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B E AR TSUeH Cd, As Wi SEEUS R B R LR ST 4 SRR WL 7E 1.6 WemL B
30 minZ5 T, i5 98 Cd I9VA R E5A 53.72% 76 1.2 WemL ™ B 30 min 50T, 15981 As B9 R E ik
58.63% , 15 AR A Y & i 6.80 mg-kg™' (91.13 mg- kg S HIFEALE 4.61 mg- kg F1/54.66 mg-keg . TE
0.04 mol - L™ FEMRHHBI T 7508 Cd M As B & &t — 2P & 4.25 mg-kg™' F148.16 mgykg?' | 5E 4 it T E &
TG P I5 Ye i FIARME TR (CA<5 mg-kg ™', As<75 mg-kg™") AHARAH BN A AL FR )5 V5 78 A5 e 4 |
RIRELZE B 7S P S S & AR A & 5 U TR A HLAS & 25 T ER I 25 50 A 2 3 T A R R
HH, ARy B AU 7 T LA (B V5 U R A RN v R0 Y, ST Y 8 4 .

KR SR, W, B, ES.

Enhanced cadmium and arsenic leaching from sludge
by ultrasound assisted by nitric acid

ZHONG Zhenyu'™ WANG Xiang'* CHEN Can' LI Xiaoming’

(1. Huan Research Academy of Envitonment Science, Changsha, 410042, China
2. College of Environmental Science and Engineering, Hunan University, Changsha, 410082, China)

Abstract; Ultrasound assisted by nitric acid was applied to enhance the leaching of Cd and As from
sludge to realize the agricultural-use of sludge. Results demonstrated that the highest dissolution rates
of Cd and As from sludge reached 53.72% and 58.63% respectively under the conditions of
1.6 W+mL™"'/30 min and 1.2'W-mL™'/30min. Meanwhile, the contents of Cd and As in dry sludge
were reduced from 6.80 mg-kg™' and 91.13 mg-kg™' to 4.61 mg-kg ' and 54.66 mg-kg™'. With the
assistance of nitric;acid (0.04 mol-L™"), the contents of Cd and As in dry sludge were further
reduced to 4.25 mg-kg™ and 48.16 mg-kg ™' respectively, which fully met the control standards for
pollutants in agricultural sludge in China (Cd<5mg/kg, As<<75mg/kg). Meanwhile, the contents
of exchangeable, bound to carbonates and bound to Fe/Mn oxides for Cd and As declined
significantly , while the organic bound and residue bound were increased. The above results show that
the ultrasound assisted by nitric acid can efficiently leach Cd and As from sludge and realize a safe
use of sludge in agriculture.
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B2 T FE V5 K AL B RE 7 AR AR e Vo e AR b B H AR EIR T S KA B R A A
TSR Z N 20 TN, LIRS R TM 380 J1—550 J3 M R Axig e AN L5 G SRR R B B,
SRS B A BENG Y e b E R H ETHNG A — S BB S R AT R
LB AL B A S SRR MR T BRI A e A W R R SRR A R E AL
AU, A 5 VR A B e A B 7 ik RN, 15 8 Hh 3 4 J [l JE 9 2 35 R A R0
[HIRER/ A A g N TNl R C A O R e o8 G 2. L\ RE o 7/ DB RN - e A = R
2 A PR L AR USSR A R i) e 1T 5% 52 5 1. AR T Ak 2 A6 B ol 75 B2 43 K = i R Ak 7 R i Ak 5
VEREART5 U pH 8, ZEAL B 1 BRI ass ke Rk s v b i R R R Ak 15 Ui, It LA FP o7 TR AR AE 2 A
PR AR X} A2 e () . AR T S L 5 e 4 TR RS R AR I & (8 1, DU R P A 4k 2 ik s b
AP, AT LA b H o

7 AL SHLELAT SO A5 TET5 g G B AR AR LS I ARk O b is F BT5 Ve 5 4 S 1) 2
B 75 U0 A JRAR A S 2 B A PE IS, e N pH SRR SRR A R R 1S A 3 1ok s T
Ve BRARRAME | DT 3% o 45 s 7 -V PR A 22 T 1) 4 TG RO 285 ] 1) 722 Ak A DG 7 K B T lle h 4 )R
FORF 9T B4 TR AE LR BN I < A P Sl B A2 2570 5Bk T5 e b s 4w U s R S e T 4
JE Vs s R XS A0 R AE R, R B I A AL X R 4 IR 0 L R R BRSO S5 R R
FAR TR R 4R, KPS A EHE A 30 min B, Cu . Zn Ni Pb 1Y 8 BT H R 518 52.7% |
44.7% 23.6% 1% ; J7 &t il B Sm f T s ST T SBR T 20 1k T 008 A6 8 75 0 v it ot A v
SRR o TS TR 8 R LRI 43 )& (As Zn Ni Cd ,Cr.Qu Pb Al Hg) 475 e [ 15 93 AH A4 15
SYHC, G5 AR AR RE A A IR TS TR 2R AR, R 4w . R ST 45 S e B Ak 3 i i B
AL BETT UG B AR TS P B 4 IR L ER B A W 5 S R K AR 5 1 75 R v RIS B AR A Cd AT As
1 B AR — AT LA 2 A K JF e ris e Cd FiAs ARG R IE AR 284

