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Analysis of Chemical Speciation and Bioavailability of Heavy Metals in Waste Activated Sludge During
Anaerobic Digestion
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(National Engineering Research Center for Urban Pollution Control, College of Environmental Science and Engineering, Tongji University,

Shanghai 200092, China)

Abstract: The major limitation of land application of sewage sludge is the total heavy metal contents and their bioavailability to the soil—plant
system. This study was conducted to determine the heavy metal speciation and the influence of changing the physical-chemical properties of
the medium in the course of anaerobic digestion on the concentrations, bioavailability or chemical forms of Cu, Zn, Cr and Ni in sewage
sludge.Principal physical and chemical properties of sewage sludge during anaerobic digestion were investigated. The total metal contents in
digested sludge were higher than that in raw sludge but lower than the limit values of land application. Furthermore, it was observed by using
Tessier sequential extraction procedure in sludge during anaerobic digestion that heavy metal distribution and bioavailability show some
changes depending on the metal itself and the physical—chemical properties of the medium. Bioavailable fractions of all elements tend to de—
crease. Cu and Cr present more affinity to organic and residual fractions, while Zn and Ni seem to be preferentially bound to all fractions ex—
cept exchangeable. Significant degrees of correlation were found between certain heavy metal fractions and changes of some selected vari—
ables(e.g. pH, VS/TS, alkalinity and ammonia) during the course of anaerobic digestion.
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Figure 1 VS, moisture content and biogas production rate of

sludge in and out
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YA 20 mL 0.04 mol - L™ NH,OH-HCI ) 25%HAc
B, (9623)CEHT/KIBER 5 h, B0 20 min
(3000 remin™), B V5, R T A ER (1),

(B WA (F4): 56 3 B REERYTINA 3
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W, =B A8z I E o
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B 4E pH G FE 450k 6~7.5 F1 5.5~8.0%, AT
pH Fifi & PR ATH AL R B 385 Isze 3 K, 28 Ab 3 2
6.69~7.1, TE 40 B A B B A= K A B A pH Y09 o
22 BiRREBENIEEESR RERESSH

43 BN IR AT T i SR BN AL R 15 VR ik i
Cu.Zn .Ni.Cr.Fe.Ca 6 HELBTENSES TR
FEo0T , FEHEAT ISR . IRIRZS R 3,

ME3IMEX 4 AMESEBECESEHT
Zn.Cr.Cu.Ni, R¥ERHEIRESERE(CIT 309—
2009) = HIME (F 4), 7T IR LG5 e X IE LR 15 e
Zn .Cr.Cu.Ni ¥J3 R A& V5 R E & B B Rl brEE R 2
K,BmMNEREEFE, +H B 5K KI5 e n]
AT, BREEEREFESE B EH LR

R2 REHLEEER

Table 2 Major index of anaerobic digestion

BiHiE)/d pH EIKHRI% VS/TS BB (Lh CaCOs 3 )/mg L™ % /mg- L
1 6.69 88.63 0.56 797.60 135.73
6 6.80 89.93 0.53 1 424.50 305.17
12 6.89 89.80 0.51 2 036.19 381.60
15 6.98 90.62 0.48 2 537.79 37233
18 6.99 90.05 0.46 2 359.24 541.39
24 7.10 90.50 0.43 2 947.00 664.14
%3 FRTREELTRS CuZn Ni Cr EHEEEE (ng-kg!)
Table 3 Concentration of different forms of Cu,Zn,Ni, Cr in raw sludge and digested sludge(mg-kg™)
. JE AR5 Y8 ‘ THALTE T '
Cu Zn Ni Cr Cu Zn Ni Cr
GIEEiE 0.20 19.57 14.81 0.21 51.43 3.25 0
RIREL AT 0.46 94.96 6.62 0.52 186.01 8.33 3.98
BREEGERTS 2.95 199.42 8.72 32.65 0.83 356.69 17.48 23.43
AL EE RS 9.76 45.90 1.31 47.28 2434 75.83 1.93 67.80
B 40.27 207.80 9.77 32.65 57.08 504.00 31.20 81.68
BiteE 53.63 567.64 41.24 112.58 82.98 1173.96 62.20 176.89
M 58.78 595.89 46.63 121.94 89.63 1276.57 57.40 182.45
% /% 91.23 95.26 88.44 92.32 92.58 91.96 92.28 96.95
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® 4 KRATRESRBIEHFRAEE(CIT 309—2009)

Table 4 The controlling standard of heavy metals in sludge for
agriculture use(CJT 309—2009)
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Figure 1 The change of distribution of heavy metals during anaerobic digestion
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Table 5 Potential heavy metals availability in sludge during anaerobic digestion

