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CHAPTER l  GENERALINTRODUCTION

l-l  BACKGROUND

Ago Bay is a tlpical enclosed coastal sea that is connected to the Pacific Ocean via a very

naffow and shallow entrance. The bay, which is world-famous for its cultured pearls, lies in the Mie

Prefecture, Japan. Over the past 110 years, the practice of culturing pears in the bay has led to

contamination. The expansion of human populations and anthropogenic impacts on sensitive natural

systems, such as shallow areas, sea grass beds, and tidal flats, have fuither increased the input of

contaminated materials into Ago Bay, leading to the accumulation of organically enriched sediments

on the sea bottom.

In 2000, dredging of the contaminated sea floor sediments was initiated in an attempt to restore

the sea environment to a healthier condition and to prevent deterioration resulting from the pearl

industry. However, because dredged sea floor sediments tend to emit a horrible smell, finding areas

for disposal has become a serious problem. Moreover, the large water content of sediments makes

their transport and disposal extremely difficult. The technical feasibility of dredging and disposal,

economic and environmental issues, and possibilities for reuse of sediments have not yet been

resolved. Thus, the development of an alternative system to treat dredged sea bottom sediments is

needed.

The Corps of Engineers manual on beneficial uses of dredged material (USACE, 1987) lists ten

broad categories of use: habitat restoration; beach nourishment; aquaculture; recreation; agriculture;

land reclamation and landfill cover; shoreline erosion control; industrial use; material transfer for

dikes, levees, parking lots, highways; and multiple purposes. Graalum et al. (1999) suggested that

dredged material might be to useful for manufacturing topsoil, which would help reduce and recycle

waste soil and provide an additional alternative for the long-term management of dredge disposal

sites by reducing the amount of land needed for disposal facilities.
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serious problem. Moreoveq the large water content of sediments makes their transport and disposal

extremely difficult. Hence, development of an alternative system to readily treat dredged sea bottom

sediments is therefore needed. In the present project, an in situ solidification system for treatment of

sea bottom sediments, the "Hi-Biah-System (HBS)", was developed. The solidified sediments were

then applied to the construction of an artificial tidal flat in Ago bay. The scheme of beneficial

applications for solidified sediments was illustrated in Fig. 1-1. Since its construction, the

ecosystem and environmental conditions in the constructed tidal flat have been continuously

monitored (CHAPTER 2 and CHAPTER 3). Morover, developing cost-effective, environmentally

sound and sustainable management alternatives for the dredged material is a critical issue for the

continued operations of the pearl and oyster culture industry' in these bays, which contribute

significantly to the Japanese industry. One solution being discussed is to manufacture bricks from

the sea sediments. This concept gives priority to waste recovery over its deposit in landfills. The

technology of producing bricks from harbour sediments was reviewed as a possible concept for

sediments. This report presents the possibility of using sea bottom sediments and the optimization

of the raw material components for the fabrication of marine concrete reefs (CHAPTER 4). On the

other hand, removal of organic substances that have accumulated due to aquacultural and other

industrial purposes in seabed sediments is of great importance in environmental protection. In Ago

Bay, more tbanI0% (byweight) of the sediment is composed of organic substances. Furthermore,

humic substances represent large content of these organic substances. Inparticular, despite the fact

that the contamination of seabed sediments with organic substances causes serious problems for the

environment, the effects of humic substances on the removal of organic pollutants have not been

investigated. The purpose of this report is to investigate the degradation by the ozonation technique

of humic substances in seabed sediments collected from two different locations in Japan (Ago Bay

and Ariake Bay) (CHAPTER 5). Finally in the last chapter, these field studies focused on the

utilization and suitability of dredged sediments to environmental field (CHAPTER 6). Evaluating
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Construction applications

Figure l-1:Bcneflcial appliCations for solidifled sea bottoln sediments.
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of the Environment Government of Japan, the total area of natural tidal flats was about 826 square

kilometer in the 1940s. However, approximately 40% of the natural ones had been lost by the 1980s

(Kimura, 1994). Currently, a nurnber of projects have been performed in order to protect and

maintain the natural tidal flats and wetland ecosystern Furthermore, a lot of efforts have been made

to restore damaged tidal flats and create artificial tidal flats to mitigate the lost ones (Miyoshi et al.,

1990; Cofer & Niering,1992; Ogura & Imamura,1995; Lee et a1., 1998).

Mie prefecture in Japan took part in Collaboration of Regional Entities for the Advancement

Technological Excellence (CREATE) activity prograr4 which was organizedby the Japan Science

and Technology (JST) Agency, proposal, entitled "Environmental Restoration Project on the

Enclosed Coastal Seas, Ago Bat''. Ago Bay in Mie prefecture, whose position is illustrated in

Fig.2-1, is the world's most famous area as the original bay of pearl and oyster culture.

In these'days, about seventy percent of natural tidal flats in Ago Bay have been lost and

destroyed, compared with those in the 1940s (Kokubu et a1,2004). On the other hand, it has been

anxious that the sea conditions in Ago Bay have receritly become worse due to the culturing of

pearls and oysters, and the organically-enriched sediments accumulate at the sea bottom with the

culture activity. Therefore, dredging has been performed since 2000, so as not to worsen the sea

quality in Ago Bay. Since the sea bottom sediments dredged gave very horrible smell, the limitation

of disposal places became the serious problem. Moreover, the large water content of,sediments can

make more enonnous difficulties for their transport and disposal. Hence, it is necessary to develop

altemative systenr, to readily treat the sea bottom sediments dredged, replaced with the disposal

methods. In the present project selected by JST, an in-situ solidification system of sea bottom

sediments, named "Hi-Biah-System (HBS)", has been developed for their treatments. These

solidified sea bottom sediments have been applied to the construction of artificial tidal flat in Ago

bay. Furthennore, the ecosystem and environmental conditions in the constructed tidal flat has been

continuously monitored.
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E3 sections: the artificial tidal flats of E3 sections were constructed from the sand obtained in

Ago Bay.

