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ABSTRACT

The trace cancenirations of a number of elements fncluding: Ti, Cr, Mn,
Fe, Co, Zn and Ag have been determnined in gediments takern from Ei-Ryah El Tw/iky
and soma of its extensions through El-Kallgbia, El-Dakuhlia and Dainietta Provinces,
Eqypt, where tese water streamns are considered the main scurca for drinking,
irrigation and industriol waters, to the three mentioned provinces. The concentration
values of the trace elements have been determined ond assoctated with the specific
surface area, orgonlc caerbon, fraction of particles ( < 100 g m) and with each
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other. The lewvels of metal concentration ore compared generally with tevets found
elsewhereg (n some river sedimients. The high walues and trends in inetal content
of the sedimenty compared with natural levels may be aseribed to the dumping
nf mntallic wasto mmierlaly pearby the walur courno, inchwletat ond  domestie
effiuents discharged into the streain from a number of outfalls within the area,
in additlon to fertilizers washed down from cultivated land.

I. introduction :

Since the Industrial Revolution, the efforts ol removing man-made pollutants irom the
natural environment have been urable to keep pace with the increasing amount of waste
materials and a growing population that further aggravates the situation. With the gr-owth
of technology, two groups of substances in particular have a Jasting elfect on the natural
balance in aquatic system: (1) Nutrients, which promote unrestricted biologic growth and,
tn turn, oxygen depletion and (ii) Sparingly degradable synthelic chemicals and other waste

substances which often constitute rnultiple effects on 1the aquaric ccosystems.

The introduction of metal contaminants into aquatic systems have various sources,
including : smelting processcs and fuel combustion via atmospheric fallout, pollution from
leaks, effluents and dumping activities, from run off of terrestrial systems-where accumulation
has occurred by atrnospheric input-land application of scwage materials and leaching of
garbage. On the other hond, poliuvted water bodies lead over many pathways to metal conla-
mination al terrestrial ecosystems, for example, by way of irrigation, dredging activities
and biota flux [1)

investigation into the distribution of trace metal concentration in water, sedimenis
and biological matter are important items of research in water pollution because they are
highly persistent and can be lo-xic to life in only trace level. lt is generally believed that
the pattern ol accumulation or dispersion of metal pollutants over an extended period may
be revealed by measuring the trace element concenlration of sediments in the particular
area of interest. The general leve) of trace metal pollution in an area cannot be adequately
described by analysis of water samples unless the detailed monitoring programme is carried
out over an extended period of monihs or even years, which may be extremely time-consuming
and expensive. Wide fluctuations in dissolved metal concentration are to be expected where
the chemical and physical conditions of the water vary, and where there are changes in
the nature and volume of discharges ol sewage and industrial effluent. Monitoring the level
of trace metal pollution bylanalysis of metals in biologica)l specimens is complicated by
the wide diversity in the accumulating power with dilferent species for the various metals

and the effects of specimen age on the metal levels (2]

Trace metal surveys ol botiom sediments from Nile River area were very scarce.
Emelyanov et al [3] calculated the mass of some elements (expressed by 106 tonns/year)
delivered to the Alediterranean annually based on their average concentrations and amounting
t0 120 x lO6 tons/year depasits as follows; CaCO3 (7), C organic {1.43), Fe (7.1), Mn (0.13),
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Ti (1.48), Na (1.46), K (1.2). The mass of the trace clements expressed by 103 tans/year
are as follaws : Cr {16.2), Cu (6.2), Zn (12.9) and Ni (15.1). Draz [4) in her investigation
of the physical and textural properties of the sediments covering the botton of the Rosetta
branch af the Nile, showed some enrichement with heavy metals such as Fe, Mn, Cu and Zp.

The cbjectives of the present study is to investigate the bottom sediments f{rom
EJ Rayah E! Tw{iky (2 sub-braneh from Nile River in Eastern Delta, Egypt) and its extensions
in El-Kaliobia, El-Dakahlia and Daniietta provinces for a preliminary trace element survey,
since Lhis water course is considered a viel source lor drinking, irrigation, fishery and indus-

trial uze in these three provinces.

