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ABSTRAK

Satu kaj£an tentang taburan mangan, besz', kuprum, plumbum dan zz'nk dalam az'r dan
endapan muara Sungaz' Kelang telah dijalankan pada tahun 1981. Mz'n jumlah kepekatan mangan,
besz', kuprum, plumbum dan zz'nk adalah 27.1 Ilg11, 106.5 j.J.gl1, 10.0 ll:g/l, 4.1 Ilg11 dan 17.9
pg/l. Mz'n kepekatan kuprum, plumbum dan zz'nk terlarut dalam az'r adalah 4.3 Ilg/l, 1.6 jJ.gl1

dan 3.9 pgl1. Kandungan kuprum, plumbum dan zz'nk dalam endapan adalah 1.92, 0.48 dan 5.43
bsj endapan basah. Kepekatan logam-logam berat z'nz' dalam air dan endapan muara Sungaz' Kelang
dz'dapatz' da,lam julat kepekatan yang dz'laporkan dalam muara-muara sungaz' yang laz'n. Kepekatan
kuprum dan zz'nk adalah hampz'r sama dengan kepekatannya yang terdapat dalam az'r lautan dunz'a.
Keputusan kajz'an z'nz' .menunjukkan bahawa muara Sungaz' Kelang telah dicemarz' oleh plumbum,
mangan dan besz' tetapz' kepekatannya masz'h dz'anggap selamat untuk akuakultur sekz'ranya tapak z'tu
terletak lebz'h 10 km darz' muara sungaz' (rz'ver mouth) z'nz'.

ABSTRACT

A study was conducted on the dzstrz'butz'on of manganese, z'ron, copper, lead and zz'nc z'n the
water and sedz'ment of Kelang estuary z'n 1981. The mean total levels ofmanganese, z'ron, copper, lead
and zz'nc z'n the estuarz'ne water were 27.1 pgl1,106.5 gil, '10.0 pgl1, 4.1 Ilg/l and 17.9 Ilg11
respectz'vely. For the dzssolved copper, lead and zz'nc, the values were 4.3 pg/l, 1.6 Ilg/l and 3.9
pg I l respectz'vely. In the estuarine sedz'ment, the copper, lead and zz'nc contents were 1.92, 0.48 and
5.43 ppm wet sedz'ment respectz'vely. The levels of these heavy metalsz'n water and sedz'ment were
comparable to the values reported for other estuarz'es. The copper and zz'nc levels were sz'm£lar to those
found z'n the world oceans, The results z'ndz'cate that Kelang estuary zs polluted wz'th lead, manganese
and z'ron. However, levels of these heaV), metals may stz'll be consz'dered safe for aquaculture, if the
farm zs located at least 10 km awayfrom the rz'ver mouth.

INTRODUCTION

Estuaries are important features of the
coastal ecosystem and act as transitional zones
between fresh and saline waters. The hydro
dynamic characteristics of an estuary are usually
complex and unpredictable. This is due to the
oscillation of salinity, hydrographical and

sedimentological characteristics prevaient in the
estuarine zone. Estuaries act as traps for nut
rients as well as pollutants which have entered
into this region. The processes make estuaries
rich in 'nutrients and productive, and they
~come important nursery grounds for fish and
shellfish. However, the trapping of pollutants,
such as heavy metals in this area may cause
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hazards to human health if contaminated fISh or
shellfISh harvested from this region are con
sumed. This· was eVident in the man-made
epidemic of Minamatta disease in Japan which
waicaused by the consumption of mercury con
taminated fish and shellfish (Takizawa, 1979).

