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Abstract

Experimental design for ecological restoration approach was investigated from the P' company's slag dump-
ing area with higher pH value. The degree of pH recovery was measured by the injection of carbon dioxide
from the LNG exhaust gas, and the residual carbon, for example, calcium and carbonate which can be controlled
by artificial seaweed beds. The degree of adaptability from 3 algaes (Undaria pinnatifida, Sargassum horneri
and Ecklonia stolonifera) and uptake nutrient function of Ecklonia stolonifera chosen in the first treatment
were measured in the laboratory to determine the transplanting algae in artificial scaweed beds. The higher
value of pH was decreased to 7.0~8.5 by injection of LNG exhaust gas with flow rate 20 m*/min. In the
experiment design at laboratory, the upper part of frond of Undaria pinnatifida and Sargassum horneri began
to decay, and the color changed after 10 days. However, those of Ecklonia stolonifera were after 14~20 days.
The uptake rate of nutrient from Ecklonia stolonifera was higher than those of other algaes, and those was
similar pattern in the control (e.g. seawater); The DIN concentration uptake of Ecklonia stolonifera was 1.88
ug/Lihr avg. in leachate, but 2.19 ug/L/hr avg. in seawater. However, the PO,’-P concentration uptake was
0.18 ug/L/hr avg. in leachate, but 0.31 yg/L/hr avg. in seawater. These result indicated Ecklonia stolonifera
uptaked these nutrients in the leachate as well as in seawater, and it may suggested for this species to transplant
for constructing artificial seaweed beds.
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- 1. Introduction

The steel industry was based on the development of
shipbuilding, electronic, and automotive fields in ad-
vanced country such as Korea. However, this industry
had spilled some by-product, e.g. slag, into the neigh-
boring water with increasing pollutants so far”. Higher
pH value was in seawater, and the buffering effect was
higher in distilled water with the increasing amount of
slag””. In case of P's company, the total amount of
by-product was 2,000 million tons, and then 98.7 %
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of which was changed to resources for humans”. The
remainder was solidified for scawater landfill”. In the
previous years, the seawater landfill was 1,400 tons
from 1987 to 1995, and will be some tons in 524 thou-
sands m” ('97~2010), and 705 thousands m> (2011 ~)
every year. The leachate was closed with bank in close
to slag dumping area except in the end 100 m of
spillways. The pH was 9.5~10.5 in the leachate, and
this water diffused through water current in the
spillways. Therefore acid was injected for pH recovery,
and then predicted some problems for phytoplankton,
zooplankton, and other marine organisms.

Recent studies was concentrated on the construction
of artificial seaweed beds for improvement of marine
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ecosystems, and increase fisheries resources in Korea™ ).

However, no reports had been done about an approach
of ecological restoration in slag dumping area. This is
because the slag dumping area had never been known
for people, and it have been difficult for them to con-
trol higher pH value among lethal factors for any
organisms. On the other hand, the restoration program
for mud flat and salt marsh had been reported world-
wide®™®.

The aim of this study was to investigate ex-
perimental design in laboratory for ecological restora-
tion in the slag dumping area. Specifically, the ob-
jectives are (1) to examine degree of pH recovery, (2)
uptake rate of nutrients from 3 algaes (Undaria pinna-
tifida, Sargassum horneri and Ecklonia stolonifera)
which were measured in the laboratory, and (3) to de-
termine the transplanting algae in artificial seaweed
beds. It is a fundamental part of a wider study aimed
at understanding the pH neutralization of slag dumping
area as well as suitable marine organisms by using car-
bon dioxide from LNG combustion process, and mon-
itoring the succession of benthic communities after
transplanting algae in artificial seaweed beds. It is also
first approach for ecological restoration on carbon di-
oxide reduction in the slag dumping area.

2. Materials and Methods
2.1. The characteristics of leachate and pH recov-
ery
Characteristic of leachate, temperature, salinity, pH,
and dissolved oxygen were monitored on each sam-
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pling occasion with YSI 6600 instrument. Inorganic
nutrient concentrations (NO5™-N, NO;-N, NH,'-N, and
PO43'-P) and chemical oxygen demand(COD) were tak-

en in the study area were measured in the laboratory

following the Standard Methods for the Examination
qf Water and Wastewater Manual™'®.