AHFFE S AR (21 KHz) B AR T B0 TR 250 L R s i B 75 X5 e b Cd L As 7
TR, I X R AT R TE A T AR R LG Ye i Cd A As B 2SR EE R B iR A T — 2 )
ST, DA R 15 6 2 A F B HERL AR I AT HR S0F5

1 #BL5 7 ( Materials and methods)

1.1 55

S BT FH )75 JE B0 10 7 4 IR T G Vs KA BT B TS R 2R By 15 TR AR SE 6w S [ AR UTRE
24 hJSIHCAE 4 °C HIUKAE FRHD.
1.2 SLEsE
1.2.1 M IPRE NG e Cd F1 As W5 H BRI 520

SR H 500 ml TG 6 B T AR P I A0 AR RS A P AT S . S I R PR R S Ak T TS YR T
1 emAbZe Ay B EAN AR GBI E] 1 s ARG 15 IE 1 s, WIS . Zhang 26 BFSE W | 45875 15 min
Vo R I AR R, DRI S S 365 5 B 7 B 1] 30 miin; JRRE S5 HF9T & B0, 21 kHz 275 VR ik e
B i A6 7 3 R IR 7 R T A8 R 21 KHz 88 75 D R % B B A A6 . 0.2.0.4.0.8. 1.2, 1.6,
2.4 WemL ™A 5 RKIBSAERE N 4000 rmin™' F 20 30 min, BUEIERIE Cd As DA EA L
T B, BCOTTE TR 3 43 B 75 U ) Bk [T A 8 P vk B Cd Rl As 1 3 1 SO 38 40 A s 11 th M R ik # rp
Cd As IO 2L AR 0 0 ffe R P sl FE v Cd | As 35 R R AR TS PR s iR T H L R

S, AP SR R R A T R s e T AR T R

S.(%)=(C,~C,)xV/M.x100% (1)

A M oG R AT SR R R (mg) 5 C) o AR AL BEYS JE IR A W bW Wb KR 4 R I vk
(mg-L7") ;€ B A P A M R P TR AW RO M E S R (mg- L") 5 V oAT5 IR AR
(L).

Sy EIAHP B A%, 7R 15 U 6 [ AR ) o e s T o R g ik /D i
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S,(%)= (TSS,~TSS) /TSS,x100% (2)

o, TSS, Jg R AL FE Y5 I8 B A B P M E (mg - L71) 5 TSS g 8 8 A VA U A i 1) 75 T B AR 7 )
W (mg-L7").
1.2.2 BFAEHEXHGIE R Cd A1 As I H R AR

A3URGE L 500 mLL (975 Y8 BT R A Il A0 MR WAL P R AT S0 S0 R PR R RSk AL TS IR
T 1 em AbAEAT @ AARIESL A I IR] 1 s SRIG ISR 1R 1 s, Qi s S AR 908 T A 0T 5, 328 BB 325 ‘)
FEARBRE | R I )35 A0 T I AR R . 5.10,15,20 .30 . 45 min, FLE A9 SEI6 A0 B AN X 5 H 5
1.2.1 57 —3L
1.2.3  fiEERH Bl 7 I V5 e Cd 1 As

ARSI A [ 28 R 7 AR (eI A 75 D 2R 28 P R 7 () ) T 8 ek oA A i e P R DA A 5l T
B L BR TS U8 rY A R A IR 1Y Wk BE TRE I R MR FE RS 2. 0,0..005,0.02,0.04,0.06,0. 10,
0.20 mol - L™" b5 B IR K IR A AR 5534 R 4000 r-min™" F 850 30 min, SR 54575 Ve ARG T MR 48 A%
T 5B TS B I I 2 Cd  As B & & IE AR,
1.3 hriik

FIKFR AN R TF ORI | A AR SR FH 38T 5 7K A E T U A I R i RS 1 ik
&, pH i pHS-3C il . Fi5 7 o Cd % % F§ HC1-HNO,-HF-HCIO, DU PR F1 PR T i , s As R K 1
fift >, SR )55 FHl ICP-OES ( Optima5300) I 52 . 5 & A4 R R F B A B A 5 s omie SR P AR B Bt e 6
PR 5 HOSA R B NH, OAc 1282 - JE 6 B 2 . B0 Cd L As FIIICP-MS ( NexION300Q ) M 5E. 75
PIESL 53R AR L 2 504 ( Quanta 250 FEG) 4347
1.4 EEBILEST

