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Water Quality and Microbial Community in Bottom Sediment
Corresponding to a Depth Level in Lake Kasumigaura
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ABSTRACT

Dissolution tests were conducted at 30°C under aerobic and anaerobic condition by using sediment from 3
different sampling points in Lake Kasumigaura and microbial community analysis in the bottom sediment
was conducted corresponding to a position in a depth direction in order to understand the relevant behavior
of materials and lake water quality. In the result of dissolution tests, the behavior of dissolution from bottom
sediment was largely different between samples points in the lake. Also, in the results of microbial
community analysis, the detection rate of each bacterium was largely changed among samples, especially
in the surface of bottom sediment nearby inflowed river. The different of microbial community in the
bottom sediment in lake would effect on lake water quality.

1. INTRODUCTION

Lake Kasumigaura has known as eutrophic lake since the
1970’s. Generally, the causes of lake eutrophication are
principally divided into external loads!' such as rainfall or
inflow of nutrient and internal loads!? such as nitrogen,
phosphorus, and trace metals dissolved from bottom
sediments. Since eluted nutrients and metals play
significant roles in the occurrence of lake algal blooms!*],
estimating the dissolution of nutrients and metals is
important. In addition, bacteria in sediment also play
important roles in the elution of nitrogen and phosphorus
compounds®. However, not much is available on the
bacterial community in sediment at different sampling
sites and different environmental conditions in the
intralakell. In this study, focusing on Lake Kasumigaura,
we investigated the microbial communities in bottom
sediments to understand the relevant behavior of materials
and environmental conditions since bottom sediments
have generally been treated as a 'black box'.

2. METHOD
2.1 Sampling

Bottom sediment samples were taken at three locations
(Fig. 1): St. 1 off Tsuchiura Port (36° 04' 35" N and 140°
13" 42" E), which is roughly 900 m from Sakura River
estuary, St. 2 at Kakeumaoki (36° 03' 03" N and 140° 15'
00" E), and St. 3 at the center of the lake (36° 02' 06" N

and 140°24'27" E). Samples were taken in August of 2015.

The sampling of bottom sediments was conducted in two
ways: to serve for the dissolution test and microbial
community analysis. To be specific, a diver took a core
sample from a depth of about 30 cm from the surface of

the bottom sediments. Four samples were taken per
sampling point for the dissolution test, using an acrylic
column of 20 cm in internal diameter. The samples for
microbial community analysis were taken with an acrylic
column of 5 cm internal diameter, and immediately put
into cold storage and taken to a laboratory for analysis. At
laboratory, the sediment sample was cut and divided into
1-cm layers.

2.2 Dissolution test

The bottom sediments sampled with an acrylic column of
20 cm internal diameter were transported to the laboratory
with minimal disturbance of the sediments. After the water
was drained from the column, the locally sampled water
filtered through the GF/B filter was gently fed into the
column. Dissolution tests were conducted under aerobic
conditions and anaerobic conditions, according to the
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iver
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©" (off Tsuchiura Port)
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t.2 (Kakeumaoki
( ) St.1 (the center of lake)

Ami J
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Inashiki
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Fig. 1 — Sampling points and rivers flowing into Lake
Kasumigaura
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sediment testing and investigation manual®. Each
dissolution test was conducted for 20 days, in a dark
location, at a steady temperature of 30°C. Aeration with air
was performed until the DO level reached about 8.0 mg/L
under aerobic conditions; and aeration with nitrogen was
performed to reduce the DO level to or below 1.0 mg/L
under anaerobic conditions (n = 2).

2.3 Microbial community analysis

DNA was extracted from sediment samples. Extrap Soil
DNA Kit Plus ver. 2 (Nippon Steel & Sumikin Eco-Tech
Co. LTD, Tokyo, Japan) was used to extract the DNA. The
amplicon PCR was conducted by using primers targeting
the 16S rRNA gene region of eubacteria of 341 and 785 as
E. Coli position, targeting for the V3-V4 region. The
following PCR protocol was used: initial denaturation was
conducted at 95°C for 3 min, followed by 25 cycles of
95°C/30 sec, 55°C/30 sec, and 72°C/30 sec. The PCR
amplification products were purified with an AMPure XP
kit (Beckman Coulter Genomics Inc., Brea, CA, USA).
Sequence analysis was conducted for of the 16S rRNA
gene, using MiSeq (Illumina Inc., San Diego, CA, USA)
with the MiSeq reagent Kit v3 (600 cycle). A chimera
check of the determined sequences of each lead obtained
from the analysis was performed with USEARCH v6.11",
and operational taxonomic unit (OTU)-picking and cluster
analysis were performed with QIIME 1.918, Identification
of the OTUs was performed using the Greengenes

database (ver. 13_8)[°! as a reference.