E4 sections: 5 wtolo of coagulant, made of the gypsum, was used for the HBS solidification

treatment. After dewatering, the sediment water content was 60 vtto/o. The solidified materials with

water content 60 wt% and the sand (weight ratio 3:7) were mixed, and the artificial tidal flat E4

section was constructed with thern

E5 sections: approximately 2 wt% of poly aluminum chloride (PAC) was added as the inorganic

polymer coagulant into the sea bottom sediments. After the dewatering, the water content of the

solidified materials was 40 wto/o. The solidified sediments treated with PAC were mixed with the

solidification agents consisting of waste steel slag (20% by weight), then the obtained solidified

materials were mixed with sand (weight ratio 3:7). The materials were used for the construction of

the artificial tidal flat E5 section. The procedures for constructing the artificial tidal flats are briefly

summarized in Table 2-1.

2-3-3 Monitoring of environmental conditions in constructed tidal flats

The monitoring of the environmental conditions of the artificial tidal flats was conducted every

four months. For the comparison, the environmental conditions of natural tidal flats near the

artificial one were evaluated. The environmental conditions included pH, oxidation-reduction

potential (ORP), acid volatile sulphide (AVS), loss on ignition (LOD, water content (WC), chemical

oxygen demand (COD), total organic carbon (TOC), total nitrogen (T-N), chlorophyll a and

particle size. The chemical parameters of the environmental conditions were evaluated for the soil

materials, which was core-sampled from surface to 12 cm depth. The amounts of Chlorophyll a

were measured in soil materials from surface to the depth of I cm. For the evaluation of benthos,

the sediments were sieved with the mesh size of 1 mrrr, and were added into the 10 vol% formalin.

The measurement of benthos was subjected to the general methods.
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Fig.2-5 depicts the time course. variations of the number of individuals for the benthos in the

artificial tidal flats. The number of individuals after one month was nearly zero in the artificial tidal

flats. However, the individual numbers in the constructed tidal flats after three months were larger

relative to those in the natural tidal flats. Therefore, the good conditions for the ecosystem of the

benthos could be formed in the artificial tidal flats with the solidified sea bottom sediments.

Table 2-4 shows the growth of short-necked clams in the artificial tidal flats. After nine months,

the short-necked clams in all of artificial tidal flats grew approximately two times by weight. The

concentration of metals such as aluminum, arsenic, barium, cadmiunr, calciurr5 chromiunl cobalt,

copper, iron, manganese, magnesiunl molybdenunr, nickel, lead, potassium, selenium and sodium

were evaluated in clam tissues. On aluminunl arsenic, barium, cadmiunl chromiunq cobalt, copper,

iron, manganese, molybdenum, nickel, lead and selenium metals, the concentrations were less than

L Vglg-dry,fueight in the clam tissues. Normally the calciurn, iron, magnesium, potassium and

sodium concentrations were larger than 1 Vglg-dry weight. Therefore, the chemical components in

clam tissues were nearly same as general ones. The total carbon (TC) concentration in clam tissues

was in the range of 3Io/oto 39o/o, and the total nitrogen (TN) concentration was'in the region of

7.60/o to 9.0%. These total carbon and nitrogen concentrations in clam tissues seem to be judged to

be the normal values (Katsuyuki,1995). Consequently, the ecosystem in the artificial tidal flats with

the solidified sea bottom sediments may be considered to be almost similar to those in the natural

tidal flats.

In the present worb an in-situ solidification system of sea bottom sediments, named

"Hi-Biah-System (HBS)", were developed for their treatments. These solidified sea bottom

sediments could be applied to the construction of artificial tidal flat in Ago bay. The ecosystem and

environmental conditions in the constructed tidal flats were found to be very similar to those in the

natural tidal flats present near the same area.
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1

Table 2-4. Growth of short-necked clams.

Sりbn _・u樹
♂

Mortality (%) Weight(g) Length (rrun) Height (mm)

El

０

　

３

　

６

　

９

0

16

52

72

3。8

8.1±1.3

8.7±1。8

9。9±1。5

24.7

33。2±2.4

34.2±2.1

35。2±2.1

18。4

22。9±1。3

23。8±1.5

25。7±3.2

E2

０

　

３

　

６

　

９

0

8

40

40

3。8

6。7±1.2

8。2±1.7

8。2±1。7

24.6

31。5±2.1

33。7±2。7

33.7±2.7

18。5

21.9±1.6

23。1±1.8

23。1±1。8

E3

０

　

３

　

６

　

９

0

24

44

44

3 . 8

7.3生1.5

7.8±1。5

8。6±1。3

24。6

32.4±2.6

32.6±2。8

34。2±1。8

18.3

22。3±1.7

22.9±1.6

23.8±1.2

E4

０

　

３

　

６

　

９

0

4

24

32

3。8

7。2±1。2

8。4±1。2

8。9±1。2

24。8

31。7±3。0

33。7±2.0

34.2±1。8

18。3

22。4±1。2

23。4±1.4

23.8±1.1

E5

* The evaluatioh of growth was performed on Jul. 2005 (3 month), Oct. (6 month), Jan. 2006 (9

month).

