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ABSTRACT

welve sediment samples were collected from Lake Manzalah during

summer, 2004 to examine the influence of dissolved humic and fulvic
acids on the distribution of trace metals in surficial sediments of the Lake.

Trace metal concentrations in the humic acid extracted from the Lake
sediments showed considerably high contents of iron (1046-3069 pg/g);
copper (234-1498 pgfg) and zine (110-394 pgfg) . The other trace metals
{Co, Cd, Cr, Ni and Mn) revealed low concentrations, ranging from 11.3
to 156 ng/g. The metal concentrations in fulvic acid were in the following
order: Fe (465-2767 pg/g); Cu (49.6-250.6 pg/g); Zn (49.3-186.6 pg/e);
Cd (39.6-80.8 pg/g); Ni (20.4-153.4 pglg); Co (12.5-78.0 pg/g); Mn
(11.8-55.9 pgfg) and Cr (9.1-39.6 pg/g). The values of Cu and Cd
percentage associated with the humic acid were high comparing with that
reported in the other metals. This relative percentage was decreased for
the same metals in association with fulvic acid. In general, the results
indicated that the amounts of trace metals in humic acids decreased as
follows: Fe > Cu >Zn > Ni > Co > Cd > Mn > Cr. While in fulvic acid the
order was: Fe> Cu>Zn> Cd > Ni> Co > Mn > Cr.

INTRODUCTION
Lake Manzalah is covered with macophytes and floating plants
which are characterized by their potentiality in assimilation of nutrients
and heavy metals from the water and sediments. El-Saraaf (1995) showed
that there is potential contamination of aquatic macrophytes by trace
metals (Pb, Cd, Zn, Fe and Cu).These plants play an important role in the
constituents of humic substances. The lake receives heavy loads of
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organic and inorganic pollutants via drains.Organic matters in the lake are
one of the important sediment components. The previous studies showed
high content of organic carbon in the lake sediments, ranged from 0.9 to
9.5%.The lake receives about 7500x10° m’® of untreated industrial,
domestic and drainage water annuaily , as well as agrochemicals and
about 3x10° m? of this wastewater is heavily loaded with organic matter
and pollutants, which cutflow daily into the Mediterranean Sea (Abdel-
Baky ef al., 1991; Ibrahim ef al., 1997 ; El-Sherif & Gharib, 2001). The
resuits recorded by El-shebly (2002) showed that heavy metals
concentrations in fish muscles were above the recommended standard of
the USEPA and the Egyptian laws ; the levels of the metals content
represent a polential human health hazard .

Many absorbent substrates in the natural environnient are known
to have a strong reaction with respect to the transfer of many poliutants,
including the trace metals. Among these substrates are clays, organic
matter and its subfractions (humic substances). Humic substances are
natural dissolved organic polyelectiolyte formed by breakdown of
animals and vegetables matter in soils, sediments and water
environments. Generally, they form the major fraction of dissolved
organic matter that represents 90% of dissolved organic carbon (Zhou er
al., 1994 ; Liu & Gonzalez, 1999). The classical view states of humic
substances are macromolecular, negatively charged that contain mainly
carboxylic and phenolic functional groups as well as hydroxyl, amine and
quinone groups, which provide a number of different potential binding
sites for metal ions (Swift, 1989). Humic substances are divided into three
crude fractions based on their solubility in aqueous acids and basis;
humin, humic acid and fulvic acid. Each fraction is a mixture of organic
substances having a wide range of molecular weights and negative
charges, with varying structural and functional properties (Hayes & Swifft,
1990 ; Stevenston, 1994). Each fraction has a strong ability to interact
with metal lons, oxides, hydroxides, minerals and other organic
substances o form waler stable associations (Schnitzer, [989;
LeBoeufand & Weber, 2000). The interactions between trace metals and
humic substances affect the potential for transport of the metals by either
increasing or decreasing the states of redox potential and solubility and
thereby causing their mobilization or immobilization through
complexation or precipitation {(Lovley et al., 1998 ; Wildung et al., 2000).
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The purpose of the current research is to examine the role of
dissolved humic and fulvic acids on the distribution of trace metals in
surficial sediments of Lake Manzalah.

