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Characterization and valorization potential of submerged macrophyte residues from Taihu Lake

ZHANG Ning', HE Pinjing', ZHANG Hua', ZONG Bingnian’, LU Fan"’

(1.Institute of Waste Treatment and Reclamation, Tongji University, Shanghai 200092, China; 2.Institute of Agricultural Environment and
Ecology, Tongji University, Shanghai 200092, China)

Abstract: To treat a large amount of harvested submerged macrophyte residues from the Taihu Lake area and address serious secondary
pollution issues, there is an urgent need to solve problem of resource utilization. To that end, the biochemical composition, elemental
composition, anaerobic and aerobic biostability, and thermal conversion process characteristics of five different submerged macrophytes
from Taihu Lake area were studied and compared with one floating macrophyte. The results showed that the lignocellulose content of the
submerged macrophytes was 17.1%—-31.7% (dry weight), which was generally lower than that of emergent and floating macrophytes. The
protein and lipids contents of the submerged macrophytes were 11.3%-19.9% and 1.8%—3.2%, respectively, which were lower than those
of most floating macrophytes. With low lignocellulose contents, submerged macrophytes have good palatability; thus, they can to be further
processed as feed. The results of the biochemical methane potential analysis showed that the cumulated methane production of roughly
broken submerged macrophytes was 106.2—150.2 mL - ¢”', which was lower than the methane production of conventional feedstocks of
anaerobic digestion, which were not suitable as a single substrate for anaerobic digestion. The respiration activity of the submerged
macrophytes for seven days ranged from 534.5-698.8 mg-¢™', and the first-order degradation rate constant was 0.051-0.097 d™'. The rapid
degradation characteristics of the submerged macrophytes showed their potential for composting treatment. The thermogravimetric analysis
showed that submerged macrophytes were suitable for the production of biochar, which is used as an adsorbent and soil conditioner, owing
to their low thermal conversion temperatures.
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Table 1 Moisture and organic matter contents of 6 macrophytes

K A=A ) Macrophyte

KR Moisture/% A3 L5 Organic matter/%

Wi 92.48+0.12 72.16+0.25
b 91.49+0.10 67.87+0.75
ProR 87.26:0.02 55.56+0.69

R R 90.02+0.16 66.98+1.59
TEAEIN R B 88.72+0.16 79.50+0.39
B 89.81+0.08 81.15+1.42

B THL Inorganic matter O pe4ez Lignin
O HAbA P Other organic matter B 2[4k % Cellulose
[0 %A 5 Protein [ |
O J&MWi Lipid

60
401

20F

FHH 437 & Percentage(DW )/%

0= T T
L ¥ PURE RWEE BOER  EM
Vallisneria Ceratophyllum Elodea — Hydrilla  Myriophyllum  Trapa
natans demersum  nuttalliv  verticillata  spicatum L. natans
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Figure 1 Biochemical composition of 6 macrophytes
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Figure 2 CH. production rates and cumulated CH yields of 6 macrophytes
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Figure 3 Comparison of experimental and theoretical values of biological stability
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Table 2 The aerobic degradation rate and the first order kinetic

fitting results of 6 macrophytes

KA A Reefife 2% — R AR (K R
Macrophyte Degradation rate/%  First order rate constant/d™
I 39.23 0.061+0.020 0.93
Eh 36.21 0.051+0.002 0.86
DroR 56.75 0.097+0.005 0.66
Aot R 36.13 0.055+0.002 0.87
FEAEIN R B 40.43 0.055+0.003 0.62
EJ| 54.32 0.116+0.004 0.84
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R 3 TC/DTG HZAYRBEHFHE(C)
Table 3 Temperature characteristics of the TG/DTG curves of 6 macrophytes(°C)

kBt L L S PR Lol P TEAEIN R B 22
Stage  Temperature  Vallisneria natans Ceratophyllum demersum Elodea nuttallii Hydrilla verticillata  Myriophyllum spicatum L. Trapa natans
Bz 1 T, 25.7 26.4 41.0 34.0 36.3 24.9
T, 159.1 155.1 145.8 151.0 158.6 149.4
fres I Ty 159.1 155.1 145.8 151.0 158.6 149.4
Ty 236.1 — 251.3 243.8 268.8 257.0
T 273.7 285.7 286.3 273.8 306.2 308.1
i 402.3 — — — — 445.4
T 536.6 516.7 523.6 543.5 548.6 562.2
BB M T, 536.6 516.7 523.6 543.5 548.6 562.2
T, — 662.2 693.7 688.7 646.1 —
T; 850.5 850.1 851.4 851.4 851.4 850.5
JrisseiiE N 63.04% 62.94% 64.40% 74.78% 65.19% 74.55%

TE: TR L , TS HIREE , T (T Ty 2350 9 BB 1L 1 3 405 S SRR BE , T B B I e BRI R E

Note: T; and Tt are the initial temperatures and final temperatures of 3 stages, respectively; T,i, T2 and T} are the corresponding temperature of peak 1,

peak 2 and peak 3 in the stage Il ,respectively; T, is the corresponding temperature of the peak in the stage IIl.
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HEHE ORWARE A F0K AR AR ) DR AR AR S
HAHE) C APMLA (N, A (TAN) (£ 4), 113
il TH ALY VE A MRV T o DR AR N # i B AR 8 R
FARAIRE R R A, P (35 C) =25 d, KN T
K&K, AR b AL DA T R i
HR ke, JH T 3 5 A o AR v R 1 O A 1 R R A
) o VAl rp 22 00 B S S5 1, A R AR R
B A7 B RS A HLRR AT R T35 I 1 b i RS e A AL
JoT B it S LA AT RE R AR A Y DB | A i
AR R R I S R, UK A B IR R
ALY A AR KA L bRV 7, AT L2 e DK Aa )
Y DA AL B b FE TR 73 2 AR ), oAt A
Yz kA T AL AL
2.2.3 HEAR

TUKAEY AT DL 42 VR SRR , (B2 IR 5 7k oA
i AR FISCE BT 2, T LK R TR R )

F4 ORWAREHENTE B AP C N, TAN iR E
Table 4 C,N.,, TAN concentrations of digestate calculated by

ORWARE model
JKAEFEH) Macrophyte C/% Nowl/% TAN/%
fi 21.00 1.24 222
4 19.45 1.16 2.07
PR 15.30 0.70 1.25
I B 19.55 0.99 1.74
FEAEAN R 23.70 0.92 1.68
22 24.27 1.08 2.00
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