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On the Distribution of Organic Matter in the Nearshore
Surface Sediment of Korea
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For the purpose of examining the distribution of organic matter in the nearshore surface
sediments of Korea, organic carbon, nitrogen, ignition loss, chemical oxygen demand,
phaeopigment and total sulphide for 117 surface sediments were measured and analyzed
in February, 1993. Organic carbon and nitrogen contents ranged from 0.03% to 541%
(average 1.08%) and from 0.01% to 0.44% (average 0.18%), respectively. The highest
contents with the average 2.18% organic carbon and 0.23% nitrogen were found in the
eastern part of the southern coast, while the lowest contents with the average 0.17%
organic carbon and 0.03% nitrogen in Kunsan coastal area covering from Kum river to
Dongjin river. The principal component analysis using all measured data distinguished the
western coast from the eastern part of the southern coast clearly according to organic
matter contents, that is, the degree of eutrophication in the sediments. Pusan harbor and
the mouth of Masan Bay had high C/N ratio that might be resulted from the input of
terrestrial sewage and industrial wastewater. A high concentration of total sulphide
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distinguished the surface sediment of Masan Bay from that of other areas.

Introduction

In general, organic matter in coastal sediments
is derived from both autochthonous and allochtho-
nous sources. Autotrophs continually produce orga-
nic matter i situ. Particularly eutrophication in
Korean coastal waters has been accelerated by in-
dustrial and domestic wastes due to industrializa-
tion and urbanization from 1960’s. This makes the
water polluted due to the growth of phytoplankton.
The excessive amounts of organic matter produced
in the water column reach the bottom in the from
of detritus. Organic matter contained in sediments
is also formed by the deposition of particles trans-
ported to the sea from lands.

Organic matter constitutes the energy source for
almost all transformations taking place in a sedi-
ment(Kennish, 1986 ; Hallberg, 1992). The flux of
the inorganic compounds resulted from the trans-
formation of organic matter in the superficial layer
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of sediment contributes to the development of pla-
nkton in surface waters(Daumas, 1976 ; 1990). In-
vestigation on organic matter in sediments seems
to have a greater advantage in acquiring the know-
ledge about the trophic level of an area because
seawater has great variability by various factors.
Korean peninsula has regionally various coastal
shapes. Some of coastal areas shape semi-enclosed
bays and others face to open sea. Investigation on
organic matter content in the sediment of the Ko-
rean coast has been conducted by some workers.
Cho et al.(1982a, b) reported that the distribution
of organic materials in the shellfish farms in Chin-
hae, Deukryang and Gamagyang Bays, respectively.
Yang and Hong(1988) also reported the distribu-
tion of organic matter in the surface sediments and
the impact of organic material degradation to oxy-
gen consumption in the bottom water in Chinhae
Bay system. Lee et al.(1989) analyzed the organic
carbon contents in the sediments of the continental
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shelf and slope off the southeastern coast of Korea.
However, the information available on the distribu-
tion of organic matter contents in the nearshore
surface sediments of Korea is limited. Hence, the
present study was carried out to determine the
geographical distribution of organic matter contents
in the nearshore surface sediments of Korea and
some characteristics on organic matter distribution
were also discussed with principal component

analysis.

Materials and Methods

Survey cruise was made from Kyeonggi Bay in
the western coast to Youngil Bay in the eastern
coast of Korea(Fig. 1) between February 3 and
February 10, 1993. The study area was divided into
four major subareas conveniently : the mid-western
coast(A), the southwestern coast(B), the eastern
part of the southern coast(C) and Youngil Bay(D).
Total 117 samples were collected in the nearshore
surface sediments. Sediment samples were taken
using a gravity core sampler. All sediment samples
for analyses were stored in frozen from on board.
In the laboratory samples for carbon and nitrogen
analyses were ground after drying at 40~50C for
48 hours and stored in dried form in capped vials
until analyzed.

Organic carbon and nitrogen in sediments were
determined using a CHN analyzer(Perkin Elmer
model 2400) after treatment with 2% HCI to re-
move calcium carbonates. Pheaopigment was deter-
mined using a spectrofluorometer(JASCO FP-550)
on 90% aceton extracts with the fluorometeric ana-
lysis of Yentsch and Mentzel(1963) as modified by
Parsons et al.(1984).

