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Although pesticides are useful for human activities, their presence in the
environment poses a threat to mankind when they are misused. Pesticides are
harmful when they exist in their non-target sites especially when they become in
contact with water resources such as groundwater and surface water. Therefore
careful management of pesticide application is desired at the sites of application.

The type of pesticides influences pesticides residue in water bodies. It is known
that organochlorine pesticides are more persistent. The availability of pesticide
residues in the environment depends on many factors such as solubility in water,
volatilization and adsorption on the solid phase during water flow in addition to
application frequency. Domagalski and Dubrovsky 1992 showed that fine-grained
soils of the unsaturated zone inhibit pesticide leaching into groundwater.

In a developing country such as Jordan, although some of the older persistent and
bio-accumulating pesticides banned residue for use, they are still used as they
remain the cheapest. For example, some banned pesticides have been reported in
untreated wastewater at Karak region indicating that they are still in use in Jordan
due to their cheapness and high efficiency ( Jiries et al. 2001 ). Al-Nasir et al.2001
reported elevated levels of organochlorine pesticide in grape and its fermented
product wine from various sites in Jordan.

The purpose of this investigation is to determine pesticide residue concentrations in
surface and groundwater bodies at the southern edge of the Dead Sea as these sites
are agricultural areas with a potential for reuse of water from large industries existing
in the area such as potash and other salt extraction from the Dead Sea region.

MATERIALS AND METHODS

Grab water samples were collected from available surface and ground water at the
southern basin of the Dead Sea, at the end of summer 2001 for pesticide residues
and during summer 2001 for heavy metals, to avoid any dilution or addition of
rain water from winter season, also because pesticides are mainly used during the
summer season. The site is located at the southern edge of the Dead Sea where an
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intensive agricultural activity exists. The sampling sites were chosen to represent
the investigated area.

The surface water in the study area is drainage from agricultural land in the area,
drained through canals into collecting ponds where it is exposed to evaporation
under prevailing climatic conditions; therefore water of high salinity and pesticide
residue content is expected to exist in the area. These ponds are potentially used
for large industrial activities existing in the area such as potash and other salts
extraction from the Dead Sea region where there is a high demand for water.
Geologically, the study area is a part of the east African rift where the lowest
point of the continental crust exists. A large part of the investigated area is
covered with quaternary soil of high salinity, as it emerged with Dead Sea
regression in the past few decades.

Arid climate conditions prevail in the area, which is characterized by hot dry
summers and mild winters seasons. The average rainfall in the area is less than
100 mm, falling during winter season, Oct.-Apr. (NRA, 1978).

The extraction procedure for pesticide residues employed in the present study was
based on a previously developed method (Their and Zeumer, 1987). The outline
of the procedure is as follows:

1 liter of water sample was mixed with 40g NaCl, 60 ml of dichloromethane and
40 ml of deionized water. The organic phase was separated and used for analysis.
It was passed through anhydrous Na,SO4 and rotary evaporated to near dryness.

The dissolved residue was purified using activated silica gel, 60-100 mesh, (25g)
supplied by Sigma (St. Louis MO, USA) in a 22 mm ID chromatograph column.
After prewashing with hexane the sample was added to the column. The column
was eluted successively at a rate of 5 ml/min. with 50 ml dichloromethane :
acetone : Toluene (5 : 1 : 1 v/v). Fractions were collected and evaporated to near
dryness. The pesticide residue was redissolved into 5 ml n-hexane to analysis.

The extracted compounds were analyzed for selected pesticides that are expected
to be commonly used in Jordan using Gas Chromatograph (GC), HP 5890
equipped with ECD detector and auto-sampler on HP 608 Capillary column 30 m
x 0.53 mm LD and 0.5 um film thickness with split ratio of 1: 15 and Ar/CH, as a
carrier gas and head flow rate of 1.3 ml/min.

1 pL extract samples were injected into splitter injector at 250°C, and separated at
a column temperature program of 80 °C for 1 minute, 20°C/minute to 180°C,
4°C/minute to 280°C for 33 minute. Running time was 55 minute and detection
was by ECD at temperature of 300°C.
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Instrumental operation conditions for pesticides were based on previously
developed method (Becker, G.: 1979). The detection limits for the investigated
pesticides are 0.003 — 0.06 mg/L.

The collected water samples were acidified with few drops of HNO; after being
filtered with Whatman No. 1 filter paper to remove any suspended materials into a
0.5 L tightly capped polyethylene bottles. Lead (IT), Cadmium (II), Cobalt (II),
Manganese (II) and Iron (III) were determined by flameless atomic absorption
spectrophotometery using Varian 800 AA with deuterium lamp background
correction (high concentration of Iron (III) and Manganese (II) were determined
by flame atomic absorption). Quantification was done for pb™, Cd*?, Co*%, Mn"?
and Fe™ using standard addition method and multiple injection technique for low
concentrations. The detection limits for the investigated heavy metals are 0.02-
3.00 ppb (flameless) and 0.02 - 0.06 ppm (flame).