MATERIALS AND METHODS

1. Area of study

Lake Manzalah is one of four coastal lakes situated at the
northern region of Nile Delta. It is a shallow brackish ecosystem, lics
between long 31° 45", 32° 15" E and Lat. 31° 00", 31° 35' N. It covers an
area of about 699 Km? (Samir, 2000), with an average depth of 1 m. It is
connected with the Mediterranean Sea through a short channel (Boughaz
El-Gamil). The Lake receives annually about 7500 x 10° m® drainage
waters (Abdel-Baky er al, 1991 ; El-Sherif & Gharib, 2001). The
wastewaters are discharged through six drains, located at the south-
eastern part of the lake; industrial and sewage wastes {Bahr El-Bagar
drain); sewage wastes (El-Matariya drain) and agricultural drains
(Ramses, Hadus, El-Gammaliya and El-Sirw drains).
2. Samples collection and preparation

Twelve sediment samples were collected from Lake Manzalah by
plastic cylinder ( PVC ) 6 cm in diameter (Fig. 1). Sample sites were
selected to represent all the different degrees of influence by sewage,
industrial and agricultural wastewater. Plastic tube was forced gently into
the upper layer of the sediments (20 cm) . Wet sediments were taken to
the laboratory in polyethylene bags. Sub sample was left dry in air in
Petri- dishes at room temperature. After separating of foreign solids and
moliusk shells, air dried sediment was homogenized with a pestle and
mortar to normalize for variations in grain size distribution and sieved
through 2 mm mesh size sieve.
3. Extraction, fractionation and purification of humic substances

Sediments humic and fulvic materials were doubly extracted from
the sediments with 0.5 M Sodium hydroxide (NaOH) solution with a
sediment/extraction ratio of 1:4 g/ml under nitrogen gas (Alvarez et al.,
2004). Samples were extracted overnight in an end-over-end shaker in
polyethylene centrifuge tubes and then again for 3-4 h with fresh NaOH
solution. The samples were then centrifuged to remove these materials
from the supematant containing dissolved humic and fulvic acids.
Following centrifuging, the supernatant was filtered and acidified to pH
1.5 using 6 N HCI at which only the fulvic material is soluble (Alvarez er
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al., 2004).The pi‘ecipitated humic acid was then allowed to settle. At this
point, humic and fulvic acids were treated separately by vacuum-
siphoning the fulvic-containing supematant. The supernatant of fulvic
acid was purified using amberlite XAD-8 resin (Gondar ef al., 2004} and
remove inorganic impurities, followed by several washes with deionized
distilled water until the outlet solution did not contain chloride (negative
silver chloride test).

The humic acids, which had been precipitated earlier, were
centrifuged and washed several times with 0.1 M HCl followed by
washing with deionized distilled water. Humic material was dissolved
using 0.1 M KOH and then cenfrifuged to remove suspended
solids. Reprecipitate the humic acid with 6 M HCI to pH 1.0. suspend the
humic acid precipitate in 0.IM HCI] / 0.3M HF soiution in a plastic
container, shake overnight at room temperature, following centrifuging
(this step was repeated to reduce the ash content below 1%). The
precipitate was dialyzing against DDW until the dialysis water gives a
negative Ci test with the AgNO;. Finally, the humic and fulvic acids were
freecze-dried for trace metals analysis. The extraction yields of dried
humic and fulvic acids were determined gravimetrically and reported as
mg ash-free per 100 gm dry sediments and as a percentage of total
organic inatter.

4. Trace metal measurements

The powder of humic and fulvic acids was digested in cleaned and
dried Teflon beaker at 140 °C for 10 hours, using mixture acids
HNQO3/HCL, 3:1 (El-Sayed ef al,1991).The total trace metals in the
sediments were analyzed according to Oregioni and Aston (1984) ,0.1g of
dried sediment was digested using mixture acids
(HNO3/HCIO4/HF,3:2:1). After complete acid dissolution, the resulting
solution was measured for trace metals{ AAS, Perkin Elmer model 373)

RESULTS AND DISCUSSION

Table (1) shows the contents of crganic matter in the sediments
of Lake Manzalah. There is enrichment of the sediments with organic
matter (1.96-8.41%). The quantities of total humic substances extracted
from the sediment samples were ranged from 1029 to 6290 mg/kg for
humic acid and from 520 to 2310 mg/kg for fulvic acid. The high contents
of humic substances of the sediments could be attributed to their high
contents of crganic matter.
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The levels of trace metal concentrations in the humic and fulvic
acids at different stations are shown in Tables 2 and 5. The enrichment
factor for trace metals in the humic and fulvic acids are recorded in
Tables 3 and 6. The enrichment factor defined as ratio of a metal
concentration in humic or fulvic acid to its concentration in the associated
sediments.