Weight loss on ignition at 450 C for 3 hours yiel-
ded ignition loss. Total sulphide for 0.5 to 2.0g of
moister sample was determined by the method
using detection tube, Gastec ®. Chemical, oxygen
demand was measured by the KM,0, consumption
method.

Organic carbon and nitrogen data were expres-
sed as % per dry weight of sediment and the
others as weight per dry weight of sediment. Lud-
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wing and Reynolds’ package was used for principal

component analysis.
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Fig. 1. Map showing the sampling sites in February,

1993.

Results

Distribution of organic matter contents

The average values of ignition loss(IL), chemical
oxygen demand(COD), total sulphide(Total-S),
phaeopigment, organic carbon(OC) and nitrogen
content were given in Table 1. Average values of
IL, COD and total sulphide were the highest in
Chinhae Bay with 10.6%, 21.68mg/z and 1.12mg/g,
respectively and the lowest in the coast of Kunsan
with 1.4%, 3.19mg/g and nondetected value, respe-
ctively. Average IL content was very high in Han-
san-Koje Bay, Chinhae Bay and the coast of Pusan
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Table 1. Average values of ignition loss(IL), chemical oxygen demand(COD), total sulphide(Total-S),
phaeopigment, organic carbon(OC) and nitrogen contents and C/N ratio in the nearshore surface

sediment at each area in February 1993

IL COD  Total-S Phaeopigment OC  Nitrogen C/N
Area
(%)  (mglp) (mgle) (ug/e) (%) (%) ratio

Kyeonggi Bay 4.3 4.05 0.06 0.85 0.53 0.08 7.40
Asan Bay 44 6.20 ND 3.33 0.73 1.03 8.70
Chonsu Bay 5.7 7.08 0.28 1.50 0.74 0.11 7.84
Coast of Kunsan 14 319 ND 0.32 0.17 0.03 6.80
Hampyeng Bay 33 6.38 ND 0.83 0.50 0.08 6.97
Coast of Mokpo 6.2 841 0.06 091 0.63 0.09 8.53
Coast of Wando-Tuam 41 711 0.01 0.50 0.63 0.09 891
Teukryang Bay 6.4 12.90 0.06 1.14 0.61 0.11 8.30
Yoja Bay 6.8 1453 0.04 127 0.79 0.13 744
Kamagyang Bay 86 14.91 0.46 191 1.01 0.14 8.84
Yosu Waterway 77 16.36 0.16 1.26 0.92 0.10 1138
Kwangyang Bay 7.1 13.67 0.11 122 1.04 0.11 10.71
Chinju-Charn Bay 9.9 18.37 0.04 1.99 1.67 0.23 855
Hansan-Koje Bay 10.8 20.86 0.12 235 1.68 0.19 10.98
Chinhae Bay 10.6 21.68 112 2.03 2.36 0.26 10.73
Coast of Pusan 10.8 13.62 0.29 1.73 344 0.22 18.62
Youngil Bay 64 20.75 0.48 3.25 1.23 0.21 8.69
ND: Non detected

located in the eastern part of the southern coast s A 5 < >

with more than 10% and low in the western coast .

with less than 7%, Average COD value was also

X | |

higher in the southern coast with more than 12
mg/g than in the western coast with less than
about 10mg/g. Average total sulphide content was
generally high at Chinhae Bay, Youngil Bay, Kama-
gyang Bay, the coast of Pusan and Chunsu Bay.

Organic carbon contents ranged from 0.03 to 541
% with the average 1.08% (Fig. 2). Contents were
low in Areas A and B with the normal distribution
of less than about 1% except for the inner Kwang-
yang Bay and very high in Area C with the fre-
quent values over 2%. The lowest OC contents
(<02%) were found from St.A28 to St.A38 near
Kunsan and the highest(>3.0%) in the narrow
inlets of Masan Bay(Sts.C22 and C23) and Pusan
Harbour(Sts.C29, C30 and C31). Average OC con-
tent in Pusan Harbour was 3 to 20 times higher
than those in the western coast.
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Fig. 2. Distribution of Organic carbon in the nearshore
surface sediments of Korea.

Nitrogen contents in the nearshore surface sedi-
ments were distriduted in the range of 0.01 to 0.44
% (average 0.13%) and with the same pattern with
OC contents(Fig. 3). Contents were very low
(<0.05%) in the coast of Kunsan and relatively
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high(>2.0%) in Chinhae Bay, Pusan Harbour and
the inner Youngil Bay. The other samples showed
the intermidiate values.
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Fig. 3. Distribution of nitrogen in the nearshore

surface sediments of Korea.

