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I- INTRODUCTION 

In the last few decades increasing interest has concentrated 

on air pollution and precipitation water quality. The chemistry 

of precipitation water has gained increasing attention as it was 

realized that precipitation containing chemicals of various 

sources can seriously affect plants, soils, surface water as well 

as manmade structures (Winkler 1976, Groham 1976, Grahn et al, 

1974). 

In many industrialized countries and their surroundings, 

acid precipitation damaged up to 40% of the forests (Tam and 

Cowling, 1976). Also buildings in many countries and especially 

those in highly industrialized cities were attacked by acid 

precipitation. 

Bhopal I India and Tschernobyle I Russia accidents are 

considered the most severe air pollution accidents in the 

eight·ies of this century. Both affected the precipitation 

quality and the resultant pollutants were distributed by water to 

reach lakes, oceans and the groundwaters. 

The present Gulf war and the oi 1 sp~lls to the water and 

the atmosphere will surely be one of the major precipitation 

pollution events in the nineties of this century which is 

expected to effect the surrounding areas. 

The above mentioned developments and accidents initiated 

intensive studies ' concerning the type of chemicals in 

precipitation water, their concentrations and their effects on 

soil, plant and manmade structures. 



-----------------------------------------------------------------

-----------------------------------------------------------------

The present study is concerned with the quality of 

precipitation water in Jordan. It a 1 so compares the status of 

precipitation quality in the various parts of Jordan and 

discusses the factors affecting the precipitation water quality. 

In the course of this study precipitation water of 12 

stations was collected and analysed in the last 3 years for the 

different constituents. These stations are 

Aqaba, Shobak, Rabba, Queen Alia International Airport QAIA, 

Amman (University of Jordan), Deir Alla, Irbid, University of 

Science and Techno 1ogy, Az raq, Zarl~a, Kha 1 i d i ya and Muwaqqar, 

figure (1 ). Sporadic samples were collected from Ruseifeh, Salt, 

Rweishid and other places. 

The following table shows the elevation, the latitude(N) and the 

longitude(E) of the different locations; 

Station Name Elevation(m) Latitude(N) Longitude( E) 

University Farm -230 32 10 35 37 
(Ghore Area) 
Aqaba Station 2 29 31 35 00 
Jordan University 1017 32 01 35 53 
Rabba Station 920 31 16 35 45 
Shobak Station 1365 30 31 35 32 
Rweishid Station 683 32 30 38 12 
Al-Safawi 672 32 1 2 37 08 
Zarka Station 555 32 05 36 07 
Queen Alia Int. 715 31 43 35 59 
Airport QAIA 
Muwaqqar Station 800 43 46 36 12 
Azraq Station 506 32 52 36 54 
Khalidiya Station 580 32 05 36 1 6 
Jordan University of 
Science and Tech.(JUST) 581 32 32 36 08 
Salt Station 943 32 10 35 40 
Irbid Town 616 32 33 35 51 
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\ 

The analysed parameters included 

pH-value, Electric conductivity (EC), Calcium (Ca), Magnesium 

(Mg), Potassium (K), Sodium (Na), Chloride (Cl), Sulfate (S04 ), 

Bicarbonate (HC03 ), Nitrate (N03 ), Bromide (Br), Fluoride (F), 

Iodide (I), Turbidity, Color, and trace metals such as Iron (Fe), 

Zinc (Zn) and Lead (Pb). Some samples were also analysed for 
'' I 

their Oxygen 18 co 18 ), Deuterium (D) and Tritium (T) 

concentrations in the laboratories of the Water Authority of 

Jordan. 
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II- Methodology and Analytical Techniques 

Collection of samples 

Samples were collected using po r celain dishes 40 X 60 em, and 

10 em deep. They were provided with bottom openings to drain 

the water into glass containers. Dishes and containers were 

' washed with disti 1led water throughout the co1 1 ect ion period 

after every precipitation event and especially after dust had 

accumulated in them. The collected samples were filtered using 

42 um millipore filter paper and stored at 4 °C in polyethylene 

bottles after pH, EC and temp. had been measured. 

Analytical Techniques 

In general, samples were collected from the containers during 

precipitation events or immediately after they have come to an 

end. Samples of precipitation during the night were collected 

in the morning. Only very few samples were collected after a 
r 

maximum time of 14 hours. Immediately after collection, the 

pH-value, the electric conducti v ity and the temperature were 
( 

measured with digital WTW-equipment. After that, the samples 

were filtered into polyethylene bottles and analysed for the 

different parameters using the WRSC analytical methods 

published in Issue No. 5 (1985) of the Water Research and 

Study Center, the Standard Methods (Greenberg, et al.,1980) and 

the Deutsche Einheitsverfahren (1986). 

I

Bromide fluoride and iodide were analysed using low 

concentration techniques of ion selective electrodes. Trace 

metals were analysed after c o ncentration by AAS-Techniques 

(Pye-Unicam SP9). 

5 
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Chemical analyses 

- Electrical Conductivity (EC): PW 9505 Conductivity Meter. 

- pH : Beckman Model 3560 digital pH meter. 

- ca2+ : Titration with 0.02 N EDTA, indicator murexide. 

- Ca2+ & Mg 2+: Titration with 0.02 EDTA, Indicator: Eriochrome 

Black T. 

- Na+, K+ : Flame Emission Photometric Method. 

- S04 2-: Titration with 0.02 N EDTA, Indicator Eriochrome T. 

- Cl : Titration with 0.01 N AgN0 3 Indicator potassium 

chromate. 

Titration with 0.02 N Indicator Mixed 

bromocresol green and methly red solution. 

- N03 : Spectrophotometer 5505, (206). 

Isotope analyses 

1. Tritium: Tritium enrichment in water samples was done by 

electrolysis. The tritium content of the samples was measured in 

a Liquid Scintillation Spectrometer (Packard 3255). 

The detection limit of the used equipment is Tritium Unit 

( T. U) . The analytical accuracy was around T.U (1 T.U 

correspond to 0.118 Bq/Kg ). 

2. Deute r i urn and Oxygen-1 8 They were analyzed by Delta-E 

Finnigan Mat Mass Spectrometer. 

The calibration of the Mass Spectrometer was done by using the 
I 

i nternat iona 1 standard; ·v-SMOW. 

2. 1 Deuteri urn: Water samp 1 es are converted to hydrogen gas by 

reduction on zinc in a special preparation line. The 
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hydrogen gas was later used for analyses, the accuracy of 

measurements is around 1 0/00. 

2.2 Oxygen~: An automatic preparation line is connected 

directly to the Mass Spectrometer. The co2 gas equilibrated with 

3 ml of water sample was used for measurements. The 

~nalytical accuracy was around 0.15 0/00. 

7 



III- Results of Physical and Chemical Parameters 

During the precipitation (ppt.) periods 1986/1987, 1987/1988 

,1988/1989 and 1989/1990, many samples of rain, snow, dew and hail 

were collected from the stations mentioned above and analysed for 

their constituents. The resu 1ts of each station are discussed 

below. 

1- University of Jordan Station 

One hundred and forty five samples were collected during the 

rainy seasons of 1986 to 1990 and analysed for the major 

constituents. The descriptive statistical analyses are 

represented in table (1): Due to the large discrepancies in the 

minima and maxima of each parameter, the fluctuations wi 11 be 

discussed below : 

Concentration and fluctuations of the ma.ior physical and 

dhemica7 parameters. 

1.1- Amount of precipitation (ppt.) 

The highest amount of ppt. in a single rainstorm was 90 mm 

F'igure (2). The maximum amount of ppt. was registered during 

February 1987; where successive cold polar depressions affected 

Jordan. Snow fall was recorded five times during the same month. 

Figure (2) shows the fluctuations in the amounts of ppt. for the 

period 12th August 1987 to 8th May 1989. 

1.2- Temperature oc 

The temperatures of 139 samp 1 es were measured and were f .ound 

to range from o oc to 21 oc for rain and snow precipitation 

Figure (3). The large variations in temperature are mainly 

8 
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Figure(3): Fluctuations in Temperature for U.J. station 
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Figure(4): Fluctuations in EC for University Station 
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f 

attributed to the source of depressions invading the country. 
' 
Whereas the minimum of temperatures were recorded when wet 

polar or northern depressions affected Jordan. Such depressions 

are recorded many times yearly in Jordan. The maximum 

temperature was measured in the first rain sample during the 

early rainy seasons in the last 3 years, where thunderstorms, and 

floods affected only the deserts and the northern parts of 

Jordan (17th October 1987). Genera 11 y, the average temperature 

was 8.5 ± 4.4 oc during the observation period. Hence, 

~editerranean fronts are the main depressions which affected 

Jordan during the rainy season. 
i 
I 
:I 
1.3- Electric Conductivity (ECps/cm at 25 oc) 

The EC of waters ranged from 9.1 ps/cm to 396 us/em, figure 

( 4) . The 1owest va 1ue was obtai ned on the 21st December, 1 98 7 

where intense rain and snow precipitated from clear, non dusty, 

washed atmosphere. The highest value was measured at the 

beginning of the rainy season of 1987/1988. Lower values (above 

200 )JS/cm) were also collected, especially when southern 

depressions affected Jordan or a dusty atmosphere dominated. The 

arithmetic mean of EC was 75.6 + 70.7 us/em of all samples. 

