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£ B [T~ (% 1 2 3 4 5 6 7
M 4+ ML, + MA, 0 11.7 0 0 0 0 0
ML, .3 4.7 57.4 29.3 66.7 3.4 14.5
MA; 19.0 4.7 6.3 0 20.3 17.4
Zn ML, 0 38.5 0 0 0 0 0
MA, 10.8 0 0 13.6 0 46.3
ML, 23.5 0 0 0 20.3 5.8
MA, 74.7 6.0 34.4 64.3 19.7 56.0 16
M + ML, + MA, 13.2 10.0 12.5 9.8 0 0 10.4
ML, 0 15.3 11.3 0.4 48.3 51.1 0
MA,; 11.3 0 0 3.3 0 11.1 6.3
Cd ML, 0 0 0 15 0 27.1
MA,; 22.5 .5 41.0 12.6 0 0
ML, 53.6 52.2 73.6 20.9 23.9 0
MA, 21.9 0 0 24, 0 37.8 56.3
M+ ML, + MA, 30 0 13.7 0 0 12.2
ML, 6.0 5.3 27.3 39.0 45.3 44.6 3.7
MA, 12.0 10.6 41.0 31.2 0 16.2 49,
Pb ML, 0 71.7 0 0 0 0
MA, 0 5.3 18.1 7.8 22.7 0 28.
ML, 0 0 0 0 0 18.2
MA, 52.0 0 0 22.0 32.0 27.0 0
M + ML, + MA, 0 13.3 6.3 0 0 12.1 6.0
ML, 24.5 16.1 27.1 0 37.5 0 30.
MA, 21.0 0 27.1 39.5 0 0 0
Cu ML, 0 59.9 0 0 0 0 13.
MA, 54.5 4.3 39.4 50.8 30.7 24.2 19.0
ML, 12.5 0 0 0 53.2 31.0
MA, 0 0 9.6 31.9 10.5 0
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s e A REBABBEERETG, # 3) BllE. HAFINZEE Zn b 0.88
pg/ly, Cd 24 0ug/l, Pb 24 0.27pg/l 1 Cu 34 0.33ug/ls
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6.3 | 93.5 | 0.1 53.6 | 33.2 | 1.6 6.0 | 64 0.1 | 24.5 | 75.5 | 0.3
66.7 | 21.5 | 3 67.5 | 25.5 | 2.7 | 773 | 2229 | 3.5 | 55.8 | 34.0 | 1.7

57.4 | 42.6 | 1.4 84.9 25 |34 273 | so.t o5 | 27.1 | 665 | 0.4

29.3 | 70.6 | 0.5 21.3 | 68.9 | 0.3 | 39.0 | 61.0 [ 0.6 | 0 99.9
66.7 | 33.3 | 2 87.3 | 12.6 |7 45.3 | 547 | 0.9 | 37.5 | 62.6 | 0.6
23.7 | 76.3 | 0.3 51.1 | 48.9 | 1 44.6 | 43.2 | 1 53.2 | 34.7 | 1.5
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A STUDY OF ESTUARINE CHEMISTRY IN THE
ZHUJIANG RIVER

I. TRACE METAL SPECIES IN WATER PHASE

Zheng Jianlu Wang Zhaoding Lin Zhiging
1i Zijiang  Zhu Zhuohong and Chen Jinsi

(South China Sea Institute of Oceanology, Academa Sinica)

ABSTRACT

In this article nine chemical species of Zn, Cd, Pb and Cu in water phase were
measured in the main course of the Zhujiang (Pearl) River estuary for the first time.
The measurement was carried out in seven stations with salinity from 0 to 26%). The
method proposed by Florence and Batley of measuring chemical species of heavy metals

in seawater by ion-exchange, ultra-violet irradiation, anodic stripping voltammetry was
referred to, and the home-made chelating resin CR-1 was also used. The nine species
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are as follows.

ASYV Labile Metal :

M Free metal ions,

M1, Labile organic complexes,

MA,——Labile inorganic complexes,

ML, Labile organic complexes -+ Labile metal adsorbed on organics,

MA., Labile inorganic complexes + Labile metal adsorbed on inorganics,
Bound Metal:

ML, Non-labile organic complexes,

MA; Non-labile inorganic complexes,

M1, Non-labile organic complexes + Non-labile metal adsorbed on organics,
MA, Non-labile inorganic complexes + Non-labile metal adsorbed on inorganics,

The following conclusion can be drawn from the distribution of the nine species
in percentage:

(1) M + ML, + MA, in labile metal state of the four metals hardly exist or are
only a minor fraction.

(2) The main chemical speciations of the four elements in the stations of different
salinity are: ML, and MA, for Zn; ML, and MI« for Cd; ML: and MA« for Pb; ML-
and MA, for Cu.

(3) M, is the principal chemieal species of the four metals in labile metals.

(4) In bound metals MA, or MA, is the main species of the four metals except Cu.

(5) The ratios of total amount of organic to inorganic species of these metals
decrease with the increase of salinity.

As a result, the estuarine chemical pattern of the metal elements Zn, Cd, Pb and
Cu in the Zhujiang River estuary was roughly made: most of these trace heavy metal
elements, carried by the river and entered the estuarine area, were affected by the
chemical changes and biological process during mixing of river water and seawater,
such as their exchange, absorption, co-precipitation and floceulation with the organic
colloids like humates. At the same time, toxic metals changed into nontoxic labile
organic complexes + labile metal adsorbed on organic species (ML.). This transport is
the primary estuarine chemical purifying process.

In the estuarine transport process, these labile heavy metal organic species con-
stantly undergo exchange and complication with inorganic silicates, Fe(OH); and
Al(OH);. Therefore non-labile inorganic colloids or complex compounds are formed
and ultimately transported into the sea. This is the second chemical purifying process.

From these we can see, the estuarine area of the Zhujiang River has relatively
great self purifying ability in respect to heavy metal pollution.