3. RESULTS AND DISCUSSION

The results of dissolution tests show in Fig. 2. The
dissolution rate of NO3  under aerobic condition and NH4"
under anaerobic condition from the sediment of St. 1 is the
largest among other dissolution rates from the sediment of
St. 2 and St. 3. While, the dissolution of NH4" was not
observed from the sediment from St. 3 under both of
anaerobic condition and aerobic condition. This difference
is presumably due to the amount of nitrifying bacteria and
denitrifying bacteria exist in the surface of the bottom
sediment. Supposing that nitrifying bacteria are enriched
at St. 1 and St. 2, they convert ammonium to nitrite and
nitrate, then the dissolution of ammonium would be
observed under anaerobic condition and the dissolution of
nitrate would be observed under aerobic condition. In the
same way, supposing that anammox bacteria exist at St. 3,
they convert ammonium and nitrite to nitrogen gas under
anaerobic condition, then the dissolution of ammonium
would not observed under anaerobic condition.
Consequently, Mn was not eluted from the bottom
sediment of St. 3, whereas the significant dissolution was
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Fig. 3 — Microbial profile of phylum level in bottom
sediment in each depth

observed from the bottom sediment from St. 1 and St. 2
(data not shown).

The result of microbial community analysis shows in Fig.
3. In the result of sequence analysis, approximately 10,000
leads were obtained and categorized into 921 OTU and
identified to their closely related species. The basic
composition of the microbial community was almost the
same at every depth and sampling point. Proteobacteria
(mainly Deltaproteobacteria, Gammaproteobacteria, and
Betaproteobacteria), Nitrospirae, Chloroflexi Firmicutes,
Verrucomicrobia and so on were detected in common. The
detection rate of Cyanobacteria causing algal bloom was
low, but they were relatively highly detected in the surface
of bottom sediment from St.1 and St.2. Nitrospirae
including nitrite oxidizing bacteria were detected at 8.2%
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(£2.1% SD) at St.1 and at 7.9% (= 1.5% SD) at St.2,
whereas at the sediment form St.3, the detection rate was
relatively lower at 5.1% (£2.1% SD). In dissolution test
of the bottom sediment from St. 3, though nitrate was not
detected under acrobic condition, this would be most
probably because the detection rate of Nitospirae causing
nitrifying was low.

The result of principal coordinates analysis based on the
resemblance of the microbial community in each sample is
shown in Fig. 4. The distance of each plotted point
indicates the degree of similarity. The microbial
community in each sampling point was similar each other
as shown by area surrounded by plotted line. In terms of
depth direction, microbial community was shifted with
same trend in regardless of sampling points. In addition,
the microbial community of St. 1 and St. 2 was relatively
closed, compared to St. 3. In St. 3, the diversity of the
microbial community was comparatively high, especially
in sediments at a depth of 0-10 cm, but the microbial
community became homogeneous in sediments at a depth
below 10 cm. Judging from plotted points upper than 24
cm of St. 3, the bottom sediment was presumed to be
resuspended by strong wind. In addition, in the vicinity of
surface in the bottom sediment, the microbial community
was largely changed by accumulation of suspended solid
carried from inflowed river. Therefore, the microbial
community of surface layer (1 to ca.13) at St. 1 and St. 2
is similar.

4. CONCLUSION

In this study, dissolution tests were conducted at 30°C
under aerobic and anaerobic conditions by using bottom
sediment from 3 different sampling points in Lake

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

Kasumigaura. Additionally, microbial community analysis
in the sediment was conducted corresponding to a position
in a depth direction. As a result, the behavior of dissolution
from bottom sediment was different between samples
taken from nearby inflowed river and center of lake.
Microbial community also largely changed, especially in
the surface layer of bottom sediment from the sampling
point nearby inflowed river. The different of microbial
community in the bottom sediment in lake would effect on
lake water quality.
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1 Pk DL & kR (1]

s 5t.1 5t.2 5t.3 S5t.4 5t.6
Jt#e 36" 08.952' | 36" 08.262' | 36" 07.302' | 36" 05.352" | 36" 04.912'
HEE | 1407 19.492' | 140° 20.422' | 140° 22.652' | 140° 23.892' | 140° 13.223'
s St.7 5t.8 5t.9 5t.11 5t.12
Jt#e 36" 03.902' | 36° 02.722' | 36" 02.142' | 36° 00.503' | 35" 58.593
HEE | 1407 13.993'| 140" 17.972' | 140° 24.222'| 140" 26.152' | 140° 28.332'
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