1.4- pH- value 

The pH-values for this station were measured during or 

immediately after precipitation events; they ranged from 4.85 to 
I 

8.80 figure (5). The lowest value was measured on 24th, February 

f988 for the last rain samples collected from an intensive rain 
f 

~torm which continued for many days. During this rain event pH-

values started high and decreased to a minimum with time. The 
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highest pH-value of this storm event represents the maximum 

recorded value during the observation period, (20th February. 

1988). 

The highest pH-values were measured in rain water 

precipitated from dusty atmosphere accompany; ng 1ow pressure 

depressions centered over the Dead Sea. The arithmetical means 

are 7.21 ± 0.8. Figure (5), shows the fluctuations of pH-values 

during the observation period. 

1.5- Earth Alkaline Elements (ca 2+ & Mg2+;. 

Earth alkaline elements r e present the dominant cations 

in ppt. The calcium and magnesium concentrations in ppt. 

samples ranged from 0.073 to 2.444 and from 0.00 to 0. 711 

meq/1 for Ca and Mg respectively. Their fluctuations are shown 

in figures (6 and 7). The highest values present in these figures 

reflect dusty atmosphere and rain after prolonged non rainy 

periods in winter. 

1.6- Alkaline elements (Na+ and K+). 

The sodium and potassium fluctuations are shown in 

figures, (8 and 9). Their content ranged from 0.00 to 2.2 meq/1 

for sodium and 0.001 to 0.14 meq/1 for potassium. The maximum for 

both elements were bound in rain samples collected during the 

rainy season of 1987. 

1.7- Chloride (Cl ) 

The chloride content varied between 0.020 and 1.9 meq/1 

figure (10). The highest values were measured in the same samples 

containing the highest values of Na, K, Mg and highest EC and pH

values. 
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21.8- Sulfate (so4 - ) 

The sulfate content ranged from 0.01 to 0.9 mg/1 with an 

arithmetic mean of 0.170 ± 0.177, figure (11). The low sulfate 

content were restricted to extensive ppt. with low EC values. 

Whereas, the highest values were found in small ppt. amounts 

accompanied by dust. 

1.8- Bicarbonate (HC03-J 

The amount, type, temperature, pH, duration and intensity of 

ppt. as we 11 as its dust content p 1 ayed the rna in ro 1 e in the 

concentration of bicarbonate. The bicarbonate content ranged 

from 0.024 to 1.72 meq/1 with arth. mean of 0.276 ± 0.3 meq/1, 

figure (12). The lowest Hco3 contents were recorded during the 

coldest months of the rainy season, whereas, the highest values 

were measured during warmer dusty storms. 

1'.9- Nitrate (N03 -J 

The nitrate contents of ppt. samples ranged from 0.001 to 

0.384 meq/1, figure (13). The arth mean was 0.052 ± 0.056. Most 

ppt. samples contained less than 2 mg/1 N03 . The highest nitrate 

content was found in rain samples collected at the beginning 

of thunderstorms. 

1.10- Bromide, Iodide and Fluoride (Br-, I-, F-) 

The bromide content ranged from <0.001 to 0.900 mg/1, figure 

( 14) . The maximum concentration of brom'ide was measured twice 

during the observation period. The first was recorded on 10th of 

January 1988, when dusty atmosphere preva i 1 ed before ppt. The 

second was measured on the 1Oth of January 1989; when intense 

16 
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Figure(13): Fluctuations in No 3 for University Station 
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Figure(14): Fluctuations in Br for University Station 
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rain and snowfall dominated. The arth. mean of bromide 

concentration was 0.049 ± 0.110 mg/1. 

The iodide concentration in ppt. during the observation 

period ranged between <0.0005 and 0.110 mg/1 with an arth. mean 

of 0.012 ± 0.0165 mg/1. Most of the rain samples contained 

iodide with a concentration less than 0.03 mg/1, while sample 

with higher concentr(\tion may be attributed to artificial 
r 
. 
1 

' · rainfall experiments conducted by the Meteorological Department. 

The maximum content of iodide was recorded in rain samples 

collected from high intensity rainfall storms affecting Jordan; 

of polar origin. 

The fluoride content in ppt. ranged between 0.001 and 0.210 

mg/1. The arth. mean was 0.047 ± 0.007 mg/1, figure (15). The 

maximum content of fluoride was measured when Jordan was affected 

by polar depressions with successive intense ppt. dominating the 

country. 

1.11- Orthophosphate Po4 
3 

0nly sixty four samples were analysed for their content of 

phosphate during the past two hydro 1 og i c years ( 1988/1 989 and 

1989/1990). The phosphate content ranged between <0.001 a~d 

·o.521 mg/1 with an arth. mean of 0.125 ± 0.163 mg/1. This high 

content of phosphate reflected the type of dust particulates in 

the atmosphere; most of the dust originated from the north 

eastern part of Amman where the phosphate • deposits and the mines 

of Ruseifa are located. The variations in the phosphate 

contents are shown in figure (16). 
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Figure(15): Fluctuations in F for University Station 
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2- Ruseifeh Station: 

i Twenty two ra i nfa 11 water samples from Ruseifeh were 
l 

qollected during the hydrologic yea rs of 1987/1988 and 1988/1989. 
i 

~escriptive statistics of the different parameters are shown in 
i 

l 
tab 1 e ( 2) . 
I . 
i 

toncentrations and Fluctuations of the Analysed Parameters · 
i 
I 

?-1 Amount of rainfall ·._rmm) :r 
I '·· The highest amount of ppt. in a single rainstorm was 52.6 mm 

figure ( 17), measured on the 1s t of February 1988. 

2.2- pH-value 

The pH-values of ppt. were measured immediately after the 

collecting the samples and f o und to range between 6.87 and 

8.42, figure (18). The maximum re corded value was measured on the 

5th of December, 1987 while the minimum value recorded, was on 

the 21st December 1988. The average pH-va 1ue of ppt. samp 1 es 

~uring the observation period is 7.58 ± 0.39. Generally, most of 

ppt. water in Ruseifeh was alkaline with the except in of two 
l 

samples which were slightly acidic to neutral (6.87 and 6.98).
I 

' 
2.3- Electrical conductivity ps/cm 

The EC of the co 11 ected samp 1 es ranged between 66 and 252 

us/em, with an average value of 136 + 61.4, figure (19). The 

relatively high electrical conductivity concerning the minimum 

value· is attributed to the sampling location and the presence of 

phosphate mines nearby, thus dust particul~tes are found in the 

atmosphere all over the year. 
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IIYOROCIIEMISTRY OF PPTION IN JOROAfl Df.Hl A:NEW-RUSF YOM 15.07.15 

2. 1 OESKRlPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM MITTEL WEnT STO.ABW. 

OATE 32055.0 32502.0 32279.045 209.965 
QUANT mm 0.1 52.6 8. 141 11.330 
TEMP"t. 11. 2 16.2 14.485 1. 949 
pH VALUE 6.87 8.42 7.5814 0.3926 
EC,M'S/cm 66.0 252.0 136.410 61.448 

Na meq/1 0.015 0.881 0.27162 0.22707 
K meq/1 0.004 0.121 0.03031 0.03069 
Mg meq/1 0.000 0.783 0.17365 0.18777 
Ca meq/1 0. 220 1. 668 0.80860 0.41521 
C1 moq/1 0. 147 0.477 0.27495 0.09503 

N03 meq/ 0.009 0.129 0.05721 o. 03277 
S04 meq/ 0.043 1. 239 0.44310 0.34568 
HC03 meq 0.214 0.976 0.52727 0.22070 
TC meq/1 0.660 2.520 1.36418 0.61448 
TA meq/1 0.660 2.520 1. 36418 0.61448 

I mg/1 0.000 0.023 0.00790 0.00631 
Br mg/1 0.000 ·p . 288 o. 11283 0.10565 
F mg/1 0.010 0.178 0.06038 0.05240 
P04 m9/1 0. 177 4. 198 1.79943 1. 52755 
roc mg/1 

L1 mg/1 0.000 0.020 0.00563 0.00961 
TURBIOY 0.0 15.0 5.429 6.106 
COLOR , 2.0 20.0 6.000 6.351 
TOS 104 0.010 0. 170 0.06800 0.06797 
TOS 180" 0.000 0.050 0.01000 0.02490 

Ag mg/1 0.00000 0.00560 5.257E-04 1. 2500-03 
TIME hr 
Fe mg/1 0.00000 3.07000 5.637E-01 1. 0030+00 
Cu mg/1 0.00000 o. ooaao 2.484E-03 3.1490-03 
Mn mg/1 0.00000 0.08400 1. 472E-02 2.3490-02 

Zn mg/1 0.00000 0.63200 1. 303E-O 1 1.7590-01 
Pb mg/1 0.00000 0 . 00360 6.000E-04 1. 1260-03 
Cr mg/1 0.00000 0.00650 7.000E-04 1. 9060-03 
N1 mg/1 0.00000 0.00850 1.033E-03 2.6050-03 
Sr mg/1 0.02000 0.13000 6.040E-02 4.604D-n2 

Table(2): Descriptive Statistics for Rusiefeh Station 
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Figure(17): Fluctuations in ppt. amounts for Ruseifeh Station 
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Figure{18): Fluctuations in pH for Ruseifeh Station 
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Figure(19): Fluctuations in EC for Ruseifeh Station 
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Earth alkaline elements ca2
-l- and Mg2 +. 

