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Abstract

The cosmopolitan green alga Liva factuce L. is often found growing in areas contaminated by domestic
sewage thus reflecting its ability to thrive under such conditions. In order to study the effect of eutrophic
waters on the nutrient content of the alga and s potential as an indicator species, both seawater and
LUifva samples were collected from 10 rural and 11 urban intertidal sites around the Hong Kong lsland
over a period of two years. Analysis of the water samples showed that the mean dissolved inorganic nitrogen
(NO, and NH,) and phosphate (PO, ) levels in the rural sites were respectively 49.7 gg N 1" and 6.7 pg
P 1!, Water samples from the urban sites contained very high mean levels of ammonia (222.4 gg N 1)
and phosphate (45.3 yg P 1'") reflecting the exteni of sewage contamination. The amounis of tissue
nitrogen and phosphorus in Ufva from urban areas were respectively 71 and 93% more than those in rural
sites, Close correlation was found between the logarithmic concentration of seawater inorganic nitrogen
and that of tissue nitrogen (r = 0.949). This also applied to seawater phosphate and tissue phosphorus

(r = 0.927). It is concluded that Uive is a good bicindicator of seawater eutrophication.

Iniredaction

Hong Kong has a land area of about 1068 km? and
a total population of over 5.5 million. Despite
Government policy Lo move a substantial portion
of the population to new towns in the New Ter-
ritories, more than 3.5 million people still live in
some 60 km? of urban land comprising Kowloon,
Mew Kowloon and the northern part of the Hong
Kong Island. Between Hong Kong Island and
Kowloon lies Victoria Harbour which has an area
of about 50 km?. Water-borne wastes from the ur-
ban population are discharged at a rate of 7.5 =
10F m? day! into the Harbour via 19 major scawall
and submarine outfalls and over 70 stormwater
drains many of which are contaminated with
domestic sewage and industrial effluents (En-
vironmental Protection Agency 1985). Although

Victoria Harbour experiences strong tidal fMlushing,
the discharge of such a vast quantity of scwage
pollutes it, resulting in a general elevation of
nutrients in the harbour waters and the formation
of a layer of sludge on the seabed.

During several preliminary surveys on the inter-
tidal macroalgas around the Hong Kong Island, the
author found widespread occurrence and some-
times abundant growth of the green alga Ulva fec-
ruea L. both within Victoria Harboor and in less
cutrophicated waters on the southern part of the
Island (Ho 1986a; b). This agrees with the general
observation that the alga is cosmopolitan and often
found in areas contaminated with domestic sewage
(Sawyer 1965).

In order to assess the extent of eutrophication in
the intertidal waters around Hong Kong Island, 1o
examine how these waters affect the mineral con-

*Text of a paper delivered at the first joint meeting of the Marine Biological Association of Hong Kong and the
Guangdong Society of Coeanology and Limnology and the Guangdong Society of Oceanclogy at Guangzhou,

Peoples' Republic of China, 18-21 December 1986.
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tents of Ulva factuca and to investigate the feasibili-
ty of using the alga as an eutrophication indicator,
a 25 month study was initiated to collect and analyse
the nitrogen and phosphorus contents of seawater
and Ulva from selected sites around the Island.
Tissue nitrogen and phosphorus of the alga were
found to correlate closely with the level of inorganic
nutrients in the waters indicating that Ulvais a good

indicator of eutrophication. The present paper is
a report on this study.

Materials and Methods

Twenty-one sampling sites on Hong Kong Island
were selected. These sites are numbered con-
secutively in a clockwise manner, starting from the
eastern side of the Island (Fig. 1). A list of the sites
is given in Table 1. Sites 1 to 10, which lie in the

south and south-eastern parts of the Island, are
predominantly rural and receive low nutrient loads.
Sites 11 to 21 are in urban areas and are con-
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Fig. 1. Map showing the bocations of the sampling sives (numbered) and the seawall and submarnine outfalls
tarrowved| in Victoria Harbour
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Table 1. A list of the 21 sampling sites.

Rural sites Urban sites
1. Big Wave Bay 11. Wah Fu
2, Shek © Headland 12, Kennedy Town West
i, Cape D' Aguilar 13, Kennedy Town Eau
4. Turtle Cove 14, West Arm
5. Stanley Main Beach 15. Blake Pier
6. Chung Hom Kok 16 Cueen’s Pier
7. South Bay 17. Helipor
8. Middle Bay 18, Kellet Island
9, Repulse Bay 1%, Morth Point
I, Deep Water Bay 20, A Eung Mgam

. Lej Yoe Mun

Table 2. Chemical characteristics of seawaler
samples from rural (R) and urban (L) sites.

