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ELEMENTAL COMPOSITIONS OF SEDIMENTS AT HAIPHONG HABOUR AREA 
AS DETERMINED BY NUCLEAR ANALYTICAL TECHNIQUES 

APPLICATION IN SEDIMENT TRANSPORT STUDIES 
AND CONSERVATION OF THE ENVIRONMENT 

ABSTRACT" 

r 
•Nuclear analytical techniques were applied to determine the elemental compositions of 

suspended and bottom sediments, collected at different sites in Haiphong harbour area 
(North Vietnam). Vie study was aimed at: 

II Understanding the origin of the sediment filling up the access channel and causing 
large expenditures for dredging operations. 

21 Determining the background concentrations of trace elements in sedbnent. TJtis 
would allow to detect in the future any pollution caused by the discharge of industrial 
wastes in the water due to the growing industrialization of the area. 

31 Identifying the elements, which can be served as activatable tracers in sediment 
transport studies. 

Vie results obtained for the concentrations of nearly 30 elements show rather similar 
elemental compositions, reflecting a common origin of the sediments taken from different 
locations in the harbour area. Vie results could not allow to identify the pathway of the 
sediment transported to and deposited on the bottom of the access clumneL Meanwhile, a 
considerable difference was found in the elemental compositions of the sediment and the 
soil taken at the nearby to the channel aland bank. Viis would definitely exclude any 
hypothesis on the interrelationship between the sediment on the bottom of the channel with 
the soil abraded from the island 

Among the trace elements with concentrations in sediment at the ppm level, indium 
and selenium have been selected as the most suitable activatable tracers. Experiments on 
tracer preparation arc in progress and some preliminary results liave been obtained. 

Vte analysis also provides the background levels of the elements-pollutants, on the 
basis of which any industrial pollution in the future could be revealed. 
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I. Introduction 

As a consequence of intensive weathering, erosion and wash off processes typical of 

humid tropical zone, as well as of human activities destroying tropical forests, grass 

land, protective mangrove swamps,...most navigable estuaries in Vietnam are heavily 

suffering from sedimentation, which limits the depth of navigation and causes large 

expenditures for dredging maintenance. Pollution of harbour environment involving 

sedimentation processes is also becoming a matter of concern due to the growing need 

of disposal of industrial wastes. Thus, the study of sedimentation processes is of great 

importance for the sustainable development of harbour areas. 
r 
Due to the complexity of the sedimentation processes in the estuarial areas with 

hydrometeoroiogical conditions typical of the southwest Pacific, any modelling 

approach seems not to be suitable, especially in case of lacking of a reliable data base 

resulted from a systematic hydraulic and sedimentary survey. Isotope tracer technique 

could provide a very efficient tool to get dynamic pictures of sediment transport. 

However, being a very sensitive method of tracing the sediment transport, the isotope 

technique meets with a problem of radiological hazard, especially when used in a 

densely populated harbour. Thus the development of alternative non-radioactive 

techniques seems most attractive. Through the example of Haiphong port this work 

describes and attempt to make use of nuclear analytical techniques (NAT) in the 

investigation of some sedimentation problems in the estuarial area: 

1/ It can be expected that the elemental composition characterization could reveal 

the features involved in the processes of sediment formation and transportation. 

Compiled in [1] data on elemental compositions of sediments served as reference 

materials show, for a number of elements, wide ranges of concentrations, obviously 

reflecting the type of the environment where the sediment is deposited (marine, 

estuarine, river), and/or the peculiarities of the locality where the sediment is formed 

and transported. Variations of concentrations of trace elements are much larger thi.n 

those of major elements. Moreover, some trace elements have been well identified and 

certified in one reference material, but cannot be detected in the other. Therefore, in 
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such a characterization of sediment emphasis should be placed on the contents of trace 

elements. 

2/ Trace elements analysis also provides a basis for identifying suitable activatable 

tracers instead of radioactive tracers being used in sediment transport studies. 

3/ Besides, the results of trace element analysis of sediment would permit to detect 

any pollution caused by the dumping of industrial wastes in the waterways in the future. 

II. Some sediment transport problems at Haiphong harbour area 

Located at 100 km east of Hanoi on the coast with a number of nearby navigable 

estuaries and waterways, Haiphong is a major port and an important industrial harbour 

of the northern part of the country (Fig.l). Hydraulic and sedimentary regimes of the 

watercourses in Haiphong area are influenced by two river systems. The first system, 

river Red, flowing in the South of Haiphong (not shown in Fig.l), discharges into the 

sea a huge amount of alluvium in the form of red mud (about 200 million tons a year). 

Under the influence of the southeast monsoon prevailing in summer and autumn the 

river-transported red mud continues to move along the coast towards Haiphong area. 