~any studies have been conducted on the
distribution and imp~ct of heavy metals on the
aquatic resources in estuaries (Portmann, 1972;
Whade and Van Den Broek, 1977; Bloom and
Ayling, 1977; Elderfield et ai., 1979; Menon et
ai., 1979; Meyerson et ai., 1981). However, in
Malaysia, no such study has been done except fo~
~~ reports on die heavy metals in shellfish
Oothy, 1983; Liong, 1983; Low, 1978) and fish
(Chia and Tong, 1981; Babji et ai., 1983; Jothy,
1983) taken from the coastal waters. Since the
Kelang River is being heavily polluted with agro
based industrial wastes and domestic sewage
(Chan et ai., 1978·; Law, 1980), a study was
initiated at theFacuity of Fisheries and Marine
Science, Universiti Pertanian Malaysia to inves
tigate the distribution of some heavy metals,
such as manganese, iron, copper, lead, zinc and
mercury in the water as well as the sediment, and
fish in this estuary.' This paper reports the results
of manganese, iron, copper, lead and zinc levels
in water and sediment. Studies on merc~ry
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distribution and heavy metals in fish will be
r~ed in other papers.

MATERIALS AND METHODS

Study Area

The Kelang estuary is located on the
~~t~rn coast· of Peninsular Malaysia. The river
which drains into the estuary has a drainage area
of approximately 1,087 ISquare kilometers
(Coleman et ai., 1970). It flows through the
highly populated and industrial areas of ~uala

Lumpur, Petaling Jaya, Kelang and Port
Kelang. This river lies in the wet tropics where
high rainfall is recorded during the monsoon
seasons, from April to June and November to
February. The atmospheric temperature varies
from 20°C to 35°C with an average of 27°C.

Six sampling stations (Figure 1) were chosen
for this study. They were the Connaught Bridge
station (CB), Kota Bridge station (KB), Stations
l,;;Hr I!land IV. Stations CB and KB were in the
riverine system. Station I and IV were in the
estuary which covered all the pathways of the
river water after entry into the estuary. The
distance between stations CB and KB was 5.1
km. Station I was 16.2 km from station KB,
wl:}ile stations II, III and IV were 4.2, 8.5 and

2 '
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Fig. 1: Map of Kelang River estuary showing the sampling stations.
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W:(f knr from Station I respectively. The sampling
StAtions ~er~; visited six times between April and
Decenih~r1981.

Sampling Techniques

Water. Water samples at each selected
depth were taken with a 1.7 liter polycarbonate
Nansen Seup.pler (Hydrobios, Kiel-Holtenan
Germany). In order to avoid contamination by
the cable and the weight, the water sampler was
suspended by a polypropylene rope and a plastic
coated lead weight (5 lbs.), attached to the
bottom of th~ sampler. 50 'ml of the water
sample 'was first used to rinse the acid-cleaned
12·5 ml polyethylene bottles (Kartell, Italy).
~ore filling it with water sample, 0.1 ml conc.
HNO g(Merck) was added as a preservative.

For dissolved heavy metal analysis, the sus
pended' particles were removed by filtration. A
Gelman filtration unit which had been previous
ly cleaned ,with O.IN Hel and distilled deionized
waf,er waS used for the filtration. To avoid
rupture of the plankton cell walls and the
resultant jncrease, in heavy metal level in. the
filtrate, the filtration was done under vaccum
with pressure that was lesS than 20 cm Hg. The
membrane used was an acid washed 0.45 /.L.m

I

(47 mm) millipore membrane filter.

Sediment. Samples of sediment were
obtained at each station with an Ekman Grab
which was attached to a polypropylene rope.
The sediment sample was taken from the centre
of the grab with an acid-cleaned polyethylene
spoon. The sample was placed immediately in a
plastic bag and cooled in an ice box. The
sa~pleswere brought back to the laboratory and
kept at - 20°C prior to analyses.

Collection ofHydrographic Data

Salinity was measured in sz"tu with a Salino
meter (ElL) which was calibrated by ISPSO
Staildard Seawater.

