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Summary

Contract Number: 8471/EP

Title of the Project: Transport and inventory of mercury from point sources in Haifa Bay.

Research Institute: Israel Oceanographic & Limnological Institute.

Principal Investigator: Dr. Barak Herut

Time: One year.

The purpose of this study was to examine the main sinks and transport mechanisms of

anthropogenic mercury in the northern part of Haifa Bay.

Haifa Bay is located at the northern Mediterranean coast of Israel. Mercury has been

constantly introduced into the northern part of the Bay since the opening of a chlor-alkali plant in

1956. Between 1975-79 the flux was drastically reduced after installation of pollution abatements

and in 1981 it was reduced further to its present level of -30 kg yr-1. The total calculated amount

of mercury introduced to the Bay during the last 38 years is about 19,300 kg.

The distribution of mercury in surficial sediments of the entire Haifa Bay demonstrates

the northern part of the Bay as a separate system influenced by a single anthropogenic point

source of mercury. After the drastic reduction of mercury influx into the Bay, the accumulation

of mercury in the sediments stopped due to higher removal than supply rate. The total amount

of mercury in the upper 50 cm layer of the sediments was found to decrease with a half-time of

6-33 years for sediments at water depths between 6-9 meters. The latter was calculated on the

basis of the long-term record of mercury levels in sediment cores. The main removal

mechanism of mercury from the sediments is probably the resuspension of mercury-laden

particles and their subsequent seaward transport. Some of the mercury is also removed via the

food chain.

Mercury inventory in sediments of the inner northern part of Haifa Bay was calculated

by backwards extrapolation of the total amount of mercury which could have been present in the

top 50 cm sediments if only accumulation processes occurred. The amount trapped in the

sediments accounted for only approximately 10% of the total estimated amount of

anthropogenic mercury. Part of the missing mercury settled in the sediments of the outer Bay

and a significant part was transported seaward by mercury-laden particles and as resuspended

near shore sediments. Indeed, relatively high concentrations of suspended paniculate matter (1-

3 mg I'1) with mercury concentrations (1-10 |ig g'1) of one order of magnitude higher than in

the surface sediments were sampled in the area opposite the chlor-alkali plant.
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Objective
The objective of this research was to study in more detail the fate of mercury supplied by two

point sources in Haifa Bay (the chlor-alkali plant and the Kishon river), by determining the

mercury concentrations in the suspended matter phase and the mercury loss from sediments

opposite these point sources. Such understanding will effect the way we look at point sources

pollutants along the Israeli coast.

Material and Methods

Sampling and analytical procedures

Sediment cores from stns. 9 and 10 (Fig 1) were collected by divers using 100 cm long

perspex tubes, 3.5 cm in diameter. The tube was capped to maintain suction, withdrawn, sealed

and frozen within hours. After slight thawing of the core tubes, the contents were slipped out

and sectioned into 2 cm depth intervals down to the length of the core.

Surficial sediments from stns. 9 and 10 were collected by divers using a frame and plastic bag

(~3 cm top layer). The surficial sediment sampled from the entire bay (Fig. 1) were collected by

an Ocean Instruments BX700 AL box core with 0.062 m2 sample area, from the R/V

Shikmona. The samples were frozen and then lyophilized for 48 hours.

Suspended Particulate Matter (SPM) was collected from surface and bottom water from the R/V

Shikmona. by Niskin bottles. The concentration of SPM was determined from the dried mass

retained on a pre-weighed Millipore HA filter (0.45(j.m) after pre-filtration through a 63|im

sieve.

Chemical analysis

For Hg determinations approximately 1-2 g of dry sediment or SPM filter was digested

for 3 hours at 140 C with concentrated nitric acid (65 wt%) in Uniseal, teflon- lined, high

pressure decomposition vessels. The digested samples were cooled, transferred to aerating

flasks and diluted to volume with deionized distilled water. Each sample was analyzed at least

in duplicate.

Total mercury was measured by cold vapor atomic absorption spectrometry on a

Coleman Mercury Analyser MAS-50A.

The accuracy and precision of the methods were evaluated on the basis of analysis of

several international standard reference materials in each batch of samples (Fig. 2).



Results and Discussion
Most of the results and conclusions of the present study are presented in Appendix I,

in the papers: (1) "Environmental relaxation in response to reduced contaminant input: The case

of mercury pollution in Haifa bay, Israel, and (2) Long term record of mercury decline in Haifa

Bay (Israel) shallow sediments (submitted).