Calcium and magnesium, ions re presented the major cations, 

an average percentage of about 88.8 ± 26.7%. 

The calcium content ranged From 0.22 and 1.67 meq/l during 

the obs ervation period with a n average of 0.89 ± 0.42 meq/1, 

figure(20). The maximum concent r ation was recorded on the 14th 

of March,1989. On the other hand the magnesium content was found 
r . '.. 
' . to range between 0.0 and 0.78 me q /1 with an ·average val~e of 0.17 

± 0.19 meq/1, figure (21). The maximum concentration was 

recorded on the 18th of Octobe r 1987. Generally, the magnes i urn 

contents were lower than the cal c ium contents, this is attributed 

to the type of minerals contained in the atmospheres dust in the 

~rea; consisting of calcium contai ning minerals. 

2.5- Alkaline elements (Na+ and K+). 

The sodium ion in ppt. samples showed that it is the second 

dominating ion in after calcium with an average percentage of 

1~.98%. The sodium content ranged from 0.015 to 0.881 meq/l with 

an average of 0.27 + 0.23 meq/1, figure (22). The max i mum Na

content was measured in ppt. samples collected on the 6th of 

November 1987. The potassium content ranged from 0.004 to 0.121 

meq/l with an average of 0.030 ± 0.031 meq/1, figure (23). The 

maximum content was recorded in ppt. water sample on the 24th of 

December 1987. 

2.6- Chloride Cl 

The chloride concentration in ppt. samples ranged from 0.147 

to 0.477 meq/l with an average of 0.275 ± 0.095 meq/1, figure 

(24). Shows the fluctuations in the chloride content during the 

24 
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Figure(20): Fluctuations inCa for Ruseifeh Station 
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Figure(21): Fluctuations in Mg for Ruseifeh Station 
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Figure(23): Fluctuations in K for Ruseifeh Station 
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Figure(24): Fluctuations in Cl for Ruseifeh Station 
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Figure(25): Fluctuations in so4 for Ruseifeh Station 

27 

http:03.04.89
http:J...---J----"---..J.-.J---.Lo
http:B3.04.89


observation period. The maximum recorded concentration was 

m~asured in ppt. samples collected on the 14th of January 1989. 
I 

Most of the samples contained chloride in the range between 0.28 

+ 0. 1. 

~.7- Sulfate so4 
2 

The sulfate content in rainwater collected from Ruseifeh, 

. ranged from 0.043 t~ 1.239 meq/1, with an average value of 
I \

' ' . 0.443 ± 0346 meq/1, figure (25). The maximum concentration 

measured on the 14th of March 1989, while the minimum was 

recorded on the 1st of February 1988. Dusty atmosphere prior to 

rainfall resulted in high contents of sulfates, calcium and 

bicarbonates. 

2.8- Bicarbonate HC03 

The bicarbonate fluctuations in ppt. is represented in 

figure (26). The bicarbonate content ranged from 0.214 to 0.976 

meq/1 with an average of 0.527 + 0.221 meq/1. The maximum 

content was measured on the 15th of March, 1989. The bicarbonate 

contents are affected by the amount, duration, intensity, 

temperature and dust type in the atmosphere. 
' 

2.9- Nitrate N03 . 

The nitrate content ranged from 0.009 to 0.129 meq/1 with an 

average of 0.057 ± 0.033 meq/1. figure (27). The maximum nitrate 

content was measured on the 18th of October 1987, while the 
I 

minimum was recorded on 'the 24th of December 1987. Thunderstorms 

are the most responsible factor for the high content of nitrate 

in some rain water samples. 
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Figure(26): Fluctuations in Hco3 for Ruseifeh Station 
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Figure(27): Fluctuations in N03 for Ruseifeh Station 
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2.10- Phosphate (Po4 
3 -) 

The most obvious phenomen o n in the rain water samp 1es 

collected from Ruseifeh is their h i gh content of phosphate which 

ranged from 0.177 to 4.198 mg/1 with an average of 1.799 mg/1. 

This high concentration of phosphate is mainly attributed to the 

type of dust which rna in 1 y composed of apatite, ca 1cite, quartz 

and kaolinite. 
\ 
I 
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3- Khalidiya Station 

Forty nine rain samples from khalidiya were collected 

during the rainy seasons and analysed for their chemical and 

physical characteristics in the period 1987/1988 to 1989/1990. 

The descriptive statistics of the measured parameters are shown 

in table (3). 

!' 
Concentration and Fluctuations in the Analysed Parameters: 

' 
· 3.1- Amount of rainfa77 (mm): 

The highest recorded amount of rainfall in a single 

rainstorm was 39. 1 mm. Recorded on the 1st of February 1988 

where successive depressions affected the country. Figure ( 28) 

shows the fluctuations in the amount of ppt. during the 

observation period. 

3.2- pH-value. 

The measured pH-value of ppt. water samples ranged from 6.28 

to 8.74, with an average of 7.60 ± 0.51 . Figure (29) shows the 

fluctuations in the measured pH of rain water. The highest pH 

values at this station were obtained during December of the 

rainy season 1987/1988 and the minimum pH-value was measured on 

the 18th of November 1988. 

3.3- Electrical conductivity EC)Us/cm. 

The EC of ppt. water samples ranged from 40 to 570 ~s/cm, 

figure(30). The average EC was found to be 165.1 + 109.2 ~s/cm. 

The minimum EC was measured on the 4th of January 1988; where 

successive depressions of po 1 ar origin affected Jordan. Whereas 

the maximum EC was measured on the 15th of November 1989. 
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STASY V7.0:/12 (C) PlC Gl~llH Wl<l)(; UN! V. . JUKUAii IU. IU. ~ U 

HYDROCHEMISTRY OF PPTiotl IN JORDAN OATEI A: NEW-KHLD VOl~ 15.07.15 

2. 1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM HITTELWEIH STD.AUW. 

DATE 32122.0 32964.0 32518.266 316.003 
QUANT 1001 0.2 39.1 6. 835 7.888 
TEMP 'C · 0.0 16.2 13.7 00 5.069 
pH VALUE 6.28 6. 7~ 7 .6020 0.5106 
EC 1iS/cm 40.0 570.0 165.092 109.182 

Na meq/1 0 . 011 1. 05~ 0.23 290 0.20546 
K meq/1 0.002 0. 926 0.060 35 0 . 1~005 

Mg meq/1 0.000 1.065 0.17~ 7 8 0 . 20585 
Ca meq/1 0.270 3.329 1. 16464 0. 77502 
C1 meq/1 0 . 074 1.594 0.33~32 0 .26 072 

N03 meq/ 0.018 1. 619 0. 1136~ 0 .2~001 

504 meq/ 0.052 1. 645 0.37418 0.35617 
HC03 meq 0.116 4.610 0.6 20 79 0.60323 
TC meq/1 0.400 5. 700 1.65267 1.09174 
TA meq/1 0.400 5.700 1. 65092 1.09162 

I mg/1 0.000 0.025 0.009 93 0.00636 
Br mg/1 0.000 1. 550 0.22617 0.33616 
F mg/1 0.001 0.087 0 . 03770 0.02773 
P04 mg/1 0.000 3.610 0.71033 1. 05946 
TOC mg/1 

L 1 mg/1 0.000 0.064 0 . 02134 0.01625 
TURBIDY 0.0 30.0 12.912 11. 127 
COLOR 1.0 67.5 20.979 21. 559 
TDS 104• 0.020 o . 160 0.09613 0 . 06221 
TDS 160.• 0.010 0.190 0.066 24 0.05318 

Ag mg/1 0 . 00000 0.08500 3.466E-03 1.5710-02 
TIME hr 8.00 H.oo 12 .5000 6.3640 
Fe mg/1 0.00000 21.76000 1. 695E+OO 4. 977D+OO 
Cu mg/1 0.00000 0.02300 3.963E-03 6 . 3810-03 
Mn mg/1 0.00000 0. 27700 2.911E-02 6. 377D-02 