０

　

３

　

６

　

９

0

16

24

24

3 . 2

7。0±1.1

7.6±1.6

8.5±1。5

24.5

30。9±3。0

32。0±2。3

33.3±2.7

18。3

22。3±2.7

22。5±1.9

23.3±1.6
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Figure 2-2: Solidification method "Hi-Biah-System" of sediments.
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Figure 2-4: Artificial tidal flats.
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organic contamination associated. with the deterioration of sea water and sediments. The

expansion of human populations and anthropogenic impacts on sensitive natural systems (shallow

areas, sea grass beds, and tidal flats) has further increased the input of contaminated materials into

Ago Bay. Therefore, their situations lead to the accumulation of organically enriched sediments

on the sea bottom.

In 2000, dredging of the contaminated sea floor sediments was initiated in an attempt to

restore the sea environment to a healthier condition and to prevent deterioration resulting from the

pearl industSy. However, because dredged sea floor sediments tend to emit awful smell, furding

areas for disposal has become a serious problem. Moreover, the large water content of sediments

makes their transport and disposal extremely difficult. The economical and environmental

friendly dredging and disposal of contaminated sediments as well as possibilities of reusing the

sediments have not yet resolved. Thus, the development of an alternative system to treat dredged

sea bottom sediments is required for healthier environment.

The Corps of Engineers manual on beneficial uses of dredged material (USACE, 1987) lists

ten broad categories of use: habitat restoration; beach nourishment; aquaculture; recreation;

agriculture; land reclamation and landfill cover; shoreline erosion control; industrial use; material

transfer for dikes, levees, parking lots, highways; and multiple purposes. Graalum et al. (1999)

suggested that dredged material might be useful for manufacturing topsoif which would help to

reduce and recycle waste soil. Thus it can provide an additional alternative for the long-term

management of dredge disposal sites by reducing the amount of land needed for disposal

facilities.

Constructing tidal flats is another altemative use of dredged materials. When the dredged

sediment with awful smell is treated bv the HBS. the solidified materials from them can not emit

the smell. Many tidal flats have been destroyed as a result of industrial, agricultural, and urban

development of coastal areas. According to the Ministry of the Environme nt, Japan,the total area

1

/
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Hi Biah System (HBS), an up to date technology to treat muddy sea bottom sediments by in

situ solidification, was developed in 2005 (Imai et al., 2008a, b; Dabwan et al., 2008). The

products by the process, solidified sediments, contain a great deal of mud that was used to

construct tidal flats in Ago Bay. Although the condition monitoring in the muddy-enriched,

constructed tidal flats play a significant role in the environmental remediation and protection,

there is little information on the environmental condition monitoring in the constructed tidal flats.

In this study, we continuously monitored the ecosystem and environmental conditions in the five

sections of constructed tidal flat and compared it to data from six points of natural tidal flat.

3.3 MATERIALS AND METHODS

3-3-1 Study site

The studv site is located in Ise-Shima National Park. a semi-enclosed area around the Shima

peninsula that is connected to the Pacific Ocean via a very naffow (1.5 km width) and shallow (25

m water depth) entrance of the bay (Fig. 2-1, CHAPTER 1). The interior part of the bay is

complexly divided into many branch bays. The pearl culture industry uses the whole interior area

of the bay and the cultivation rafts are spread out like the reticulation; thus, a large-scale dredger

can not enter these inner parts of the bay.

The natural tidal flat analyzed in our study lies in the inner part of a branch bay in the

Tategami area in Ago bay. The amplitude of the flat varies from 0.5 to 3.0 m and its inclination is

li 10 (Fig. 2-1, CHAPTER 2). The constructed tidal flats were built in the same area.

3-3-2 Solidification method for disposal of sediments

. Figure 2-2 (CHAPTER 2) shows the in-situ solidification system. The detailed information

has been described previously (Dabwan et al., 2008; Imai at al., 2008a, b). The HBS consists of a

25
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reduced to 40 wto/o and the solidified sediments were mixed with solidification agents consisting

of waste steel slag (20% by weight) and then with sand (weight ratio 3:7). The resulting materials

were used to construct the E5 area of the tidal flat. The sections of the artificial tidal flat

illustrated in Figure 2-4 (CHAPTER 2).

3-3-4 Monitoring of environmental conditions in constructed tidal flats

We monitored the physico-chemical parameters and biological characteristics of the natural

and eonstructed tidal flats every 4 months from 28 May 2005 to 20 June 2007. The parameters

examined were water content, WC (JIS, 2000a); loss on ignitiorq LOI (JIS, 2000b); total organic

carbon, TOC (Vario MAX CHS, Elementar Analysensysteme GmbH); chemical oxygen demand,

COD (JIS, 1998); chlorophyll a (N,N-Dimethylformamide extraction method; Speziale et al.,

19.84); acid volatile sulphide, AVS (Gas detector tube, GASTEC); and particle size (JIS, 1999).

These physico-chemical parameters were evaluated using all of soil materials core-sampled from

the surface to 12 cm depth. The amount of chlorophyll a was measured in soil materials from the

surface to a depth of 1 cm. Particle size was measured at 3 and 16 months in the natural tidal flat

and every 4 months in the artificial tidal flat. To evaluate biomass and a population density of

macrobenthos, soil samples were collected within quadrats (25 cm x 25 cm x 25 cm).

Subsequently, the samples were sieved through a mesh size of I mm and the organisms on the

sieve were fixed in 10 vol% formaldehyde (Lee et al., 1998). Organisms then were sorted,

identified, counted, and weighed.