Analytz'cal Techniques

A double beam Atomic Absorption Spec
trophotometer (IL 251) was used for the analysis
of the heavy metals. Manganese,iron, copper,
lead and zinc in the water samples and mem
brane filtered water samples were analysed
according to the concentration technique of
Orpwood (1979) in which 'the heavy metals were
chelated with ammonium pyrrolidinedithio
carba,mate (APDC) and diethyl-ammonium
diethyldithiocarbamate (DDTC) under acidic
conditions and then extracted into 4-methylpen
tan-2-pne (MIBK). Copper, lead and zinc con
tents In the sediment were determined according
to the method of Agemian and Chau (1976).
The standard solution for calibration was pre
pared from Titrisol ampoules (Merck).

RESULTS AND DISCUSSION

"..r~ salinity data (Appendix I) indicates
that Stations·CB and KB are situated in the fresh
water zone of the Kelang River. There .was no
intrusion of saline water in these stations during
ebb tide. Even during flood tide, the salinity at

.Stations CB andKBwere only 1° /00 and 2.9° /00

respectively. The salinity depth profile at
Station I is typical for an estuarine situation with
partially mixed waters of lower salinity at the
surface (0 to 10 % 0) with salinity increasing to
30° /00 with depth. Salinity depth profiles at
Stations II, III and IV indicate that the watel" in
these stations'was well mixed.

The levels of 'heavy metals (manganese,
iron, copper, lead and zinc) in water at the
sampling stations are shown in Appendix II, while
the mean levels at each sampling station are pre
sented in Figure 2. The results in'dicate a substan
tial reductiori of the heavy metals in the estuarine
waters as compared to the levels detected in the
fresh water zone stationsCB and KB (Figure 2).
In· the estuarine waters, similar levels' of the
h,eavy metals were found at Stations II, III and
IV, although higher levels were detected at
Station I. The water of Station I was partially
mixed, while the waters of all other estuarine
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Fig. 2: Mean total and dissolved levels of

manganese, iron, copper, lead and zinc at
the sampUng stations.
(The scale of X-axis is in proportion to the
real distances in km from Station CB)

stations were well mixed with the sea water. The
tidal current dilution effect of the water of
Station I was less than that in other estuarine
stations. Thus, higher levels of heavy metals
cpuld be expected at Station I.

The mean total levels of manganese, iron,
copper, lead and zinc in the estuarine waters
(average of the mean values of Stations II, III
and IV) were 27.1 ,ug/l, 106.5 ,ugll, 10.0
Il gil, 4.1 ,u gil and 17.9 J..t,gll respectively

(Appendix II). For dissolved copper, lead and
zinc, the overall means were 4.3 J.l,gll, 1.6
J.lgll and 3.9 ,u,gll respectively.

Table 1 shows the comparison of the levels
of copper, lead and zinc in the estuarine waters
of this study with other reports for estuaries else
where in the world (Holmes et ai., 1974; Mont
gomery and Santiago, 1978; Waldhauer et at.,
1978; Thornton et ai., 1975). The mean total
levels of copper and zinc were in the range of the
levels detected in other estuaries. However, the
total level of lead was much lower. The dissolved
levels of copper, lead and zinc in the Kelang
estuary were all lower than the levels reported for
other estuaries.

The copper, lead and zinc contents in the
Kelang riverine and estuarine sediments are
shown in Table 2. Heavy metals in the riverine
sediments (at CB and KB) were much higher
than that found in the estuarine sediments.
Similar to the distribution of heavy metals in
waters, the level of copper, lead and zinc in the
sediment of Station I was higher than that
detected in Stations II, III and IV.

The mean copper, lead and zinc contents in
the estuarine sediments were 1.92 ppm wet
sediment, 0.48 ppm wet sediment and 5.43 ppm
wet sediment respectively (Table 2). They were
much lower than that reported for other
estuarine sediments: 13.8 ppm Cu and 23.6 ppm
Pb in the estuarine _sediment near Kennedy
Space Centre (Menon et ai., 1979); 70 - 320
ppm Pb and 65 ppm Zn in Newark Bay estuarine
sediment (Meyerson et ai., 1981); 9 - 40 ppm Cu
and 5 - 25 ppm Pb in the sediment of Bay of
Naples (Griggs and Johnson, 1978).

