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Effects of sewage sludge amendment on physico-chemical properties of mine

tailings and physiological responses of Cinnamomum camphora
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School of Life Sciences, Taizhou University, Linhai 317000, China

Abstract; In order to investigate the effects of sewage sludge amendment on physico-chemical properties of mine tailings
and physiological responses of Cinnamomum camphora to the mixture, three different sites of sewage sludge ( Huangyan
(HY), Linhai (LH) and Luqgiao (LQ) ) were collected, and then mixed with mine tailings in which the mass percentage
of sewage sludge was 0% , 25% , 50% and 75% , respectively. Results showed that sewage sludge amendment increased
the nutrient of mine tailings and changed the heavy metal composition of mine tailings. With the increase of sludge
amendment ratios, organic matter, total N and total P were significantly increased, while pH and cation exchange capacity
were significantly decreased; total and DTPA-extractable contents of Cu, Cd and Zn except for total Zn were significantly
increased, while total and DTPA-extractable contents of Pb were significantly decreased. It can be inferred that the
composition of heavy metals in the mixture was related with the original heavy metal characteristics of both mine tailings and
sewage sludge. The biomass of leaves, stems and roots, and chlorophyll contents consistently decreased with the increase of
LQ sewage sludge amendment ratios, which may be related with the high Cu contents in LQ sludge. The biomass of leaves
and stems, and chlorophyll contents of C. camphora grown at 25% and 50% sewage sludge in HY and LH were more than
those at control (0), whereas they were significantly decreased at 75% sewage sludge content. The change of MDA
contents, the indicator of biotoxicity, was reverse to those of biomass and chlorophyll. Therefore, the 50% amendment
ratios of HY and LH sludge was assumed the best remediate measures due to the least biotoxicity to C. camphora. The

biotoxicity had a closely relation with the accumulation of heavy metals in C. camphora. Cu, Cd, Pb and Zn contents of
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leaves and roots at 25% and 50% ratios of HY and LH sewage sludge were more than those of control (0% ), but Cu, Cd
and Zn contents of leaves and roots greatly increased at 75% ratios of HY and LH sewage sludges. However, with the
increase of LQ sewage sludge amendment ratios, Cu, Cd and Zn contents of leaves and roots consistently increased, and
were more than those of HY and LH sludge treatments. Notably, Pb in the leaves and roots consistently decreased with the
increase of LQ sewage sludge amendment ratios, which may be related to the decrease of total and DTPA-extractable
contents of Pb. Only in LQ sludge treatments, the Cu, Cd and Zn contents of leaves and roots had positive correlation with
their DTPA-extractable contents, respectively, which may be related to different organic matter composition between LQ and
other two sludge types. Therefore, heavy metal contents and organic matter composition in the sewage sludge could help to

predict the bio-toxicity to plants when mine tailings were amended with sludge.

Key Words: sewage sludge; mine tailing sand; Cinnamomum camphora; physico-chemical properties; physiological

properties

YRI5 PR T IR A5 15K T B KA B R b e A B B AR 3. TR O BRI KRR T AL, 75 U8
IR FE M) A BRI AE SR R B , 3 F 35 B it R 2R B0 R ESRE RE . BT, R E AR K
HERCR B A7E 400 Z42 v, F4EHE T15 Y840 550—600 77 t, BZERKBE iz At . 22010 4, ESR A b
FHIK 40% SREN D BERIEE 6.7 LN, HENGRE S0g( TYIR) 15V, 3T 15 Ve HE R 4F
$rik 1200 77 t(FHR) B . BE RS A RBUSH A G SMER I B . 3 EREELYOR, B
T I HE R e o 9 T [ 1A 4 , 2006 4F 3% [ B2 A HE il B ik 265. 4 M, o5 5 Tolb [ 1A B 324 Hl i 2
28.1% ", ZARERY GHERCEE 9 £7 ', i TR FAFE KW EER, URBERNESR
kAR AR  HERR A 10% 4. Bk, a3 25 A0t 85 EE K
935 VR FIRH % Tl AR FE B B AR ¥ B8 RS