Distribution of SPM and paniculate mercury concentrations

The distribution of mercury concentrations in SPM in the upper water mass is

controlled mainly by the northern point source of anthropogenic mercury. These particulate

mercury concentrations are composed from particles emitted directly from the chlor-alkali plant

and resuspended sediment particles enriched with mercury (Fig. 1). The distribution of

particulate mercury concentrations is not related to the distribution of SPM concentrations (Fig.

2). The SPM concentrations are dictated by the Kishon river mainly during winter season and

also by the phytoplankton concentrations mainly during spring and summer. The distribution of

mercury concentrations in SPM in the lower water mass is controlled mainly by the southern

point source of anthropogenic mercury (the Kishon river estuary) (Fig. 1), and is dominated by

resuspension of sediment particles polluted with mercury.

The concentrations and distribution of SPM and particulate mercury further indicate

that significant portion of the mercury emitted into Haifa Bay does not reach the bay sediments

and is transported seaward.
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Fig. I. Distribution of mercury concentrations in
suspended particulate matter in Haifa Bay.
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Fig.2. Distribution of suspended particulate matter in the lower water
body of Haifa Bay.



Appendix I

Environmental relaxation in response to reduced contaminant input: The
case of mercury pollution in Haifa Bay, Israel. B. Herut, H. Hornung, N.
Kress and Y cohen. Marine Pollution Bulletin, vol 32, no.4, pp. 366-373,
1996.



LONG TERM RECORD OF MERCURY DECLINE IN HAIFA BAY (ISRAEL)

SHALLOW SEDIMENTS

Barak Herut, Hava Hornung and Nurit Kress

The National Institute of Oceanography,
Israel Oceanographic and Limnological Research,
Tel Shikmona, POB 8030, Haifa 31080, Israel

Summary
The long term record (1981-1995) of mercury levels in Haifa Bay shallow surface sediments
showed a decrease of mercury concentrations in response to the drastic reduction of the influx of
anthropogenic mercury into Haifa Bay. At stations opposite the chlor-alkali plant mercury
concentrations were found to decline with a half time of about 15 years. Due to several
sedimentation processes a long term record of mercury concentrations is necessary to clearly define
this decreasing trend.

Key words: Mercury, sediments, Haifa Bay, anthropogenic, contaminantion, temporal trend

Introduction
Haifa Bay is located at the northern Mediterranean coast of Israel. Anthropogenic mercury has

been continuously introduced into the bay through two major point sources: one located at the

northern part of Haifa Bay south of the Na'aman River estuary, at the outfall of a chlor-alkali

plant, and the second located at the Kishon river estuary in the southern part (Fig. 1).

Consequently, elevated levels of mercury relative to other sites along the Mediterranean coast of

Israel, were recorded in the shallow sediments of Haifa Bay as published in previous studies

(Herut et al., 1993, 1994, 1996; Hornung et al., 1984, 1989; Krom et al., 1990, 1994).

Since 1980, systematic monitoring of trace metals in the sediments and fauna from Haifa Bay and

along the Mediterranean coast of Israel, have been carried out as part of Israel's National

Monitoring Program within the framework of the international MEDPOL program. This long term

record was used to evaluate the temporal trend of mercury levels in the shallow sediments of Haifa

Bay.



Materials & Methods

Sampling and analytical procedures

The locations of the sampling stations are shown in Fig. 1. Surface sediment samples were

collected by a small epoxy coated grab from the R/V Etziona or by divers using a frame and plastic

bag (~3 cm top layer). Each sample was mixed, lyophilized, and then sieved. Only the fraction

smaller than 250 |im was taken for analysis, being the dominant fraction (> 90% by weight).

Chemical analysis

Approximately 1-2 g of dry sediment was digested for 3 hours at 140 *C with concentrated nitric

acid (65 wt%) in Uniseal, teflon- lined, high pressure decomposition vessels. The digested

samples were cooled, transferred to aerating flasks and diluted to volume with deionized distilled

water (DDW). Each sample was analyzed at least in duplicate. Total mercury was measured by

cold vapor atomic absorption spectrometry on a Coleman Mercury Analyser MAS-50A. The

accuracy and precision of the method were evaluated on the basis of analysis of several

international standard reference materials with each batch of samples (Fig. 2).
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Results & Discussion

The main input of anthropogenic mercury into the northern part of Haifa Bay is via effluents of the

chlor-alkali plant that are discharged into the bay since its opening in 1956. At the end of 1976 the

mercury flux was drastically reduced after the installation of pollution abatement measures and in

1981 it was reduced further to its present level of about 30 kg y r 1 (Fig. 3). The total calculated

amount of mercury introduced to the Bay during the last 38 years is about 19,300 kg.
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Fig 3: Annual input of mercury from the chlor-alkali plant into Haifa Bay. The data before 1975
were calculated from the annual chlorine production based on the known amount of mercury that is
released per ton of chlorine produced. Since 1975 the data are calculated from continuos mercury
measurements in the effluents.