The results revealed high concentration of trace metals are
associated with the humic acid compared to fulvic acid at the most
stations. (Tables 2 and 5) . This was in agreement with that reported by
Nriagu and Coker {1980). Other studies which they also reported higher
content of trace metals are associated with humic acids compared to
fulvic acids (Okbah er al, 1997). The present data showed high
accumulation of iron, copper and zinc in humic and fulvic acids from
Lake Manzalah sediments (Tables 2 and 5).

Trace metal concentrations in the humic acid showed
considerably high contents of iron (1046-3069 ug/g); copper (234-1498
pe/g) and zinc {110-394 ug/g). The other trace metals (Co, Cd, Cr, Ni and
Mn) showed relatively low concentration, ranged from 11.3 to 156 pg/g.

Nriagu & Coker (1980) suggested that the metal contents of the
humic acids are strongly influenced by the metal contents of the precursor
organic matter. Also, they pointed that the introduction of metals into HA
and fulvic acid is strongly dependent on the forms of the metals present as
well as on the diagenetic processes.

The metal concentrations in fulvic acid extracted from Lake
Manzalah sediments were in the following order Fe (465-2767 pg/g}); Cu
(49.6-250.6 pg/g); Zn (49.3-186.6 pg/g); Cd (39.6-80.8 pg/g); Ni (20.4-
153.4 pg/g); Co (12.5-78.0 pg/g); Mn (11.8-55.9 ng/g) and Cr (9.1-39.6
HE/g)-

The copper enrichment factor was higher than 1.0, ranged from 3 to
24 for humic acid and from 1.5 to 10 for fulvic acid. Tables 3 and 6
showed that the cadmium enrichment factor was greater than that
of copper, it ranged from 6 to 196 in humic acid and from 7 to 236 in
fulvic acid. In addition to Cu and Cd, the most of samples revealed
enrichment factors more than 1.0 in humic acid, including Co (1.03-4.6)
and Ni (1.1-4.5) ,while in the fulvic acid were (1-3) for Co and (1-3.6) for
Ni. On the other hand, the enrichment factors for the other metals (Cr, Zn,
Fe and Mn) were less than 1.0. This can be explained by the high
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concentration in the sediments than the levels observed in the humic
substances.

The percentage of trace metals associated with humic and fulvic
acids are recorded in Tables 4 and 7. It is clear that Cu and Cd
percentages associated with the humic acid were high comparing with
that reported in the other metals. It is represented by 1-6% for Cu and !-
23% for Cd. The relative percentage was decreased for the same metals in
association with fulvic acid; less than 0.5% for Cu for all station, except
station IV (0.83%), while the Cd percentage, bound to the fulvic acid
showed high levels (< 1.0 to 13%). It was estimated that < 0.10% of the
other metals (Co, Cr, Ni, Zn, Fe and Mn} are bound to the fulvic acid. The
high levels of Cu and Cd accumulated by humic and fulvic acids can be
explained by strong affinity of HA and FA for the two metals. The high
accumulation of Cu and Fe by HA was also observed in Lake Ontario
{Nriagu & Coker ,198G}

On the other hand, the low percentage of the other metals may be
due to the inability of these metals to compete with Cu and Cd for binding
sites in the humic substances. The other interpretation explanation is the
subsequent displacement of trace metals from the binding sites in the
humic substances by Cu and Cd. Callendar & Bowser (1980) suggested
that copper is mainly transported to the sediment surface in association
with a biogenic carrier. Chester et al. (1988) reported that 50% of the total
Cu in the surface water particulates is held in organic association and
deposited at the sediment surface. Niriagu & Coker {1980) found that the
humic acid isolated from Lake Ontario sediments contained higher
concentration of copper than the fulvic acid isolated from the same site
(10-20% of the copper is bound to the humic acids). According to the
results obtained by El-Sayed er al. (1991), the relative concentration of
Cu in the humic substances of Lake Edku was between 2.03% and
43.04%. The organic-Cu fraction in the surficial sediments of Lake
Burullus ranged from 3.44 and 10.4% (Okbah, 1991), the value increased
to reach 26.8% for the organic-Cu fraction in the surficial sediment of
Lake Nasser (Shata et al., 1993).