RESULTS AND DISCUSSION

Typical chromatograms of standard solutions and one of the analyzed water
samples are shown in Figure 1, illustrating a good separation of analytes.

Concentration of pesticide residues in the samples calculated by comparison with
external standard peak areas :

Conc. of pesticide residues = ( Standard conc. x sample peak area )
Standard peak area

In all analyzed samples, no organophosphorous pesticides were detected (except
Phosalon), although they are widely used in agricultural purposes in the examined
area. This can be due to fast rate of degradation of this class of pesticides that was
accelerated through the very hot and arid climatic conditions in the area.
Statistical summary of the detected pesticides in the investigated area are shown
in table 1. Vinclozolin, Tetradifon, bromopropylate, Fenpropathrin op DDT, pp
DDT, pp DDE and pp DDD were detected in 72.7% , 72.7% , 18.2% ,18.2% ,
18.2% , 18.2% , 18.2% and 27.3 % (with respect to 22 samples) of the surface
water samples, respectively. On the other hand, Vinclozolin, Tetradifon, op DDT
and pp DDD were detected in 90.9% , 45.5%, 27.3 % and 18.2% (with respect to
22 samples) of the ground water samples, respectively. Vinclozoin and Tetradifon
were detected in most of the analysed samples and tetradifon was in the highest
concentration in some sites indicating that vinclozoline and tetradifon are still
used largely in the investigated area.

Organochlorine insecticides, especially DDT, were used intensively in canals
during past years; therefore, it is still detected with its metabolites (DDE and
DDD) in Ain younis drainage (irrigation drainage) and in low concentrations in
groundwater resources of Safi area but not in other sites of the investigated area.
Bastian et al, 1997, reported DDT presence in surface water at detectable levels in
USA and it was attributed to its use during the past years.
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Figure 1. Chromatograms of the standard solutions and water sample
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All of the detected pesticides (Table 1) were in low concentrations, except those
collected from irrigation drainage sites, with transient peak concentrations
reaching 3070 and 3770 ng/L for tetradifon and 1300 ng/L for pp DDT. This
could be due to either low rate of application at the source area and attachment to
the sediments along their flow as they are associated with solid phase (Mcintrye
and Lester, 1984) or due to its low solubility and low photo-oxidation (Dubus et
al. 2000), therefore they were found in low concentration under the prevailing hot
and dry conditions of the area.

The difference in pesticide type and concentration between the sampling sites
could be due to difference in pesticide usage and frequency of pesticide
application. An obvious example can be found in DDT and its metabolites (DDE
and DDD) where it was detected in the sourthern part of the investigated area but
not in its northern part although the two sites are not too far from each other.

The types of pesticide residues in the investigated area are different from those
reported in north Jordan Valley, around 100 Km north of the investigated area.
This can be due to different application of pesticides at the two sites, although the
climatic conditions are similar.

Descriptive statistics of heavy metal concentrations in surface and groundwater of
the investigated area is shown in Table 2. In most of the samples heavy metal
content (except iron and some samples of managanese) in both surface and
groundwater are low and it could be attributed to the high pH value of the water
samples enhancing heavy metal precipitation (Revitt et al 1997) in addition to low
human activities in the investigated area.

Discernible concentrations of the metals in drainage canals, collection ponds and
groundwater were noticed. Heavy metals concentrations, in descending order, were
Fe > Mn > Pb > Co > Cd. In general, heavy metals were highest in groundwater,
then in the saline canal water and the fresh surface runoff at Safi area, which can be
due to contamination from corrosion of casing and steal pipes used for water
extraction inside the wells. Although adsorption reduces transfer of heavy metals
into the groundwater, Pb concentrations were much higher in groundwater than
surface water of the same area which was attributed to corrosion effect of materials
inside the wells such as casing, pipes and others. Pb is not highly sorbed by the soil
due to association of elevated Fe in the water (Pace et al. 1987).

On the other hand surface runoff showed the lowest concentrations due to the lack
of industrialization and urbanized areas close enough to influence surface
concentrations of heavy metals, the main source of elevated heavy metals are
most probably from natural sources such as Fe which was found in high
concentrations in both surface and groundwater and can be attributed to the iron
rich sandstone rocks existing in the investigated area.