RS VR AL B 5 A v R AR A L SRR (BR A S TS Y K KRGS, B
BORABRES o RIS R AT GBI AR H B AR E AR RS R G, BT B H R
S E LR AREYIE Y, AR R, NS — R I5 LR ", B R R F TS VR
(WRTTYE B — M & 78 B A WL A 5 78 3% (B ML 300—600 g- kg ™' & 10—40 g kg ™' FlfE 6—15
gokg ™) ) IR HUBR I B L HEAE J7, B B RS BALHE BRAIBA K LIS, SR A ) B T P AR A
RO A T EL AT AT e, 00 A\ SRR BB . ELR 3 2 RN TS U8 £ B A ) ) 7
HRESBEE S

Z 18 ( Cinnamomum camphora)) J& T B R — 54 Fh , R E B 52 2 19 FIM MEEKIRTH S F 2
— BABEENEFRWENE. e/ 7R AEdEd, CAAFRER ERE—-SELBET L BAX
X T4 R IO TP A T ] P AN RE . ARTRSE AU IS & WX 3 A5 KA B KR 15 e F =11
Pb/Zn BB Jo bR BT R ELBIIE E , FEk P i 4 i , DRSS IR [ EL 135 V8 J5 R R0 BB AL 45tk i 28 4k
LA %o 75 e AR RO , A5 R P TS R HEAT R0 R 5t R e JH A O 0 7 A A0 16 4 4 (L B30 R 4
5%,
1 RS HE
1.1 A%k

RIS TRE A B2 I FERAR 3 XI5 KA B BK S B75 U8 , 723 X T HFE , 1f 2mm 3%, 7
O, AR S . B EEA =17 Pb/Zn BH MR ML, 2007 4E3KZ , Fiafh FURE T =17 Pb/
Zn BHHHEFHN AT , 35T 2008 45 3 ¥ A 73550 TA R A B 32 W B4, =2 IF ek, S0 i K
PR A KA AR 40 P B R A B

http ://www. ecologica. cn



10 34 FIL % BEIEN BA R B B A A B B R 2595

1.2 BFRFAE

VB RS AT X V5 KA B 15 U R 43 5 5 B bk B B L AT e b, BT L 4 M5 le-2
THHREE RS, BRIIETRET R E LB 0% (B 1P, /E X BR) \25% 50% F1 75% . AR HETRE
FERA AT 5 A (B3 45 ) B A (30em x 20em x 20 em) IR A 345], SR JG KR WL, R T 5 , FRREK
B, EE 3K, F5k-ByV REGERAMESREE , 45 NE R A P 100g IREGHER, N THT
FRALFERR B RE , IR ER 4y B TR A ( B AR 18em 5 25em) , 45245 2.0 kg IR S 3%, /M Ab 3 5
NEE, B 4 REEYE €K (IR 200 mL) , KEEEWEAETMA TS . 41K 90d J5H
5 3—5 (N EZET) HITHGERMN ZEABRIRE , BRIBGR , KR ZEFH 277, 7 IR B E .
1.3 #8hrillsE
1.3.1 HEYABEIER

HEZMH _EHRINESBERBSNTE .
1.3.2 HMY5+EELRE

HEFPRBUE Y (A AE i T3 0. 2—0. 5g, il SmLIKFERREB WK, M TFLIRBE L 5, HKIKTE 90°C |
140°C 1 180°C F 43+ 5| 4k 30min , Y2 & J5 , il 1mL F4AER , SR/ 7E 180°C T F-IH Ak 120min, SR 5 ¥ IH ALV 2
FEAS, 108 HERRREX 0. 5g AT+ (3 Imm 5 BT ALE 0, SR G I 4L F¥RASER A ImL ¥R ERRR T IR
Mo 582 R REWRIEE BAELSNRIE Ay b, 5676 90°C T 2 30min, FFFHEF] 140°C, 3R +F 30min,
FFHRS] 180°C , F-{REE 1h, BURIHALE , Il ImL H &R, 160°C T {R%F 20min, FFHEZ] 180°C , FH-4r4F 2h LA
L EENERAE , RAERNIE, RS R IE B A ESS , U8 WERR FREX 10g T+ 78 150mL 4R,
fin 20mLDTPA #2E# (0. 005mol-L " DTPA,0.01mol-L ™' CaCl,2H,0,0. 1mol-L~' TEA,pH =7.3) , % 3} i #E
[ ERR % 48 4, #% 120r - min ~ 4R B 2h, [F BT R, FHUE 4R S U8 . U8 E £ )8 Wk B 3 A ICP/OES ( Optima
2100DV, Perkin Elemer, USA)JlI%E .
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KEE 15 U6 Ll 3 n TR & BRI Y pH BB WTREAS, AL L S AR E S BN R EE (R 2) . BEMTS
WA F AT IS L, B0 75% tpled, A PURIE I ZE 372.19 g kg ™' {HE, IRAEFRNE T35
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Table 1
treatment plant