3-4 RESULTS AND DISCUSSION

3-4-l Physico-chemical parameters on the constructed tidal flat

' We monitored the physico-chemical environmental conditions on the constructed tidal flat

every 4 months for 20 months. Tables 3-1 and 3-2 summarize theresults of the particle size

27
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3-4-2 Monitoring of macrobenthos on the constructed tidal flat

Evaluating the benthic fauna's response to the constructed tidal flat requires analysis of both

numerous changes that occur over space and time (Beukema, 1976; Koh and Shin, 1988; Castel et

al., 1989). Figures 3-6 and 3-7 depict the population density and biomass of macrobenthos in the

natural (a) and constructed (b) tidal flats over time. On the constructed flat, the population density

and biomass were close to zerc after 1 month, but after 3 months the population density increased

relative to that observed in the natural tidal flat (especially at the same depth level station (C3), as

shown by the arrows). On the other hand, the biomass of macrobenthos reached a level similar to

that of the natural tidal flat after 6 months. After 20 months of monitoring, despite the temporal

increase and decrease, the population density and biomass of macrobenthos in the constructed

tidal flat increased relative to that of the natural tidal one. The predominant macrobenthic species

in the constructed tidal flat were polychaetes and molluscans. At the deeper stations of the natural

tidal flat, the predominant species were bivalves, but the species observed were similar at both

tidal flats and the species composition of the two tlpes of flat were not significantly different.

These results were similar to data reported previously (Havens et al., 1995; French et al., 2004).

These observations for better population and biomass of macrobenthos may be due to useful

organic and mineral substances supplied by the solidified sea bottom sediments, which would

generate good ecological conditions for benthic animals. However, Herman et al. (2001) reported

that the abundance of microalgae is much lower at muddy than at sandy sites, and they

hypothesized that high mud content decreases the availability of benthic microalgae. Likewise,

Billerbeck et al. (2007) pointed out that benthic photosynthesis was greater in the submerged

inner bay with sandy substrate than in the muddy area.

' 
Long-term monitoring is needed to better understand the effects of using these muddy

solidified sea bottom sediments to construct tidal flats. To our knowledge, few long-term

ｒ

　

　

″
Ｄ

) ,

C

e

f

S

ｅ

　

　

‘直

29



t\

,I}

te

H

)c

c

)d

tu

Iu

・
c

08

crrr€EJo oql qiltt\ sseworq crqlueqoJceu Jo uorl€leJ oltu qEnoq{V 'soq}ueqoJo€ru 
Jo sseuorq

pue ,{gsuep uorlepdod qloq lcege uuc lue}uoc re}}uru cruu8ro eqJ 'pues eqt ,(po Jo epflu ss,rr\ il

l€ql pelnql4le eq,(uru ga uorlBls w wulepll pelcru]suoc eqlJo relceffrlc egJ 'st€u 
IBpr] IBrcgruB

eql uuql rerller teu Ispll I€mlsu ur pe^resqo s3^1r\ sluoluoc q1s qElq eqt qEnoqqe '(ga ro3 ldecxe)

leu lEpll pelcruNrroc eql q peul€lqo esoql uBrll re/t\ol ere1K senl€A eseqJ 'suorlBls 
IBmlBu reqlo

ueql (t-g 'Etg :COC puu 'JOJ'IO-I) lueluor rog€tu crue8ro pu€ tueiloc rele^\ rex\ol p€q osl€ ZJ

pue IJ 
'G-S '49) 

9J ol tC suoll€ts p ue\t re^\ol s€^\ ZJ prr€ IJ suorl€ts 1e .(lrsuep uorlelndod

cnnueqoro€ru erIJ '(gil ot Ig) leg poprulsuoc eql se qldep etues eqt lsorule tu s?lrr gJ uoll€ts pge

9J ol IJ uro{ peseercrrr Vdep reler\ eqt'(e2-g'EIg pue e9-g 'EId) sleg lepll Ier$€u eqt uI

'sleg 
Ieprl roJ sluewuorrlue elrlr€ dlecrEo1orq

pue errelc€q crqluoq roJ sleilqeq Euprrrord q elor luegodrul uu ,te1d selcrged ils luql elec1pul

deur >po,r luasord eql q elep I?luouuedxe eql pue suode; emleroill eserlJ 'peq deq reuur luecefpe

ut prmog esoql u€ql reErel ere^r ermuJ clrllueq luetntuop eql pue sl€U Iepll uo res,{ eqt lnoq8norqt

sl€ruru€ qqluoq ol elqrssecce puu poluueE{xo 1ds1 sre,tr sslcrgud {ls eql Erntne}uoc sluerurpes

eql tuqt pegoder (OOOZ) Je 1s epen 't€U 
l€pl1 Iemleu eql Jo t€qt ot relrturs sB^\ lueluoc qrs qErq

q4rn leg Ieprl peprulsuoc eql ruo{ pelcelloc ssldures go flrsuep uorlelndod eqt tenenoll 's1eg

Ismleu oql q esoql u?ql rea\ol ,(lluecgruErs ero.&\ slelJ Iepll pelcruNuoc ,(pues eIIl Jo suorlelndod

I€Irepeq 
'1se4uoc q 'st€U 

I€prl I€rnleu pue Iercglue eql uee^\teq soqluoqoJreru Jo ss€tuorq pue

,(gsuep uorlepdod eql q secueJesrp olqe>lJsureJ ou punoJ fsq; 'lueuruoJrlue €es pesolc-rues eql

uI suolilpuoc ,{ppnru pue .(puus go sed,$ snorr€A tltla sleu I€prt petcru$uoc pue sl€U l€pll Iurnleu