Zn mg/1 0.00000 0.63000 7. 367E-02 1.5090-01 
Pb mg/1 0.00000 0.00200 3.7~2E-0 4 6 .3700-04 
Cr mg/1 0.00000 0.02200 1. 526E-03 5.053D-03 
N1 mg/1 0.00000 0.05830 8.558E-03 1.8180-02 
Sr mg/1 0.00266 0 . 08700 4.838E-02 3.2980-02 

Table(3): Descriptive Statisti cs for Khalidiya Station 

GE0-500 Vl. 01/P2 (C) PIC GMBH 11:20 27 ~JRSC \UNIVERSITY OF JORDAN \ AM~lAN 

HYDROCHEMISTRY OF PPTION IN JORDAN DATA OF AL-KHALIDIA AREA 
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Figure(28): Fluctuations in ppt. Amounts for Khalidiya Station 
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Figure(29): Fluctuations in pH f or Khalidiya Station 
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Figure(30): Fluctuations in EC f o r Khalidiya Station 
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3.4- Earth Alkaline Elements (ca 2+ & Mg2+) 

The earth alkaline elements represent the major cations in 

the rain samples of this station, with an average of 1.16 ± 0.78 

meq/1. On the other hand the magnesium content ranged from 0.00 

(magnesium free water sample) to 1.07 meq/1, with an average of 

0.17 ± 0.21 meq/1, figures (31 and 32). Show the fluctuations of 

the calcium and magnesium conten ts respectively in rain water 

samples collected during the study period. 

3.5- Alkaline Elements (Na+ and K+) 

The sodium ion in ppt. samples showed that it is the second 

ion in dominance after calcium, where the average sodium 

percentage was 14.96 + 9.92 % . The sodium content ranged from 

0.011 to 1.054 meq/1, with an average of 0.233 ± 0.205 meq/1. 

Figure (33), shows the fluctuations of the sodium content during 
:~. 

the study period. The maximum measured sodium was on the 1st of 

March 1990, when eastern winds prevailed in the area (khamasien 

winds). The potassium content ranged from 0.002 to 0.926 

meq/1 with an average of 0.080 ± 0.140 meq/1, figure (34). The 

maximum potassium content was measured on the 1st of March 1990. 

3.6- Chloride (Cl ) 

The chloride content ranged from 0.074 to 1.594 meq/1, with 

an average of 0.334 ± 0.261 meq/1. Figure (35), shows the 

fluctuations in the chloride content in ppt. samples. The maximum 

ch 1or ide concentration 
'•. 

was measured on the 1st of March 1990, 

when the Khamasieni winds affected Jordan. 

34 
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Figure(31): Fluctuations inCa for Khalidiya Station 

Figure(32): Fluctuations in Mg for Khalidiya Station 
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Figure(33): Fluctuations in Na for Khalidiya Station 
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Figure(34): Fluctuations inK for Khalidiya Station 
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Figure(35): Fluctuations in Cl for Khalidiya Station 
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Figure(36): Fluctuations in so4 for Khalidiya Station 
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3.7- Sulfate (so4 
2 -J 

The sulfate content in rain water collected from khalidiya 

ranged from 0.052 to 1.645 meq/1, figure (36). The average 

sulfate content was found to be 0.374 ± 0.358 meq/1. The maximum 

sulfate concentration was measured on the 15th of November 1989. 

3.8- Nitrate (N03 ) 

Figure (37), shows the fluctuation in the nitrate content of 

rain water samples during the study period. The nitrate content 

ranged from 0.018 to 0.5 meq/1, with an average of about 

a.114 ± 0.4 meq/1. Generally, max imum nitrate contents in Jordan 

are mainly attributed to thunderstorms, but in this area it was 

associated with dust storms originating from the surrounding 

cultivated area, where other ions such as potassium .and 

phosphate showed higher concentrations than usual. 

3.9- Bicarbonate Hco3 

The f 1 uctuat ions in the bicarbonate contents are shown in 

figure ( 38). The bicarbonate concentration was found to range 

from 0.116 to 4.810 meq/1 with an average of about 0.829 + 0.803 

meq/1. The maximum measured value was registered on the 13th of 

January 1989, and the minimum on the 7th of March 1988. 

3.10- Phosphate (Po4 
3-) 

The phosphate concentration in rain water samples collected 

during the study period ranged from 0.000 (phosphate free rain 

water) to 3.810 mg/1 with an average of about 0.710 ± 1.059 mg/1. 

The phosphate fluctuations in ppt. samples is represented in 

Figure (39). 

30 



----GE0-500 U1.01/P2 (C) PIC GMBH 11:58:22 WRSC 

t o o I 0 

t t I + I 
I o f o t 

: : : : : 
0 o t t o 
I I I I 0 

···:· ···r ···r ···r ···r ·· ·· 

........l... 'j" ..(":· .... 

....r..r· 
.,,;.,, .,,;., ,"., 

......:....:... .. 
: : : : 

' • \ ' 

. i :1 
1 

' 

i 
':" ":" ' ' T'l "!' .. 

:.... '.·.! .'' i \ ! 

:····..! . i \i : : 

. 

...~... 
CJ 

···: ,, ' 

, .... I"" , 

. .... I' \ ' Cl
! : •,, ' : ! ' 

· ..;....;.. :·.·,, .; ...... · .·._c;l,,. ,. 
' ' l. ' t::l.f1 r: ~0 

\ UNIVERSITY OF JORDAN \AMMAN 
HYDROCHEMISTRY OF PPTION IN JORDAN DATA OF AL-MHALIDIA AREA 

• I 0 t 0 0 0 o 0 0 o o 0 o t t t o I 0 1 I 

0 I t t I 0 t ' I t t t t I t I I I o I I I 
I I I I t t I 0 I 0 I 0 I I t I 0 I I I I I 

----·-----
: : : : : : : : : : : : : : : : : : : : : : 
I t I I 0 I 0 t 0 I t o 0 0 I I t I I t I o 
0 0 0 t t I I 0 I t o 0 I I I I I I I I I 

· · ·: · · ·:· · ·1· · ·: · · ·1· · ·: · · ·: · · ·r··· ···; ···r···r···r·· ···: ···r···r···r···1···r···r···r ···r ·· 103 ~wq/r,.. rrrrrrrr.....l....r...r.. ·:· .....: ... :....:....:......;.... ;......; 

.. rrrrrrrr.. ... i....i...!..T....:....:...;.. ·:· .......;......;.. ... !...! 
ooof•••f•oofoo•f•oof•••l•]•foo•)oo ... ;... ,;.... ; ... ;. .. oo•joo•)ooo;.... ;... " ... ;.,, 

1 

... :. .....1....!... :.· ....!.. -:.~·[ ·!.. .....l....LLLL .. LL.l ...l.. r··:i·.....l ...:..........: (I B6) 
• ' ' ' ' ' ' ' : : : : : : : : ~l : ••.. : : 
: : : : : : : : : : : : : : : : I : !·... : 
: : : : : : : : : : : : . , , . ' I , .•, . 

I t I I I I I I I I I I t I I 0 0 I I I I 0 I I 0 I I I I 0 • I I I I 0 ~ I I I: 0 I I: 0 I I: 0 I 0 0 I: 0 I I: 0 I 0: 0 I I: I 0 0 :r 0 0 ~ I I I: I ,·,;,,I I I I Ito I I 

: : : : : : : : : ' : : : : : : :1 : : : ••••, . : 

[ i i [ l [ i [ l l l l i i [ l I l l ; >·.. l 
"" "'"" "."'".''"' I' """. " .. " .. " .. " .. ' " .. "." .. " .. ' " ... t ' ' .. ' ".' ' " ..,:;· " 

~ ~ ~ lc ~ l J l l [ [ l i_jc,: j j r 1 1 ' ' '' .··.r.··.....·..... .. "", .. " .. " ...... " , .. ".,, , ... , ".,, ... " •..,-1-., .. , ,., • , ... , , .. , '/" . ... ".. .. 

i ! i :~ i ! i i i ~--~--r : i ··i·.. ! i 1 i ! i i 
' ' ' ' I ' ' [J ' ' ...~---· ' ' ' • • '· ' ' I . . . . 
: : ! !,f ! '/ ! ! --' : ! ! ! ! : C'J ! ! I ! ! ! ! 