FHERNIE S Terrier HSEHRHOE FEHUFT (LA RIS T RE S 1g A ELAS H , FEn
A 10 mL &N 1.0 mol -mL ™" ) MgClL,(pH=7.0)", IR TR 1h(220 r-min™") , B0 405 F2 (BRIRER
GEEAR) I AR IUS M ERE , FEINA 10mE HREEA 1.0mol - mL™" NaOAc( F HOAc ¥4 pH 5.0) , =i
TRE 5 h(220 remin") , BLLAME  F3 (B AR 45 A IR ERSS A S BUS 3R, I A20 mL
WeRESA 0.04 mol - mL™' EhFRFRMEIA WL , 9623 CRKIAHRHL 6h, [l BKhi T, BI040 B FA(CAMLE B ) (5
A WEE G RBUS FRIE , Je A 3 mL ¥ 4 0.02 mol - mL™'HNO, #1 5 mL ¥ & 4 30%H,0,,85 C /K
TEHEH 2h; BRI 5 mL ¥R 30%H,0,,85 CARKIAHEH 3 hy F5 (FRIER) . A LSS A SR BUS 5%,
B ) HE-HNO3-HCLO4 T, 55057 5.

2 5B AFNT18 (Results and discussion)

2.1 I5IRAFEAMR

TSR T LR 1,75 T &4 m A& R 2.3 2 11, Cd Al As B TIRER HS R
TS bRERY | ARS8 K% R Cd Al As. F Terrier LA E SR 0 T ISR P4 FIE S 1)
Cd T As, BT &= aE 1 s,

R IGUAHEANE R

Table 1  Basic properties of sewage sludge

] S AR v
akE e S HHLY
pH X Total solids suspended concentration/ .
Water ratio /% 4 Organic matter/ %
(mg-L™")
6.35 98.14 20 500 34.52

MIE 1 A] 5, Cd A1 As 3B DA AT A2 e 2 MR TR £ 25 A& A E Tis e, 433 5 Cd Al As B & A9
61.35% K1 63.71%.Riffaldi"* F& S8 HfF5E 2R TS b Cd FEE LSS MBRIR 45 & B, 5
VNSNS S
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2.2 EBFEIPREFEXG I Cd R As Wit A5

A 2(a) AR AT LABEVS IR Cd A As 32 88 7 25 A0 VR B YRI5 U8 [ B B 45 40 4 A DA K 5%
B 11%) 240 B0 R R S — S L P 4 BT, T L B O VR VR AR v ) e S R STR ZS SO R AR DRI A R T
BTG TR R N EE A A E SR TS 28 TES B WEERR.

®2 HRTPESEHSE (mgkg)

Table 2 Contents of heavy metals in sewage sludge

Cr Cu Pb Cd As Ni Zn Hg
Ji157E Raw sludge 115.23 190.45 83.99 6.80 91.13 41.46 289.96 1.18
AT Ve bR

600 250 00 5 75 100 00 5
Agricultural sludge standard pH<6.5 5 3 5
AT AR HE 1 000 500 1 000 20 75 200 1 000 15

Agricultural sludge standard pH=6.5

a
® F1. Eexchangeable 10k F1. Exchangeable
25 F2. Bound to carbonates F2. Bound to carbonates
F3. Bound to Fe/Mn oxides 351 F3. Bound to Fe/Mn oxides
20 F F4. Organic bound F4. Organic bound
7': F5. Residue bound = 30 F5. Residue bound
2 Zost
Al 2
< =20}
=l )
S 1ok <
Y 1.0 T 15}
10 -
05
[] i
0 0
F1 F2 F3 F4 FS F2 F3 F4 F5
Speciation of cadmium Speciation of cadmium
B 1 sl e B A 0 (a. 58, b. i)
Fig.1 Chemical fractions of cadmium and arsenic in dry sewage sludge(a. Cd, b. As)
. . _
oh @ cd 7.0 (®) ——Cd 110
b —— As \ —#—As 1
50 F 6.5+ / —100
N = ./. 1. =
i‘é 40+ :.‘D 6.0k % -90 "_?‘D
= [ g0 20
£ 301 g = s £
= | =55¢ » =
2 2 S 1 <
A = 470 =
50
10}
| Y 460
oL 451
| 1 1 L | ! | ) 1 L | L | 1 | L 1 1 1 1 1 1 1 1 50
0.2 04 0.8 1.2 1.6 24 0 0.4 0.8 12 1.6 20 24 2.8