2. Sampling and Method ol Analysis:

2.1. Description of the investigated walcr course :

El-Ryah El Twfiky, (ET) is a sub-branch from the Niie River, starting at El-Kanater
El-Khairia Barrage passing through €£l-Kaliobia and El-Dakahlia provinces, it is supported
with other wibutary at Meic Ghamer Town. |ts extension after Meit Ghamer %o El-Mansoura
City is known as El-Mansourja Canal (Tereit El-Mansouria), where it is supported another
time from Damietta Branch of lhe Nile at E{-Mansoura. Aller E(-Mansoura City till Damictla
Ciiy it is called El-Sharkawia Canal, as illustrated in Fig. (1). The stream goes through
areas of large population densines and many industrial activities have heen, recently, esta-
blished near its banks. Fram Banha City to the end at Damietta, the stream is going beside
a crawded high-way road. It is usually seen near its banks a dumps of industrial and domestic

wastes.

2.2. sampling :

Twenty sampling stations were chosen for this investigation. Sediments of the area
undertaken are chiefly muds, though they were substituted by silty sand in some regions
and by sand in another. Core samples were collected by cutting a block of marerial out
from 15-20 cm depth [5), by using a sharp edged plastic pipe of 7.5 cm diameter forced
intc the sediments. Samples were colilected during the ime of drying of the streamn, (Winter
closing of irrigation canal). The samyple were transferred to plastic jars that had been prewashed
with concentrated nitric acid rinsed well with distilled water. Samples were drid in

air Icc about four days and analysed within two weeks after collection.

2,3 Laboratory Investigation :

The particle size distributions of the samples were obtained on the wet untreated
samples by a combinatian of : {i) wet sieving using a nest of sieves 1000 um (16 BS mesh)
to 63 ym (250 Bs mesh) ; and (i} sedimentation analysis by using the fixed positan pipette
rnethod on fines less than 63 pun, according to the British Standacds No. 3406, (sl
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The organic carbon content of samples was delermined by a madified procedure of
the rapid chromic acid oxidation method of Ei-Wakeel and Riley (7). In an investigation
of their method, by Jaife and Walters [2), it was csiablished thal the procedure gave rise
to anomalous values lor the organic carbon content of estuarine sediments. The procedure
was modilied by using a Jarger aliquot of chromic acid (20 ml) and extending the oxidation

pericd from 15 to 45 minutes.

weight-loss data were obtained by quasistalic thermogravimetric analysis, and the
results were obtained by heating up a samnple wieght of about 300 mg to 1000°C at a rale
of 10°C/min.

The element concentrations of sodiuin, potassium, calcium, magnesium, silicon,
phosphorous, titanium, chromium, manganesg iron and cobalt were determined in samples
by by using X-ray fluorescence analysis technique, using ORTEC 6110 TEFA Tube Excited
Fluorescence Analyzer. Silver and zinc were extracted from sediments by digestion with
concentraled HNOB, (8N), lor two hours and tihe [liltered extract diluted to constant volume
{5], then they were determined spectrophotonmertrically using a single-beam spectrophotometer
{Bausch & Lomb, U.5.A. model Spectronic 20). Ag and Zn were determined according to

the procedure oudtlined in Standard Methods for Examinaion of Waters and Wastewaters [8).

3. Results and Discussion :

The particle size distribution of the muds and silly sands fall into two distinct groups
as-expected from their very nature, with the exceplion of sample No. (2 which
is pure sand with mean particle size of 600 pm and this is clearly shown in Fig. {(2). The
silty sands have a narrow particle size distribution around a mean between 190 and 450 pm
whilst the means of the comparatively broad particle size distribution of the muds in the
90-120 pm range. Although the silty sands are represented by very similar size distributions,
they differ signilicantly in the fraction of their particles below 63 pm. The cumufative
percent undersize varies Close Lo zera ta 9% by weight and as a result the specilic surface
area ol the silty sands will be significantly diflerent, The size distributions of the muds
also broadly resembie each olher, but differ fromn the case of silty sands. There is no signifi-
cant change in Lhe Iractions of partcles in he colloidal range (<I-2 Pm) whith will nat

give rise to pronounced differences in surface area.

The lamiliar interdependency of grain size and specific surface area of sediments
is used here for the indirect determination of relative grain size values. Specific surface

area was determined for samples by the following eguation{9].

6 1
S=2m (=) e )
P d
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Where :
S : Spectfic surface area, (cmzfgm)
'y : Density of particles, (gm/cmj)
d : The average diameter of the particles, (cm).