The mean levels of dissolved copper, lead
and zinc in the w.orld oceans are 3 J.l gil, 0.03
J.l gil and 5 IJg/l respectively (Riley and
Chester, 1971). The water of the Kelang estuary
is therefore 53 times higher in lead and has
almost the same levels in copper and zinc as the.

waters of the world's oceans. The total iron and
manganese levels in the North Atlantic Ocean
was 3.27 ,u;gll and 0.43 ,ug/l respectively
(Patin, 1982). The total iron and manganese
levels in the Kelang estuary was 33 times and 63
times higher than that of the North Atlantic
Ocean. These results suggest that Kelang estuary
is polluted with lead, iron and manganese.
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TABLE 1
Comparison of the mean levels of total and dissolved copper, lead and zinc

in Kelang estuarine water with levels reported in other estuaries

Authors Location Cu Ph Zn

A. Total level (mean, /1g/l )

Holmes et al., 1974 Corpus Christi (estuary) 6-480
Bay, Texas

Montgomery and Santiago, 1978 Mouth of Rio Guanajiho, 1.1 4.5
Puerto Rico

Waldhauer et al., 1978 Western Raritan Bay,
New York.
Top water 36 11.5

Bottom water 65 13.9

Present study Kelang River estuary 10 4.1 17.9

B. Dissolved level (mean, /1 gIl)

Thornton et al., 1975 Colnway estuary, U. K. 4 7 16

Colney estuary, U. K. 4 6 29

Helford estuary, U.K. 11 15 28

Poole estuary, U.K. .6 47 26

Restroragnet estuary, U.K. 65 250 570

Present study Kelang River estuary 4.3 1.6 3.9

Although the levels of lead and iron were
much higher than that of the waters of the
oceans and comparable to the levels reported in
other estuaries, they are lower ·than the
thresholds and pennissible levels of pollutant
concentration for organisms in inland seas, that
is, lead 10 /1g/1; and iron 50 /1g/1 (Patin,
1982). As far as these heavy metals are con
cerned, the waters of Kelang estuary (at least 10
km from the river mouth) may still be considered
safe for aquaculture.
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TABLE 2
Copper, lead and zinc contents in the sediments of Kelang estuary

Cu ppm 1 Pb ppm Zn ppm

Sampling date C.B. K.B. I II III IV C.B. K.B. I II III IV C.B. K.B. I 11 III IV
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;J>

~
t"'"
;J>

~
;J>
Z
t::l

~
t/l

Z
(')
::c



DISTRIBUTION OF Mn, Fe, Cu, Pb~ AND Zn IN WATER AND SEDIMENT OF KELANGESTUARY

COLEMAN, J.M., GAGLIANO, S;M. and SMITH. W.C.
(1970): ,Sedimentation ·in a Malaysian high tide
tropical delta. In: Deltaic sedimentation modern
and ancient. Morgan, J.P. and Shaver, R.H.
(eds.). Society of Economic Paleontologists and
Mineralogists Spec. Publi. Tulsa No. 15, pp
185 -197.

ELDERFIELD, H., HEPWORTH. A., EDw1\.RDs. P.N. and
HOLLIDAY. L.M. (1979): Zinc in the ~nowy River
and estuary. Estuar. Coastal Mar. Sci. 9: 403
422.

GRIGGS. C.B. and JOHNSON. S. (1978): Bottom s~di

ment contamination in the Bay of Naples, Italy.
Mar. Pollut. Bull. 9: 208 - 214.

HOLMES. C.W., SLADE. E.A. and McLERRAN. C.J
(1974): Migration and ~distributionof zinc and
cadmium.in marinee&tuarine system. Environ.
Sci. Technol. 8: 255 - 259.