"•I" •I" •I • "C "'· •Ct .. l ·,.:.u-·r7; • • •i" ·i • .. ; "·i" ·i · oo) "•) • ;.... ;.0 .;. • • •i · • •:· · • "·:· " •:• 
' ' ' ' n C' IC" ' ' ' ' ' ' ' ' ' t::l, 0- ' ' ' ' ' 
; ; ; ; cc·l J; : ; ; ; ; ; ; ; ; ; c;:0 ;- ; ; ; ; ; ; ; ; ··c; ; ~ c: co . n n ~ 
: ; : ; ! ; ! : ; : : : ; : ; ; tu ; ; ; ; : : ; ; ; : ; ; ; : : tl 1 tJ 

~~~"~~--'--'---"'-- ~~~-J,......,....J--'---'---'--~~-"--1.......~-L__.__ --------
12,e8.87 Oe> 08,H5.9B DATE . 

·--------·-..;...· -·------·~ 

Figure(37): Fluctuations in N03 for Khalidiya Station 
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Figure(38): Fluctuations in Hco3 for Khalidiya station 
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Figure(39): Fluctuations in P04 for Khalidiya Station 

STASY V7.02/12 (C) PIC GHBH WRSC UNIV.JORDAN 10. 10.90 

HYDROCHEMISTRY OF PPTION IN JORDAN DATE I A:NEW-AZRQ VOM 15.07. 15 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM HAXIHUH HITTELWERT STD.ABW. 

DATE 32129.0 32490.0 32299.188 144.623 
QUANT mm 0.1 11.0 2.609 3.028 
TEHP 'C . 9.0 32.6 16.908 6.479 
pH VALUE 6.34 7. 67 7 .13 92 0.3422 
EC J.J3/cm 19.0 642.0 272.740 173.361 

Na meq/1 0.009 2.361 0.60576 0.60539 
K meq/1 0.001 0.149 0.05796 0.04675 
Hg meq/1 0.000 1.447 0.32164 0 .4 1031 
Ca meq/1 o. 175 4.573 1.74162 1.16373 
C1 meq/1 0.061 1. 953 0.66641 0.55458 

N03 meq/ 0.025 0.560 o. 11351 0.11364 
504 meq/ 0.000 2.617 0. 70 '191 0.68831 
HC03 meq 0.101 2.733 1.24357 0.66042 
TC meq/1 0.190 6.420 2.72740 1. 73381 
TA meq/1 0.190 6.420 2.72740 1. 73361 

0.000 0.445 0.07433 0.13930 
Br mg/1 0.000 0.630 0.17038 0.23331 
I mg/1 

F mg/1 0.006 0.252 0.09714 0.07702 
P04 mg/1 0.000 1.141 0.50385 0.42830 
TOC mg/1 

L1 mg/1 0.000 0 . 120 0 . 04050 0.0393!1 
33.59!1TURBIDY 5.0 100.0 42.091 

COLOR 1.0 60 . 0 23.214 25.329 
0.440 0.29600 0 . 1322 ;TDS 104~ o. 180 

0.160 0.27200 o. 1398(1TOS 180' 0.430 

1. 217E-03 1. 1610-o::Ag mg/1 0.00000 0.00270 
TIME hr 
Fe mg/1 0.02500 1. 93000 6.344E-01 7.6660-01 
Cu mg/1 0.00000 0.01060 4.40 6E-03 4. 6020-0:.> 
Mn mg/1 0.00000 0.05670 1.940E-02 2.2600-0< 

0.00000 0.10500 4.808E-02 4.6500-02Zn mg/1 
Pb mg/1 o.ooouo 0.00486 2. 320E-03 1.9260-03 
cr mg/1 0.00000 0.00347 6.140E- 04 1. 5070-03 
N1 mg/1 0.00000 0 . 04960 1. 358E-02 2.1710-02 
Sr mg/1 

Table(4): Descriptive Statistics for Azraq Station 
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4- Azraq Station 

Twenty five rain samples were collected from Azraq and 

analysed during the study period. The average yearly amount of 

ra i nfa 11 in the Az raq area in a wet year reaches about 1 00 mm 

while in dry years it is less than 25 mm/yr. Rainfall occurred 

in this area only in few scattered days during rainy seasons. 

The descriptive statistics of the analysed physical and chemical 

parameters are represented in table (4). 

Concentrations and Fluctuations Jn the Physical and Chemical 
Parameters: 

4.1- Amount of Rainfall in (mm) : 

The measured amount of rainfall collected from Azraq ranged 
I 
from 0 . 1 to 1 1 mm. The fluctuations in the amount of ppt. in 

Azraq area is represented in figure (40). The maximum rainfall 

amount of which a sample was co 11 ected occurred on the 20th of 

December 1987. 

4.2- pH-value 

The pH-value of rain water samples collected from Azraq 

ranged between 6.34 and 7.67, \'·lith an average of 7.14 + 0.34. 

Figure (41), shows the fluctuation in the pH-values of the 

collected samples The maxi mum pH-va 1ue was measured on the 

20th of December 1987 and the minimum on 24th of February 1988, 

where successive polar depres s ions affected Jordan. 

4.3- Electrical conductivity (EC~s/cm). 

The EC of the rain water samples collected from Azraq were 

found to be in the range of. 19. 0 to 642 ,us/em. The average EC 

value was 277.7 ± 173.4 ~s/cm. The EC fluctuations are presented 
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Figure(40): Fluctuations in ppt. Amounts for Azraq station 
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Figure(41): Fluctuations in pH for Azraq Station 
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in figure (42). The minimum EC of rain water was recorded on 

the 23rd of February 1988, when many rainy storms affected 

Jordan. Wh i 1 e the maxi mum va 1ue was recorded on the 13th of 

March 1990. 

2-1- 2+4.4- Earth Alkaline elements, (Ca + Mg ) 

The earth alkaline elements in rain water in the area 

represented about 58.3 ± 145 % of the total cations and Calcium 

content, however was higher more than magnesium for all 

measured water samp 1 es. The ca 1ci urn concentration ranged from 

0.175 to 4.573 meq/1 with an average of about 1.742 ± 1.164 meq/1. 

On the other hand, magnes i urn contents were found to range from 

0.0, i.e. magnesium free water samples and 1.447 meq/1 with an 

average of 0. 322 ± 0. 41 meq/ 1, figures ( 43 and 44), show the 

fluctuations in the calcium and magnesium concentrations 

respectively, during the study period. 

4.5- Alkaline elements (Na+ & K+) 

The sodium content ranged from 0.009 to 2.381 meq/1, with an 

average of about 0.606 ± 0.605 meq/1, figure (45). The maximum 

sodium content was measured on the 15th of January 1989. The 

potass i urn concentration was found to range from o. oo 1 to 0. 149 

meq/1, figure (46), and with an average value of 0.058 ± 0.047 

meq/1. The average alkaline elements percentage was 

calculated to be 11.43 + 7.24% of the total cations. 

4.6- Chloride (C1-) 

The chloride content varied between 0.06 and 1.95 meq/1, 

f'igure (47). The average content was 0.67 + 0.55 meq/1. The 
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Figure(42): Fluctuations in EC for Azraq Station 
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Figure(43): Fluctuations inCa for Azraq Station 

44 

http:98.35.93
http:12,08.87
http:ea.e5.9e


---

GE0-500 Vl. 01/P2 <C) PIC G~f@--IT:39:-32 WRSf\liNfVERSIT(OF-JOHDAN\AMI1Mfl 
UYDROCIIEmSTRY OF PPTION IN JORDfiN · DATA OF AL-AZRAQ AREA::::::::::::-::--::-·:-·: :-:-·:-: :::r-5--

: : : : : : • : : : : : ' ' • ' ' ' ' ' : : : : : Cl ; : I 
0 I I 0 0 0 t t 0 

• ' •• 0 ' • ' + • ' • • • 
I 0 0 0 I 0 0 0 0 0 0 t I 0 I t I t 0 0 t 0 o 

I ... ~ .. ,~ ... ~ "" "' !"'!" "'['"['"["'["'['"["'[" ."'i"':'" ... "'!""!""!'" '!" "!"' " '"i"l Hr Cl ~lg ~wq/1.. , 

. ''.! ".!."! .. ' " "•I'" I '. " ·~ '' ·:·.' ·:·'' ·:·" ·~'. ·~'' ·~ " · :·. '·:·. '·:·'' '' ·~ '' '. ·:·'' ·:· '' ·:·'. ·:· ' ' ·:·'' ·:·.. ' ' '. 'j' j '!'{. 'j'. :I 
:....,;.,,;,,;,. .. .. .;... ;.. .. .t.. .l .. L.l ...l...i...l.. L.:....:.... :.r·<~;~ ...:.. . ...!. .. .:. .. .:....:.. . .. ! !1 ! ! 

, , ' ' ' ' ' ' ' ' ' ' 'I ' 1 ' ' ' ' ' '' ·:· ·:1'' ·:·' •·:· 
11 

·••·I··. .··I. •. ••·~.·.I. •.~.. •· ~. J··1.•,•.., •J·•., •·I· •,.. , 1: ••I..f>·r·-.:...rJ. .I••I••..·ifl•·:••I ( . 15)
1 

···: ···: ···: ··· ···: ···: ···: ·· ···~ ···r···r···~ ···~ ···i···i···i···i···il · ···:· ···:· ··-:· ···:· ::·.~ ···:· ···:· ···:1 · · ·:· · · ·:· · · ·:· 

':. i:: .: ': 'i::' :~:: '.': i'::::: I': i'' i:' :i:: i: .i': !::.I o.i~ ·i :1:'' '' '.l' ' :' l:' i:'I': i''r:·:rr·.,J :' .·.:' .. :: i