The second river system with its estuaries located north of Haiphong is practically not 

as muddy in its upstream and middle sections. However, due to the interconnection 

between the two systems in the delta region, a large amount of alluvium of rivers Red is 

also transported to the nearby Haiphong estuaries Cam and Namtrieu and, to a much 

lesser extent, to the uppermost northern estuary Lachuyen. As a result of these 

sediment transport processes a 38 km long access channel through Namtrieu estuary is 

suffering from heavy siltation. Meanwhile at the uppermost northern estuary Lachuyen 

the sedimentation rate is as 10% of that at Namtrieu estuary. 

A number of engineering schemes were proposed to reduce the sedimentation rate 

along the access channel. Unfortunately, they were not supported by detailed and 

reliable sediment transport studies. Hydraulic and sedimentary surveys carried out in 

the past by different groups of researchers resulted in quite contradictory conclusions 
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about the pathway of the sediment being deposited along the channel, e.g. either the 

sediment was almost directly discharged by the rivers or it was transported to the 

channel mainly from the marine environment under the action of tide, wave and shore 

currents [2]. Furthermore, the increasing trend of siltation along the channel observed 

in the past few years has called the attention of the environmentalists and the port 

authority. It has to be estimated to what extent adverse effects for the environment and 

the navigation in the estuarial area can be caused by human activities, such as harbour 

development, construction in the early 1980's of a dam across the estuary Cam (Fig. 1), 

destruction or degradation of mangrove swamps, etc... The increasing abrasion of the 

Catfiai island can be suspected of an example of such adverse consequences. In turn, the 

soil removed from this island may fill up a nearby section of the channel as often 

assumed and discussed in the past [2]. However, this assumption requires experimental 

confirmation. 

HI. Sampling 

As a first step in using nuclear techniques to solve some of the problems given 

above, in this work NAT were applied for elemental composition characterization of 

sediments collected in Haiphong estuarial area. Bottom and suspended sediments were 

collected along and in the vicinity of the access channel, as shown in Fig.l. Sampling 

locations were selected in order to see whether the elemental composition 

characterization method can be used to settle the dispute on the pathway of the 

sediment being deposited on the bottom of the channel, and on the possible 

interrelationship between the bottom sediment in the channel with the soil abraded 

from the Cathai island (locations Hp4,5) as mentioned in part II. Samples were also 

collected at the dock (location Hp6) and far from the estuaries towards the upstream 

but still in the tidal zone. The sampling was carried out in the wet season when the red 

mud content in water was high. Such a limited number of samples seems to be enough 

for an exploration purpose at the first stage of the study. The sampling locations are also 

representative enough for achieving the objectives 2/ and 3/ in part I. 
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IV. Experimental 

Major, minor and trace elements were determined mostly by instrumental neutron 

activation analysis (INAA) at the Dalat nuclear research reactor. Other instrumental 

analytical techniques, e.g. X-ray fluorescence (XRF) and prompt gamma neutron 

activation (PGNA) methods were also used mainly for comparison. Boron was 

determined by PGNA method. Physico-chemical methods were used for determining 

the concentrations of dissolved ions in water and silicon (SiQz) in sediment. 

Jn INAA different combination of irradiation (Ti), decay (Td) and counting (Tc) . 

periods were applied. For long-lived nuclides, with the half-lives more than a day, 

Ti= l-2h, Td=7-15d, and Tc=l-2h. The medium-lived nuclides were assayed after a 
12 2 

10-min irradiation in a thermal neutron flux of 3.8x10 n/cm .s, a 1-d decay and a 

1000-s counting. The short-lived nuclides with \less than several minutes ( Al-28, 

Sc-46, Se-77m,... ) were analysed by cyclic method using a pneumatic transfer system 

being installed in the thermal column. Two hyperpure germanium detectors were used 

for gamma rays detection. The horizontal one was used in both the PGNA experiments 

and the rapid INAA through short-lived nuclides. The vertical type detector was used in 

off-line measurements of long- and medium-lived nuclides. The detectors have relative 

efficiencies of about 15% and FWHMs of 1.9-2.0keV at 1332 ke. Gamma spectra of 

4096 channels are acquired on PC-AT-based multichannel analysers. To determine the 

element concentrations the ko-standardization technique [3] was used. The reliability of 

the experimental techniques and the obtained results was checked by analysing the 

certified reference materials (SL-1, SoiI-7). 
V. Experimental results and discussions 

Particle size analysis shows that the bottom sediments were primarily made up of 

silt with a median particle diameter 0 (SO) between 10-30 /<m and a D (90) ranging 

from 60 to 90/<m. Clay particles were found only in minor fractions, the D (10) values of 

all the samples are about 2-4 urn. The suspended sediment contains mostly silt with 
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0(90) less than 50 /#m. Very fine sand is predominant in the soil sample Hp5 

(D(10)=70/«m). 