Iereles Jo scrlsrrelcererlc 1ec1Eo1o1q pu€ l€crwerlc-ocrs,{qd sq1 peleEg1senw (9961) 1e 1e ee1

'sreef 
I€JeAes

reUB euo Ieprt Fm1eu eJo osor{} ol rellruls eq plno.& tlsJetu lepr} pepru}suoc € uo (}ueluoc uoqruc

crueEro trorlcnpord ,fteunrd ''E'e) suorloury l€ilqeq oqt teql tseEEns €tep elqe11BAB tnq '(gt6l

'1e 1e uceuaS:VL6l'Je lo ueuruu3) sleg Iepll l€rcrJlue eql q ue{eiloprm ueeq eler{ suorleEr1selw



matter content could be observed in the present study, it was roughly postulated that the organic

matter content in the range of 3o/o to 7o/o was moderately effective for increasing the macrobenthic

population density, based on the comparison between the artificial and natural tidal flats.

Consequently, the present results suggest that it is significant to construct artificial tidal flats by

considering not only organic matter content but also water depth.

3.5 CONCLUSION

We developed an in situ solidification system for treatment of sea bottom sediments (the

Hi-Biah-System (HBS)). Thesg solidified sea bottom sediments were then used to construct an

artificial tidal flat in Ago Bay. The ecosystem and environmental conditions of the constructed

tidal flat, which were monitored and compared to a natural tidal flat over the course of 2 years,

were found to be very similar to those of the adjacent natural tidal flat.
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Tabke 3-2. Particle size analvsis of the materials used to construct each section of the

artiflcial tidal■ate

Time
passed

(months)
El E2 E3 E4 E5

< 7 5岬 a

medianb

35.6%

271脚 m

28。0%

292脚m

16。9%

861脚m

36。1%

245 1Шn

25。7%

636脚 m

< 7 5 p m

median

45。1%

1 1 l  l t m

22。6%

986脚m

28。8%

286脚m

26.3%

529脚m

19.30/。

19631叩n

< 7 5  μm

median

3 3。3%

2 1 0岬

20。0%

1504脚m

15。2%

666脚 m

23.4%

480脚 m

20.3%

631脚 m

< 7 5岬

median

43。6%

107脚m

43.3%

115岬

29。1%

2071阻n

45。8%

109脚m

26.0%

346脚m

13

< 7 5 p m

median

28。0%

3 1 0岬

36.0%

220脚 m

21。1%

340脚m

32。5%

240脚 m

26。0%

360脚m

16

< 7 5  μm

median

33.9%

230脚 m

25。7%

330脚m

18.30/。

370脚m

31。7%

250脚m

25。9%

340脚 m

18

< 7 5  1 t m

median

36。6%

210岬

27.5%

280脚m

20。10/。

350脚m

29.2%

240脚 m

26.0%

320脚m

19.00/。

20

Median    240脚 m    230脚 m    320"m    260脚 m    390脚 m

#h2005,monito五
ng was perfom■edin Apr。(l mOnth),Jul.(3 months),and OCt。 (6 months);in 2006 in Jan。(9 monthS),

Jun。(13 months),Sep.(16 months),and Nov.(18 months);and in Jan.2007(20 months).
a Percentage ofparticles with a diameter<75 1tm

b.Median particle size

< 7 5 p m 31.2% 31。3% 26。0% 22.9%
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Figure 3-5. Chemical parameters of the artificial tidal flat. See Table 3-1 for monitoring dates. (a)
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cement (Shi et al., 2000a; Shi et al., 2000b; Koleva et al., 2006).

Ago Bays in Mie prefecture, Japan is world-famous area as the origin of pearl and oyster

culture. However, there is a concern that the sea conditions have recently become worse due to

the culturing of pearls and oysters, which has resulted in the accumulation of organically-enriched

sediments on the sea bottorn Therefore, dredging of sea sediments has been performed since 2000,

so as not to worsen the sea quality in Ago Bays. Since the dredged sea sediments have a horrible

smell, the limited availability of suitable disposal places has become a serious problem. Hence,

developing cost-effective, environmentally sound and sustainable management alternatives for the

dredged material is a critical issue for the continued operations of the pearl and oyster culture

industry' in these bays, which contribute significantly to the Japanese industry (Kaneco et a1.,

2004,2005; Katsumata et al., 2004; Imai et a1.,2007; Dabwan et aI.,2007).

. 
One solution being discussed is to manufacture bricks from the sea sediments. This concept

gives priority to waste recovery over its deposit in landfills. The technology of producing bricks

from harbour sediments was reviewed as a possible concept for sediments in Bremen (Hamer et

al.,1999). On the other hand, there is little information on the fabrication of concrete solids using

sea sediments as raw materials, due to the corrosion of the steel reinforcement. Recently,

Alabadan et al. (2006) have investigated the potentials of groundnut shell ash (GSA) as a partial

replacement for ordinary Portland cement in concrete. In the study, although the strength of the

control was higher, the replacement of cement with ash up to 30% would be more suitable than

others.