JOTHY. A.A. (1983): .On t~~ detection of heavy ~etals,

organochlorine pestIcIdes and polychlormated
biphenyls in fish and shellfish from the coastal
waters of Peninsular Malaysia. Arch. Fischwiss.
33(3): 161 - 206.

LAW, A.T. (1980): Sew~ge pollution in Kelang River
and its estuary. Pertanika. 3(1): 13 -19.

LIONG. P.C. (1983): Heavy metals in shellfish from the
nothern part of Malacca Straits. Preprint: An
Intematz"onal Conference on Development and
Management of Tropical Living Aquatic Re
s<Jurces. August 2 -5, 1983. Universiti Pertanian
Malaysia, Serdang, Selangor.

Low. T.P. (1978): &sential and toxic metals in
Malaysian finfish and shellfish. Ph.D. thesis.
Universiti Malaya, Malaysia, 112 pp.

MENON. M.P., GHUMAN. G.S. and OBI EMEH. C.
(1979): Trace element release from estuarine
sediments of South Mosquito Lagoon near
Kennedy Space Center. Water, Air, Soil, Pollut.
12: 295 - 306.

MEYERSON, A.L., LUTHER. C.W., KRAJEWSKI, J and
HIRfS. R.I. (1981):· Heavy metal distribution in
.Newark Bay sediments. Mar. Pollut. Bull. 12:
244:- 250.

MONTGOMERY. JR. and SANTIAGO. R.J (1978): Zinc
and copper in "particulate" forms and "soluble"
complexes with inorganic or organic ~igands in
the Guanajibo river and coastal zone, Puerto
Rico.Estuar. Coastal Mar. Sci. 6: 111 -116.

ORPWOOD. B. (1979): Concentration techniques for
trace elements: A Review. Water 'Research
Centre, Medmenham. Tech. Rept. TR 102, 9
pp.

PATIN, S.A. (1982): Pollution and the Biological Re
sources of the Oceans. London: Butterworth
Scientific, 287 pp.

PORTMANN,J.E. (1972): The levels of certain metals in
fish from coastal waters around England and
Wales. Aquaculture. 1: 91- 96.

RILEY, J.P. and CHESTER, R. (1971): Introduction to
marine chemistry. London: New York Academic
Press, 465 pp.

TAKIZAWA. Y. (1979): Epidemology of mercury
poisoning. In: The Biogeochemistry of Mercury
in the Environment. Nriagu~ JO. (ed.). Amster
dam: Elsevier/North-H~lland·Biochemical Press.
pp 325 ~ 365.

THORNTON, I., WATLING.. H. and DARRACOTT, A.
(1975): Geochemical studies in several rivers and
estuaries used for oyster rearing. Sc£. Total
Environ. 4: 325 - 345.

WALDHAUER, R., MATTE. A. and TUCKER. R.E.
(1978): Lead and copper in the waters of Raritan
and Lower New York Bays. Mar. Pollut. Bull. 9:
38-42.

WHARFE. JR. and VAN DEN BROEK, W.L.F. (1977):
Heavy metals in macroinvertebrates and fish from
the Lower Medway Estuary, Kent. Mar. Pollut.
Bull. 8: 31.- 34.

(Received 29 March, 1986)

PERTANIKA VOL. 9 NO.2, 1986 215



A.T. LAW AND A. SINGH

APPENDIX I
Salinity at the sampling stations

,~
29-4-81 29-6-81 2-9-81 22-9-81 11-12-81 24-12-81

Date
tation Depth s%o Depth s%o Depth s%o Depth s%o Depth SO/00 Depth s%o

(m) (m) (m) (m) (m) (m)

onnought . - 1 - 1 0 0.5 1 0.5 1 0.5 0
ridge 5.0 0 5.0 1 2.0 0

(0900 hrs) 2
6.0 0

(0900 hrs) (0900 hrs) (0900 hrs)

ota Bridge - - - 0.5 2.9 - 0.5 0
2.0 0
5.0 0

(1000 hrs) (1000 hrs)