®1 EBE.GBMERSEELER
The physico-chemical properties of municipal sludge collected individually from Hangyan, Linhai and Lugiao wastewater

B4k 845 Physico-chemical properties WA HY I LH BHF LQ
pH 6.31 +0.24a 5.43 +0.24b 4.27 £0.22¢
A HLJE organic carbon/ (g kg™!) 282.34 +25.33¢ 462.88 +50.91b 623.17 +42.34a
A Total N/ (gkg™!) 18.34 +3.49b 27.12 +4.34a 16.92 +3.72b
g Total P/ (gkg™') 8.91x1.17a 8.24 +1.57a 8.06 +0.91a

B 73 #e ik Cation exchange capacity/ (cmol kg™!)
i Total Cu/(mg kg™")
4 Total Cd/ (mg kg™")
4 Total Pb/(mg kg™!)
JEBE Total Zn/ (mg kg'1 )

141.22 £17.78a
512.39 +48.19b
16.02 +2.93a
67.22 +8.97b

1534.45 +146.17b

138.77 £14.68a
424.67 +61.29b
14.54 £2.19a
71.24 £12.28b

1908. 44 +209. 88a

123.92 +21.19a
1461.24 +162.39a
14.21 £2.78a
127.83 £19.17a
1712.46 +147.49a

RFE—17H A MR T BB RRAZRARE (P > 0.05) , KA EIHN mean = SE,HEHN =5

R2 FRTRELNET BN SR
Table 2 The effects of different amendment ratios of sludge on the physico-chemical properties of mine tailing sand

LA PRI 5 UEER N EL B Amendment ratios of sludges/%
Physico-chemical properties Sludge types 0 25 50 75
pH o HY 6.82 +0.65a 6.34 +0.44ab 6.12 +0.29ab 6.01 +0.38b
I ¥ LH 6.82 +0.65a 6.12 +0.72a 6.01 +0.34ab 5.28 +0.43b
AT LQ 6.82 +0.65a 6.06 +0.54ab 5.61 +0.43b 5.02 +0.51¢
AR HY 1.82 £0.22d 24.24 £5.66¢ 87.48 +15.12b 134.21 £19.32a
organic carbon/ (g kg™!) LH 1.82 £0.22d 25.14 £4.69¢ 116.17 +11.29b 149.28 +10.25a
LQ 1.82 +0.22d 38.72 £6.32¢ 223.46 +49.17b 372.19 +61.22a
SR Total N/(gkg™!) HY 0.28 +0.04d 1.82 +0.23¢ 4.12 +0.78b 9.78 +1.46a
LH 0.28 +0.04d 1.71 £0.28¢ 3.83+0.59b 8.97 £1.12a
LQ 0.28 +0.04d 2.02 +0.44¢ 4.89 +0.42b 10.98 +1.29a
S Total P/(gkg™') HY 0.09 £0.01d 0.82 +0.13¢ 1.87 £0.23b 3.71 £0.45a
LH 0.09 +0.01d 0.78 +0.09¢ 1.98 +0.19b 3.31 +0.51a
LQ 0.09 £0.01d 0.89 +0.11c¢ 1.71 £0.22b 3.91 £0.61a
BT HY 312.42 +41.23a 278.46 +22.78a 223.19 +19.12b 167.34 £12.38¢
Cation exchange capacity LH 312.42 +41.23a 261.23 +19.45b 229.13 +17.18¢ 179.72 +13.99d
/(cmol kg™1) LQ 312.42 +41.23a 251.29 +29.17b 208.15 +21.33¢ 171.38 £10.24d