If the solid strength of cement is improved by optimizng the raw material components, it

may be unnecessary to add the steel reinforcement to the concrete for certain purposes. The

present work presents the possibility of using sea bottom sediments and the optimization of the

raw material components for the fabrication of marine concrete reefs. This application deals with

the utilization of sea bottom sediments as a substitute for fine sand aggregate.
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sediments tretted wtth HBS(water content 60 wt%,denstty l。 34g/cm3,s。 lid paticle denstty 2.69

g/cm3)〔nd addttive agents(antifOrmhg agent JK-2,wate卜 reduchg,agents EX-50耐

ssP-104,Takelnoto Oil&Fat Co。 ,Ltd.).The mix proportbns ofthe raw materials are shown in

Table 4-1。Each volume for the raw material components such as cement,sand aggregate,coarse

aggregate,wtter肛 d sediments was ch〔mged and attusted,h Order to make the士 total(Su0

volumes 990 dm3/m3。 The folbwhg m破 hg procedures were selectedo For Sample No。 1:the

addttive agents were added to the JШanhg watet and the cement and the fme sand aggregate were

mixed wtth the water for 30 sec,then cmshed rocks were lnixed in for 90 seco For Samples No。2,

3,4: a lnethod silnilar to No。 l was used, except that the cement, fme sand aggregate and sca

bottonl sedilnents were nlixed wtth the water for 30 seco For Sample No. 5:the cel■ent,coarse

aggregate and sca sedilnents were frst lnixed for 30 sec,then add■ive agents werc added and

fmally these lnaterials were lnixed for 180 seco For Sample No.6:the frst step was the salne as

for No。5,and the wJしer―reduci血g agent EX-50 was added,followed by ln破 hg for 120 sec。

Fhall  ゝthe addttive agent SSP-104 was added to ■ e products.The nlixhg process was

perforllned w■h a turbo m破 er(TM-55,Paciflc Machhery&Engheerhg Co。 ,L田 .)。The

temperature was controlled to a const〔Ⅱlt 293 K in the env士omentalroom.

4‐3日3   :Evaluation of Concrete Products

The slump JIS A H01(JIS,2005a),a士 COntent JIS A l128(JIS,2005b),compress市 e strength

JIS A l108(JIS,2005c),total shr血 age JIS A l129(JIS,2005d),and Change of mass were

checked for the lnechanical evaluttbn of the concrete products(100× 100× 400 nmぅ 。The

surface lnorphobgy of the concrete products was ttalyzed by scannhg electron nlicroscopy

(SEM,Httachi S-4000,Ja7panp.

.4‐4  RESULTS AND DISCUSSION
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4-3 Mass Loss and Total Shrinkage

The mass changes of the concrete products over time were investigated. As shown nFig.4-2,

all of the samples that lost mass began to lose mass immediately after the construction of the fresh

concrete products. The masses of the concrete Samples No. l, 2 ard4 remained almost constant

or decreased very slightly after 56 days. On the other hand, the mass of Sample No. 5 (wic: 1.15)

decreased greatly with time, owing to the evaporation of water from the materials. Here, we

define s, as the ratio of the mass loss of the concrete materials with the sediments to the mass loss

of the normal concrete (Sample No. 1). Although the q, value was nearly constant for the concrete

materials containing the sediments with wlc : 0.47 and 0.69, it increased when the w/c : 1.14.

The results for the total shrinkages of the concrete materials over time are depicted in Fig. 4-3.

The total shrinkage includes both drying and autogenous types. The trends for the total shrinkages

were almost the same as those observed in the mass change test. Here, B is defined as the ratio of

the total shrinkage of the concrete materials with the sediments to the total shrinkage of the

normal concrete, similar to the o value. The B values were fairly similar to the u, values. Generally,

the water content has a significant influence on the mass loss and shrinkage. The conventional

concrete mixtures are tlpically prepared with water/cement ratios of 0.4-0.7 (Al-Oraimi et al.,

2006). Hence, it can be concluded that if the mix proportions of raw materials are optimized, with

the ratio of water to cement less than 0.7 by weight, the tendencies of mass change and shrinkage

in the materials with the sediments become almost similar to those obtained with normal concrete

materials.

4-4-4 Compressive Strength

The concrete blocks were tested for compressive strength after 3, 7,28 and 187 days of

curing. The effects of the ratio of water to cement on the compressive strength of the concrete
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structure in the early stages of hydration (within 7 days) and the next solidification/stabilization

processes occurred after the ettringite formatioq with the pozzolanic reaction in the samples with

a w/c of less than 0.69. Shrinkage cracks were observed in the surface of concrete product No. 5.

This phenomenon could be attributed to significant mass loss and shrinkage on the basis of the

data from Figs. 4-2 and 4-3. No shrinkage cracks occurred after 187 days of curing on the surface

of the other samples.

4-4-6 Application in the field

We field-tested the concrete product with w/c :0.47 made with sea bottom sediments for

constructing marine reefs. First, a rectangular parallel shape (100 x 100 x 400 mm) of the

concrete product was prepared and deployed in the sea after curing 187 days, as depicted in Fig.

a-6 @). After approximately one year of deployment in the field, no damage was noticed as a

result of the sea environmental changes. The observed compressive strengths were 48, 33 and 14

MPa for wic ratios of 0.47,0.69 and 1.15, respectively (Table 4-4).The change in the shrinkage

might be attributed to the expansion due to the absorption of water. These results suggested that

the concrete block contains sea bottom sediments has enough stability to be sued for marine

applications. Based on this encouraged data a scaled-up size of the concrete product (1700 x 1300

x 650 mm) to be used as a large marine reef was fabricated as shown in Fig. 4-7 (b). No steel

reinforcement was added to the concrete. The application of the scaled-up size of the concrete

product in the field is still being examined.