I 0.5 11.6 0.1 18.2 0.5 17.7 0.5 14.1 0.5 20.7 0.5 0
1.0 - 0.5 18.8 1.0 22.0 1.0 30.0 1.0 23.5 2.0 18.00
2.0 - 1.0 18.8 2.0 24.0 2.0 30.6 2.0 28.0 3.0 18.40
3.0 - 1.5 20.2 3.0 25.5 4.0 31.0 3.0 29.2 4.0 20.00
4.0 - 2.0 20.7 4.0 25.7 5.0 - 4.0 29.5 5.0 20.80
5.0 29.8 2.6 20.4 5.0 26.0 6.0 31.4 5.0 30.2 6.0 21.20
6.0 - 2.1l 24.0 6.0 26.0 8.0 31.4 6.0 30.2 7.0 22.50
7.0 29.9 3.5 25.2 7.0 26.8 10.0 31.5 7.0 30.0 8.0 22.30

4.9 26.8 8.0 27.0 8.0 29.7 9.0 23.80
5.7 27.6 9.0 27.2 9.0 29.7 10.0 24.20
6.4 27.6 10.0 27.2
7.0 28.2
7.8 28.5
9.9 29.0

12.7 29.3
(1630 hrs) (1240 hrs) (1700 hrs) (1500 hrs) (1510 hrs) (1145 hrs)

II 0.5 24.7 1.0 31.4 0.5 27.5 0.5 30.6 1.0 30.3 0.5 28.0
1.0 - 2.0 31.4 1.0 27.5 1.0 30.5 2.0 30.3 1.0 28.3
2.0 - 4.0 31.4 2.0 27.5 2.0 31.5 3.0 30.4 2.0 28.3
3.0 - 6.0 31.4 3.0 27.5 3.0 31.6 4.0 30.5 3.0 28.5
4.0 - 8.0 31.4 4.0 27.5 5.0 31.8 5.0 30.6 4.0 28.5
9.0 30.6 8.5 31.4 5.0 27.5 7.0 31.9 6.0 30.6 5.0 28.5
6.0 - 6.0 27.5 8.5 31.9 7.0 30.6 6.0 28.5
7.0 - 8.0 30.6 7.0 28.5
8.0 30.2

(1540 hrs) (1655 hrs) (1100 hrs) (1224 hrs) (1000 hrs) (1450 hrs)

III 0.5 27.1 1.0 31.5 0.5 28.0 0.5 30.9 0.5 31.7 0.5 29.10
1.0 - 2.0 31.5 1.0 28.0 1.0 10.9 1.0 31.9 1.0 29.10
2.0 - 3.0 31.5 2.0 28.2 4.0 32.2 2.0 31.9 2.0 29.25
3.0 - 4.0 31.5 3.0 28.2 6.0 32.2 3.0 31.9 3.0 29.50
4.0 - 5.0 31.5 4.0 28.2 8.0 32.2 4.0 31.9 4.0 29.50
5.0 30.7 6.0 31.5 5.0 28.2 10.0 32.2 5.0 32.0 5.0 29.50
6.0 30.7 7.0 31.5 6.0 28.2 12.0 32.2 6.0 32.0 6.0 29.50

7.0 28.2 14.0 32.4 7.0 32.0 7.0 29.50
8.0 28.2 16.0 32.4 8.0 29.50
9.0 28.2 9.0 29.50

10.0 29.50
(1430 hrs) (1550 hrs) (1400 hrs) (1400 hrs) (1315 hrs) (1345 hrs)