' ' ' 'I ' . . ' ' ' .. ' ' . ..·'I 'I ' . ' ' . ' ' .

i i i i ! ! ! i i i i i_L-~-·< i it i i : i ! ! i ! . !lli
•" I • "I" ' I• • •I • • I · • •I• • • I • • •i • • •i • • •i • • •)_:..,-I"T• •i • • ·i · · ·i · • •:· c ·... •.;. · · · • · · .;. · · ·:· •· •• · •·:· · · ·:• · · •:•••·:· · · .;. · · ·:• · ••:• · •.;. •, ·:· 

0 

~ i i i )......!~~ L-~-+-t-i ~ i ! ~ i i ! . : ! : i ! : i i i i : 0.o j. : 
~~-'C......__,_CJ"- I ...._ --··-· '--L--~..__.,__~ .....__...._..a.--...&.-.. · .,. _____ 

liL es. B7 
I 

oe> es I es I 90 DATE 
---·---------------------- 

Figure(44): Fluctuations in Mg for Azraq Station 
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maximum chloride content was recorded on March, 13th 1990, while 

minimum value was measured on February, 23rd 1988. 

4.7- Sulfate (so4 
2 -J 

The sulfate content of rain water samples collected from 

Azraq ranged from sulfate free to 2.62 meq/1 with an average 

value of 0. 70 ± 0.69 meq/1. Figure (48), shows the sulfate 

fluctuations in rain water samples collected during the 

observation period. The maximum content was measured on the 13th 

of March 1990, during the invasion of Al-khamasien winds. 

4.8- Nitrate (N03-J 

Nitrate fluctuations are represented in figures (49). 

The nitrate content were found to range from 0.025 to 0.56 meq/1 

with an average value of 0.11 ± 0.11 meq/1. The maximum nitrate 

content was measured on the 22nd of February 1990. 

4.9- Bicarbonate (Hco3-J 

The bicarbonate content in ppt. samples collected from this 

area ranged from 0.10 to 2. 73 mg/1 with an average value of 

1.24 ± 0.86 meq/1 figure (50). Bicarbonate ions represented the 

major anion present in the water followed by chloride and 

sulfate. The maximum bicarbonate concentration was measured on 

the 14th of February 1990. 
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Figure(50): Fluctuations in Hco3 for Azraq Station 

WRSC UNIV.JORDAN 10.10.90STASY ¥7.02/12 (C) PIC GMBH 

DATE! A:UEW-RABA YOM 15 . 07.15 HYDROCHEMISTRY OF PPTION IN JORDAN 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM IHTTELWEHT STD.ABW. 

DATE 32123.0 32917.0 32514.009 J27 .689 
QUANT mm 0.1 39.0 6.879 7.601 
TEMP "c 5.0 18.2 9.257 2.903 
pH VALUE 5.80 8.80 7.5863 0.5978 

415.0 68.025EC /{'S/cm 20.0 114.350 

0.28327Na meq/1 0.008 1. 330 0. 23192 
K meq/1 0.003 0. 166 0.04788 0.04110 
Mg meq/1 0.000 0.820 0.17703 0.17299 
Ca meq/1 0.000 2.394 0.68669 0.41479 

Oo082 1. 513 0.39788 0.26715C1 meq/1 

0.001 0.4 96 0.05640 0.07675N03 meq/ 
SD4 meq/ 0.046 o. 779 0.22112 0.17365 
HC03 meq 0.049 1.362 0.46812 0.33304 
TC meq/1 0.201 4.150 I . 14351 0.68023 
Ta meq/1 0. 200 4.150 I. 14350 0.68025 

I mg/1 0.000 0.261 0.02184 0.04627 
0.000 0.380 0.05754 0.08226Br mg/1 

F mg/1 0.008 0.153 0.05017 0.04410 
1. 967 0.47741P04 mg/1 0.011 0.46454 

TOC mg/1 

0.000 o. 112 0.03176 0.03258Li mg/1 
TURBIDY 0.0 80.0 13.022 17.513 

COLOR 0.4 100.0 24. 860 26.993 
0.060 0.150 0.10200 0.02700TDS 104• 

TDS 100~ 0.050 0.130 0.08750 0.02372 

1.070E-03 3. 96 70-03Ag mg/1 0.00000 0.01900 
TIME hr 
Fe mg/1 0.00710 2.66100 2.642E-01 6.727D-01 

cu mg/1 0.00000 0.01100 1.669E-03 3.3380-03 
0.00000 0.23000 1 .ll03E-0 2 5.852D-02Mn mg/1 

3.799E-02 4.1290-02Zn mg/1 0.00000 0.12100 
Pb mg/1 0 . 00000 0.00440 1.303E-03 1. 6520- 03 
Cr mg/1 0 . 00000 0.007 50 7.133E-04 1. 9650-03 

0.00000 0.00000 O.OOOE+OO O.OOOD+OONi mg/1 
7.000E-02 1. 2730- 02Sr mg/1 0.06100 0.07900 

Table(5): Descriptive Statistics for Rabba Station 

lt ') 
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5- Rabba Station 

Forty two rain samp 1 es were co 11 ected by the emp Ioyees of 

Rabba weather station during the study period. This station 

represents the rain water quality falling on the Middle part of 

~ordan (south of Wadi Ragib) along with the lands to the east of 

the Dead Sea. The descriptive statistics of the analysed 

parameters are represented in table (5). 

Concentrations and Fluctuations in the Measured Parameters: 

5.1- Amount of rainfall (mm): 

The analysed samples were collected from rain storms ranging 

from 0.1 to 39 mm. The fluctuations in the amount of ppt. in 

Rabba are presented in figure (51). The highest amount of ppt. 

was recorded on the 3rd of January 1989, where successive 

polar depressions affected Jordan. 

5. 2- Temperature 

The temperature of rain water samples were found to range 

from 5.0 to 18.2 C, with an average of 9.3 ± 2.9 c0 , figure (52). 

The maximum temperature was measured in rainfall collected on the 

11th of December 1989, whereas the minimum temperature was 

recorded on the 18th of December 1988. 

5.3- pH-value. 

The pH-value of rain water samples collected from Rabba were 

found to range from 5.8 to 8.80, with an average of 7.58 ± 0.6. 

Figure (53), shows the fluctuations in the pH-value of rain water 

samples collected during the study period. The minimum pH-value 

was recorded on the 26th of December 1987. When successive polar 
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Figure(53): Fluctuations in pH for Rabba Station 
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r;ainy depressions affected Jordan . 
1: 
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I 

5.4- Electrical Conductivity (EC ps/cm) 

The EC of ppt. water range d from 20 to 415 )JS/cm with an 

arth. mean of 114.4 ± 68 ).lS/cm, figure (54). The maximum 

measured EC of rain water samples was recorded at the beginning 

of the rainy season 1988/1989, when the minimum a mount of 

ra i nfa 11 was recorded. The minimum electrical conductivity of 

rainfall was recorded during the same rainy season on the 21st 

of January 1989. 

5.5- Earth Alkaline Elements (Ca+ & Mg+) 

Similar to other st a tions, the earth alkaline 

elements represent the major dominant cations with more than 75 

% of the total cations. The calcium concentrations in ppt. w~ter 

samples were found to range from calcium free water to 2.39 

meq/1, with an arth. mean of 0.69 ± 0.41 meq/1, figure (55). 

Magnesium content, however, ranged between Mg-free water and 

0.83 meq/1, with an average of 0.18 + 0.17 meq/1, figure (56). 

The maximum Ca and Mg were recorded for ppt. water sample 

co 11 ected on the 19th of February 1988, whereas magnesium free 

rain water samples were recorded many times during the study 

period. 

5.6- Alkaline Elements Na+ & K+ 

The fluctuations in the sodium and potassium contents of 

rain water samples are represented in figures (57 and 58). The 

sodium ion represents the second major cation in ppt. water 

collected from Rabba area. The sodium content ranged from 0.01 
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Figure(55): Fluctuations inCa for Rabba Station 
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Figure(57): Fluctuations in Na for Rabba Station 

Figure(58): Fluctuations in K for Rabba Station 
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to 1.33 meq/1 with an average of 0.23 meq/1, whereas the 