4.5 CONCLUSION

The use of sea sediments as a substitute for fine sand aggregate was investigated for the

fabrication of concrete solids and marine reefs. The composition of the raw materials was

optimized, and the different concrete materials were assessed by testing their slump, air content,
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products for marine reefs.
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CHAPTER 5 DEGRADATION OF M:ARINE HUMIC ACIDS BY OZONE― INITIATED

RADICAL REACT10NS

5.1 ABSTRACT

Degradation of humic acids extracted from seabed sediment collected from two different

locations in Japan was carried out using an ozone treatment technique. Degradation was evaluated

byUY25aNISass absorbance, high performance size exclusion chromatography (HPSEC) and total

organic carbon (TOC). Sediment was collected from Ago Bay, Mie prefecture and Ariake Bay,

Fukuoka prefecture, Japan. After the ozone treatment, a decrease in absorbance of humic acids

was observed over a wide range of pH. The UVzs+ absorbance of all humic acids showed a

significant decrease. Furthermore, under neutral pH, more than 80% degradation was achieved for

both sediments, with an initial humic acid concentration of 30 mg L-r. The total organic carbon

(TOC) content of ozone-dosed solutions showed no significant changes. The decrease in the

molecular weight of humic acids was evaluated using the values obtained by high performance

size exclusion chromatographic (HPSEC) analysis. The decrease in the value of humic acids in

extracted solutions was related to the key materials in the sediment, which result from the

semi-closed sea environment. Significant environmental improvement can be expected from the

use of this technology.

5-2 INTRODUCT10N

Removal of organic substances that have accumulated due to aquacultural and other industrial

purposes in seabed sediments is of great importance in environmental protection. In Ago Bay,

Jap1n, more than t0% by weight) of the sediment is composed of organic substances.

Furthermore, humic substances represent between 37oh and SlYo of these organic substances

.(Kaneco et a1.2005). Humic substances are not well defined, but are generally divided into three
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scavengers (Staehelin and Hoigne, 1985). However, the reaction of ozone with humic substances

might also generate species that promote the conversion of Ol into OH. (Staehelin and Hoigne,

1985; Xiong et a1., 1992). To our knowledge, there have been few studies of the degradation of

humic acids using ozonation (Ohlenbusch et al., 1998; Kerc et a1., 2003). In particular, despite the

fact that the contamination of seabed sediments with organic substances causes serious problems

for the environment, the effects of humic substances for the removal of organic pollutants by

these processes have not been investigated and compared in detail by analysis of the reaction

mechanisms.

The purpose of the present paper is to report a study of degradation by the ozonation

technique of humic substances in seabed sediments collected from two different locations in

Japan (Ago Bay and Ariake Bay). The experimental data were compared with data obtained using

the commercial Aldrich humic acid which was isolated from coal. The degradation process was

monitored using a UVA/IS spectrophotometer and total organic carbon (TOC) analyzer. In

addition, changes in the molecular weight distribution of HA were clarified by high performance

size exclusion chromatography (HPSEC).

5-3  EXPERIMENTAL METHODS

5-3-1 Humic acid samples

The HA sample was purchased from Aldrich and was used as received. The chemical

information of Aldrich humic acid has been reported as follows: weight- averaged molecular

weight; 4100, nurnber-averaged molecular weight; 1630, M*/IUni2.5, polydispersity (e); 919 L-r

(mole of OC) 
-t 

"- 

-t, 
the ratio of absorban ce (465nm) to absorbance (665 nm); 7.59. HA(300 mg

L-r).was dissolved in 0.1 M NaOH. For experimental use, the pH of the humic acid solution was

adjusted using 1 M HCl. All aqueous solutions were prepared with ultrapure water obtained from
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Ltd). TWo different wavelengths were evaluated:

whereas color was evaluated by the absorbance at

using the following equation,

C UV rrora- =
c o (JV rr4(o)

IJYzsq was used for aromatic compounds,

VIS+oo. The degradation rate was calculated

(1 )

where UVzstrot and UV25a61are the absorbance at the 254 nn wavelength at the initial time and the

reaction time, respectively.

The molecular weight distributions of Aldrich HA and the marine humic acids were evaluated

using a high-performance size-exclusion chromatography (HPSEC) systenr, which comprised a

TRI ROTER-V JASCO solvent pump, a TIVIDEC-l00-Vl JASCO variable wavelength

absorbance detector, a TU-100 JASCO thermostat, and a Rheodyne rotary injector valve with a 20

pl'sample loop. A Shodex 805HQ (0.75 cm in diameter, 30 cm in height, Showa Denko KI!

Tokyo, Japan) preceded by a guard column was used for separation by size exclusion. The applied

flow nate was 1.0 ml min-r. The column packing material (a polymerized diol covalently bonded

to a silica support, exclusion limit 4,000,000, permeation limit 100) was selected based upon its

low residual hydrophobicity and minimal ion-exchange capacity (Wang et al., 1997). The mobile

phase consisted of 0.01 M IQHPO+-0.01 M KHzPO+ solutions buffered to pH 7.0. The HPSEC

system was calibrated using pullulan (Shodex STANDARD p-82).

The TOC in the ozonated solutions was measured using a TOC arnlyzer (TOC-V CPH,

TNM-I, SHIMADZU). The ignition loss (IL), total organic carbon (TOC) and total nitrogen

(T-N) in the sediments from two places were measured before and after the extraction of humic

acids. The IL was measured as the difference ih weight between dried (100oC for t how) and

corqbusted (600'C for 30 min) sediments (JIS, 1998). An electric oven (Koyo Box Furnace,

KBF828N, Nara, Japan) was used for the combustion. The TOC and T:N were measured using a
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was observed during the pH 7 oznnation. Therefore, these results can be explained by a decrease

in molecular size due to the formation of formic acid and oxalic acid by the decomposition of

humic acid (Kerc et a1., 2003; Qi et al., 2004).