IV 0.5 29.6 1.0 31.2 0.5 28.0 0.5 31.5 0.5 30.5 0.5 29.2
1.0 - 2.0 31.2 1.0 28.1 1.0 31.7 1.0 30.9 1.0 29.2
2.0 - 3.0 31.4 2.0 28.2 2.0 31.9 2.0 30.9 2.0 29.2
5.0 31.4 4.0 31.4 3.0 28.3 4.0 '- 3.0 32.1 3.0 29.2
8.0 - 5.0 31.5 4.0 28.3 5.0 32.2 4.0 32.2 4.0 29.2

10.0 31.4 6.0 31.5 5.0 28.3 6.0 32.2 5.0 32.2 5.0 29.2
11.0 - 8.0 31.5 6.0 28.3 8.0 32.2 6.0 32.2 6.0 29.2
12.5 - 10.0 31.5 7.0 28.3 10.0 32.2 7.0 32.2 7.0 29.2

12.0 31.5 8.0 28.3 8.0 32.2 8.0 29.2
14.0 31.6 9.0 28.3 9.0 32.2 9.0 29.2

10.0 28.3 10.0 29.1
11.5 29.1

(1130 hrs) (1450 hrs) (1200 hrs) (1300 hrs) (1130 hrs) (1250 hrs)
Tidal Time Height

Condition (Hours) (m)
0035 3.5 0250 4.2 0145 0.7 0440 2.4 0400 4.5 0400 4.5
0721 3.1 0927 1.6 0752 4.8 1201 3.6 1149 0.6 1055 1.3
1326 3.9 1515 4.8 1401 . 0.9 1917 2.3 1753 4.8 1655 4.1
2010 2.0 1958 4.5 2301 1.6

K

C
B

I Not determi~ed.

2Sampling time.
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M"

Total

~""
St",;.." ~

CB

Ikllill {:llflIWI 1.t'Cld Zinc" t"r
("'I f- - -"- --------.--.-t-----------1------1-----

rOI;,1 DissolVt'd Total Dissolv(·tl Total Dissolv('d TotaJ

O~.()9.HI

~~.O'l.MI

11.1~.BI

~4.1~.BI

KB
02.09.81
22.09,81
11.12.81
24.12,81

29.04.81

29.06.81

22.09.81

11.12.81

24.12,81

29,04.81

29.06.81

02.09.81

22.09.81

11.12.81

24.12.81

III
29,04,81

29,06.81

02.09.81

22.09.81

11.12,81

24.12.81

IV
29.04,81

29.06.81

02.09.81

22.09.81

11.12.81

24.12.81

I Not determined.