Rural Lirban LI/R
Salinity (9.l g JL5 0,99
pH 8.3 B.1 0,96
NN (g 17 27.1 73.6 2.72
MH N (ug 177 214 2224 9,84
DIN (g 1"} 49.7 2960 5.96
POP (kg 1} 6.7 45.3 b.76

taminated by domestic sewage,

Monthly seawater samples at 0.3 m depth were
taken from all the sites from April 1980 1o April
1982, In the laboratory each sample was first
measured for pH (glass/calomel combined elec-
trode) and salinity (refractometry) before filtration
(Millipore 0.45 gm) and analysis for soluble nitrate
(Wood ef al. 1967), ammonia (Strickland and Par-
sons 1972) and reactive phosphate (Murphy and
Riley 1962). Dissolved inorganic nitrogen (DIN) in
the sample is given as the sum of the nitrate and
il‘:‘lmnni!\rﬂm.Allnulﬁcnt]ml.iin:j;i\'masp:
1"

LUilva samples were taken, whenever available,
from all sites. About 0.5 kg freshweight of the alga
was harvested from each site every-time. In the
laboratory each sample was cleaned of epiphytes
and animals, dipped momentarily in distilled water
and then dried at 103*C lor 48 hours. The sample
was ground to pass through a 0.75 mm sieve before
subsamples were wet-ashed by a 18 M H,50,: 30%
H,0, mixture (Allen er al. 1974). Each digested

Lilva as Eutrophicatson Indicator

subsample was filtered (Whatman # 40) and the
filtrate made up to standard volume with distilled

water. The nitrogen and phosphorus in the filtrate
were determined as ammonia and phosphate

{American Public Health Association 1976) respec-
tively, Four subsamples were analysed for cach algal
sample. Algal nutrient levels are expressed as mg
gl dry tissue,

Resulis

Table 2 gives the chemical characteristics of both
the rural and urban sites, The ratio between the
urban and rural readings for each chemical par-
ameter is also incloded.

The mean nitrate, ammonia and phosphate levels
in scawater, as well as the mean tissue nitrogen and
phosphorus values in Ufva lactwce for each site are
given in Table 3.

Figure 2 is a correlation plot between the logari-
thmic concentration of dissolved inorganic nitrogen
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Fig. 2. A corelation plot between the logarithmie
concentration of dissolved inorganie nitrogen

(DM in seawater and tissue nitrogen in Liha.
Fo= 0549, Pao0.001,

¥



¥.B. Hao

Table 3, Mean nitrate, ammaonia and

plm?hmh-rh{.ﬂ"}inm-dhudlhu
nifrogen and phosphorus (mg g') in Ulva lacfeca from the 21 sites.

Site MO -N P - FO P Tisswe M Tissue P
Big Wave Bay 9.7 5.7 1.1 184 1.79
Shek O Headland 18.1 25.0 6.8 W5 1.37
Eipl! U'.ﬁ.!uil.lr 17.1 20.7 2.0 I2.F 1.07
Turtle Cove 14.5 19.4 L6 3.7 1.34
Htanley Main Beach .z 22.1 &b 26,1 1.48
Chung Hom Kok 258 2. b6 6.5 0.86
Sauth Bay 24.5 20.3 5.5 228 1,40
hiddle Ba',' 252 18.3 .1 7.9 1.4
Repulse Bay 35.3 19.7 5.5 5.5 1.37
Cieep Water Bay FL ) FEN. ] b4 4 1.69
Wah Fu 476 6.5 16.7 44 3 i.16
h:r.nnad,r Tawn West 51.5 127.4 3.6 43.4 313
hitnnﬂ:hr Torwm East 756 214.2 536 477 2,66
et Arm 62.5 326.4 54.5 51.4 2.80
Blake Pier Er ] 132 B2.5 455 1.96
Clueen's Pier oK ) 2364 447 49.0 294
Helipost 4.3 1242 41.8 447 248
Kelbet Island 122.3 293.5 58.3 51.2 2.85
Marth Poine FOL1 317.4 B1.4 52.7 2.86
A Kumg Mgam 0.4 1616 4.5 478 176
Lye Yue Mun ri9 1472 9.7 36 1.69
in seawater and tissue nitrogen in Lva, A similar
plot between seawater phosphate and tissue
phosphorus is given in Figore 3.
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Fig. 3. A correlation plot bebween the logarithmic