Table I gives the concentrations of 29 elements in four bottom ( Hp 1,2,3,4 ) and 

one suspended (Hp6) sediments, as well as in the soil sample (Hp5). Results for other 

samples "re not presented. In general, they are similar to those given in Table I. For 

comparison, data of estuarine sediment reference material NIST- 1646 [1] are also 

shown in Table I. Some marked features relative to the elemental compositions of 

sediments can be observed from the results in Table I: 

y In general, the elemental compositions of the suspended and bottom sediments 

taken at different sites in the area (Fig. 1) are similar. The deviations from the 

arithmetic means of five sediment samples are not exceeding 25% for major elements 

and 40% for most of the minor and trace elements. For a number of metal elements 

such variations of their concentrations can be partly explained by the differences in 

particle-size distributions of the sediment samples due to the high occurrence of the 

metal elements in the finest particle-size fractions. Thus, the concentrations of As, Co, 

Cr, La, Mn, Tb, Th...in the samples Hp2, Hp4 (with 45% particles finer than 10 /im) are 

from 10 to 40% higher than those of the sample Hpl (with only 4% particles finer than 

\0fim). It can be concluded that the similarity in the elemental compositions reflects a 

common origin of the sediments being supplied mostly as alluvium by the rivers. 

However, this observed similarity could not allow to settle the above mentioned dispute 

on the pathway of sediment transport Probably a more detailed study could help to get 

information for that problem. The elemental composition characterization in such a 

study should include: (a) samples taken far from the harbour area, (b) samples collected 

in northeast monsoon season when red mud discharge of river Red is low and sediment 

transport along the coast from the estuaries of river Red to Haiphong harbour area is 

practically impossible, and, (c) samples corresponding to different particle-size 

fractions of sediment. Of course, application of tracer techniques is the best way in this 

case. 
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2/ Remarkable difference can be observed in the concentrations of a majority of 

elements in sediments and in the soil sample Hp5. As compared with the sediments, the 

soil is abundant in silicon, but of 2-3 times deficient in many other elements. Together 

with the particle-size distribution data this result would definitely exclude any 

hypothesis on the interrelationship between the bottom sediment in the channel and 

the soil abraded from the Cathai island bank, as well as any project proposal on dyke 

construction based upon such hypothesis. 

3/ As compared with the NBS standard reference material NIST-1646, the 

Haiphong harbour sediments are abundant in Fe, Mn, Cr, Co and deficient in Al, Ca 
r 

and Na. This obviously reflects different features of the weathering and erosion 

processes involved in the formation of the two sediments. Concerning trace elements, 

the data obtained in this work are at the same levels as of NIST-1646. Note that for 

many toxic trace elements, such as As, Cd, Hg, Pb, etc., the concentrations in 

NIST-1646 and in Haiphong harbour sediment are much lower as compared with other 

reference materials [1], and with the sediments taken from the rivers of industrialized 

European countries [4]. (The concentrations of Cd and Hg in Haiphong harbour 

sediments are lower than the limits of detection, which are at ppm level). Therefore, the 

trace element concentrations obtained in this work can be served as background levels, 

on the basic of which any industrial pollution in the future could be revealed. 

4/ Activatable tracers must be selected among trace elements having as low as 

possible: (a) background concentration in the sediment (Cb), (b) limit of detection by 

INAA method (C|), and, (c) cost of tracer preparation (including cost of material) and 

of analysis procedures. Note a dilemma that, as a rule, the lower the background 

concentration of element in sediment is, the higher the cost of material will be. This 

obstructs the selection of elements satisfying all the above requirements. 

If as a result of sediment transport processes, some time after injecting into the 

estuary bed the activatable tracer is distributed over a surface area S with an average 

concentration Cav. To ensure the success of the experiment, it should be : 
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Cav > > [Cb], (1) 

Cav > > Q, (2) 

where [Cb] is the fluctuation over the area S of the background concentration of the 

element of interest. The practical limit of detection for a number of trace elements 

presented in Table I is in the interval of 0.1- lppm. Concerning [Cb] its values can be 

obtained by using concentrations at the ppm level, such as Eu, In, Se, Ta, Tb, U, the 

value of [Cb] is also ranging from 0.2 to 1 ppm. In these conditions to ensure a 

reasonable accuracy of the method and a sufficiently high productivity of the analytical 

procedures the value Cav should be at least in the interval of 2-IOppm. Assume that 
r 2 S-'0.1km and the mixing depth of tracer is -10cm, then the amount of tracer to be 

injected should be several ten kgs. 