Ultrasonic power density/(W-mL™") Ultrasonic power density/(W-mL™")
B 2 7 TR S YR AR AR s
(a. WHLZE, bR AR )

Fig.2 Effect of ultrasonic power density on removal of cadmium and arsenic from sewage sludge

(a. Dissolution, b. Contents of heavy meetals)

15U Cd | As I Hh 23R BilER 75 T 2R 2% 5 110 34 K 2 050 30 5 0 ) 8 B | S ) R A 0.2—
1.6 WemL ™" B{LHT, Cd AW 2B W 5, 7E 1.6 WemL™ iA 25 K, HAB A 53.72%. 8 75 Ty 5 25
it 1.6 WemL™, Cd B9¥% AR TFR M R R, TE 2.4 WemL ™ B I 3Ry 31.55%. As (193 H 2875 88 75 )
R 0.2—0.8 WemL™ R/, 5% 2047 ; 285 DR B it 0.8 WemL ™5, HA th R 2R T 5,
TE 1.2 WemL ™ SR BI T 35 158k 58.63% . 75 YR B BE I 1.2 WemL ™ 5, As PP HH 238 SO T b
K AR Tessies HLEHEEL , v LK &8 400 5 FIEAS 7 2 FIEZS (F1LLUF2) AARRRES, )5 3
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(F3.F4 F5) M ARESNEIR 515 RIS & AR R , fEEAE SRl T pH, Akl
AL A2 B R AR AL A FE S E S B A S i i I LA AL 150 Cd i As AFRE AR B
R AR T Cd FI As 15 58 H R 230 T 60, 88 75 B[R] 30min, B8 7 Tl 3 2% B A iR 2 5 —
HI Cd  As AT XAMEFRVE R B DR LT HEIE, 28 07 RN A E R 48 2
PR E ARG, X Cd K, FEIE R 0.4—0.8 WemL ™, X T As 2K, H B2 0.8 WemL ™" . X 5 A [a] &
&)@ A BT B 4a %] i DL A PR A 3 A A . Cd F As ZEAIGEE S D) 2R 2 B R U Hh R AR A0 JE IR
S EAIR 55 RS G, CN ARG WSS L FLIT 1 A 295 (IR S D | 28 OO ™
A2 S S SRR TG L S R i e R A 5T U0 D1/, HUREAE /0 i Y 4 e R R R A . 1 KR
T3R8 B 233 o BNy 3 i, ANASCRT A 5 308 3 1T %) 7 4 T 0 & T ot 6 1 1 e o8 40 G 1) 40 R S AR
(13 3 TOC MMk EAALE ) 2% BB 5 4 m R 5 A1, M P 4 I b o e i i e Koy +
) T T BE R B A T AR G PR BN A LA A R NS AR B RS T AR A R
FASCAFFEF W12 S 7 oy o3 Tk 3 — R (B, 7 D I A AH 9 2 S s 3 b, 5 3507 75 I
AEA 0 2 SRS B 24 TR 2 o SRR D55 , AR 7 ) R 2 B R B — S S, Cd R As A% L
R 7 TR R ) TR T T R

R3O TR X YR [ -V AH Y 5 R
Table 3 Effect of ultrasonic power density on solid-liquid phase of sludge
15U AL R BT R

T I FR 0 B . EVELY/pivees e BALEKR
. . Total solids suspended 1 X .
Ultrasonic power density/ . Solubility of solid Total organic carbon/

B concentration/ ) -

(W-mL™) 4 phase material/ % (mg-L™")
(mg-L™")

0.2 18 624 9.15 542
0.4 17 827 13.04 685
0.8 17 659 13.86 762
1.2 15 892 22.48 1700
1.6 15 672 23.55 2 080
2.4 15 658 23.62 2 140

F I 2(b) AL, TG Cd R F i Bl 7 T 232 28 1 38 S IS I )5 T A A 3 T As I 7
ARG BEAR IR X TR 5 U Cd Ml As S A2 BT 145 H SRR ORI 75 45040 T iR B R AR 72
FIRERE R 0.2 WemL ™ Bf, T150e % Cd As & B R ARl Cd & TR, As S TH
7 3 R AN EE 4 0 R R VRO, T L P 2 T U SR AR . R PR DR O 0.2 WemL T B, 3R 3
A AP BN 9.15% , KT As FIVR I3 (4.32% ) /T Cd B9V 13 (9.94% ) , JT it Fge 2
B, 2495 U AR i Rk T H A B IR R 5P IZES B S E S WL Fiskd cd s E T
R As 1975 i TR . B P T30 28 B 1 1 K, [ AR s i R 8 R (P 28 3 mTA0) LT Cd 1 As %
FIFVAT I WG, L Cd AT As AET5 U i & B3GR Y A D) R % B i 0.8 WemL ™ V5 e
Cd 1 As (775 H 2 20m0 T = , BRI [ 4 9 J5 7 gt 0 i R R s SR K, B B s e i Cd A
As TR TI5 0T Cd 1 As & S il fE A DR % B R 1.6 WemL™" 1.2 W-mL™" B 2|
I, HAES 510 4.63 mg- kg™ F1 54.66 mg-kg™" . 244 75 Ty 238 25 B2 3 K 3 — 2 (ELIS, 1A o Vs A R FE AR AN
(R 3 TR TE 23% 2247 ) , T Cd A1 As B 2R REAIR, L IAR 9 B0 i 26K s A5 V5 Je v i) Cd
I As Fra s B INT IR T5 TR Y 7
2.3 HFEETEIXE IR A Cd AT As Wi 520