Grain size seems to play ‘a negligible role as predicted from the values ol the correlation
Coellicients between the mean particle size or the specilic surface area and the meral
concentration in the sediments as given in Table (2), indicating the predominant ellecet
of rapid sedimentation of highly polluted suspended solids at reduced flow velocities within
some parts of the stream, where soine obstacles are found at dilferent positions across
the water course lor controlling water discharge as weirs and locks. These results are in
contrast with the mixing theory [10], which assumes a good correlation cokificient between

particle size and metal concentration for fow sedimentalion rale, {greater than 0.7).

Loss on ignition of each sample was carried out by heating the sample at increased
temperatures {or one hour. The thermogravimetric analysis (TGA) curves of samples, iilus-
trating their weight loss oun ignition up to !000°C, are shown in Fig. (3). Weight loss on
heating the sediments may arise {from the dehydration and decomposition ol a multitude
of constituenls. Commonly, however (he contributions to weight loss will be dominated
by the decompasition of a {ew phases: The oxidation of crganic matter in the region of 400°C,
{carrelation coefficient between organic carbon and weight loss at 400°C was found ia be
0.51), the dehydroxylation of one or two clay minerals such as kaolin, mantmorillonite or
hydrous mica at various characteristic temperatures and the decomposition of calcite or
delomile in the region of 750 to 900°C [2).

In all cases the major loss in weight from samples was completed before a temperature
of 750°C was reached. Above this temperature, in some cases there is a slight nflection
in the TGA curves 1t about 803°C reflecting the pres2nce of a signilicant amnunt of calcite
in sediments, This is in accord with th= positive correlation zozificient (r = 0.76) obtained
between % Ca as Cz«CO3 and the diflerence between w=ight loss at 1000°C and that at 400°C,
whzre the values of samples N3 2, 6, 7 and L were excluded jue to that they contain large
quantities ¢ shells. The major loss in weight is most likely attributable to the presence
of one or lwo clay minerals in varying propsrtions 4=panding upon the sample., In the case
of the mud and silty sand samples, the high percent weight loss in the region of 400 to 700°C
oand the low loss In weight below 200°C suggests that the major proporiion ef these samples
consist of a kaolinz mineral. Prior to the dehydroxylation of the clay minerals, the weight
loss up to UOO—_‘C, in some cases moderatly high, is considered to be predominatly associated

with the oxidation of the carbonaceaus matter in the muds and sands [2).

The organic carbon content of the sediments cover a range from 0.1% to 2.6% , the
highest values being given by the muds, the lowest by the saads. These values are ¢ompara-

tively low with that obtained Irom Rosetta branch sediments which was found to be ranged
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{rom 0.4 to 10.4%, willi an average o 4.64%, [¥). Draz la her study on Rosetta Granch [4] showed

that the high values of organic carbon come from two major sources: which are the terrestrial
origin from inland and disposal of domestic sewage alonge the Nile branch. In this study

the situatien is different due to the annual cleaning of the stream bottom after winter
close. Values of correlation coellicienls between organic carbon and the loss on quasistatic
heating to 400° 2nd to 1000°C were found to be 0.511 and 0.4% respectively. This suggests
that the loss in weight is predominantly ihe result of oxidation of organic matter in the
sediment. The relatively lower value of the correlation coefficient betwwen the organic
carbon% and the weight loss at 1000°C indicates that the majar portion of the weight loss
up to 1000°C js corsidered to be the cesult of the dehydroxylation ol the c¢lay minerals

jin addition to the oxidation of the organic matter [2]

Calcium and magnesium contents ol the sediments are determined 2as oxides and
the equivalent calcwuin and magnesiuin carbonales are calculated. The suin of both calcium
carborate and magnesiuin carbonate are rouihly considered as the total carbonate content
in sediments, and are given tn Table (3). CaO content varies between 0.42 to 32.64% wilh
an average ol 7.63%. The calculated calcium carbonate ranges from 0.75 to 58.28% with
an average ol 13.6% . The magnesium oxide content in sediment fluctuates between 0.73
and 3.2% with an agcrage of 1.5%. The calculated magnesiuin carbonate [luctuales beitween
1.53 and 6.69% with an average ol 3.13% . Therelore, the sediments under investigation
are generally mcre richer in calcareous matter than (ound In Rosetta branch oi'the Nile
[4). The average wtal carbonate value is 16.73% compared with 6.78% found in Rosertta

branch.