The distribution of Ni in the HA and FA did not have the same
trend of both Cu and Zn. The results showed that the levels of Ni content
were high in FA at stations IV and V. The opposite was recorded in the
other stations, which the high concentration of Ni was found in the HA.
This may be related to the high content of CaCOj at these sites (60-67%).
Ni and Ca ions strongly compete with each other for reactions with the
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humic acid. The results recorded by Zhou ef al. (2003) indicated that high
concentrations of Ca in the contaminated water could strongly inhibit the
complexation of Ni ions , whereas an increase in pH and the humic
concentration could attenuate such competitive interactions.

Generally, the ability of metal complexation with humic substances
is critical in evaluating heavy metal reactivity, mobility and fate in the
environment because pH is one of the most critical parameters in the
chemistry of metal ions and humic substances (Zhou et al., 2005).

The most striking feature of zinc is the relative higher
contributions of humic acid fraction compared to fulvic acid. Zn in the
HA fraction ranged from 0.04 to 0.22% of the total . The higher value
(0.22%) was recorded at station [V, which is characterized by relative
high content of organic matter (7.93%); the considerable amount of
carbonate (37.80%) and the type sediment (clay loam), are favoring the
absorption process. Nriagu & Coker (1980) showed that the zinc
associated with humic acids in Lake Ontario sediments contributed 0.18%
and 0.39% of the total Zn.

As shown in Table (8), the Co and Cu concentrations in the humic
acid isolated from Lake Manzalah sediments were higher compared to the
data of Lake Edku and Lake Mariut . On the other hand, the levels of Cu
associated with fulvic acid were lower than that extracted from the
sediments of Lake Mariut, Lake Edku and Lzke Ontrario.

The results of the present work showed that the average
concentration of Cd in the humic and fulvic acids extracted from Lake
Manzalah sediments {Table 8) is higher three folds than that recorded in
Lake Mariut (Okbah, 1997). The high levels of Co, Cu and Cd may be
related to the point sources of polluted waters from sewage and industrial
wastewaters (Fig. 1).
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Table 1: Organic matter, humic acid, fulvic acid and total trace metal
concentrations of Lake Manzalah during summer 2004.

’ - - - B

Organic | Humic Y%Humic Fulvic %Fulvic Total Trace metals (ug/g)
L - .
Co Cd Cr Cu Ni Zn Fe ‘
| matter acid acid acid acid
| 841 1550 6.40 730 3.00 37 {127 | 47 | 98 70 | aa |unss2 |
.
LJ 552 1970 820 | 1020 § a20 | ss s | osa jion | 79 | 424 | 11828 |
I 441 1480 360 920 170 | 43 Jiss | 65 | 9 73 [ 379 | 11360 Ta’
793 | 6290 790 | 2109 | 270 I 19 | 168 2% | 2 62 | 275 | 9184
631 1960 3.0 140 | 160 f 28 198 | 74 | 90 29 § 367 | 11431 |}
| 689 | 1029 150 | s2 | o080 34 J19s | 93 | s6 | a2 | 377 fioes2
1.96 1160 1.30 610 0.70 I 23 | 164 I 83 32 52 [413 9188
228 f 2050 2.50 1go | 140 2 Jres § 7 28 rze 402 | 9802
2.07 2090 10.10 1098 | 530 31 | 251 | 88 | 36 28 | 402 | 10834
5.86 4180 7.13 2310 3.94 46 | 154 } 85 55 a9 | 470 | 11688
207 1770 8.60 1048 5.10 4 fras | 93 a4 60 | 450 | 11141
4.83 1410 292 594 1.23 27 157 | 84 37 I a1 | 491 | 10787 |
1 196 | { w0 | J o0 ] e fJu2r |28 |2 | o2s fars | ooiea |
| 841 { 1010 | | s30 | ss fast | 93 Jor § 79 [ aor | nsas ]
| 492 1§ ] s3] Gl 269 {34 Jus | 70 | s o si | o402 | 10171T
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Table 2: Trace metal concentrations (mg/kg) in humic acid extraction from
Lake Manzalah sediments during summer, 2004.