H 2.2 AJ 0 A TR 1.6 WemL ™ (1.2 W-mL ™" 43942 Cd ., As 1@ B e 540 (H e S 7
1.6 WemL™ 3802 1.2 WemL ™ S5 FHEIGIEM 50 Cd F1 As 195 2 [F B REAR 205 Je e PR ELL R .
AT 1.6 WemL™, 1.2 WemL ' 51T Cd Fl As U S B FHEZL, HAERm AT /D, ks
1.2 WemL ™ B8 75 T3 B A TS0 00

A 3 (a) AT, Cd  As B3 H S5 BEHR 7 B ) A 22 < S22 498 o A e A s B R A, BE i AR 22 | 1
W56 5 4w A G (I Re BRI 4 Bt R B ) R e AR R R s R
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TR B 5 A28, T SEE A P N ) AN 2 1 B Rl O, Tl B 22 0 B S v 1l P i R rh s e vk
Cd As &AW AR, X EEORE A SR Cd As K g R

60 - (b) — 95
@ _y cq 6sf ——cd
551 ——As L —ae As 490
6.6 185
£ o 80 7,
g as| o 641 Z
5 éo 75 &
£ 40} E 62 £
= = L 470 =%
o =) -—

% 351 2 6.0+ Y =
A = " 165 =
30 53l \$ » 460
=r 6 \%' 155

5. L
20 1 1 1 L 1 | 1 1 1 L 1 L 1 L 50
10 20 30 40 50 0 10 20 30 40 50
t/nin t/nin

B3 R IR 5 e o AR AR S s
(a. WHHE, b, EEEE )
Fig.3 Effect of ultrasonic duration on the removal of cadmium and arsenic from sludge

(a.Dissolution, b. Contents of heavy metals)

AR 75 B (A 7E 5—20 min ZBFLET, Cd A9 H1 2 Bl B[R] 04 2B 4 2% 18 Hb b (3% Hh R i 24.25% LT3
31.53%) ;83 20 min J5, Cd A9 R 3 T &, 8 75 B (] 45 min BF Cd (93 23855 8 05 K
(49.95%) . 515 KRMEE G 1) Cd, 752 — 2 BYREEE A REAE & ]2 5] Ao B KT ¢ | Jact I 1] v 8 7 i A\ 1 E B
BB Cd 7 R A 5 . 288 A I AR 5 20 min I, Cd-BOTAS S SRS . 1t 2% 4 19 TOC & 1738
ESkE , 8 A IR L 20 min, 75 U6 L8R SURIBE 24 BEORE I 4 5, i TOC 1) F s VT
JL P9 0 s 1 3 AR A i 2 T A | T SR A 5 e 3 T 114 B 4 AR R R RO RV, S 4
JR I R T H B 3 (a) T A I A FE 510 min 22400, AR As B9 F ETARBE  (HHE
HPRIEMES 5 min B EGAE] 35.53% , X AT BEIE PR A ATAC IS As 15 i LA (1R11544.12% ) AT A8 25 1Y
As FEMSEE A TE M oA K R AL AR TS YR A B Ak M IR 2 A A | S BSCH AR TS Y -3 1R A %) R 4
B B8 75 E [A] A 3 10 min, As (93 R IL-F- PR, 788875 30 min B As (97 H R85k
(58.63% ) ; YRS HE K AR I [] | As AV H R AS SRR AS S Bt 25 88 77 I i) 1) B4, R P o A e = A Y 25
ORI Z Y R K VE R IG5 2 TR CE 210 As. S8 75 i [l 35 6 v 4 S0RE 1) L
s v, 200N JIURE MR BT SRR BB K 45 T A AT B 3 A5 T I G R K. P (BT 4 R R
Je ¥ 8 R B A P T R P VU 3 T A /N A SR AT i K A DR R R B[] FE 5—45 min
AR 5 U8 e FE AR A H 19221 mg- L7 F &S] 15672 mg- L™, Cd B3R H 3R IKE 2 BIE T As %A 1K
F, X AT BESEIA Y Cd SV 0 HLAIE W45 5 40 BT W B A 38 A 3 T, 7%+ TR Bk 38 - 17,
1M As 576 MUY B0 45 A0 b 2 ) o7 BEL N 25 T P er 25 PR 28 P Rk [ 4 29 17 A2 B, AT 0305 88 7
%*HBSJﬂ .