0.5
0.5
0.5
0.5

0.5
0.5
7.0

0.5
5.0

10.0

0.5
5.0

10.0
15.0

0.5
5

10.0

0.5
5.0

10.0

0.5
5.0

15.0

0.5
7.5

0.5
5.0

0.5
5.0

0.5
8.0

5.0
7.0

0.5
5.0

0.5
5.0

0,5

5.0
8.0

0.5
5.0

0.5
5.0

0.5
5.0

10.0

0.5
5.0

10.5

0.5
5,0

10.0
18.0

0.5
5,0

10.0

0,5
5.0

10.0

0.5
5.0
9.0

0.5
5.0

10,0

100.0
~~rl. ()
70.0

164.:,
9~.38

117.5
58.0

145.0
221.0
135.38

35.0
28.5
32.4

22.8
15.e
22.8

47.0
21.8
19.9
15.6

333.5
176.0
138.2
70.0

5.5
2.1
3.8

10.6
4.5

13.2
11.6

5.7
6.0

2.4
2.8

31.3
38.3
10.6

5.0
10.3

6.5
2.2

10.4
8.3
6.9

6.8
6.9

4.3
2.1

10.4
11.3
10.7
7.29

19.8
22.7

8.3

5.0
5.2
7.4

21.3

19.2
20.3
16.8

8.8
8.5
8.2

11.5
7.9
3.4

15.3
10.6
11.3
12.18

3[).O

I~.O

22.5
23.17

37.4
22.0

16.0
25.3

10.5
7.3
7.8

16.5
7.2
6.5
6.8

32.5
8.5

12.6

13.5
11.0
6.2

11.3

3.2
1.8

5.4
6.1

2.6
2.8

7.3
6.4
4.5

1.3
0.9

4.9
3.2
2.8

3.0
2.5

4.2
6.5
5.2
3.20

1.8
2.2
3.2

12.8

7.2
6.8
5.1

3.4
3.7
3.1

4.2
8.5
5.2
5.17

53.0
35.2
12.5
51.6
38.08

59.5
22.5
17.0
35.1
34.4

16.0
13.0
14.0

11.1
11.6
11.4

15.0
12.4
10.7
12.4

12.3
9.9
9.4

12.2

4.2
3.7
4.4

3.7
2.6

7.8
5.9

4.1
2.8

0.9
0.5

5.7
7.9
4.2

9.4
9.3

1.2
2.0

2.9
1.4
1.6

6.T
5.2

3.5
0.9

5.9
5.4
5.2
4.33

10.5
4.3
5.7

5:9
2.9
1.9
1.5

1.4
2.1
1.2

1.7
2.1
0.7

4.8
1.3
3.2

8.7
6.8
4.8
3.8

17.5
1~.8

12.7
14.33

19.5
26.0

13.8
15.1

3.9
2.8
2.2

6.5
4.1
38
4.0

11.1
6.3
4.2

6.2
5.7
5.1
5.1

1.3
0.8

3.3
2.7

1.7
1.1

2.3
2.8
2.0

0.3
0.7

1.1
0.8
0.8

2.1
1.5

1.8
2.1.
1.88
1.30

3.8
2.1
1.3
1.1

0.6
0.9
0.6

0.8
1.3
0.4

1.8
~.1

1.8
1.43

485.0
560.0
150.0
181.0
344.0

665.0
490.0
170.0
284.0
402.3

72.0
60.0
35.0

48,0
61.7
34.5

390.0
480.0
290.0
380.0

125.4
81.0
51.3

157.6

42.0
29.0
38.0

32.3
24.8

4.5
5.5

11.8
9,9

14.0
25.0

4.7
3.5

18.9

31.0
30.0

20.4
30.1

5.7
4.6
4.2

12.4
8.0

45.0
32.0

3.8
3.3
2.4

16.64

39.0
35.0
37.0

22.7
25.6
29.3
31.9

9.3
7.4
4.9

7.3
4.4
7,4

36,0
12.8
17.0

7,3
6.8
4.0

18.2

70.0
220.0

47.0
112.3

115.0
210.0

64.0
129,7

15.0
13.2
10.5

140.0
175.0
110.0
170.0

175.0
32.0
40.0

34.0
39.0
38.0
76.3

9.8
6.8

1,7

1.4

9.1
5.5

3.4
2.3
4.9

4.2
8.3

1.8
1.1
1.5

5.9
3.4

1.0
1.3
1.0
2.95

7,4

6.8
7.6
8.2

3.2
2.6
1.7

5.5
1.7
3.2

1.0
1.3
1.0

:1.92

8500
7500
3700
5500

6300

9500
4050
5200
6500
6312.5

3550

430
380
170

2450
1900
170
210

230
180
210

5400
370
150
837.5

360
320
290

60
45

55
65

55
35

45

50

145
135
103.8

195
230

130
110

3:1
-17
42

42
85

170
155

40
32
25
95.6

180
205
225

250
185
155
140

35
24
31

85
105

95

165
132
148

50
42
30

120.1

900
254
325
110
397.3

450
145
700
205
375

57
40
32

55
45
32

185
143
56
65

120
77
47

850
42
80

120.4

42
34
27

25
18

18
27

24
18

35
45

49
37
30,7

16
24

32
26

22
24
14

15
22

45
32

21
17
21
23.7

15
21
23

35
28

18

19
16
14

35
30
37

52
35
55

22
18
15

26.9
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