! 

potassium content was found to range from 0.003 to 0.166 meq/1, 

with an arth. mean 0. 05 ± 0. 04 meq/ 1. The maximum sodium 

concentration was recorded on the 26 of January 1988, at the 

beginning of deep po 1 ar depression which affected Jordan more 

towards the south and the south east. The maximum potassium 

content was measured at the beginning of the rainy season of 

1988/1989. 

5.7- Chloride Cl 

The chloride content ranged from 0.08 to 1.51 meq/1, with an 

arth. mean of 0.40 ± 0.27 meq/1, figure (59). The maximum 

concentration was measured in a rain water sample collected on 

the of 19th November 1988 at the beginning of the rainy season 

coinciding with those of K, Mg and EC. 

5.8- Sulfate so4 
2 

The sulfate concentration in rain water samples collected 

from Rabba was found to range from 0.05 to 0.78 meq/1. The 

average content in ppt. water was 0.22 ± 0.17 meq/1 figure (60), 

shows the fluctuations in the sulfate content in ppt. water 

during the study period. Similar to most ions (Cl, K, Mg, Ca), 

maximum sulfate content was measured at the beginning of the 

rainy season of the hydrologic year 1988/1989. 

5.9- Nitrate N03 

The nitrate contents of ppt. water was found to range from 

almost nitrate free water to 0.50 meq/1, with an average of 

about 0.06 meq/1. The maximum nitrate cont3nt was measured on the 
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19th of November 1988. The fluctuations in the nitrate content of 

r ain water samples are represented in figure (61). 

I 
~.10- Bicarbonate (HC03-J 
i 

The bicarbonate ion represented the major anion in ppt. 

water samples, · forming about 40 % of the total anions. These 

bicarbonate content correlates directly with calcium. The HC03 

concentration in rain water samples collected during the study 

period was found to range from 0.05 to 1.36 meq/1, with an 

average of 0.47 ± 0.33 meq/1, figure (62). The maximum Hco3 

content was measured on the 19th of November 1988, while the 

minimum concentration was recorded on the 21st of January 1989 of 

the same hydrologic year. 

·In the southern part of Jordan two stations were chosen to 

collect rain water samples the first is the Shobak weather 

station and the second is the Marine station in Aqaba. During 

the study period only two samples were collected from Aqaba, 

since most of the rain water evaporated before collection due to 

the little amount of accumulated rainfall. From Shobak weather 

station only six monthly composite samples were collected and 

analysed. The descriptive statistics of the analysed parameters 

are shown in table (6). The different va 1ues represented the 

weighted average'of each amount collected from each storm 

affecting the area during one month. 
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STASY V7.02/12 (C) PIC GMBH WR SC UNI V.JORDAN 13.10.90 

DATEI A: NEW-SHBK YOM 15 . 07.15HYDROCHEMISTRY OF PPTION IN J ORD AN 

2.1 DESKRIPTI VE STATISTIK ( KUR Z) 

VARIABLE MINIMUM MA XH1UM MITTELWERT STD . ABW. 

DATE 32141.0 3 2873 .0 32 3 6 2 .50 0 300. 012 

pH VALUE 7.05 7 .70 7.3117 0.3013 
EC /("S/cm 48.0 15 1.0 96.500 35.452 
Na meq/1 0.011 0.403 0.16586 0. 13517 

K meq/1 0.000 0.0 2 7 0.00910 0.01023 
Mg meq/1 0.058 0 .3 72 0.15805 0. 11467 
Ca meq/1 0.386 0.900 0.62195 0.188 3 1 
C1 rneq/1 o. 106 0.504 0. 27917 0. 16321 
N03 meq/ 0 . 020 0 .0 75 0.05100 0.02352 

So4 meq/ 0.050 0. 304 0.20741 0.13 252 
HC03 meq 0. 154 0.7 5 1 0 . 42747 0.23906 
TC meq/1 0.480 1. 5 10 0.96500 0.36462 
TA meq/1 0 . 480 1 . 5 10 0.96500 0.36452 
I mg/1 0.001 0.01 8 0.00700 0.00765 

Br mg/1 0.005 1. 380 0 . 34060 0.5 8 350 
F mg/1 0.032 0. 105 0.07067 0 . 04053 
P04 mg/1 0.000 0 . 7 34 0.246 3 3 0.4 22 34 
Li mg/1 0.010 0 . 030 0.02133 0.010 26 
TURBIDY 0 . 0 28 . 0 14.000 19.799 

COLOR 0.0 8. 0 3 . 000 4.359 
Fe mg/1 0.00000 0.03 230 1 .077E-02 1.865D-02 
Cu mg/1 0.00000 0.005 80 1 . 933E-03 3.349D-03 
Mn mg/1 0.00000 0. 00 160 5.333E-04 9.238D-04 
Zn mg/1 0.00000 0.00167 5.557E-04 9.542D-04 

Pb mg/1 0.00110 0.005 30 2.667E-03 2.294D-03 
Cr mg/1 0.00000 0.00000 O.OOOE+OO O.OOOD+OO 
Ni mg/1 0.00000 0.000 00 O.OOOE+OO O. OOOD+OO 

Table(6): Descriptive Statistics for Shobak Station 

WRSC UNIV.JOROAN 10.10.90STASY V7.02/12 (C) PIC GMBH 

OATEI A:NEW-SALT YOM 15.07.15HYDROCHEMISTRY OF PPTION IN JORDAN 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM MITTELWERT STO.ABW. 

DATE 32071.0 32964.0 32329.770 311.500 
0.2 57.0 10.210 13.857QUANT rrm 

3.932TEMP "c ·. 6.2 16.7 10.813 
pH VALUE 6.39 8.74 7.6074 0.5676 

18.0 372.0 98.679 71. 503 EC ~~/em 

Na meq/1 0.000 2.245 0.31673 0.45242 
Kmeq/1 0.004 0.322 0.04641 0.06208 
Mg meq/1 o.ooo 0.456 0.15719 0.11318 
Ca meq/1 0.101 1.033 0.46647 o. 25779 
C1 meq/1 0.045 2.205 0.42247 0.43436 

0 . 05128 N03 meq/ 0.004 0.214 0.05718 
504 meq/ 0.031 0.900 0.18823 0.19396 
HC03 meq 0.095 0.719 0. 31892 0.15519 

3.720 0.71503TC meq/1 0.180 0. 98680 
TA meq/1 0.180 3.720 0. 98679 0.71503 

I mg/1 0.000 0.060 0.00 637 0 . 01122 
0 . 09149 Br mg/ 1 0.000 0.390 0.06623 

F mg/1 0.002 0. 292 . 0.03922 0.07140 
P04 mg/1 0.000 2.600 0.80273 0.65894 
TOC mg/1 

0.000 0.060 0.01927 0 . 01913 L1 mg/1 
12.083TURBIOY 0.0 40.0 15.500 

54.0 14.938 22. 133COLOR o.o 
TOS 10( 0. 010 . 0. 130 0.07000 0.04336 
TDS 180• 0.000 0.080 0.05167 0.03371 

Ag mg/1 0.00000 0.03300 2. 175E- 03 6.0310-03 
TIME hr 
Fe mg/1 0.00000 7. 01960 7. 932E- 01 1.6840+00 

4. 619E- 8. 2860-02Cu mg/1 0.00000 0.30000 02 
1. 8910-02Mn mg/ 1 0.00000 0.07420 1. 276E- 02 

0.69000 2.32 1E- 01 2.053!)-01Zn mg/1 0.00000 
0.00000 0. 01 500 4. 151E-03 4.49 50-03 Pb mg/1 

cr mg/1 0.00000 0.01607 9. 841 E-04 3.8910-03 
Nl mg/1 0. 00000 0.28900 5.996E- 02 8.936()-02 

Sr mg/1 

Table(7): Descriptive Statistics for Salt Station 
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6- Salt Station · 

During the study period, thirty nine ppt. water samples were 

collected and analysed for their physical and chemical 

properties. The descriptive statistics of the different 

parameters are shown in tab 1 e ( 7). 

Concentrations and Fluctuation in the Physical and Chemical 

Parameters ...!. 

6.1- Amount of rainfall (mm) : 

The amount of rainfall from which water samples were 

collected and analysed ranged from 0.2 to 57 mm. The 

fluctuations in the amount of ppt. are shown in figure (63). 

During the hydrologic years 1988/1989 and 1989/1990 on 1 y few 

water samples were collected and subjected to analyses and study. 

6.2- pH-value. 

The pH-value of rain water samples ranged from 6.39 to 

8.74, with an average of 7.61 ± 0.57. Figure (64), shows the 

fluctuations in the measured pH-value during the study period. 

The maximum pH-value was measured on the 22nd of December 1987, 

whi 1 e the mini mum va 1ue was recorded on the 8th of November of 

the same year. 

6.3- Electrical conductivity 

The EC of collected samples ranged from 18 to 372 ps/cm with 

an arth. mean of 98.7 ± 71.5 ps/cm, figure (65). The maximum 

