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Subaquatic plants as geochemical samples

TaN TEONG HING*
Universiti Kebangsaan Malaysia
Bangi, Selangor

Abstract: Along drainage systems, subaquatic plants invariably occur. These plants with
their root systems immersed in water, behave as accumulator plants particularly towards soluble
mobile heavy metals present in the water. The metal concentrations in these plants and in the stream
sediments are compared.

The geochemical anomalies, determined from stream sediment samples, are always expressed by
the subaquatic plants. The higher geochemical contrasts obtained from these plants, as compared
to the stream sediments suggest that the plants can be used as samples for mineral prospecting.

INTRODUCTION

The biogeochemical method of prospecting has not been widely practised,
particularly in Malaysia, as one of the methods in targeting mineral deposits. Various
authors have repeatedly proven that there is a definite correlation between the metal
content present in plants and in the environment in which the plants occur (Heckel,
1899: Hammett, 1928: Warren and Howatson, 1947; Warren and Delavault, 1949,
1955; Robinson et al. 1947; Vinogradov, 1954; Webb and Millman, 1951; Millman,
1957; Vinogradov and Malyuga, 1957; Webb and Toms, 1959; Cannon, 1960, 1971;
Warren, 1962; Malyuga, 1964; Hawkes and Webb, 1965; Nicolls et al. 1965; Cole,
1971; Tan, 1973 a, b; and Tan and Nik, 1983). The concentration of heavy metals
absorbed and accumulated by plants is a function of the concentration of these metals
in the habitat. Other factors that may control the level of accumulation of metals in
plants are as follows: the types or species of plants, the types of metals involved, the
forms in which the metals are made available to the plants, the interactions of metals
occurring in the habitat as well as within the plants, the physiology of the plants and the
physiochemical conditions of the habitat.

This paper deals with the use of subaquatic plants present along the drainage system,
as geochemical samples in the search for ore bodies. The term ‘subaquatic plants’ used
in this paper is defined as those whose root systems are immersed in water, with some
roots suspended freely in water and others attached to the substratum present along
the river banks or in the crevices of boulders. The chlorophyllous portions of these
plants may occur above the water level.

There are various species of plants occurring in the drainage system. These plants
are not systematically distributed, occurring in an unsocial fashion with varying
combinations even within a short distance of the river profile. Only those plants that
are specifically restricted to the rivers are sampled for analysis. These plants generally
belong to the lower forms of the plant kingdom, consisting mainly of bryophytes,
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mosses and ferns. Plants of higher forms also occur along the drainage system, but are
also found growing away from the rivers, and are therefore not truly subaquatic.

SAMPLING PROCEDURE

The sampling of the subaquatic plants was carried out in areas with well-defined
geochemical anomalies in heavy metals as well as in areas having geochemical
background values. The areas were selected after a stream sediment geochemical
survey was conducted along a tributary.

PREPARATION AND ANALYTICAL PROCEDURES

The entire population of subaquatic plants was sampled from each sampling point
which spans a distance of about 5 meters along the river (Figure 1). These plants were
simply removed as they were partly and loosely attached to the substratum, and were
then placed into sample bags.

The plant samples in each population were then separated according to the species.
Each species was then divided into three groups. One group was preserved for
taxonomic identification, the other group was air-dried for subsequent analyses, and
the remaining group was cleaned with distilled water and kept for subsequent analyses.
The uncleaned and cleaned plant samples, after being air-dried, were separately ashed
in a muffle furnace at 400 °C. The plant ashes derived were then analysed using Atomic
Absorption Spectrophotometry method.

20 meters

Fig. 1| Sample localities of stream sediments and subaquatic plants along Sungai Kabang, Pahang.
Stream sediments at locality A have heavy metals with anomalous values, whereas at locality B with
background values.
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RESULTS

The subaquatic plants sampled tor analvsis, are identified as Brvum, Marchaniia,
Riccardia.  Pallavinciniu, Ceratiopteris, Dipreris. Lindsava,  Azofla, Salvinia and
Hydrifla. The predominant species are Brvwm., Ceratopteris and Dipteris. Entangled
among the freely suspended root systems of these plants are algae which consist mainl
ol Chara, Spirogyvra. Ulothriv and Tetraspora.

In sample locality A (Fig. 1) the stream sediments. both the upstream and
downstream sections ol the river. contam anomalous values o heavy metals e, values
exceeding the threshold values which are taken as mean value plus twice standard
deviation of the background values obtained from larger scale sediment geochemical
survey of the area (Tan and Nik, 1983). As shown in Tubles | und 2, the subaquatic
plants there have relatively high concentrations of Cu, Zn and Ph. The other metals
determined. Sn and As. are not detected or only present in very low concentrations in
the plants. The level of concentrations ol Cu. Zn and Pbin the various plant species
differs slightly as shown by the low standard deviation values.

In addition. there are some differences in the concentrations of Cu, Zn and Ph
between cleaned and uncleancd plant samples. The Latter have relatively higher metal
content compared to the cleaned samples.

In locality B of the river where the stream sediments contain background
concentrations of Cu. Zn. Ph. Sn and As. the subaquatic plants there have almost
similar concentrations of Cu. Zn and Pb (Tables 3 and 4). Sn and As were again not
detected or of very low concentrations. The differences in the concentrations ol Cu. Zn
and Phin cleaned and uncleaned plant samples are not as marked as those observed in
plants Irom the anomalous locality.