Among the elements mentioned above Se and In seem to be most suitable from 

the view point of material cost. From analytical aspect, due to the short half-lives of the 

isotopes involved, e.g.Se-77m and In-116m, a large number of samples to be collected 

in a tracer experiment could be rapidly and automatically processed by means of 

computer techniques. Therefore, selenium and indium should be chosen as activatable 

tracer, and in experiments for tracer preparation our attention has been focussed on 

these elements. The In-tracer material is prepared from natural sand by using etching 

technique. The preliminary results show that tracer material with indium concentration 

up to 0.1% can be prepared with the efficiency of labelling processes as high as 95%. In 

case of selenium, tracer material can be prepared as selenium glass by using 

conventional dye glass production technology, which is indigenously available and 

rather inexpensive. 
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Table I 

Element concentrations (in ppa unless otherwise noted) of 
sediaents collected at Haiphong estuarial area. 
Relative error is given as percent in brackets. 

Elesent Hpl Hp2 Hp3 Hp4 Hp5 Hp6 HIST-SRM 
1646 

M,X 
As 
B 
Ba 
Br 
Ca,Z 
Ce 
Co 
Cr 
Cs 
Dy 
Eu 
Fe,% 
Hf 
In 
K, X 
La 
Hn 
Na,% 
Rb 
Sc 
Se 
Si,% 
Ta 
Tb 
Th 
Ti.X 
U 
V 

4.42(4) 
18.1(7) 
107(10) 
570(10) 
n.d. 
41 (9) 
77 (8) 
14.5(8) 
'74 (7) 
3.2(13) 
6.3 (6) 
0.8(12) 
3.98(4) 
18.2(6) 
<0.5 
2.13(8) 
42.8(6) 
550 
0.72(9) 
39 
10.8(5) 
1.6(15) 
29.8 
4.4(15) 
1.5(12) 
12.5(4) 
0.48(6) 
2.3 (8) 
75 (5) 

5.92(5) 
23.2(7) 
84 (10) 
490(10) 
89 (12) 
.52 (9) 
89 (6) 
16.2(8) 
112 (6) 
8.0 (9) 
6.0 (6) 
1.0(10) 
4.74(4) 
8.3 (6) 
<0.5 
2.27(8) 
50.6(6) 
760 
0.74(8) 
n.d 
13.4(5) 
1.4(15) 
27.8 
n.d. 
2.3(13) 
14.6(4) 
0.43(5) 
2.9 (7) 
112 (4) 

5.01(5) 
23.7(7) 
81 (10) 
220(12) 
107(10) 
.41 (9) 
80 (6) 
14.6(8) 
99 (6) 
5.4 (9) 
5.9 (7) 
1.1(10) 
4.18(3) 
12.4(6) 
<0.5 
2.33(8) 
37.2(8) 
720 
0.76(7) 
n.d 
12.0(5) 
1.2(15) 
32 
0.8(30) 
1.2(16) 
14.0(4) 
0.5 (6) 
3.9 (7) 
100 (5) 

6.15(5) 
29.6(7) 
97 (10) 
499(10) 
n.d. 
.58 (8) 
95 (6) 
18.3(8) 
137 (5) 
5.8(10) 
5.3 (6) 
1.5(10) 
5.3 (4) 
12.8(6) 
<0.5 
2.64(8) 
46.8(6) 
1070 
0.47(8) 
n.d. 
15.7(5) 
2.1(15) 
26.5 
n.d. 
2.8(11) 
19.7(4) 
0.49(6) 
1.7(12) 
121 (5) 

1.86(5) 
11.1(8) 
94 (10) 
310(10) 
30 (15) 
.24 (9) 
62 (6) 
6.6 (9) 
51 (12) 
1.8(16) 
5.2 (6) 
0.5(20) 
2.25(5) 
27.4(6) 
<0.5 
0.93(8) 
30.0(6) 
470 
0.28(9) 
n.d. 
5.1 (8) 
1.7(15) 
40.3 
24 (15) 
0.8(25) 
10.2(7) 
0.45(5) 
2.2 (9) 
49 (6) 

4.0(5) 
24.2(7) 
93 (10) 
340(13) 
71 (12) 
.55 (9) 
85 (6) 
12.9'8) 
114 (5) 
6.5 (6) 
3.6 (6} 
0.9(11) 
4.48(3) 
24.?(7> 
<0.o 
1.61(8) 
37.9(6) 
1260 
0.56(9) 
9. 
10.3(5) 
2.3(15) 
32.6 
0.5 
1.8(11) 
14.6(4) 
0.51(6) 
2.4 (8) 
90 (5) 

6.25(3.2) 
11.6(11) 

.83(3.6) 
80 *) 
10.5(12) 
76 (3.9) 
3.7 *) 

1.5 *) 
3.35(2.9) 

1.4 *) 

375(5.3) 
2.0 *) 
87 * 
10.8*) 
0.6 *) 
31 *) 

10 *) 
0.51*) 

94(1.1) 

*)non certified values 
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