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ABSTRACT: Occurrences of coastal dredged materials are ever increasing due to port construction, navigational course maintenance
and dredging of polluted coastal sediments. Ocean dumping of the coastal dredged materials has become virtually prohibited as London
Treaty will be enacted as of the year 2012. It will be necessary to treat and recycle the dredged materials that may carry organic
pollutants and heavy metals in a reasonable and effective process: collection of the dredged materials, liquid and solid separation, and
treatment of organic compounds and heavy metals. In this study we have developed a continuous bioreactor system that can treat a
mixture of silt and particulate organic matter using a microbial consortium (BM-S-1). The steady-state operation conditions were: pH
(7.4-7.5), temperature (16°C], DO (7.5-7.9), and salt concentration (3.4-3.7%). The treatment efficiencies of SCOD, T-N and T-P of the
mixture were 95-96%, 92-99%, and 79-97%. The system was also effective in removal of heavy metals such as Zn, Ni, and Cr . Levels of
MLSS during three months operation period were 11,000-19,000 mg/L. Interestingly, there was little sludge generated during this period
of operation. The augmented microbial consortium seemed to be quite active in the removal of the organic component (30%] present in
the dredged material in association with indigenous bacteria. The dominant phyla in the treatment processes were Proteobacteria and
Bacteroidetes while dominant genii were Marinobacterium, Flaviramulus, Formosa, Alteromonadaceae_uc, Flavobacteriaceae_uc.
These results will contribute to a development of a successful bioremediation technology for various coastal and river sediments with a
high content of organic matter, inorganic nutrients and heavy metals, leading to a successful reuse of the polluted dredged sediments.
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Table 1. Major physicochemical parameters of the coastal dredged
sediments sorted by a sieve (10 pm)

Parameter Measured range

pH 6.0-8.0

Temperature (°C) 10.0-15.0
DO (mg/L) 6.0-8.0

Salinity (%o) 32.0-35.0
T-N (mg/L) 1.2-8.9
T-P (mg/L) 3.89.3
COD (mg/L) 478-483
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Fig. 1. Scheme of the pilot scale bioreactor used in this study.
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Table 2. Treatment of polluted marine sediment using pilot scale reactor system undergoing bioaugmentation with the microbial agent BM-S-1*

Parameter (mg/L) 1 B Al A2
MLSS 5,250 14,250 9,600 12,530
SCOD 380.0 592.0 666.0 604.0

T-N 18.922 5.678 2.193 1.999
NH," 14332 2.024 0.113 0.114
NOy 1.484 0.545 0.216 0.163
NOy 0.177 1.525 1.490 1.502
T-P 0.073 0.073 0.067 0.067
PO, 0.019 0.031 0.041 0.033

A3 A4 S E SD % Removal
13,930 10,990 230 1,600 19,240 -
648.0 776.0 17.2 15.0 907.0 96.1
1.850 2.078 1.642 1.518 2.692 92.0
0.126 0.311 0.036 0.045 0.170 99.6
0.143 0.170 0.130 0.130 0.218 91.3
1.518 1.540 1.509 1.461 1.405 -
0.072 0.069 0.026 0.015 0.088 79.0
0.039 0.041 0.008 0.004 0.062 78.1

I, influent; B, buffering tank; A1, primary aeration; A2, secondary aeration; A3, tertiary aeration; A4, quaternary aeration; S, primary sedimentation; E, effluent; SD, sludge

digestion; *Particle size of the sediment was less than 10 um
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Table 3. Treatment of the major heavy metals within the marine sediment (particle size less than 10 um) using BM-S-1

Parameter Cr Pb Cu Cd Zn Ni As

I_water (ug/L)** 111.6 5.3 52.2 4.5 296.2 92.8 ND

I_SS (ug/L) 75.4 110.0 472.7 1.4 773.1 39.5 ND

B_SS (ug/L) 73.3 114.5 390.0 2.0 870.0 31.6 ND

E_water (ug/L)** 24.1 5.6 19.4 5.5 35.6 11.5 ND

SD_SS (ug/L) 96.9 94.2 826.9 0.6 960.3 57.0 ND
% Removal 78.4 - 62.8 - 88.0 87.6 -

I, influent; B, buffering tank; E, effluent; SD, sludge digestion; SS, suspended solid; *Particle size of the sediment was less than 10 um; ** Supernatant water of the marine sediment

Table 4. Summary of pyrosequencing microbial community analysis of MLSS samples from the pilot scale sediment treatment system. Diversity indices were
obtained from the Mothur Program and based on normalized reads of each sample

Read length (bp)

Samples Total Analyzed ~ Normalized Nean S—— Observed (.JhaO.l Slllannon Goods
reads reads reads OTUs estimation index coverage
length length

I 10704 8246 3844 476.9 588 5737 22231.0 8.03 0.58

B 6886 10200 3844 474.7 523 3555 134343 7.46 0.59
Al 3844 6430 3844 475.1 558 2098 7408.5 7.00 0.58
A3 5162 4836 3844 469.5 538 2705 9147.4 7.25 0.59

S 8713 3589 3844 476.8 537 4200 16507.8 7.45 0.62
SD 6739 6374 3844 472.9 569 2638 9270.1 6.85 0.71

I, influent; B, buffering tank; A1, primary aeration; A3, tertiary aeration; S, primary sedimentation; SD, sludge digestion
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Fig. 2. Rarefaction curves of the six different samples from the pilot scale
sediment treatment system. I, influent; B, buffering tank; Al, primary
aeration; A3, tertiary aeration; S, primary sedimentation; SD, sludge
digestion; sample size was normalized by random subtraction.
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Fig. 3. Phylum level microbial community structures of different stages
from the pilot scale sediment treatment system. I, influent; B, buffering
tank; Al, primary aeration; A3, tertiary aeration; S, primary sedimentation;
SD, sludge digestion.
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E RS0 Aol At ZRNER 2 A 2o
SolstA A8 mAl YL dE A =S A&2 o= A

2[EAe] EakEM

Korean Journal of Microbiology, Vol. 51, No. 4



380 - Kimetal

UPGMA

0.08

0.06
1

UniFrac value
0.04
1

0.02
L

0.00
L

— m %] [a) o
»n

< <
Fig. 6. Fast Uni Frac and unweighted pair group method with arithmetic
mean (UP-GMA) cluster analysis for the pyrosequencing community
data of the different stages of the sediment treatment system. I, influent;
B, buffering tank; A1, primary aeration; A3, tertiary aeration; S, primary
sedimentation; SD, sludge digestion.
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