The phosphorus content in the sediments ranges from zero to 0.955% . The value
ol P is nearly constant, {about 0.12%), {rom station | ti}! station number 12 then it suddenl)i
increased at stations number |3 & number 14 then drops to zero for all the remaining stations.
The source of phosphorus In1y be due to either the untreated domestic sewage which is
discharged directly into the stream or due to the phosphate [ertilizers washed down fram

the cultivated land especially, in some parts on ihe banks, directly drains to the stream.

The sodium oxide valur v Lhe sediments range between € and 13.76% with an average
of 3.09%. While the potassiuin oside content ranges from 1.30 to 4.25% with an average
ol 2.38%. Valu2s of potassium and sodium are associated with silicon indicating that they
present mostly as silicates, (correlation coefficient between Si and Na was found to be
0.5; between Si and K as 0.67 and between Na and K to be 0.77)

The analysis of the saimples lor the determination of Fe, Ti, Cr, Mn, Co, 2Zn and
Ag is given in Table (l). Pollution recornaissance can be carried out in sireem sediments
in thc same manner as in mineral exploration. Two ellects, however, must be considered
when chemical data [rom active stwrea:n sampling are used lor identification of pollution

source: (i) Under conditions of high water discharge, erosion of the river bed takes place,
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and generally teads 10 a lower degree ol contamination. Laszlo et. al. [11], for example,
obtained data from the Sajo River, (Hungary), which indicated that, three months after
a llood, the mercury concentration in the Lotlorn seditnent had been reduced ta approximately
ane-quarier of (he values Jound immediately before Iload. For this reason the samples,
of the undertaken work, have been collected in the winter closing of the stream to obtain
the true degree of contamunation. (ii) 1t is usually imparative in stream sediment studies
to base metal analysis on a standardized procedure, due ta a prelerential occurrence of
the heavy metals in the linest grain-size fraction. In Fig. (4) a plot of element concentrations
and the {raction of particles <100 pm. According to de Groot et.al [12], such a plot makes
it possible 1o characterize the content of a specilic metal of a whole group of co-genetic
sediments by a single value, the conient obtained by extrapolation to 100% cf the fracuion
<100 ym are given in Table ().

The sedimnents in EJ-Ilyah el Twliky and its extensions show some enrichment with
heavy metals. The jron content varies between 0.28 and 14.35% with an average of 3.66%
which is very high compared wilh the average value of 1.6% found in Rosetta Branch [4].
These high values are attributed to metialic chips and wastes durnped on the banks of the
stream, especially, near Benba, Meit Ghamer and Aga. The contenls of manganese varies
from 9 o 25.4 ppm with an average of 15.66 ppm which is uch lower than the average
value of 104.2 ppm obtained from the sediments of Rosetta Branch {4]l. The zinc content
ranges from 1.07 and 1.96% with an average of [.33%.. The content in Rosetta Branch has
an average value of 0.0144% [4), which is too much lower than the value found in El Rayah
el Twliky. Zinc is associated wilh potassium as indicated from their correlation coetficient
of 0.48, The high values of zinc may be attributted to the drainage water from the cultivated
lands in addition to metal chips dumped on the banks. The content of titanium in the sediments
varies from 0.36 to 1.95% with an average value of 1%. Titanium is associated with calcium
and iron as indicated [rom the correlation coeflicient between them. Correlation coefficient
between titanium and caicium was found to be 0.8 and beiween titanium and iron 0.84.
Cobalt was found in seven stations only and ranges fromn 65 10 360 ppin, where in the other
stations cobalt was undetectable. Silver in sediments ranges from 0.06 to 0.25% with an
average 0.08%. Silver associated with fine particles where the cotrelation coefficient beiween
it and Iractions <63 pin equal to 0.6 and associated also with Mg with a correlation coeilicient
of 0.5. Chromiurn ranges (rom zero, where it is undetectable at 7 stations, and 50 ppm.

It is assoclated with iron where their correlalion coeflicient is 0.54.

4. Conclusions :
Relatively high levels ol 1he trace eiemnents have been [ound in the sednnents taken

from El-Rayah el Twiiky and its cxtemsions in comparison with those of the "average" shale
and other river sedunents especially for Ti, Co, Zn and Fe. Levels of Mn and Cr are in

the same range as tLhose given in Table (5).
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The reiationship between Lhe trace element concentration, in sediments, and the
fraction of particales jess than < |00 pm indicates that these elements existed according

to the following descending order :
Fe> Ca> Ti> Zn> Mn> Ag> Co> Cr

Strict restriction are to be put, from the govermental authorities, againest dumping
of any waste materials such as metal chips, domestical and industecial ef{loents even water

drains from cultivated lands into or near this vital waler course.
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Table {1} A comparison of data an speC surtare area, woght loss at 00 & J000°C, orgauc cartan,
mean particle dumeicr and clermsenia cancentrationd (ppm) :