concentration of phosphate in seawater and
tissue phosphones in Liva r = 0,927, P<00001.
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From the results of the chemical characteristics of
the seawater samples (Tables 2 and 3) several points
can be made. First, both the mean salinity and pH
of the seawater in the urban sites were slightly lower
than those of the rural ones, This was probably due
to sewage ef luent which generally has a much lower
salinity and pH than seawater. Second, the in-
organic nutrient levels in the seawater from the
urban sites were substantially higher than those
from the rural sites. This especially applied to
ammonia and phosphate and is a clear sign of
domestic sewage contamination. The urban to rural
ratios for dissolved inorganic nitrogen and phos-
phate were similar, indicating that these two groups
of nutrients came from the same source. Third, in
the urban waters the relative amount of ammonia
was much higher than that of nitrate, while



somewhat similar amounts of the two were detected
from the rural waters. Apparently the level of am-
monia in Victoria Harbour waters has increased
considerably in recent vears since Watts (1973) and
Hon (1978) recorded substantially lower levels of
ammonia in 1971 and 1975 respectively. This pro-
vides evidence of an increase in the sewage effluent
load in the Harbour over the last decade. The En-
vironmental Protection Agency (1985) also re-
ported that the water quality in Victoria Harbour
has been declining in recent years. Fourth, sampl-
ing sites at the two ends of the Hong Kong Island
bordering the Harbowr, namely Lel ¥Yue Mun and
A Kung Mgam tothe east and Kennedy Town Wesi
to the west, had lower levels of ammonia and
phosphate in comparison with those of the more
centrally located sites. Presumably this was a result
of tidal dilution of the nutrients by less eutrophic
seawater from outside the Harbouwr.

The amounts of nitrogen and phosphorus in the
tigsue of Livg were high and greater than 20 mg g
and 1.3 mg g (algal materials collected from Cape
D" Aguilar and Chung Hom Kok were the twa
exceptions for tissue phosphorus) respectively. Such
high nutrient levels in the alga indicated that these
nutrienis were unlikely to be limiting (Gerloff and
Krombholz 1966; Hanisak 197%). The mean tissue
nitrogen and phosphorus contents of Ulva from the
rural sites were respectively 27.4 and 1.38 mg g,
The corresponding readings for the alga from ur-

ban sites were 71 % and 935 higher at 46.9 and 266
mg g'. Subbaramaiah and Parekh (1966) also

detected higher levels of tissue nitrogen in Liva
Jasciata Delile grown in a sewage polluted site. Fur-
ther, Guist and Humm (1976) found that Ulva lac-
fucg grown in culture containing sewage effuent
accumulated higher nitrogen levels in the tissue
when compared with the control,

The tissue nitrogen content in the alga was

strongly correlated {r = 0.9%4%, P < 0,001 ) with the
logarithmic concentration of dissolved inorganic
nifrogen in seawater (Fig. 2). Similarly the same
applied for tissue phosphorus and the logarithmic
concentration of phosphate in seawater (Fig. 3; r
= 0.927, P<0.001). The high levels of tissue
nitrogen and phosphorus attained by some of the
Lifva plants indicated high matrient uptake with ex-
cess nulnents being stored in the tissue. Further,
from the shape of the two plots there was no sign
of nitrogen and phosphorus saturation in the tissue
(Figs. 2 and 3).

The close correlations between the nutrient levels
in the alga and those in the seawater implies that
the relative amounts of tissue nutrients reflected the
degree of eutrophication of the waters in which the
alga grew. Thus Ulve could be employed as a bioin-
dicator of eutrophic coastal waters. The advaniage
of using Lfva as bioindicator is that levels of nut-
rients in the tissue are the results of long-term
integration and accumulation of nutrients from the
surrcunding water, whereas the amounts of nut-
rients found in a seawater sample only reflect the
nuirient status of the water at the time of sampl-
ing. The potential use of Ulva as a bioindicator is
further enhanced since it possesses some desirable
characteristics for an efficient indicator (Butler e/
al. 1972). These include its cosmopolitan distribu-
tion, simple morphology leading to ease of growth
assessment and its graded tolerance and response
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Acknowledgements

The work reported in this paper was partially fund-
ed by University of Hong Kong research grant
335/021/5500. My trip to the meeting held at
Guangzhou was partially funded by the Department
of Botany, University of Hong Kong.

Referemnces

Allen, 5.E., Grimshaw, H. M., Parkinson, J.4. and
Quarmby, C. 1974, Chemical Analysis of
Ecalogical Materiels. Blackwell Scientific

Publications, Oxford.
American Public Health Association, 1976, Sian-

dard Methods for the Examination of Water

and Wastewater. 14th edn. American Public
Health Association, Washington DC.
Butler, P., Andrén, L.E., Bonde, G.J., Jernclov,
A.B. and Reish, D], 1972, Test, monitoring
and indicator organisms. In 4 Guide ro Marine
Pollution, (Ed. Goldberg, E.D.). Gorden and

Tl