2.3 ARGRECHSFREYE Jba QRN S BINT
A I A 75 e X At b AR B TR AR AR EL R & 2 IR LA i FIZE g LRy B 2

B TR (0) (R 4) o HR, BEHIISVRTE 50% 1 75% LLpilit  IR-AFERINH T FAE A K, A g 2 MK
TR EY R, BA MG TS IRAE 25% 1 50% oG], 86 5 B AR AR 1 A K B 1 B, T e
75% LAG] ok BH AR R A2 AR A B 201 L R T 25. 8% 1 26. 7% o BT 5 YR TR 5 2 B0 A A AR
AR B IUBGR MR, 72 75% LBl AR A= )8 U X BRI D T 39.4%

BN IR RAE TR R a b SEMH SRR &2V B3N, 50% Ldln & BiA B &, H
JEAE 75% LI FT FRE(R S) o BSIMBEFHE IR AR 2R a b 5 BRI SR WBE TR, 76 75% L
i, e LT R > 46.9% \38.9% HM141.3% o FEWI%E M REBNEEE 3 LXK T5 TR LG 954 in 3 2 BR hn
B, W EERENHMARNZBEE, Ba Min s IR 1E 50% Lt RN & BRERME,H
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TETE 75% LL it BRI (K 6) . BEE BEHFI5 U8 HL B A 38 I, B ik AR A P T B 0 5 2 38 o, 7
75% LR, 4350 kb X BR 43 i 83. 9% F176.1%

®3 FEFREELMETHESRIENIN
Table 3 The effects of different amendment ratios of sludge on the heavy metal contents of mine tailing sand

Bk bepi e il TSIRTN HE B Amendment ratios of sludges/%
Physico-chemical properties Sludge types 0 25 50 75
A HY 41.87 £6.17d 162.18 £27.12¢ 272.67 +47.13b 391.23 +43.23a
Total Cu/(mg kg™!) LH 41.87 £6.17d 122.34 £17.12¢ 234.66 +23.92b 341.22 +29.17a
LQ 41.87 £6.17d 301.18 +31.22¢ 493.21 +65.44b 854.67 +62.98a
B HY 3.04 £0.34d 5.42 +0.58¢ 7.83 +0.81b 12.39 +1.46a
Total Cd/(mg kg™') LH 3.04 £0.34d 4.98 +0.44c 6.82 +0.74b 10.92 +0.91a
LQ 3.04 £0.34d 5.01 £0.39¢ 7.34 +0.61b 11.12 +1.18a
B HY 1211.48 +149.34a 912.33 £62.19b 742.34 £71.12¢ 484.13 £39.12d
Total Pb/(mg kg™!) LH 1211.48 +149.34a 989.24 +51.23b 732.19 +58.17¢c 491.22 +51.33d
LQ 1211.48 +149.34a 901.39 +71.23b 704.55 +67.89¢ 501.23 +48.45d
BB HY 1847.23 +246.72a 1812.33 +271.13a 1733.38 +278.13a 1698. 12 +220.12a
Total Zn/(mg kg™!) LH 1847.23 +246.72a 1802.34 +290. 13a 1857.13 +210.24a 1889.44 +£276.13a
LQ 1847.23 +246.72a 1809.12 +267.11a 1709.12 +190. 18a 1623.33 +231.81a
DTPA-4i HY 17.82 +£3.11d 39.33 £5.29¢ 57.43 +9.18b 91.23 +14.12a
DTPA-Cu/(mg kg ™!) LH 17.82 +3.11d 38.94 +6.91c 49.12 +8.91b 94.56 £16.11a
LQ 17.82 +£3.11d 62.13 £13.91c 93.47 +£14.31b 167.88 +21.11a
DTPA-4H HY 1.17 £0.28d 2.44 £0.23¢ 3.78 +0.41b 5.86 +0.61a
DTPA-Cd/ (mg kg™!) LH 1.17 £0.28d 2.57 £0.31c¢ 3.81 +0.56b 5.13 +0.49a
LQ 1.17 +0.28d 2.31+£0.29¢ 3.92 +0.45b 5.67 +0.69a
DTPA-4% HY 378.19 +61.12a 391.23 +37.19a 271.12 £27.13b 191.32 +16. 12¢
DTPA-Pb/ (mg kg™!) LH 378.19 +61.12a 398.71 +43.18a 251.43 £28.21b 203.13 £19.9%4c¢
LQ 378.19 +61.12a 410.27 +41.99a 261.19 £33.12b 181.23 £17.11¢
DTPA-%¥ HY 379.92 +46.12¢ 441.14 £46.13b 498.17 +45.34b 670.67 +67.23a
DTPA-Zn/(mg kg™!) LH 379.92 +46.12¢ 412.39 £32.17¢ 503.12 +49.87b 691.24 +72.14a
LQ 379.92 +46.12d 471.13 £49.12¢ 560.45 +31.21b 650.12 +£56. 14a