Distribution pattern of phaeopigment in the sur-
face sediments followed that of nitrogen(Fig. 4).
Phaeopigment contents varied from 0.14 to 7.79ug/
g. The highest value was found at Sts.A16 and Al7
at the inner Asan Bay and the lowest between St.A
27 and St.A38 at the coast of Kusan. Average
phaeopigment content was relatively high in You-
ngil Bay, Hansan-Koje Bay and Chinhae Bay and
more or less low in the coast of Kusan, Hampyeong
Bay and the coast of Mokpo and Wando-Tuam.

The C/N ratios by atoms ranged from 4.3 to 25.7
with a mean of 9.3(Fig. 5). The C/N ratio was
well-distinguished. The ratio in Pusan Harbour and
the inlet of Masan Bay showed the highest and
exceeded 20. At Sts.A31 and A32 of Lower Keum
river, Sts.B16 and B17 of the coast of the Wando
Island, Sts.C8 and C12 of the inlet of Chungmu
Harbour and Sts.C22-1, C23 and C24 of Masan and
Haengam Bays, C/N ratios were more than 10,
while those of the other samples were lower than
10.

Principal component analysis

In an attempt to elucidate the relationships
among all parameters(Appendix 1), we subjected
the observations to principal component analysis.
Table 2 showed the results of principal component
analysis on original data. It seemed that the first

C/N(ATOMIC RATIO)
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Fig. 4. Distribution of phaeopigment in the nearshore
surface sediments of Korea.
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Fig. 5. Distribution of C/N ratio(by atoms) in the
nearshore surface sediments of Korea.

Table 2. Principal component analysis on the original

data
COMPONENTS
Parameter I I I
IL 0.916 0.076 -0.153
COD 0.853 -0.190 0.189
Total-S 0487  -0088 0841
Phaeopigment 0.690 -0.362 ~0.088
oC 0.874 0.299 -0.180
Nitrogen 0.187 -0.339 ~0.292
C/N ratio 0.473 0.848 0.052
Eigen value 3.936 1.104 0.895
% of variance 56.2 72.0 84.8

three components controlled the distribution chara-
cteristics of organic matter contents. Component I,
II and 1l accounted for 84.8% of the variance in
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the system with the eigen value of 3.9, 1.1 and 0.9,
respectively.

IL, COD, OC, nitrogen and phaeopigment, which
represent the organic matter content, were positi-
vely correlated with component I. Component II
was positively correlated with C/N ratio and orga-
nic carbon, but negatively correlated with phaeopig-
ment and nitrogen. Component Il was possitively
correlated with total sulphide.

Discussion

The distribution patterns of organic matter con-
tents in the nearshore surface sediments well-defi-
ned according to the degree of eutrophication. That
is, the organic matter contents in Areas C and D
from Chinju Bay to Youngil Bay were much higher
than those in the other coasts.

Generally, the west coast of Korea is characteri-
zed by relatively strong tide and wave action. Many
works on sediment transport have been carried out
in relation to tidal current in the western coast
(Choi, 1991 Choi et al., 1992). Lee and Park
(1991) reported the tidal currents played an impor-
tant role in the transportation and deposition of
sediments in a macrotidal bay, western coast of
Korea and the calculated shear velocity of the tidal
currents at sea bed exceeded the critical shear ve-
locity for the silt particles. Organic carbon and nit-
rogen contents in sediments are in inverse propor-
tion to grain size(Berner, 1981). In general, surface
sediments in the western nearshore are coarser
than those in the southern nearshore. From these
results, it can be inferred therefore that the organic
matter contents in the western coast are low.

Keum River estuarine sediments showed the lo-
west organic matter content in this survey area.
Organic matter enters esturaries via riverine sys-
tem and exports to nearshore oceanic areas with
short residence time in the estuarine system by
ebb-tidal flow(Kennish, 1986). In Keum Estuary,
repetition of deposition and resuspension of fine
sediments occur in response to the variation in cu-
rrent velocity associated with semidurnal tidal cy-
cles. The increase in freshwater discharge can
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creat an ebb-dominant current pattern which enha-
nced the seaward transport of suspended sedime-
nts, resulting in the shortening of residence time
of suspended materials in the esturary(Lee and
Kim, 1987). The low organic contents in this estu-
rary could be explained by little sedimentation of
suspended organic materials owing to current velo-
city.

