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Abstract: To systematically grasp the pollution characteristics and environmental risks of incineration residues, their chemical
and mineral composition and pollution characteristics of heavy metals and chlorides were analyzed. The risk assessment code
(RAC) and synthesis toxicity index (STI) were used to evaluate the environmental risks of heavy metals. Results showed that
grate furnace fly ash presented characteristics of high calcium and chlorine, in which Cu, Zn and Cd were mainly in the F2
state, and leaching toxicity of Pb exceeded the limit, while fluidized bed fly ash was rich in SiO, and Al,O; with a Cl content
of 5.79%. Hazardous waste and medical waste fly ash presented the same characteristics of high sodium and chlorine, in
which Zn, Cd and Ni were mainly in the F1 state, but the difference was that the leaching toxicity of Cu of the former exceeded
the limit, while the later was Zn, existing in the form of ZnCl,. Both hazardous waste and medical waste incineration slag were

rich in Si0,, Al,O, and Fe,0, and with a Cl content of 3. 27%, and their Cu and Ni contents reached 7525. 5, 991. 4 mg/kg
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and 4168. 8, 628.2 mg/kg, respectively. Risk assessment indicated that the STI of grate furnace, fluidized bed, hazardous

waste and medical fly ash were also all in moderate or high risk levels, and RAC and STI of all kinds heavy metals in

hazardous waste and medical waste incineration slag were in low or moderate risk level. Cu or Pb in incineration residues had

a negative impact on human health, and Cd and Cr were both at high carcinogenic risk levels.

Keywords: incineration fly ash; incineration slag; heavy metals; pollution characteristics; environmental and human health
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(XRF, ARL Perform’ X ) 3k F 5 — ik #4702 , 5 9
H A H X BTSN (XRD, Empyrean) #4700 % | 73
WLIE 35 b 454l 7 B BUBE AT 20 AT (SEM, Merlin)
Z M USEPA3050 % J] HNO, \HCIO, Il HF J7 1 %) £
S HEAT MR . VWP Cu Zn Pb Cd Ni fl Cr % 4
J& SR R B B 5F B K (Agilent ICP 730,
USA) 5% J5 F W S 3% 43 #7{ ( AA6880, Shimadzu,
Japan) AT E .
1.3 T2 BFHEfirizdoh

BRI AW 45 4R 55 RIS (F1) (AR R
B(F2) AL (F3) Mgk 4% (F4) % FH 20t BCR
HELEAR B RS FREL 0.5000 g #E5h T 50 mlL &
LA d A 20 mL 0. 11 mol/L BRI W, 7E (22«
5)°C T (30+10)r/min Jx % 16 h, SRJ5 &0 508 Lk
W, LL0.45 pm JERET IR S8 FL W, T E—2
TR oI A PLEL 20 mL 0. 5 mol/L pH=1. 5 Eh 2 &
WL, EE F— IR AR 2B, TE—2
R A 5 mL 8.8 mol/L H,0,, % i FifL 1 h,
SRIG T (85+2) C FiHAL 1 h EHRFUHAF] 3 mL, 7
WA 5 mL 8.8 mol/L H,0, , 4k £ 7E (85+2)°C F Il
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pH=2.0 LPREIHW 75 (22+5) C T (30£10) r/min
J=¥% 16 h, B 0o JE S 3 F3 %W, oKk A HNO,-
HC10,-HF M I — 2 5% i 3R 15 F4 %W, SR AAS
KM H Cu \Zn Pb Cd \Ni fil Cr i,

K H HI/T 3004 [EA B 2 # M s 7 i il
MR 9% ) D A A R % AR ) vh B 4 R D R RE L A
W HE A 20 0 1 (L/kg) H% 3 R (30+2) r/min % i
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T8 # (risk assessment code, RAC) M E 4 R & 5 M
$8 % (synthesis toxicity index, STT) "' |

RAC 3 TH &L &40 i RN HE A 4 s
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B LA WL R E 4 R BB S TE L (2) .
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Cr) , WA (3)—(5),

RAC = x 100% (1)

(2)

IngR x EF x ED

ADD =C,, BW x AT 10°° (3)
o = 200 (4)

~ RID
CR = ADD x SF (5)