R4 HE I EX S R I - WA 4R
Table 4 Effect of ultrasonic duration on solid-liquid phase of sludge
RSNl LN SREE 7N S

A7 I 1) . I#6 FH Ay S e S BB
) . Total solids suspended o . .
Ultrasonic power density/ . Solubility of solid Total organic carbon/
concentration/ .
(W-mL™) o phase material/ % (mg-L7")
(mg-L7") '
5 19221 6.24 386
10 18323 10.62 624
20 18202 11.24 706
30 15892 22.48 1700
45 15672 23.55 2080
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I 3(b) AT B I N 5 min B, FI5RH Cd A1 As 5955 TS TR AR Hb A KR BE A R [, X
SRR 5 YRR 1Y Cd A1 As BERCENRAE , 15U T Cd A As A3 H 2808 KT [ RE 40 Jo 1) 345 i
(24.25% \35.53%vs6.24% ) B 1 R v 4 I 1) RE TS 55 W BT 2 (] B SR A7 1 il 8 7 s ) 1) S G, 2R
BER TR/ DR | o 4 & i R 38R T YR R LW i e | Ak | B T e oA B 3 w3
SRR ) A R 2 S ORI PSR 45 ORI A R I R R V5 YR A R 4
& ) B BRI i — 2D R R P I ] 95 e 2R BE A e IR | HORE A K/ INRRARR , T i b 3R T B R %) R A 1Y)
W RRE AR BB 4 R — A SR TP A AL A A, — R SIS TR R IR A B R 55 R
FA) A B3 58 B8, SR BRI LD SRR, TS e vh 4 Jm 1 S G R

) et
™

B4 WG E R
(a. BEATHT,b. HFAHS)
Fig.4 Fig.4 Scanning electron microscopy imnges ©f sludge before and after ultrasound

(‘a. Before ultrasonic treatment, b. After ultrasonic treatment)

2.4 BSPRHE B I TS U Cd A As

R AT T A28 T A, e B e R 450 LTS 0 P Cd AR B T5 Yo bRt , PRIk 3 3k 7 o
T oK Al B P 9 e 7 0t Vs e T Cd A As SO

H128 5 W0 SR BRI FH i Ve i, B S TR Mk 2 T, Ti5 U8 Cd  As & i i MBI Cd 19
it 6.80 mg kg FEAKE] 5.68 mg kg As Y I 91.13 mg- kg FE{K586.42 mg kg™ AR AEMLIN
15 UR PR LA S A R RE | A PN DL S ds E RTHT Y Cd R As BB A , AT T35 U6 Cd Fl As
TR O TSR , TS TR R CdrAs i s TS IR AR bR UE, B LU RS IR 2 BR 15 Cd | As
R TANE.

HS5 IRV BE A R L 4 B Y D8 P R AT 5 R B

Table 5 Effects of ultrasound assisted by nitric acid with different concentrations on the mass

fractions of cadmium and arsenic in sludge

TR e L 5 T I B e 7
Nitric acid Raw sludge Ultrasound assisted by nitric acid
concentration/ Cd/ As/ Cd/ As/
(mol-L™) (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™)
0 6.80 91.13 5.61 54.66

0.005 6.68 90.75 5.44 54.02
0.02 6.44 89.54 5.16 52.64
0.04 6.06 88.24 4.25 48.16
0.06 5.82 87.65 4.02 47.38
0.10 5.75 86.85 3.96 45.52
0.20 5.68 86.42 3.84 45.25