F4 TEFRELMNEFEEMENRNE
Table 4 The effects of different amendment ratios of sludge on the biomass of C. camphora

Y E IR 5 UEER N EL B Amendment ratios of sludges/%

Plant organs Sludge types 0 25 50 75

M Leaf /(g #71) HY 16.21 +2.78b 18.17 £3.12b 24.68 +3.98a 20.13 +1.82ab
LH 16.21 +2.78¢ 19.33 £2.11b 25.41 +4.38a 19.13 £2.02b
LQ 16.21 +2.78ab 17.24 £2.93a 15.12 £2.10b 12.19+1.71¢

2 Stem/ (g 5 71) HY 4.19 +0.86b 5.17 0. 65a 5.98 +1.49a 5.44 £0.76a
LH 4.19 +0.86b 5.02 +0.54ab 5.44 +0.61a 5.09 £0.32ab
LQ 4.19 +0.86¢ 5.98 +0.22a 5.08 +0.33b 4.83 +0.34bc

# Root/ (g #471) HY 27.11 £3.89a 27.34 £3.27a 26.88 +2.98a 20.13 £2.84b
LH 27.11 £3.89a 28.93 £3.74a 27.32 £3.46a 19.89 £2.99b
LQ 27.11 £3.89a 25.18 £2.83a 21.34 £2.35b 16.43 £2.19¢

RATURTHI I EF R A A RIS SR G REAMRRR. WE 1 AUER, CufilCd £
& \DTPA FJ{EEUEAM Zn [ DTPA W] {£EUE SR N B S EEARBRENIEMRX, M5H5E a.b M
HERER LNE PRITE M ENHNEYEEARBRENAMER. REERT pH EMHE TXHES
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Table 5 The effects of different amendment ratios of sludge on chlorophyll contents in C. camphora leaves

H PR AR bepi e il TSIRTN HE B Amendment ratios of sludges/%
Physiological properties Sludge types 0 25 50 75
4% %K a( #EHE) HY 0.37 +0.08¢c 0.54 +0.10b 0.69 +0.13a 0.50 +0.10b
Chlorophyll a/(mg g~!) LH 0.37 +0.08¢c 0.48 +0.07bc 0.71 0. 16a 0.54 +0.06b
LQ 0.37 +0.08a 0.38 +0.07a 0.29 +0.07b 0.20 +0.04c
4% % b(fH) HY 0.72 +0.11¢ 0.92 +0.17ab 1.08 +0.11a 0.87 +0.13b
Chlorophyll b/ (mg g ') LH 0.72 +0.11¢ 0.84 +0.13b 1.02 +0.15a 0.83 +0.10b
LQ 0.72 +0.11a 0.70 +0.13a 0.59 +0.09b 0.44 +0.08¢c
HgReRE (BF) HY 1.09 +0.07¢c 1.46 +0.14b 1.77 0. 14a 1.37 +0.11b
Total Chlorophyll LH 1.09 +0.07¢ 1.32 +0.09b 1.73 £0.13a 1.37 +0.08b
/(mgg!) LQ 1.09 +0.07a 1.08 +0.11a 0.88 +0.06b 0.64 +0.05¢
KW MR (BEHE) HY 0.64 +0.09¢ 0.71 +0.08b 0.84 +0.13ab 0.89 +0.10a
Crotenoid/ (mg g~!) LH 0.64 +0.09¢ 0.76 +0.10b 0.89 +0.08a 0.94 +0. 14a
LQ 0.64 +0.09¢ 0.69 +0.08b 0.73 +0.12ab 0.83 +0.10a

*6 ARETFRELMNEEFN _BSENZN
Table 6 The effects of different amendment ratios of sludge on malonaldehyde (MDA) contents in C. camphora tissues

