HAb b & 9. ik
4h,2,3,4,6,7,8-HxCDF . 1,2,3,4,7,8-HxCDF FI
1,2,3,7,8-PeCDD X} 5 14 4 5 A7 8 K va ik, o ik
HKAE A T8% ~13.39% 2 [i]. X Sk fE AR5 Kk A
Gt E LR b O A R TR A AL
MR T w52 AR K IR (1 W ik B R Y
AR K KM ZEIE 3 ~4 AN g, gk
WRE S TEPE Y 8 R AR 2 LS KK, 4y Al 0,113
ng/g55 0.009 ng/g, K K JLAE R W) b )L T A
AAE R MRS SR ) o) BE AR AL S W W S R Y
g 2 NB KUK, 43 i 127.79 ng/g 5 6. 177
ng/g. LA WFFUR BT, PR A48 o ok e v — W 0 A4 i
FORE T R AR 0, A I W U A e R OK
TS B 73 o 7R v 0 AL B R G A Al A R
W B K% L2 AT 2R AR 4y i T A (. 4 e Y
JI AT 58 28 4 WS D0 P R R I, ROR R
TR BB LY VAT S 0 T R B s 118 4% i R A
RRGERUR BEAH N PR e E 2, RO BRI
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46 WA Mg €Ik PCDD/Fs & 54 i K TEQ Uik %/ %
Table 6 PCDD/Fs distribution and TEQ contribution rate in the solid waste incinerator fly ash from Zhejiang Province /%
HZ WZ NB LS TZ HUZ
H Pt TEQ 5t Brdit TEQ 7 Fidi i TEQ o Fr it TEQ 51 Frdi it TEQ 5t Jrdifit  TEQ 5
O WE =A% mE Baf wmE BEof o mE 2% mE B A% mE
2,3,7,8-TCDD 0.18 2.84 0.15 4.00 0.24 4.96 1. 60 20. 00 0. 81 6.21 0.11 2.91
1,2,3,7,8-PeCDD 0.78 6. 06 0.53 6.88 1.30  13.49 1.42 8.89 2.58 9.92 0.77 10. 57
1,2,3,4,7,8-HxCDD 1. 00 1.55 0.51 1.33 0.91 1.89 1. 06 1.33 1. 66 1.28 0.71 1.95
1,2,3,6,7,8-HxCDD 2.94 4.56 0.79 2.07 1. 67 3.45 1. 68 2.11 2.58 1.98 2.20 6.01
1,2,3,7,8,9-HxCDD 2.09 3.25 0.81 2.12 1.38 2.86 1. 60 2.00 2.12 1. 63 2.65 7.24
1,2,3,4,6,7,8-HpCDD 20. 44 3.17 9.87 2.58 11.68 2.42 7.00 0.88 10.20 0.78  19.27 5.27
0CDD 23.95 0.37  30.48 0.80 25.42 0.53  30.05 0.38 6.51 0.05 29.40 0. 80
Total PCDDs 51.38 21.79 43.14 19.79 42.61 29.59 44.41 35.59 26.46 21.85 55.11 34.76
2,3,7,8-TCDF 1.59 2.46 0.70 1.84 1.04 2.15 2.75 3.44 8.15 6.26 0.43 1.18
1,2,3,7,8-PeCDF 2.88 2.23 1.63 2.13 2.04 2.11 3.10 1.94 7.50 2.88 0. 80 1.09
2,3,4,7,8-PeCDF 5.81  45.07 2.87 37.54 2.89  29.91 5.94 37.22  12.51  48.04 2.11 28.92
1,2,3,4,7,8-HxCDF 4.73 7.35 3.03 7.92 4.69 9.69 4.17 5.22 8.35 6.41 2.41 6.59
1,2,3,6,7,8-HxCDF 4.85 7.52 3.42 8.96 5.14  10.63 3.81 4.78 8.12 6.24 2.19 6. 00
1,2,3,7,8,9-HxCDF 1.02 1.58 0.87 2.26 0.32 0. 66 0.89 1. 11 0.87 0.67 0. 62 1.68
2,3,4,6,7,8-HxCDF 6.08 9.43 5.12 13.39 4.32 8.94 4.79 6. 00 8.19 6.29 5.26 14.39
1,2,3,4,6,7,8-HpCDF  13.58  2.11 18.36  4.80 28.83  5.96 12.15 152 15.89  1.22  14.36 3.93
1,2,3,4,7,8,9-HpCDF 2.33 0.36 3.37 0.88 0.94 0.19 2.30 0.29 1.52 0.12 2.31 0. 63
OCDF 5.75 0.09 17.49 0. 46 7.19 0.15 15.69 0.20 2.45 0.02  14.40 0.39
Total PCDFs 48.62  78.20 56.86 80.20 57.39 70.40 55.59 61.73 73.54 78.16  44.89 64.82
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Table 7 Dioxins contents and TEQ in the solid waste incinerator fly ash from Zhejiang Province/ng+g '
5 KA R
HZ WZ NB LS TZ HUZ
Total PCDDs"’ 12. 88 10. 20 54.45 0. 050 11.56 1. 191
SR B Total PCDFs" 12.18 13.45 73.34 0.063 32.09 0.970
Total PCDD/Fs" 25.06 23.65 127.79 0.113 43.63 2.162
Total PCDDs 0.352 0.179 1.828 0. 003 1.241 0. 027
HPEME (L TEQ i) Total PCDFs 1.263 0.725 4.349 0. 006 4.438 0.051
Total PCDD/Fs 1.615 0.904 6.177 0. 009 5.679 0.079
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