" The degree of pH recovery in the was measured by
the injection of carbon dioxide from the LNG exhaust
gas. The location was in the spillways which is only
connected with the outside (Fig. 1-a). The LNG ex-
haust gas systems was composed of constant pressure,
and distribution facilities for suitable gas amount. The
entrance of them was also consisted of ten 20A pipe
with hole, and located in the middle of spillways. The
pH sensors was in P1, P2, P3, and P4 and controlled
the fluctuation of pH with continuous monitoring (Fig.
1-b).

2.2. Experimental design of 3 algaes in laboratory

The three algaes, for example, Undaria pinnatifida,
Sargassum horneri, and Ecklonia stolonifera, were
tested with two treatment after the pH value decreased
to about 8.0 (neutral value). In the first treatment, three
individuals of whole algae (including stipe, blade and
holdfast) in three algal species were placed in the 25
L leachate under 12:12 h photo-period. Water temper-
ature of leachate was 11.0°C, pH 9.20, Salinity 28.4, SS
20.5 mg/L, COD 3.2 mg/L, DIN 0.20 mg/L, and PO/-P
was 0.02 mg/L (Table 1).

In the second treatment, the algal species were
placed in the 25 L leachate under 12:12 h photo-period
at 157 in white fluorescence light condition with con-

pH Data logger system

® ®

% I .

\ Exhaust pipe line inlet

Site }yf artificial seaweed beds

®

. Fig.. 1. The schematic diagram in the study area ; (a) Landfill arca (b) Pipe line for injection of LNG exhaust gas
and station of pH sensor (Pl : Spillway inlet zone, P2 : Spillway middle zone, P3 : Spillway the last zone,

P4 : Qutlet zone).
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Table 1. Environmental characteristics in the leachate in the first treatment
Temp.(C) pH Sal.(psu) SS(mg/L) COD(mg/L) DIN(mg/L) PO>-P(mg/L)
11.0 9.20(8.00) 284

trol {seawater) test for estimating of nutrient uptake
function after pH value decreased from 9.25 to 8.05.
The pH was 8.05 (nearly neutral value), DIN 0.20
mg/L, and POS-P was 0.02 mg/L in leachate, but pH
was 8.10, DIN 0.45 mg/L, and POS-P was 0.05 mg/L
in seawater (Table 2).

3. Results and Discussion
3.1. The characteristics of leachate and pH recov-
ery
The concentration of dissolved oxygen, nitrate, and
phosphate was lower, whereas pH (9.25) was higher
in the leachate (Table 3). This result was due to inflow
the spill water. The CaO in the slag increased pH value

with producing OH" in seawater'”.

CaO + H,0 = Ca®* + 20H

OH was neutralized by CO, in LNG exhaust gas,
and produced HCO;5,

CO, + OH™ = HCO;

The pH value decreased with flow rate of 20 m’/min
by injection of LNG exhaust gas after 12 h in 8 March
although it was 8.5~9.0 from 7 March to 8 March
(Fig. 2). On the other hand, the pH value was differed
with pH sensor location. For example, P1 in close to
slag dumping area was the highest, while P4 was lower

205 32 0.20 0.02

in the end of spillways. These results were due to dif-
ference in the degree of dilution with seawater each
locations. The overall pH value was also differed with
tide. For example, the seawater flowed into the slag
dumping area at high tide, and then pH value was low-
er and vice versa. Therefore we predicted that constant
pH value maintained in the slag dumping area with
control time and amount of LNG exbaust gas although
injection of LNG exhaust gas was reasonable effect for
lower pH value. An automatic LNG exhaust will be
needed to maintain constant pH value.

3.2. Experimental design of 3 algaes in laboratory

Undaria pinnatifida was collected from aquaculture
farm in Wan Island, Chunranamdo. After 3 days, the
color and upper part of frond was changing and water
quality of leachate was low with bubbles. Most of
Undaria pinnatifida vegan to disappear with increasing
time with 80 % loss after 10 days (Fig. 3). Sargassum
horneri was collected from Dongbak Island, Busan by
SCUBA. These species were of similar pattern to those
of Undaria pinnatifida as time increases (Fig. 4). On
the other hand, Eckionia stolonifera was also collected
from Bukhyungje Island, Busan with SCUBA. After 2
days, the frond was still in good condition although
there was more mucous in the leachate. These similar
pattern were remained until 7 days. The stipe and hold-
fast were better despite the occurrence of a small hole