Of the western coast, however, the inner Asan
Bay(Sts. A16 and Al17) located at intertidal zone
showed more or less high organic contents. High
phaeopigment contents taken into consideration
(Fig. 4), benthic macrophytic algae is likely to ac-
count for the organic matter contents in this area.

Organic matter contents of the sediments in
Teukryang and Kamagyang Bays, located at the
western part of the southern coast of Korea, were
intermidiate values between the western coast and
the eastern part of the southern coast. Cho et al.
(1982a) reported that the bottom muds in these
bays were in an early stage of eutrophication, un-
like the Chinhae and Hansan Bays, though the wa-
ter, similar to the other bays, showed a middle
stage of eutrophication and a lot of arkshells were
cultured in all bays. In this survey, COD, IL and
total-S contents are similar to those in 1982.

In the eastern part of the southern coast large
shellfish farms have been established. In the shell-
fish farms, eutrophication is accelated due to the ac-
cumulation of a large quantity of organic sediments
in the seafloor, largely fecal materials of the shell-
fish(Kusuki, 1977 : Cho et al., 1982b; Yang and
Hong, 1988 5 Kang et al., 1993). Organic contents in
the surface sediments of Chinju-Charan and Han-
san-Koje Bays are very high. In the superficial mud
of Hansan-Koje Bay, large amounts of COD, phaeo-
pigment and total-S have been found in summer
season since 1977(Cho and Kim, 1977). However,
total-S contents were relatively low, compared to
high organic matter contents in the present investi-
gation. This implies that dissolved oxygen in the
overlying water is not dificient. NFRDA(1989)’s in-
vestigation showed that dissolved oxygen concent-
ration in the water of the bays was very high
round the year.

The highest organic matter content was found in
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Chinhae Bay and Pusan Harbour. Cho et al.(1982b)
reported that great quantities of organic matters
and sulphide in the innermost part of Chinhae Bay
would be mainly due to excrements from shellfi-
shes and fouling organisms, but not owing to the
influence of pollutants, discharged from Masan,
Chinhae Harbour and its vicinity. Yang and Hong
(1988) also reported that large faecal pellets pro-
duced in shellfish farms could be easily settled
down on the sediment because of weak current re-
gime and suggested that biodegradation of organic
materials in the surface sediments could be an im-
portant oxygen consuming process during summer.
At the present time, the organic matter contents of
the surface sediments did not show decrease over
the whole area of Chinhae Bay in contrast to those
in 1982 and 1988. On the other hand, organic car-
bon and nitrogen contents in Haengam Bay, located
at the east end of Chinhae Bay, were 1.46% and
0.15%, respectively, much less than 2.37% and 0.27
% in 1988. It is likely to be result of the work for
the amelioration of bottom sediments in this bay in
1991.

The distribution of organic matter content in the
nearshore surface sediments was well characterized
by principal component analysis. IL, COD, OC, nit-
rogen and phaeopigment, which represent the or-
ganic matter content, are positively correlated with
component I (Table 2). Accordingly, component I
is comprised of the organic matter content. Compo-
nent II is positively correlated with C/N ratio and
organic carbon, but negatively correlated with
phaeopigment and nitrogen. Pocklington(1976) re-

ported that marine sediments containing land-deri--

ved organic matter could be identified by high or-
ganic carbon concentration and high organic carbon
relative to nitrogen. Redfield’s C/N ratio for living
matter is about 6.6(Redfield et al, 1963). Kusuki
(1977) reported that even C/N ratios of the orga-
nic content of faecal materials were between 6 and
10. These results indicate that component II might
be divided by the main source of the organic mat-
ter in surface sediments.

Component 1II is positively correlated with total
sulphide. Due to the activity of heterotrophic orga-
nisms, reducing conditions are maintained in most
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coastal sediments below a thin, oxidized surface la-
yer. This stratification provides the basis of a tran-
sformation of inorganic sulphur compounds through
a cyclic series of redox processes. In the anoxic
sediment, sulphate is reduced to sulphide by the
respiratory metabolism of sulphide reducing bacte-
ria. Much of this sulphide is trapped in the sedi-
ment by precipitation with metal ions(J¢rgensen,
1977). Accordingly, high sulphide content reperse-
nts the reducing condition which dissolved oxygen
is not provided. This indicates that component I
is composed of the reducing environment.