K. C, WELEEWEE, mg/ke; IngR N A &,
100 mg/d;EF Ry #& @Z 40 % 350 d/a; ED A % 88 4F R
25 a; BW N N E IR TE 60 kg; AT NP3 1E H
W8] ,Zn .Cu . Pb Ni i ED Jy 365 d,Cd . Cr i ED &
70%x365 d; RfD % % | &, Zn, Cu, Pb Ni 433l
0.3,0.04,0.0035,0. 02 mg/ (kg-d) ; SF } B¥ A 1,
Cd . Cr 439 R 6.1,42 kg-d/mg,
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e AR U 55 4 45 A 43 OO DA Al /N BRI SR e 8 o
M B 7 0 i 5 B4 43 o~ Si0, . CaO Al AL O, , 43 5] 3K
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FE AR HE B R Ak PR A 0 5 B RO Zn
9N 5451.5,3447.0 mg/kg, Pb &N 641.1,
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Ni fl Cr ¥ILL F4 520 £ A =Fd Ni e, A
F1.F2 Fl F3 & 2Z 5 >50%

XRD patterns of heavy metals in different incineration residues

1A R ES BRI, v,
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Figure 2 Species distribution of heavy metals in different incineration residues
X1 REZKYELEEHSEN
Table 1 Heavy metal leaching toxicity of incineration residues mg/ L
FE S Cu Zn Pb Cd Ni Cr
PrfEp R ND 0.4118 1. 4596 ND 0. 0810 1. 5444
ALK IR ND ND ND ND 0.0129 0.0538
& K 109. 3031 90. 8359 0.1616 0.5014 4.7325 ND
15 i 45.5134 5.1227 ND ND 0.9312 0. 0440
LYW/ 0. 8862 389. 6728 7.1919 0.7383 0. 1400 ND
[ I s 1. 4816 0. 6347 ND ND 0.1422 0. 0408
GB 16889—2008 40 100 0.25 0.15 0.5 4.5
L ND BRZITCRE ALK,
T2 REERKYIAESKESE
Table 2 Soluble chlorine content in incineration residues o/kg
2H B he ik R AR
- PrHEd ROK Wi AR ROK f& K & I it L/ AW/ [ 1 s
AR 209. 40 57.90 102. 90 32.70 328. 50 32.70
R WS 130. 39 36. 08 104. 02 2.15 163. 59 9.49
& Jm M 2 P 4 25 A B M B PR B KU 52, 45 R L Ab TR RS A5 2

3, wH R AR AR C K Cu Zn (Pb Ni Al
Cr 1) RAC &b F P IR VRS 55 9, {H Cd 24 4b T i XU
L STIRW] Cd MIBESEHER K, SR ERERBEGE
FEPEAL T & KB SR, fEIE KK Cu.Zn Cd Fl Ni
) RAC 4bF 1 KBS 45 9%, STT % M Cu A1 Cd # T %
KOGABML TSR SN, GRS R4 RE
R RAC &b F P AR XU 48 9%, ST1 = 0. 0219<0. 1,
LA REMEAL TR S 29, BEJE K Zn Pb Cd
HINi 9 RAC &b T 55 KU S5 9%, 25 A 3 A0 F rp 25 XL
W, B KA, WS4 K E SR
RAC i, AbF 2 4% 9%, STI = 0. 0050<0. 1, £5 4 B P

2.3.2 AR XU AL

4 HELIR AR Y AR AR B R TN g
R XU PR TEA 25 SR . T P HE B ROR LR AR R K
B Ph SEE KIKH Cu I Ph G EN I Cu KR KK
o Ph DL BE R Cu 5% ARAE A FAAEARS B
AR 6 P ARk R W h Cd | Cr ¥Ab T 4% i 30
AR5 2, PR, 5 2O T SRR R W Cu (P Cd
1 Cr X AR B 7 A 1) N 1R 5 i) AR 38500 RS
2.3.3  AFHIE I ITEAL