“ Ungelrcigble Qoncentrayion,

9% 1 4 .8 (o] Ti jCrMn | Fe Co In Ag Ppeaulic uc-:.nL WeIRRY foss [Weight Yo (Organic carbonfMean parnide
' area nﬂ.u\na 31 400-C% | at 1000°C, | conveny (%) diameter ezdiment 1ype
() (pea)
N R S
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I
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3 Tuza 7230 TSS 1160 1274016700 | 3630 23{760 _ 16120 203 (13860 1630 | 12239 3.03 979 | .90 sand
T - B -

4 . _Suo_u:to 116D | 9930 | 76160 114330 p 3 |569 _:uaaa ¢ 13900 | 62D) 7u9.67 a7 12.92 1.01 120 xA.Ea
7 [20735]13830R51 160 116k 1177094960 :u«ova.uwo_fmuo + 333700} 29899 1.77 6.00 0.6% 170 uly sand

« (12890 f22330(1170 ' 9720 [307¢0 12360 30930 T_ﬁ:o () ti V1494 11 9.8 0.93 0 sand
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9 pa70(19773 p830| 1160 12545 (03836 [s3s0 p2fose Tu:a 53 18380 (670 | 203,22 57 10.83 1.05 120 silvy sand
10 [391sq8ss0 3190|1160 p7630 (33230 5330 ¢ (930 _S_.oo 11019380 | 990 |  162.38 .52 8.74 0.72 130 sand
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12 |63% ZauoWNSS:S 3270) 65410 | 9970 Ru 710 |11iaas| s |i3080 ...S_ 40.40 144 17,41 1.30 6§10 sand
13 |+ | sesr {aa013{9350 [83u5] ssmi0 fizar2 _b 36O 11030}~ DIDID .Gc_ 60 4D 4.92 11,83 1.04 oo sang
1e [ 133en¢ =+ la3580(94a90| 22¢50 | 3270 |+ bsa | 33300 froaltyzon :q_ 163,18 K3 Y 1.16 L.00 \10 31y sand
15| < [5679 » » [&770[31830 | 5420(20|74n | 923an| « |12340] s00 TE 7.59 1L.3% 0.75 130 sily sand
16 | = soraf ¢ » | 6a30{ 38250| ugza| » .Sx_u_.:o 1aof1v330| 850  321.2) ).54 13.08 0.93 0 riud
17 <« 1 30| + + | 75030830 { 9320| <1009 1c2250f * |126UD BOV 96.63 318 J.4D L1g 190 mud
18 + | 6060 * < [bunl | 23250] 9(uD| *| 600 £i22D| * |Iv135D) 799 261.7 £.5] _u._mL 2.04 100 mud
19 | 23200 s900) « * | suw0| 27790| 9730| < {1039 1i030| - |izero] €30] V.6 9.44 14,51 1.23 110 mud
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Table (2): Correlation matrix between element concentretion, specific surface area,

weight loss, organic carbon and the particle-mean diameter.

Na Mg Si P K Ca Ti Cr Aln Fe Co Zn Ag SSA WL jcss% Wt loss® % argamic D mean
at 43¢ at 1000*C  carbon { pm)
Na 1 004 030 -Q.is Q.77 Q.26 0.10 Q0.1D 0,28 0.2 033 0.9% -0.08 -Q.44 -0.:2 -0.44 -0.19 0.32
Mg 1 0.3 -0.20 0.)6 G.38 0.53) Q.69 0.06 0.33 -0.4l Q.10 0.47 0.21 -0.07 0. -0.15 -0.21
/