Table 2. Environmental characteristics in the leachate and seawater in the second treatment

Locations/Items pH DIN(mg/L) PO43'-P(mg/L)
Leachate 8.05(9.25) 0.20 0.02
Seawater 8.10 045 0.05

Table 3. Environmental characteristics in the leachate of the slag dumping area

Locations

Jltems Temp.(C) Sal.(psu) pH  DO(mg/L} TSS(mg/L) COD(mg/L) DIN(mg/L) PO -P(mg/L)
Leachate 9.8 319 9.25 7.6 253 3.2 0.20 0.02
Seawater 9.8 325 8.18 8.2 14.3 2.5 0.45 0.05
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——— pH Sensor #1
e bH Sensor #2
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——— pH Sensor #4
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Day of the year

Fig. 2. Temporal variation of pH with injection of 20 m’*/min.
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(b) after 10 days

Fig. 3. Photography of succession pattern with Undaria pinnatifida.

(a) after 5 days (b) after 10 days

Fig. 4. Photography of succession pattern with Sargassum horneri.

in each frond compared to other species (Fig. 5). in seawater was also decreasing (Fig. 6,7). The DIN

For the nutrient uptake function of Ecklonia stoloni- concentration uptake of Ecklonia stolonifera was 1.88
fera chosen in experimental design, the DIN, and pg/L/br avg. in leachate, but 2.19 pg/L/hr avg. in
PO, -P concentration in leachate decreased while those seawater. However, the PO,*-P concentration uptake
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(a) after 10 days
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(b) after 15 days

Fig. 5. Photography of succession pattern with Eckionia stolonifera.
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Fig. 6. Temporal variation of DIN in Ecklonia stolonifera.
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Fig. 7. Temporal variation of PO in Ecklonia stolonifera.

was 0.18 pg/L/hr avg. in leachate, but 0.31 pg/L/hr
avg. in seawater. These result indicated that the uptake
rate of nutrient in Ecklonia stolonifera was similar in
patterns for both leachate and seawater. So far, no ex-

planations can be driven from this results. Some stud-
ies had already demonstrated that algae has higher pho-
tosynthetic capability'?, uptake nutrient” ™', growth'®,
reproductive ability'”, and tolerance to change of envi-
ronmental characteristics compared with other plants in
the seawater. For example, growth rate of Ulva was
0.028~0.063 mm/day according to variation of nitrate
and phosphate concentration, and then Ulva from eel-
grass beds is well adapted to oligotrophic water as ad-
justing its growth and nutrient uptake'®, and bio-
sorption of Pb and Cr by using Sargassum'™. Hence
we suggested that Ecklonia stolonifera uptake these
nutrients in the leachate as well as in the seawater, and
it may be suggested for this species to transplant at ar-
tificial seaweed beds.

4. Conclusions

Preliminary study in laboratory experiment for eco-
logical restoration was investigated from the P' compa-
ny's slag dumping area. The pH value was in slag
dumping area (9.25) than that of in close to seawater
(8.18). The higher value of pH was decreased to 7.0~
8.5 with flow rate 20 m’/min by injection of LNG ex-
haust gas, and this value influenced by location and
water sea level. Automatic LNG exhaust gas systems
will be provided, if possible, to maintain the constant
pH value. In the experiment designed at laboratory, the
upper part of frond of Undaria pinnatifida and
Sargassum horneri began to decay, and the color
changed with increasing time after 10 days. However,
those of Ecklonia stolonifera were after 14 ~20 days.
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Thus Ecklonia stolonifera have higher adaptability in
the leachate. The uptake rate of nutrient by Ecklonia
stolonifera was higher than those of other algaes. The
DIN concentration uptake of Ecklonia stolonifera was
1.88 pg/L/hr avg., but the POS’-P was 0.18 yg/L/hr
avg. in leachate. These result indicated Ecklonia stolo-
nifera uptake these nutrients in the leachate as well as
seawater, and it may be suggested for this species to
transplant for construction artificial seaweed beds.
These methods will be useful to control the residual
carbon, for example, calcium and carbonate in the slag
dumping area. It will be need to monitor the succession
of benthic communities on transplanting Ecklonia sto-
lonifera for construction artificial seaweed beds based
on ecological restoration in the slag dumping area.
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