HRAE HI 1134—2020 FLE , CK AL 317 Py b a] 35
PESEN<2%, L <1% NH., F 245 FEH,
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Table 3 Results of heavy metal environmental risk assessment
2 Cu Zn Pb Cd Ni Cr
PSR RAC/% 4.54 12.85 0.61 34. 44 0 10. 03
R 25 44 Ik rh 4§ L4 [ YA w4
STI 0. 0029 0. 0026 0.0019 2.7478 0. 0001 0. 0003
L5 KU 55 2 [
WMALIKR®IK  RAC/% 17.4 24.92 3.73 46.43 0 14. 88
R 45 9% 4 &g ik [ i 4
STI 0. 0022 0.0015 0. 0036 1. 9632 0. 0002 0
LA KU 25 2 [
& % R K RAC/% 50. 32 59.35 1.03 60. 83 43.68 0.6
AU 45 ¢ E| E| ik | [ P4
STI 0. 0458 0. 0029 0. 0027 0. 1989 0. 0036 0. 0001
LA KU 55 2 4
fa 2 i RAC/% 11.79 13.09 10. 16 0 12. 4 0
TR 45 ¢ 4 h &g rh &g G4 &g Wax
STI 0.0216 0. 0002 0. 0001 0 0. 0042 0. 000
LA IRV 25 4 ik
B 5% ROK RAC/% 17. 49 45.59 36. 18 95. 81 97.05 0
AR 45 ¢ 4 i e A = A = G4
STI 0. 0048 0. 0072 0. 0048 0.3139 0. 0001 0
LR KUK 5 4
G974 iy RAC/% 3.21 9.68 6.52 0 3.59 0.28
TR 45 ¢ (S (S ik GA ik U4
STI 0. 0048 0. 0001 0. 0002 0 0. 0022 0
LAy IRV S 4 i
. RAC BB RUG AK T . 242 (<1%) K (1% ~10%) . H2(10% ~30%) 55 (3% ~50% ) AEH & ( =50%) ;STI AR (0~0.1) & (0.1~1)
E(=0.1),
4 RERKYTLYIERESBUERX KT
Table 4 Non-carcinogenic and carcinogenic risk assessment of incineration residue pollutants
Fedh , = : = WU A
Zn Cu Pb Ni Cd Cr
PrHEb IR 0.2074 0.1212 2.0910 0.0618 4.36x107° 1.18x107" Ph 7E7E A RLEE M Cd |, Cr, %5 585 SO KU
AR RO 0.1312 0. 1146 4. 4386 0. 0865 3.91x1073 3.72x1072 Ph A 1E AN R Cd, Cr 358 i S0 KUK
fa R IK 0.1778 1.5315 2. 9481 0.2814 4.00x107* 3.72x1072 Cu Pb . fF7EA BEE I Cd ,Cr. 34 1= B0 KU
1 P2 it 0. 0389 2. 1477 0. 1041 0. 5659 5.14x107* 2.54x107" Cu: fFEAR R Cd, Cr. 55 80 XU
MW 0.6113 0. 2160 1. 8598 0. 0074 4.01x107* 4.30x107° Pb: fE7EAN BRI Cd |, Cr; 55 v 85008 KU
& I it 0. 0268 1.1897 0.1712 0.3586 5.14x107* 1.03x107" Cu: fEHEAR BRI Cd, Cr: 5 5 B0 KU

T HQ<1 AR BN, HQ> 1 HAF/ER R ;CR<1x107° S TLM B XK, 1x 10 <CR<1x 107" & R BUm XK, CR> 107" 4 75 BUm

SR

PrER ORI IR K S TR AR R RO AT
Vo P SR A R S A T B A A7 T PR e KU
W, B ST BEBE AR A W) T AL AL B S 2 BRI
D A b B ) i e DL IR AR
3 W

P ABIE ARG 534, b HE D O S B A e U
P (Ca Cl JT R PLAA AL W) 588 50 19 ¥ & 77 43 Lo 20l ol
39. 82% i1 20.94% ) , H F Z A1 4F CaCO, ,Ca(OH), %
A5 Y BRI NaCl  KCl 45 7] %5 M S0k A R %O
E & Ca0 .Si0, (Al 0, Fl/b & NaCl, 5 A7 A58 41
AP G O EEE A R R, Cu A R

i, C1.Na, 0 K, 0 54 % ji 47 7520, AL, B2
TR BB N SRR Zn R Ph 2 EE MR AR, M
FE IR s RS R A s Cu (Ni R Cr 458 & R0,
LM N Si0, . WA AW RN E &8 FELAAA
Yy B mAL ) Sk R Eh AR U B b O
Zn Pb Il Cd FAAEJE LI HA B i 1 KUR: /Y L2
MF2 & F, B KT Cd MR R, I T &
W S5, ASIFIE R GEMRMT T A3 B G RR E
BEI7 W) 3 R TIBE B 5l Wy i) 15 YR i, 37 Al T
B — £ L < R A XU O N A fk BRE 114 5 i
LMW FE 1A B R 2 R A I A 5 G AT D O 8
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