The 117 cases are plotted in the space defined
by component I-II and I-I in Fig. 6. Generally,
there are three clusters in Fig. 6(a). Component I
separates the left cluster from the right ones. It is
obvious that the samples from the eastern part of
southern coast are distinguished from those from
the western coast by the degree of eutrophication.
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The samples from the western part of southern
coast intervened two lower clusters. The upper-ri-
ght cluster consists of the samples from Pusan Ha-
rbour and the inlet of Masan Bay. Component II
divides the samples from the eastern part of the
southern coast into two clusters by the main source
of organic matter. Evidently, the samples of the
upper-right cluster could be identified by their de-
viation from the mean slope, having high quantities
of carbon relative to quantities of nitrogen(Fig. 7).
Pocklington(1976) reproted that the C/N ratio was
a constant within a particular environment, al-
though the mean value of the ratio was not the
same for all environments and the likeliest source
of highly carbonaceous organic matter is terrige-
nous. Therefore, these indicate that the likeliest
source of organic matter of the samples from Pusan
Harbour and the inlet of Masan Bay, located at the
eastern part of Chinhae Bay, is terrigenous. There
are large urban and insdutrial areas near Masan
Bay and Pusan Harbour

In Fig. 6(b), correlativity with component I co-
nfirms that the level of eutrophication increase
gradually from Area A to Area C. The samples(Sts.
C23 and C24) from the inner Msan Bay are sepa-
rated from the other samples by the high positive
correlation with component HI. This implies that
anoxic condition has existed in the overlying water
of the sediment in the bay for a long time. Accor-
dingly various industrial and domestic waste waters
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Fig. 7. Organic carbon and nitrogen in the nearshore
surface sediments of Korea(117 samples).

have been entered the innerpart of Msan Bay and
such a discharge of pollutants could have a signifi-
cant effect on the fromation of an anoxic environ-
ment in the bottom water during summer season.
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Appendix 1. Data matrix on all parameters used for principal component analysis

Sub- ST. IL  COD Total-S Pigment OC N CN |Sub ST. IL COD Total-S Pigment OC N CN
area (%)  mgledy uggdry (%) (%) ratio | area (%)  mggdy wedy (%) (%) ratio

Al 50 980 023 104 072 015 56| B 2L 60 687 000 084 050 006 97
2 54 756 019 097 075 009 97 22 67 2110 017 143 067 007 112
3 58 379 002 143 051 007 85 23 59 2576 009 130 087 012 85
4 44 498 000 089 058 010 68 24 71 1206 002 15 081 010 95
5 19 18 027 075 023 004 67 25 68 1147 007 126 077 013 69
6 120 572 001 228 130 014 108 2 73 88 001 095 072 017 49
7 41 629 008 L73 069 012 67 27 74 825 000 097 074 009 96
8 62 539 000 135 072 013 65 28 104 2168 112 249 128 010 149
9 30 323 003 039 053 008 77 29 101 2803 115 415 178 023 90