HYHs E IR 5 UEER N EL B Amendment ratios of sludges/%

Plant tissues Sludge types 0 25 50 75

I Leaves ( fif ) HY 0.56 +0.08a 0.45 +0.07b 0.40 +0.07b 0.54 +0.09a

/(pmol g=1) LH 0.56 +0.08a 0.42 +0.06b 0.38 +0.06b 0.61 £0.10a
LQ 0.56 +0.08d 0.68 +0.10¢ 0.82 +0.18b 1.03 +0.17a

#2 Roots(#1E) HY 0.67 +0.10ab 0.61 +0.07b 0.56 +0.10b 0.74 £0.18a

/(pmol g=1) LH 0.67 +0.10ab 0.64 +0.10b 0.53 +0.07¢c 0.79 +0.12a
LQ 0.67 +0.10d 0.82 +£0.09¢ 0.93 +0.08b 1.18 £0.19a

2.4 BREMNEEESESERZN

FERELBESEVESTHELBWEE(P < 0. 05,F2), WE A 6 EES U8 Lol 11
fn, A AR Pb S B B (P < 0. 05) , AR Cu Cd 1 Zn & BTE 25% F1 50% L it B BAR T
XTI &R (P < 0. 05) ,{H7E 75% LIt WIm FX R & 8. (B2, BEE BERI5 Ve Ll i3 in , B i FaR
) Cu.Cd 1 Zn HEHEIIN(P < 0. 05) 78 75% HLBIET , KRB H &, FRRAM A Cu.Cd Fl Zn & E
MER —BEEEHEZFME(H:Cu r=0.531, P < 0.05; Cd r=0.477, P < 0.05; Zn r=0.732,
P <0.01; #8:Cu r=0.641, P < 0.05; Cd r=0.708, P < 0.01; Zn r=0.801, P < 0.01),
3 iFig

B, Img AT X T U5 TR )8 TRRIETS TR, & B B WA VLRI B8 7% , X -5 HA 15 8 1 i
SESARM. 53R EH A 29 MRTTER (BVUR & Bl 384 g kg™, 2R 27 g kg MW 14.3 g
kg ") MIEG,3 NS KALER TS VR M A R AR A B AEX R A, T Cu.Cd.Pb 1 Zn & RARE . RERIESNR
(pH < 6.5) Fy]3EH b B AR R Cu 800 mg kg ' .Cd 5 mg kg ™' .Pb 300 mg kg ' Zn 2000 mg kg ' " |3 Fif
15U Cd FEEHFIS e R Cu ¥ intE, I THR S WESE &R, B TRRE KI5 IR ok #1774 B HEIL %
Wb EREHE , BRAF S T EARIERISN, ZHCRBOEIEFIR BAb B J7 vk, 3 0 A A i B3 3% F AL, Rl ik
FAERTERMB R H
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BB R, WS RAH T RE LREIE.

4 N RS (bR o0 + e SR NP K &
BO 0 SRR N, B C AR RER
3 pH™ B IR 2 BURE 15 U6 H 1 44,
BRFHAHR LA LRE I B0 E T, |
B BB V5 VR L1 B0 B0, IR 4 SR G pH A T3

RV TRGESE, X 5= Pb/Zn BB AA
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Fig. 1 Relationships between physiological and growth
parameters of C. camphora and physical-chemical variables in
sludge-mine tailing composites
L-bio, S-bio, R-bio: M- ZEFIHI4: H) & The biomass of leaves, stems
and roots, respectively; Chl-a, Chl-b, Tol-Chl, Cro; M-4t% a,b,
SRR E N E Chlorophyll a, Chlorophyll b, Total Chloro-
phyll and Crotenoid; L-MDA, R-MDA . M-FI4R P9 — [ & The
MDA contents of leaves and Roots, respectively; OC ;45 #LB Organic
C; TN: 4> Total nitrogen; TP ;4% Total phosphorus; CEC: fHES F
A& fefk Cation exchangeable capacity; DTPA-Cu,Pb,Cd #l Zn 4} 53]
>4 Cu.Pb.Cd Fl Zn f¥) DTPA "] 2L & The soil content of Cu, Pb,
Cd and Zn extracted with the diethylenetriaminepentaacetic acid, re-
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& & The total contents of Cu, Pb, Cd and Zn, respectively
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Fig. 2 The heavy metal contents of leaves and roots of C. camphora at different ratios of adding sludges
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