Si 1 -0.25 0.67 0.17 -0.10 0.3 -0.2% -0.3) 0.59 0.01 0.07 -0.33 -L.5u -0.58 -0.32 -0.03
P 1 -0.01 -0.18 -0.18 008 -0.07 -0.08 -D.07 -0.0% -0.11 -0.2aq -0.11
K l D.24 0.00 0.22 -0.0) -0.)7 0.2% 0.48 0.0% -D.40 -0.36 -0.2% -0.23 0.16
Ca 1 0.30 90.62 a.13 .37 0,62 -0,13 90.03 ~0.03 22 -0.25 -p.38 -0.13
Ti | Q.04 a.21 0.8 -G.77 -0.21 Q.17 0.06 -0.31 0.02 -0.23 -0.14
Cr | 0.0} 0.3 -G4«3 -0.22 0.2 ~0.02 -0.16 -0.03 -0.18 -0.17
Mn 1 0.23 -0.17 0.20 0.0l 0.13 a.13 0.13 -D.18 0.01
Fe 1 -0.90 -0.15 0.3} 0.20 5.37 0.490 -0.0¢ -0.27
Co I .00 -0.13 .0.20 0.2 -0.37 -0.13 0.25
Zn $ D8y 0.2h .16 0.16 0.13 -0.01
l>m { 0.37 .2 0.25 -Q.19 ~0.17
Au!p 1 £.30 0.22 0.19 -0.53
nﬁu. loss | 0.33 0.51 ~0.09
at b0)*C

Wi. loss 1 0.44 0.07
at 1000°C

Organic % 1 Q.17
carb

_O wean (um) ]
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Table (3): Content of major cations alkali metals and calculated CaCo3 and MgCO3 in sediments.
: | |

f Sampie Ca0o CaCO3 MgO MgCO3 Total Na,O K,0 Na20/K20
No. | (WE%)| (Weew) | (wew) |(wise) | SrPORAte | (wes) (We.5%) :
1 10.32 18.43 _3.20 6.69 25.12 0 2.47 0

B 2 32.6% 58.28 1.32 2.76 61.04 10.84 3.0z 3159
3 0.42 0.75 0.73 1.53 2,28 .62 2.25 0.72
y 4.58 2.18 1.1 2.4] 10.59 13.76 5.30 N,
3 2.06 3.68 1.20 2.50 6.19 7.77 .07 2.53
6 10.66 | 19.04 2.66 5.56 24.60 0 2.39 0

| 7 N [3.29 | 23.73 2.29 4.79 28.52 3.58 2.83 1.97
. 7:.11 12.70 2.14 4.48 17.18 0 2.3% 0
9 6.14 10.96 1.79 .74 14.70 8.67 3.02 2.87
{0 4.65 8.30 1.48 1.0% 11.39 10.36 4.25 2.48
11 15.36 | 27.43 2,14 4.48 31.91 0 2.18 0
12 9.19 16.41 2.32 4.85 21.26 1.71 3.20 0.53
13 7.80 | 13.93 1.00 2.0% 16.02 0 2.0l 0
iz Aty 5.61 0.89 1.86 2.47 0 2.28 0
t5 k.39 7.84 0.99 1,97 9.81 0 1.63 0
16 5.36 9.57 0.84 1.76 11.33 0 .55 0
17 §.32 7.14 0.96 2.01 9.15 0 }.82 0

|
18 3.26 5.82 I1.01 2,11 7.93 0 1.30 0
19 1.89 6.95 0.98 2.05 9.00 0.62 1.31 0.47
20 4.03 7.20 0.9] 1.90 5.10 0.63 131 0.48
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Table (#): Concentration ol dillerent elernents at 100% particle
size <|00 um as extrapolated from Fig. (4).

element concentration of element {ppm), at 100% particle size <100 pm (w1.9%)
I d
Cr b5
Zn 12500
Fe 115000
Ag 100
Mn 980
Co 200
Ca 41500
Ti 17000

Table (5): A comparison ol maximum values of metal concentrations in sediments from El-Ryah

el-Twliky and ils extensions with other locations and "average" background level.

Location of sedinients N

and relerence. T

Ottawa River [13] —— 22 118 9200 ( 11 \r 4
[

Bhine River [4]) ~——- 119s -— —- 3a T 206!

l Ems Raver {1u) —-—-- 206 ——-- _— 68 1408
Conway River [15] 50U0 100 8500 130 1300
Conway Estuary [13] 6000 85 300C —— 40 2000
Firth ol Clyde-siudge —— 308 1000 61000 40 826
deposite area, [16]

New York Bight-Sludge -—n- 209 - “om- -~ 445
deposite area, [5]

Fumber, Immingham- 12000 235 1098 99000 30 519
Grimsby Area, [2] . —

Nile River, Rosetta | =-e-- - 330 3z100 -~ -340
Branch, 4] |
Ei-Ryah el Twiiky and its| 13000 50 1400 114000 360 19600 —‘
extensions {our results)

Average Shale (17] 4500 100 J 850 4700 20 80
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