Relative high levels of mercury (concentrations between 0.42 to 0.98 \xg g~l dry wt.) were

recorded at stations close to the chlor-alkali plant. This northern point source is well defined by the

distribution of mercury concentrations in the sediments of Haifa Bay (Herut et al., 1996). In the

sandy shallow sediments along the shore of the bay a gradual decrease of mercury concentrations

was observed along a transect southward and northward from the point source (Stn. 8) (Fig. 4). A

similar behavior was observed for the stations at the 6m water depth along the same north-south

cross section (stations 2,9 and 23). The concentrations also decreased seaward. Fig. 4

demonstrates high levels of mercury being introduced through the Kishon river at the southern part

of the bay, and that its dispersion is limited to the Kishon estuary.
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Fig 4: Mercury concentrations (jig g~l dry wt.) in surficial sediments from the shallow area of
Haifa Bay.

The total amount of anthropogenic mercury in the top ~3 cm sediment layer of lm width is

represented by the area under each curve in Fig. 4. It was assumed that the change in mercury

concentrations between successive stations is linear. This amount (Atotal) w a s calculated by:

A total = Csed x V x BD
where Cserf is the concentration of mercury in the top 3 cm (\xg g'l dry sed.), V is the total

volume of sediment along the transect (cm^) and BD is the bulk dry sediment density (1.33 g

cm~3 from Krom et al., 1994). Applying this equation, the amount of mercury in the top 3 cm of

sediments from the northern part of Haifa Bay (between Stations 1 and 22) shows a non-gradual

decrease of about 30% during the last 11 years, from 1.2 kg in 1984 to 0.85 kg in 1995. At the

distant stations (18 and 22) from the northern point source no temporal decrease was observed. A

similar decreasing trend is exhibited in a sharper way by a systematic gradient of the long time

series concentrations of mercury in surficial sediments from Stations 8 and 9 at 3 and 6m water



depths, respectively (Fig. 5). The exponential least square fits through the data in Fig. 5 have a

correlation coefficient of 0.85 and 0.89 for Stations 8 and 9, respectively. The latter represents

only the summer samples due to high seasonal variability. Such a trend is not observed at stations

10 and 11 at 9 and 12m water depths. In data of a shorter time-series the long term trend can be

masked by large variations due to the different rates of several processes which affect the surficial

sediment concentrations (e.g. sedimentation rate of natural sediments, resuspension rates, mercury

supply etc.). Indeed this was the case between 1980 and 1989 (Krom et al., 1990) when no trend

was observed for the same stations.
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Fig 5: Temporal changes of mercury concentrations (fig g-1 dry wt.) in surface sediments
sampled at stations 8 and 9 opposite the chlor-alkali plant outfall.

Assuming a constant sedimentation rate of "clean" sediments, the decrease in mercury may reflect

either a decrease in the newly supplied mercury or a net loss of mercury with time due to

resuspension and seaward transport of particles enriched by mercury . Part of the mercury may be

also removed via the food chain. The constant influx of anthropogenic mercury after the

installation of effluent treatment facilities in the chlor-alkali plant (Fig. 3) suggests a net removal of

mercury. The calculated half time of mercury in the top sediment layer is about 15 years (based on

Fig. 5). By a similar approach, using the changes of the total amount of anthropogenic mercury in

sediment cores from stations 9 and 10 (6 and 9m water depths) between 1985 and 1993, Herut et

al. (1996) calculated a half time of mercury of about 6 and 33 years, respectively. They suggested,



as previously noted by Bothner et al. (1980), a water depth dependent removal of mercury mainly

due to resuspension of paniculate mercury (by wave generated turbulence) and its seaward

transport by bottom currents. Although similar half times were found, the somewhat different

values calculated in this study are probably due to the use of mercury concentrations instead of

total amounts in the sediment. The temporal variations of natural sedimentation rates, the influx of

new mercury from the plant outlet and bioturbation mixing may dilute the surficial mercury

concentrations but will not affect the total amounts.

Conclusions

1. At stations off the chlor-alkali outfall mercury concentrations are decreasing continuously due

to the removal of contaminated sediment particles seaward.

2. A long time series of mercury concentrations in surface sediments is essential for their trend

analysis while variations of the total amount of mercury (in cores) are more sensitive and require

shorter time records.

3. The removal rate of mercury from the sediments is lower by more than one order of magnitude

than its influx reduction.
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