R FHR ] B B A R A BIER A B  25F M 0 1.2 WemL ™" B 7S ] 30 min, T{5 R H Cd  As Fiim ik
FEHRA W T B AERS BRI FE M 0.04 mol - LB, Fi5 e Fh Cd As SRR E] TI5 R AR TR E, Cd 11
TN 4.25 mg-kg' As BTN 48.16 mg-kg ' AHFRIE AL T 0.04 mol - LB}, Fi5 IR A Cd ANfEik
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S FHPRUE , S AH RV FE B 0.04 mol - L', AR T15 U Cd As St #lA T Rk, (HAUAIS I, Hi5le
B pH 3%, 0 TSR RORI IR L Al R Tk FE R 0.04 mol - L' il B 7E 0.04 mol - L™ il i 8 75 I R
1.2 WemL™" JBAIE] 30min /EFT, 150 Cd As BYE R3] FFE T 2.55.42.97 mg-kg™' ; FRAMAHTR
fEF, Ti5 e Cd As T 0.74.2.89 mg- ke ; FAIE A AEH, Ti5 e Cd. As T 1.19,
36.47 mg-kg AR R 7 AR 6 R S S AR T R A 1 P A ORS8O R T IR R
FE A PR IRt 26 5 AT AR R AL A b, B s OGS RV Yo e rh 4 A, R Y
WHEE, X2 TR T 50 pH H, &GN T & 4 8 19I5 it R, Veeken'™ FI
Marchioretto 25 %)t 45 H [FBE A 2538 LA, 50 e 38 A T th, B ol 75 T 2 DR AR 205 Wl AR 4 L B fige A, A i
R H B o T 2R A SR T A B AR PN 1) R T v e SR )V P R R b E T s A AR, B ]
FEAE R A A, AT TR S B b AR BRI BT D) 0, Bl e i R 205 © SR BRI E
T B i 7 U8 S AR 2 R 2 B 43, o8 PR A SRR 9 AR o AR T i A -9 A
Z AN A3, (08 22 1 B 4 R BV AR , DT B8 o 1 4 TR %) 4 A I 0 T A R R 75 A i R 2 ) b
JEAE B Ta] R dkle , P A T RAF IR RIVE .
2.5 S AR B X s e Cd AT As RAETE A 1 52

15 e 4 R Y fa NS H A X i A G ik 5 HIE A A A OGS R TR $h 4 A S R AR
FAEE &S RAREILES TSR, By i R SO & F 0 R A DL 456 S TR d ST R
DAFRE PR SAEAE  XP A A R I SO AG PR AN

YRR 1.2 WemL ™' A B 30 min, V50T Cd  As AT E 7 & S Wil 5(a) s, Al
SEEG AT, Cd As S 6.80.91.13 mg-kg ' FFE A 5.61 54.66 mg-keg™ . Z8554  Cd Fl As U4 ML A Y
e N AR R A TR, Cd 1Y FLLUF2 F3 (& R B R, F4 FS B9 BT FLLF2 F3 4300
1.82.2.35.1.05 mg-kg 'F#MK#] 0.50,1.12,0.43 mg-kg ', F4 F573 5 0.37 .1.21 mg-kg™' FTF5) 1.52
2.04 mg-kg ' As B A AS AL H AT Cd M [R]. PIgF20E3 43 il i 40.21 ,17.85 ,10.15 mg - kg™ AR 3]
2.54 .6.36.7.15 mg-kg™' ,F4 F5 53511 9.85 13.07 mg-kg ' F1E 5] 15.45 23.16 mg-kg . TI5 7 HH KHB 5
AR (FLF2 F3) 1Y Cd  As B LR A PLEE S 800 Cd  As A KR BE Y88 0, 3X AT e 2 iy T8 5 i PR
R Cd Fl As RV I E BT A5 S IR BUA LGS G2 RIE S Cd As 48 X] 5 & i3 nal ge 2 e IB
B Cd As TR 1T FE R FE A0 LR A5 S kR v, 15 U8 MR E | SR AR SR FL A7 pHL 1 e A8 DL R iR
JER TR, AT AR S 2L Cd As MBI 5B h B 5(b) AIA, 0.4 mol - L™ iSRG BI 75 , it
AT Cd As ZET 15U P BRI 5 20 B it AR FL AR AL B A 5 T8 , Al R BB 7 (IS U h Cd 1 F1 423512
W, 25 F2 F3 & ERRAC, F4 F5 &R THE . F2 F3 1 2.35 .1.05 mg-kg ' F&MK 4 0.57.0.20 mg-kg™ ', 1M
F4 F5 11 0.37 .1.21 mgekg " FhEr 3] 1.48 2.00 mg-kg ™. FI5IRH As 19 F1 1 F2 35, F3 %, F4
F5 SR N/R3 #1710.15 mg-kg ' F&IE N 7.17 mg-kg™"' , F4 F5 73511 9.85.13.07 mg-kg ' FFHEF] 15.40
25.59 mg-kg™'.