10 4 371 001 025 04 007 73 30 79 774 000 097 054 011 57

1 14 041 000 052 017 004 50 31 80 1864 008 150 098 012 95

12 22 080 000 054 028 005 65 32 71 1315 002 098 076 009 99

13 34 27 000 014 034 008 50 33 85 2049 04 182 114 008 166

14 36 34 000 023 048 005 112 AU 86 1671 013 065 084 007 140

15 10 094 000 028 018 003 70 35 63 1280 013 133 088 015 68

16 63 809 000 579 108 019 66 36 73 1794 021 171 010 011 106

17 72 1222 000 779 115 014 96 37 45 869 003 09 047 007 78

18 29 550 000 097 052 008 76 38 45 1111 009 066 061 006 119

19 26 28 001 110 046 006 89 39 67 1299 011 165 087 013 78

20 31 241 000 099 046 005 107 40 100 477 003 105 232 019 142

21 30 245 000 004 045 005 105 41 82 1979 020 113 105 014 88

22 60 3% 032 118 059 008 86 42 83 2043 009 136 095 008 139

23 46 641 042 132 049 009 64| C 1 95 1709 00z L73 114 019 70

24 65 1041 020 189 094 015 73 2 101 2307 010 108 138 024 67

25 57 994 040 138 094 015 73 3 91 1874 003 15 118 016 86

26 55 467 008 172 074 009 96 4 96 1645° 000 249 148 022 78

27 30 58 000 043 044 007 73 5 97 1728 000 197 214 022 113

28 14 206 000 017 006 001 70 6 108 1901 00t 266 161 027 70

29 14 246 000 014 003 001 50 7 106 169 009 248 274 028 114

30 08 228 000 028 016 002 93 8 114 2007 016 237 177 011 188

31 08 334 000 046 020 002 117 9 116 2413 007 309 135 021 75

32 15 492 000 078 020 002 117 10 94 2014 018 279 169 023 86

33 17 266 000 079 021 005 49 I 120 1129 001 138 179 022 95

U 09 324 000 033 014 003 54 12 98 1966 043 211 181 020 106

35 12380 000 012 016 004 47 13 120 1681 032 254 298 041 85

36 13 174 000 009 015 003 58 4 107 2259 015 247 19 020 80

37 12310 000 009 015 004 44 15 119 2710 027 346 204 02 95

38 13 28 000 012 011 003 43 16 86 2036 012 104 162 017 111
1 38 655 000 096 052 008 76 17 109 3124 087 180 208 025 97
2 30 439 000 067 046 008 67 18 103 2626 052 235 202 022 107
3 30 819 000 08 051 009 66 19 119 1942 051 222 348 037 110
4 54 639 001 004 050 007 83 20 96 1663 087 179 205 031 51
5 59 616 000 007 056 009 73 21 98 1602 062 205 18 027 80
6 33 4% 000 033 042 006 82 2 124 1049 011 138 427 025 199
7 54 434 000 058 051 008 74 22-1 103 2011 030 113 146 015 114
8 47 458 000 016 047 005 110 23 129 3546 418 246 319 027 138
9 70 602 000 064 061 011 65 24 114 M3 77 303 228 020 133

10 110 1828 066 193 112 008 163 25 67 1397 006 107 08 010 99

11 105 139% 009 235 108 012 105 26 92 1450 007 160 09 010 111

12 88 1242 001 215 08 012 83 27 105 1000 030 203 202 028 84

13 50 668 000 036 045 007 75 28 80 743 007 166 L70 014 142

1 44 880 000 040 049 013 44 29 117 215 041 211 541 029 218

14-1 37 441 000 037 057 010 67 30 129 1894 019 102 45 023 231

15 36 857 002 034 052 012 51 31 109 115 047 18 352 016 257

16 52 562 000 076 107 008 156 | D 1 64 2316 056 478 14 017 99

17 37 607 000 035 054 004 158 2 82 2541 035 417 303 04 43

18 47 826 001 08 076 011 81 3 62 1749 059 206 08 011 90

19 33 79 000 040 047 008 69 4 49 1693 041 19 099 010 116

20 66 1074 001 115 065 019 40

*C/N ratio ! by atoms
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Chang-Keun KANG * Pil-Yong LEE - Joo-Suck PARK and Pyoung-Joong KiM

S 3L == 2 = o] XL & B i E
dat BETHAETY FUETE EXEA
2HD OlEE - UREN - UHE
e ERRED)

PZANANS B2EHEFTY /FUEHY BXEALL UI7] 915t 1993d 299 &
11770 AN F8H 4 corer® AT TEHAE A5 disiA frlagihd daded
Aaze, ststA 442 2 7%, phaeopigment @ £#3E2FS FHIJ(C. BEHAHAES
71 %i 2 A2TFL 747 0.03~541% (T 1.08%), 0.01~044% (HT 0.18%) ¥
Aged AFwo A RagAtels] dalFRALGM A2 BT 218% 9 0.23% 2A

sl %rﬂvﬂ F 71 2R3 SANA B3F o2 #Adet Yo 4 Hi
0.17% % 003% 2 714 ¥& BXdc) Fo49 249 A AEYe] E2HAES
F71E8HF FEEAS F vedcd {718 #§F & 2943l Axd we Adg
el Raeo] Falo] TEHY FArT upibgt Q1 011*15% EZ C/NHl& o] £90]
Q12 =Ale) A3ty AdEse] e A B 9SS HoFo =§ vpilvhy 9
BEZEHEL 52 FIEFDE Hd O Y FYo %%E}.
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