The effect of initial HA concentration was studied using Aldrich HA at a range of

concentrations from 15 mg L-r to 150 mg L'r atpH 7 (Fig. 5-6). After 15 min, 88.9,87.7,81.0 and

77.8 % of the HA (resulting in concentrations of 13.3,26.3, 60.7 and 116.7 mg L-l, respectively)

were removed at original concentrations of 15, 30, 75 and 150 mg L-1, respectively. The

degradation of HA has also been explained using a pseudo-first order degradation equation modbl

(Bekbolet et al., 1998). The degradation rate constant (min-l) is represented as k- for ozone

oxidation in the following equation.

グ[RA]

dt
=一た%[RA]

constant of VIS400 WaS observed to be faster

(2)

5-6, the decomposition rate (k"r) was calculatedFrom this equation, as shown in the insert of Fig.

to be l。8x10~1,2.9x10¨
1,5.lx10…l and 13x10~l lnin~1,for ozonation at concentratibns of 150,75,30

and 15 mg L', respectively. The data, obtained by the same method, on the humic acid

degradation rate usi血g ozonation,based on Uヽ
「254狙 d VIS400 par劉田Юters,are presented imt Table

5-1. The rate constants calculated in this study were higher than those reported from previous

studies (Kerc et al., 2003). This can be explained by the structural differences in the humic acids

used in the experiments, and by the alterations in the humic acid molecules as an eflect of

preozonation (Kerc et dI., 2003; Gonenc and Bekbolet, 2001). Conversely, the calculated rate

than that of UV25a, which represents the carbon

double bonds tt arollnatic stl則tcture wtthLl the hunlic acid lnolccule. Rapid decoloration wih
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remarkable change in S1 and 52 was observed with the dosed solutions. In the dosed solution

containing HA, the TOC decreased (a 20o/o deuement) over 3 min for 15 tp 75 mg L-r of humic

acid. When the 150 mg L-r initial concentration was studied, the degradation occurred later in the

initial stage. After 15 min, the TOC became constant. Therefore, these results reflect that organic

carbon could not be mineralized into carbon dioxide by the ozlne treatment. However, the load

environment of marine humic acids could be considered to be lowered with the ozone treatment,

since the molecular weight of organic substances became very extremely low (Wenzel et al.,

1999).

Table 5-2 shows the IL, TOC and T:N in the sediments before and after extraction with the

humic substances from 51 and 52. Overall, the data for 51 were higher than those from 52. These

data indicated that the organic substances were equivalent to those that arc resolved rather easily:

the depletion rates for IL following extraction relative to before extraction were 0.40 and 0.25 for

S1 and 52, respectively. This might be attributed to a difference in the degradation efficiency,

whic! was 30% larger for S1. As shown in Fig. 5-6 and Table 5-I, a higher degradation efficiency

was generally observed for 51. In general, in Ago Bay (S1), sediments have accumulated that

consist of fine particles originating from eutrophication. [n contrast, the sediments from Ariake

Bay (S2) accumulate in the mouth of the Chikugo River, and therefore might be consistent with

an origin on land (Shirota and Tanaka, 1981). These results suggest that the organic materials

originating from these organic particles were equivalent to easily resolved organic materials.

5-5  CONCLUS10N

Ozonation was demonstrated to be a very efficient technique, and was able to produce a clear

color in samples contaminated with marine humic acid within approximately 15 minutes. High

molecular weight substances were degraded into low molecular weight substances; however,

complete removal was impossible. Degradation of humic acids could be helpful in the restoration
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Ariake Bay

Figure 5- 1. Location of (a) Ago Bay (S 1) in Mie prefecture
Fukuoka prefecture, Japan.

and (b) Ariake Bay (S2) in
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Figure 5-3. UV-visible spectral changes for the degradation of the Aldrich HAunder the
ozonation process. (a) before reaction; (b) after 15 min. [Aldrich HA] : 30 mg L-t, Or : l0 wto/o,

flow rate: 1 L/min.
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CHAPTER 6

SUMMARY

GENERAL CONCLUS10N

This thesis was designated in order to make clear the ecological impacts through the

environmental monitoring of the artificial tidal flat constructed using solidified sea bottom

sediments. The main results of this thesis are as follows; At first, in-situ dewatering and

solidifying technique was developed for treatment the contaminated sea bottom sediments (the

Hi-Biah-System (HBS)). The products then used to construct the artificial tidal flat in Ago Bay.

The ecosystem and environmental conditions of the constructed tidal flats were monitored and

compared to the natural ones over the course of 2 years. It was found to be very similar to those of

the adjacent natural tidal flat if not better. In the fourth chapter, the use of sea sediments as a

substitute for fine sand aggregate was investigated for the fabrication of concrete solids and

marine reefs. Thc composition of the raw materials was optimized, and the different concrete

materials were assessed. After 187 days of curing, the compressive strength was 44 MPa for the

concrete products with w/c : 0.47 using the sediments.'Furthermore, after immersing in the sea

environment during approximately one year, the compressive strengths were 48, 33 and 14 MPa

for the concretes with w/c :0.47,0.69 and 1.15, respectively. These results indicated that the

concrete blocks with the sea bottom sediments which were continuously field-tested in the real

sea environment for 1 year did not receive any damage from the sea. At the fifth chapter,

degradation of humic acids extracted from seabed sediment collected from two different locations

was carried out using aL ozone treatment technique. Ozonation was demonstrated to be a very

efficient technique, and was able to produce a clear color in samples contaminated with marine

humic acid within approximately 15 minutes. High molecular weight substances were degraded

into low molecular weight substances; however, complete removal was impossible. Degradation

of humic acids could be helpful in the restoration of the marine ecosystem in seabed sediments.

Moreover, this technique could be used to treat other high molecular weight substances from
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