1234



(Anqignyos oy uo sxmeraduwa) Jo 10399) D0 Uey} a1ow arnjerddwa) YSiy 1y 4

P910933p 10N :AN
sojdures asAeue zg JO N0 pa1oalap sojdwes Jo "ON : U

Jueyle
v | €66 | SIT | 98 | 9 | ¥01 | 121 | 06 SIOOTHYID -(J&uaydoioyyo-d)siq-z z-010[yo1p-1 ‘| aaqdd
QU9IAyld
0| AN | AN | aN | ¥ | sLs| oL | sp SIO3HD -(J&usydozoyyo-d)siq-z Z-010[yd1p-1 ‘| Aaqdd
aueyle
0| AN | aN | aN | «F | 0911 | 00€1 | 0101 SIOSHYID -(J&uaydozoyyo-d)siq-zZ-010[yomm- [ ‘1 Lagoo
suey3o-(jAusydoIoyorp
9 69 | OLS | 09% | ¥ | 0€9 | 00L | 0SS SIOHYD -y “7)S1q-7 “Z-0IO[YOI-1 ‘T ‘T laqgdo
91ejAxoqieosuedoidopiofAylow-e13o)
0| AN | ON | AN | v | €b¥ | 085 | 80€ | FONFHYD |-€£°€TT IAzudghxoudyd-¢-oueko-e-(Sy) | uuyjedordusg
0| aN | aN [ aN | v [ s29] oL | vS | f0ug'HID d1e[izueqouwroIqip-y [Adoxdos | apejAdoidoworg
auojns
Ol | ¥'SST | SI¥ | 8€ | 9L | Iv€1 | OLLE | TF | STOYIDH'D [Ausydoioqyou-¢‘y z-[Auaydolofyo-1 UoJIpeIR L,
QUOIP-},Z-SUIPIOZEXO-¢ ‘[ -[AUIA-G
0T | S091 | 02Z | 09 | 91 | 6€Z | 06€ | STI | CONTUDO'HED | -[Ayeuw-g-(jAusydoioyorp-6 g)-¢-(S¥) UI[OZO[OUIA
u ‘A® ‘Xewl “uru u ‘AR Xewr “uru
: : e[OWIO Quwrey [ROTWSY) SureUu UOUIWI0))
Jojempunoln) Joyem doeJINg
UOIRIIUIIUO)) S9pIoNISaq

"BAIR PIJBSIISIAUI AU} UI I9JeMPUNOI3 pue 35ejins ur (qdd) uorenuasuod anpisal saponsad T dAqeL

1235



SO[QELIBA US2MIDQ SOULISHI(T JUBIIIUSIS

Yoy 0 | vIT1 9601 6 S6 78T'1 v6 §0T1 qd
*100°0 | L16'6T 0SS '8ELY 001 C0'SS8ELY VI PILIVI € €V'TOTSTY | UIN
010 AN ¥0 S 07 0ST'1 86 9v'TCl °q
x1000 | T€L°E Y00 %4 €6 6051 08 L'0T1 0D
08L0 | LO8O 0LE'T (014 TOL'VS 9011 €9 0L9'69 PO
sdnoi3 sdnoi3 sdnoi3 sdnoi3
900 bs UooM)9 U29M)9 saoads
A uaaM}eq Jp | umpm soren 19q p 19q oIUI0]
a1enbs ues] Jo wng a1enbs ues| sa1enbs jJo wng :

"S9YIS UM UONJBIJUIOUOD S[BIOW AABQY USM)Sq SOUSISIP [ONSHRIS °€ d[qeL

sojdwes g/ JO MO SO[dWES SUIN 4 4
‘sajdures g¢ Jo no sojdwes SUIN ,
(397empunoIn) g/, pue (193em 20BJING) so[dwes pazAJeue G¢ JO INO PI3093ep so[dwes Jo "ON : U

L 6’106 00601 0l 6¢ 0€9 0681 0¢S oq
8L L *xL9°0LS AR 6¢ 17°¢9 *0V'69C | 06T UN
8L 0L'1 19T €L’0 6¢ 69'1 0TS 0r0 0D
8L 6L0 96’1 Zlo 6¢ 90 6L0 910 PO
8L 788 LSOl 99 6¢ 9I°¢ 00'L 0€0 qd
u ueowl Xeul U u ueowr Xew u
: : s[ejow AABOH
IoYempunolin Iajem 90BJING

“BaIe PIJBSIISOAUI S} UI Jojem punoi3 pue doeyins ul (qdd) uorrenuaouod sejouwt AAeSH 7 d[qe L

1236



The results of one way ANOVA at oo = 0.05 ( Statistical Program ) calculated for
surface water only is presented in Table 3. The data suggest that there are no
significant differences for Cd, Fe and Pb between the sites whereas significant
variation exists for Co and Mn within sites. This can be attributed to differences in
salinities between the sites as higher metal contents are associated with higher
salinity and not from a point source pollution where the area is lacking of metallic
industrial activities.

The overall results, for surface and groundwater resources at southern Dead Sea
basin, showed that these resources are not highly contaminated with heavy metals.
Except for those of iron and manganese, concentrations of other heavy metals in
most samples were relatively low due to the high pH value (about 7-8) of water
enhancing precipitation of these ions. Casing and steal pipes used in wells in
addition to water salinity had an effect on the contents of heavy metals (especially
of iron and manganese) of the extracted water; oraganohalogenated and
Fenpropathrin pesticide residues were detected in most of the samples (except
irrigation drainage) of the investigated area at low concentrations; all
organophosphorous pesticide residues were below the detection limit that was
attributed to low persistence under hot and dry climatic conditions of the
investigated area.
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