| Station |Co cd o cu [Ni Zn |Fe [Mn
I {1550 [3540 [31.80 (120950 [83.80 [142.50 [2050.00 |19.80
0 [97.60 {33.50 |24.10 [258.60 [91.40 {19510 {2783.00 {59.60
| m [95.80 3170 |51.00 |502.00 [156.00 [394.00 {1736.00 {36.60
| v l6090 (4360 [38.80 [23400 [17.80 [110.40 {1508.00 [61.90
V. [13050 [5430 13510 [1498.00 [16.40 |[144.50 [1046.00 [30.40
vi - 1790 |65.60 [77.50 [357.50 J46.50 15930 [1689.00 {96.50
| v [1130 [59.00 [25.10 [427.80 10430 |11340 [908.00 |17.80
VI [88.40 [53.40 [39.60 [293.80  [98.60 [250.00 [3069.00 }47.60
| X |6860 [46.50 [34.10 [396.90 {123.90 [138.40 [1135.00 [19.00
I X [7230 [38.00 [2950 [425.00 [s820 [125.00 [1711.00 [41.50
| x1 {8160 [42.40 {3430 [531.50 [63.70 {113.10 {1578.00 [47.30
[ X1l [64.10 [51.70 13160 [346.10  |80.40 [127.30 |i820.00 |35.40
Table 3: Enrichment factors for trace metals in the humic acids, Lake
Manzalah sediments during Summer 2004 .
S=ta.tion Co Cd Cr Cu _]—\Ii Zn Fe Mn
1 041 l686 o039 Jie7a  ho3  Jo3s  [o.is 0.02
it 179 [3091 o222 [3.46 .02 fos2 o4 0.06
10 229 |82l 041 [7.30 212|021 Jo.s 0.04
v 321 768 o838 1600 |roos  Jo.s7  Jo2i 0.20
Vv 464 964  Jos9 420 105 Joda  Jo.o9 0.05
VI .03 [11.79  o.84 [9.45 109 {056 Jo.as 0.12
Vil 1.08 19670 Jo4as 2130  J200  fo32  Jo.io 0.02
VIII 275 D767 loes Ji780  [3.81  Jo.so  Jo.3i 0.06
IX 219 N334 {049 Jia60 a4 043 Jo.i0 0.02
X 157|679  Jo2¢ lio20  i.ig Jo31r  Joas 0.06
X1 238 150 Jos2 lis70  l107 30 {o.14 0.08
X 246 |oas  Jos3 fiago  [195 o34 Joa7 0.07
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Table 4: Percentage of metal associated with humic acids, Lake Manzalah
sediments during summer 2004

Station [Co  |cd  [Cr  [Cu  INi [Zn  |Fe [Mn
I 001 098 [0.06 [2.60 008 [0.06 [0.03 fo.o1
Il 002 1636 [0.04 Jo.68 020 10.10  [0.05 jo.o1
HI o3 128  [o.os [i.08 jo32  joas  jo.02 [0.01
v Joor 28 (188 leas  Jo.n Jo22  Joog  [0.08
v 001 196 joasa 470  Joro ooo ooz l0.01
Vi oot j1.25 o1 o3 0.i2  Jo.o6  [0.02 lo.01
VIl foor 2330 Joos 250  Jo23  fo.oa  [o.01 [0t
VI [o.or 367 Joi4 [0 077 jo.t6  [0.06 001 |
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Table 5: Trace melal concentrations (mg/kg) in fulvic acid extraction,
Lake Manzalah sediments during summer, 2004,
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Table 6: Enrichment factors for trace metals in the fulvic acids, Lake
Manzalah Sediments during summer 2004.
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Table 7: Percentage of metal associated with fulvic acids, Lake Manzalah
sediments during suminer 2004.
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Table 8: Range and average concentration of trace metals bound to humic
and fulvic acids (ug/g) compared to the reported values in other Lakes.
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