MmFS wAF4 E5F sEF2 mEEFl
(b)

120
1ot
100 -
90 F
80+
0F &

60
50
40t
30F
20
10+

120
110
100
90
80

Cd

w/%
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T T T T T T T T T T T 1

J
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B 5 R i R A B P 0 1 e P R AR R 25 00 B
(a. B b FHER+H )
Fig.5 Distribution of cadmium and arsenic in dry sludge under ultrasound and ultrasound assisted by nitric acid

(a. ultrasonic, b. ultrasonic+nitrate)
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PR Bh A P 5 Jerh Cd  As JEAACRI Soplla A 2 AR AR AL, FLJRUBE —RE AR A A, 2 21 T 1R
PRI E M AT S e 1 Cd (As AL BRIEZ ANIR 2 515 I8 R I 45 G MG 8 sE a4 A L T S R A
ik &I T
2.6 R MR A B POeE T PR B R A e

iR TR R P #8290 ) B M BT, i TR R P M 45 2 9 90 A 3 S 2 1 e ) B
AL X5 TR AL PE BT EEEE & T Cd Rl As 53 pH AN GRRCR B ALBE ST 3K 6 TR
AT B RN S YR B PR TR B AU AR Cd  As R EE AR A [, 5 98 s a8 U 5 A R
This , HALE A AL DL pH 2R RS TR AL B i T BRI, L pH B BT
I8, (B 6 A5 R R, L pH (EIHAE 5 LE IF A0 5 Y YA . 115 98 o B U & 8 7 2 A
REERBTIIA AN FE T SR A 8 25 5 O A 5 PR RBERE | s 175 8 2 L P9 A AL L) T Rl A
B A PR RE AR A 175 06 B4 2 S VR 200 O BE . DR P 0 L P e ek O A BILD I 1Y, BT s e P A L
Wy AR A P (05 U v B WA RE T, 1] P i PR ik A T35 M AR, 9 90 vl A e At R o A P 5
L2 AR AR ST 5 2, AR B , ORIEAR T 598 Cd (As B3, 19 R B s % A=
TR G AR S R TR, B R E SR R TR RS R AT IR A AR EL T .

R 6 AR BB X TS P BRAME TUAY
Table 6 Physical and chemical properties of dry sludge before and after leaching

cd/ A/ A Y A HHLY

Ei=2 7 kel k » pH Available-N/ Available-P/ Available-K/ Organic
(mg-kg™) (mg-kg™") (mg-kg™) (mg-kg™") (mg-kg™") content/ %

JRiE e 6.80 91.13 6.35 1 440 780 45 320 34.52

T TR %0 Bhi = 4.25 48.16 5.14 1 760 650 42 140 25.12

2.7 THERMBIMA TSI Cd M As BT

PIATTG I H DAL B 7 AT U SRR + R B R FH 28 B v el AR ST AR B TS
e pH fH 5.14,Cd 1 As 5 558 255G AR A5 Ve s R AR e (pH< 6.5) , BURTE ZL A At #1
A DA A AU T ISR A4 B 3B AT LS A — e BERH R (TS U8 & A - AL B
B ARE B AR EREN R AR R LB 0, X R R TS TR AR AT B B2 (A T
T A, AR B T, R S B MR BB R R T A LA A BB A R AR 5 A A
BO/E AT, H AR (0.04 mol > 170 i HH R 5k SR R Bl A1 K B4 i i 7% 0.02 mol - 17", I 1 L 5 /KR
7 98.14% By T5 U8 , B AT MK I PR oA R 1.48 o 25 1 % 18, R FHAN R G Bh 5 BRI R o Cd Tl As 4835
PERATATI).

3 %5 ( Conclusion)

(1) B R%H B R 75 7T LA AT A5 R0 Cd R As 19 BERRAIR, 5 8 15 V8 I B2 1. 7 0.04 mol - L™ Ul R
YEFATR AR 1.2 WemL ™" B EFE] 30 min, {5789 Cd 19 F1 235%H , F2 F3 /1 2.35.1.05 mg-kg™'
FEAE M 0.57 .0.20 mg-ke ™' ;75U H As 19 F1 T F2 28B25%, F3 B 10.15 mg-kg ' BN 7.17 mg-kg™'.

(2) TR B 75 AT LA S0 22 R 15 U8 Hh Cd T As 955 76 0.04 mol - L™ YRS IRVE I , B8 75 Ih
1.2 W-mL™ #5 0f E) 30 min 6 Ti508 % Cd, As 7t 6.80,91.13 mg - kg™ 43 i F 2 4.25
48.16 mg-kg ™', i 2 15 JeA AP IE.

(3) A RE TG YR Cd F1 As A 804 th. Cd M e AE s 2 B T 1.6 We-mL ™" 75 B[]
30 min; As AYFRAERE AR RIS 1.2 WemL ™' I 30 min AR5 2 1FF Cd ., As A3
FOHH 53.72% 58.63% , Bt TH5E AT Cd As B BEAM 1K 4.61,54.66 mg-kg ™", M2 1 FH A A
[F 5 Jerf Cd Fl As B BEARREAR BN TS Je A A bRk,
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