DISCUSSION

From the compuaritive studies between the virious species ol subaquatic plants and
the stream sediments. either I'rom anomalous or non-anomalous localities. there is no
necessity to distinguish the various plant species occurring along the drainage system.
The differences in the level of concentrations of heavy metals. viz. Cu. Zn and Pb in
various plant species are not excessive in view ol errors that are involved during
sampling and analysis. The slight variaton in the metal values between species as
indicated by the low values in standard deviation. could be due to that fact these plants
belong to the lower plant Kingdom. having relatively simple anotomy and non-
complex physiology. All the species could thus be assumed to behave in a similar or
almost similar manner to the chemical conditions prevailing in their habitat. Without
having to labouriously identify the various plant species. these subaquatic plants can
thus be considered as a community and be used on the whole as geochemical samples.

I'he relatively high concentrations of Cu. Zn and Pb present in plants collected
from the anomalous locality suggest that the plants absorb and accumulate
these metals which are preseot in forms that are casily assimilated by the plants. Thus.
ore deposits having constituents that are soluble and are dispersed chemically in the
secondary environment (such as the drainage system) can be traced by analvsing these
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constituents present in the subaquatic plants. The method is, however, not suitable for
the search of ore deposits whose constituents are insoluble and are dispersed by
physical means.

In addition, the metal contents of Cu, Zn and Pb in plants occurring in the
anomalous locality are comparatively higher than that in the stream sediments. As
shown in Tables 1 and 2, the ratios of Cu, Zn and Pb mean content in cleaned plant
samples to that in stream sediments are greater than one, indicating that these plants
not only absorb but accumulate the metals to concentrations exceeding the amount
present in the stream sediments. This ratio is, however, less than one for plants
occurring in non-anomalous locality (Tables 3 and 4). Thus, a biogeochemical
anomaly appears to be better defined than a geochemical anomaly expressed by the
stream sediments.

The differences in the Cu, Zn and Pb values between cleaned and uncleaned plant
samples are probably due to additional metals present outside the plant body. It is
observed that the root systems of these plants, especially those roots suspended freely
in water, exude slimy substances onto which green algae, clay particles. colloids and
organic materials are usually entrapped. These extragenious materials around the root
systems adsorb as well as absorb heavy metals (particularly Cu, Zn and Pb) and
nutrients from the flowing water before passing them into the plant body. The
extragenious materials around the root systems are neither restricted to any particular
plant species nor to locality since the metal content present in these materials is almost
similar for all plant species studied within a locality. Hence, plant samples can be
directly ashed without being cleaned to trace biochemical anomalies particularly for
Cu. Zn and Pb especially in areas with least contamination.

The geochemical contrast, i.e., the ratio between the anomalous and the background
values for Cu, Zn and Pb, in plant samples is relatively higher, almost by a factor of 2,
than that in stream sediment samples (Table 5). Hence, the higher geochemical
contrast expressed by the subaquatic plants will facilitate the delineation of anomalous
areas from which ore bodies can be subsequently traced.

CONCLUSION

During reconnaissance geochemical survey, stream sediment, heavy mineral
concentrate and perhaps water sampling are routinely conducted to outline
geochemical anomalies which may then be traced to their sources by follow-up and
more detail sampling. The subaquatic plants present in the drainage system. can be
used as geochemical samples since:

a. they occur ubiquitously along the river bank, whereas fine fractions of stream
sediments may occasionally be lacking along certain sections of the river.

b. the method of sampling the plants is relatively easier than that of stream
sediments, especially in rivers that are deep and fast-flowing,

¢. there is an aerial correspondence in heavy metal anomaly expressed by both
plants and stream sediments particularly for Cu, Zn and Pb. Those heavy metals



L,
M~

SUBADUATIC PLANTS AS GEOUHEMICAL INDICATORS

sapele
sapduwies yuepd pa

TS )y — ) SIURLPIS WNdis = 8
oud paveapun = y

U =n

(5] V) 1simnuoa
[RTIURITRIERIEY

Sy

Ol Y sl or £t 0y ol U
() s
1 7l Il ic TN ol LT uT ok PUtOIRY Ay AFAY
(N ) somgea
I %1 | EE P ut| | T T SHOPRIUOUE DTDAY
~ Y " ~ ] I ~ 8] b
U wy nj

SINAINICAS NV LS ANV SINY Ld DLLVOIOVEHNS N
H NN N 710 1O LSVALINOD TN N THDOD ANV INOTTTHA

Hold SLHVA NSV A ANDOADNONVE ANV STOTVINONY OV AHAN

SHgvL



176 Tan TeonG HING

that are soluble and mobile are readily absorbed and accumulated in the plants.
Insoluble and immobile metals are, however, not accumulated to any significant
level of concentrations by these plants.

d. the geochemical contrast for Cu, Zn and Pbin plants is relatively higher than that
in stream sediments. The biochemical method will enhance the possibility of
locating anomalous areas, and

e. the cleaning of subaquatic plant samples though not as labourious compared to
the preparation of stream sediments prior to analysis, can be dispensed off since
the metal content in the extragenious materials surrounding the root systems is
almost uniform for any plant species within a locality.

From this steady, the method of using subaquatic plants of the lower plant kingdom
present along rivers can be used either on its own or to supplement other methods of
gcochemical survey, in the search for ore deposits particularly the base-metal deposits.
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