B Ll [m(F1)+m(¥2)Ym(F5) [m(F1)+m(¥2)+m(F3))/[m(¥4)+m(F5)]
Cu Zn Ni Cr Cu Zn Ni Cr
0.02 0.55 2.19 - 0.07 1.24 2.72 041
6 0.09 1.40 1.03 - 0.06 1.73 145 0.25
12 0.05 1.87 0.65 - 0.07 0.93 2.06 0.06
15 0.02 0.58 1.25 - 0.02 1.09 0.93 -
18 0.02 0.61 0.40 0.07 0.03 1.12 0.44 0.04
24 0.01 0.47 0.37 0.05 0.02 1.02 0.88 0.18
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Figure 2 The change of bioavailability of heavy metals during anaerobic digestion
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Table 6 Correlation analysis between heavy metal fraction and pH, VS/TS, alkalinity ,ammonia

. pH VS/TS BREE (LA CaCO;/mg L™ 31) B A /mg- L
MXRERE BEERE(P) MHXERE BEEHERE(P) HCERE SBEERB(P) MR BEEREP)
Cu-FJ&SHeA  -0.35122 0.494 838 0.429 353 0.395 545 -0.288 26 0.579 586 -0.305 22 0.556 387
Cu-TREREEZAA  -0.37151 0.468 374 0.369 586 0.470 863 -0.372 21 0.467 47 -0.246 2 0.638 156
Cu-4psEt?s  -0.80773 0.051 899 0.812% 0.049 795 -0.794 63 0.058 937 -0.752 91 0.084 035
Cu-HHEARS  -0.07506 0.887 622 0.171 901 0.744 689 -0.009 04 0.986 447 -0.054 99 0.917 602
Cu-BRIEZ 0.205 112 0.696 646 -0.299 03 0.564 821 0.139 383 0.792 279 0.171 894 0.744 698
In-TSHAS 0.526 796 0.282 902 -0.418 23 0.409 235 0.623 65 0.185 806 0.259 992 0.618 799
In-TRIGEAEAR 035763 0.486 432 0.370 465 0.469 725 -0.350 81 0.495 375 -0.204 57 0.697 426
In-4REEEAS -0316 13 0.541 604 0.231 077 0.659 554 -0.380 31 0.457 034 -0.329 39 0.523 785
In-HPERZE  -0.158 45 0.764 318 0.262 129 0.615 812 -0.076 28 0.885 807 -0.153 34 0.771 798
In-BRIEZS 0.420 882 0.405 954 -0.511 14 0.300 059 0.348 661 0.498 201 0.372 808 0.466 695
Cr-AI 3 s -0.835% 0.038 402 0.767 555 0.074 767 -0.882% 0.020 086 -0.747 82 0.087 375
Cr-TRERER AR 0.059 32 0.911 124 0.024 602 0.963 105 0.145 49 0.783 304 -0.230 24 0.660 737
Cr-4k5E% A4 -0.081 12 0.878 589 0.143 107 0.786 804 -0.048 73 0.926 969 0.025 058 0.962 421
Cr-EHEEAR 0389816 0.444 893 -0.396 06 0.436 977 0.408 463 0.421 38 0.264 427 0.612 605
Cr-BE 25 0.779 739 0.067 43 -0.849% 0.032 521 0.699 775 0.121 672 0.891* 0.017 165
Ni-A[35#ids 0271 866 0.602 248 -0.359 88 0.483 481 0.213 192 0.685 057 0.375 838 0.462 788
Ni-FRRRERZEAA  0.665 514 0.149 11 -0.702 59 0.119 528 0.601 848 0.206 229 0.738 041 0.093 946
Ni-k4EEA4A -0.709 27 0.114 5 0.654 751 0.158 219 -0.760 69 0.079 049 -0.576 52 0.231 029
Ni-FHEAA 0030 83 0.953 77 0.091 601 0.862 982 0.152 635 0.772 825 -0.211 89 0.686 924
Ni-FiE 245 0.888* 0.018 205 -0.886* 0.018 746 0.883* 0.019 633 0.861* 0.027 735
1 * 7E 0.05 KO ) b BFE AL ; ** 7E 0.01 ZKF(BUM) - BEARK,
7 pH.VS/TS . WER SR X TR A F HAMEX S
Table 7 Correlation analysis between bioavailable fraction and pH, VS/TS, alkalinity ,ammonia
| Cu A FZS Zn AT Cr AJFIFZS Ni A FHZS

pH HHRE R B -0.896* -0.532 -0.762 -0.655

BEHZRE(P) 0.016 0.277 0.078 0.158

oy & HLEHEZRE -0.802 -0.225 -0.681 -0.724

BEHERE(P) 0.055 0.668 0.137 0.104

VS/TS AR R B 0.916* 0.489 0.812% 0.584

BEWZEE(P) 0.010 0.326 0.050 0.224

BB (L CaCO; /mg-L ) AHRH:RSK -0.872% -0.565 -0.720 -0.721

BEERE(P) 0.024 0.243 0.106 0.106

T 7E 0.05 A (B L BEAAK ; ** 1E 0.01 K F(IUU) L BEMRK,
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