recorded EC-value was on the 6th of November 1987 and the minimum 

was measured for rain water co 1 1 ected on the 30th of December 

1987. 
' 

Successive rainfall storms were responsible for the low 

measured EC. 
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6.4- Earth Alkaline Elements (ca2+ & Mg2+) 

The calcium concentration represented the major cation as 

reaching 53 % of the total cat ·ions. Calcium content in rain 

water samples ranged from 0.10 to 1.03 meq/1 with an arth. mean 

of 0.47 ± 0.26 meq/1, figure (66). The maxi mum Ca content was 

measured on the 6th of November 1987, while the minimum was 

recorded on the 30th of December 1987. On the other hand 

magnesium content in ppt. water was found to range from magnesium 

free water to o.46 meq/1. The arth. mean of magnesium content 

was 0.16 ± 0.11 meq/1. Figure (67), shows the fluctuation in the 

magnesium content during the study period. The maximum 

concentration was recorded at the beginning of the rainy season 

of 1988/1989. 

6.5- Alkaline Elements (Na+ & K+) 

The sodium and potassium contents ranged from Na and K free 

waters to 2.25 and 0.32 meq/1 respectively. The average values 

were . found to be 0.32 and 0.05 meq/1 for sodium and potassium 

respectively. The f 1 uctuat ions of Na & K are shown in figures 

(68 and 69). The maxi rna for both ions were measured for rain 

waters collected on the 6th of November 1987. 

6.6- Chloride 

The chloride ion represent the dominant anion in the rain 

water collected from this station. It represented about 39 % of 

the tota 1 anions. The ch 1or ide contents ranged from o. 045 to 

2.205 meq/1, with an average of 0.42 meq/1, figure (70). The 
! 

maximum concentration was measured for ppt. water collected on 

the 6th of November 1987, while the minimum value was measured on 
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the 30th of December of the same year. 

6. 7- Sulfate (so4 
2-) 

The sulfate content ranged from 0.03 to 0.90 meq/1 with 
~ . 

an average of 0.19 meq/1. Figure (71), shows the fluctuations in 

the sulfate concentration in the rain water samples collected 
! 
~uring the study period. The max imum concentration was measured 

in rain water collected on the 29 th of October 1987, .while the 

minimum content was recorded on 21st of December 1987. 

The nitrate concentrations in rain water samples were found 

to range between 0.004 and 0.21 meq/1 with an arth. mean of 0.06 

± 0.05 meq/1, figure (72). The maximum concentration was 

measured in rain water samples collected on the 29th of October , 

while minimum value was measured on the 22nd of January 1989. 

6.9- Bicarbonate (Hco3-; 

The content of bicarbonate in ppt. waters collected from 

$alt was found to range from 0.1 to 0.72 meq/1 with an average of 

0.32 ± 0.16 meq/1, figure (73). The maximum bicarbonate content 

~as measured in rainfall water co 11 ected on the 8th of March 

~ 988; almost at the end of the rainy season of the hydrologic 

year 1987/1988 when the temperatu r e of the atmosphere started to 

rise up. 
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7- Irbid Station 

In the northern part of Jordan two stations were installed 

to collect ppt. water. The firs t one in the center of Irbid city 

and the second in the metereological station at the University of 

Sciences and Technology. From the first station, only sixteen 

water samples were collected during the first year 1987/1988 

while twenty five samples were collected during the hydrologic 

years 1987/1988 and 1988/1989 from the second station. The 

descriptive statistics of the analysed parameters of the two 

station are shown in tables (8 and 9). No major differences 

between the qua 1 i ty of ppt. in the two stations were detected. 

The quality of ppt. water is a function of many variables such as 

the origin of the storm depression, i . e. whether it comes from 

the north, south or west, and to the direction of the depression 

invading the country. The fluctuations in the analysed parameters 

of the weather station (station No.2) will be considered as 

represent active of the two stations. 

Concentrations and Fluctuations Qf the Physical and Chemical 

Parameters. 

7.1- Amount rainfall (mm) 

The amount of ppt. from which water samples were collected 

and analysed for the different parameters was found to range 

from 0.3 to 34 mm Figure (74). The maximum amount of ppt. was 

measured on the 4th of January 1988, where a composite water 

samp 1 e was co 11 ected. 
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STASY V7.02/12 

ltYOROCHEHISTRY OF 

2.1 OESKAIPTlVE 

VARIABLE 

OAT£ 
QUANT 11111 
TEHP 'c .. 
pit VALUE 
EC ,AI'S/cm 

Na meq/1 
K moq/1 
Hg meq/1 
Ca meq/1 
C1 meq/1 

N03 meq/ 
so~ moq/ 
IIC03 meq 
TC mgq/1 
TA meq/1 

I mg/1 
Or mg/1 
F mg/1 
P04 mg/1 
TOC m9/l 

L1 mg/1 
TURD JOY 
COLOR , 
TOS 104 
TOS 180'· 

Ag mg/1 
TIME hr 
Fe mg/1 
Cu mg/1 
Hn mg/1 

Zn mg/1 
Pb mg/1 
cr mg/1 
H1 mg/1 

Table(8): 

(C) PIC GHDit 

PPTIOH IH JORDAN 

STATISTlK (KURZ) 

HlltiHUH ~IAXIHUH 

32082.0 32550o0 
OoO 31.8 
3o 6 19 0 8 

6 o 55 6o 07 
31.0 365o 0 

0.006 Oo536 
0,005 0. 7~ 1 
0,000 Oo920 
Oo162 2 0 122 
0.067 o. 619 

Oo007 0. 464 
0.023 1. 423 
Oo078 1.155 
0. 310 3. 650 
0.310 3. 650 

0.006 Oo032 
0.001 0.040 
Oo009 0.092 
1. 110 4. 990 

0.000 0,022 
o.o 6o0 
0.0 2.5 

0.090 Oo100 
Oo040 o.oso 

0.00000 0.03300 

Oo 00900 0.52900 
Oo 00000 o. 00500 
OoOOOOO o. 03900 

Oo00120 Oo00140 
OoOOOOO o. 00370 
OoOOOOO 0,00000 

WRSC UNIV oJOROAN 10o10.90 

OATEI A:~EW-IRBT VOtl 15o07.15 

HITTELWERT STOoAOWo 

32263o 750 189.810 
9o431 8.734 

13 0 067 4o615 
7. 2006 0. 3737 
95 o162 93. 167 

0 0 17 571 0 0 16214 
Oo0600 Oo16208 
0.18726 Oo21118 
0.52815 Oo50975 
0. 22882 o. 14325 

0.05595 Oo10755 
Oo ?.7290 Oo43576 
Oo393 00 0.33222 
Oo 9 ~163 Oo93167 
Oo95162 0.93167 

0.01806 Oo 00866 
Oo02050 o. 027 58 
Oo04283 0.03666 
3.64500 1. 74298 

0.01060 Oo 00944 
2.333 2.338 
1 o 167 1 0 033 

Oo09MO Oo 00707 
Oo 04500 0.00707 

3o 636E-OJ 9. 1500-03 

2.690£-01 3o6770-01 
2. 500E-03 3 o 535D-03 
1o 950£-02 2. 7580-02 

1o 300E-03 1. 4140-04 
1o 850E-03 2.6160-03 . 
O.OOOEiOO 0. 0000+00 

Descriptive Statistics for Irbid Town Station 

STASY ¥1.02/12 (C) PIC GHOii WRSC UNIVoJOROAH 10.10o 90 

DATE! A:NEW-IRSW VOM 15.07.15liVOROCHEHISTRY OF PPTIOH IH JOROAtt 

2.1 OESKRIPTJVE STATISTIK (KURZ) 

VARIABLE MlltlHUM HAXlf1UM MJTTELWEnT STUoABWo 

DATE 32060,0 32523.0 32230o680 187.316 
QUAIIT 11111 0.3 3~.o 7. 354 8 0 662 
TEMP·c · 12.3 14 01 13o 750 1. 133 
plj VAlUE 6. 72 1. 66 To 2684 Oo3105 

EC ~/em 23.0 436.0 192.244 116.349 

Na meq/1 0.002 • 1. 320 o. ~7806 Oo~2876 

K meq/1 0.004 Oo 1~5 Oo03107 Oo03272 
Mg meq/1 o.ooo Oo549 o. 24883 Oo16724 
Ca meq/1 0.070 3. 618 1. 164~6 0.78655 

C1 meq/1 0.016 1.603 0. 5397 3 Oo40965 

0.050HN03 meq/ 0.014 0.229 0.06776 
S04 meq/ 0.028 2. 251 Oo GH34 Oo5~536 

IIC03 meq 0.013 1. 465 Oo69761 0. 43223 
TC meq/1 o. 230 4 o 3GO 1. 92244 1. 16349 

TA meq/1 o. 230 4o360 1. 92244 1. 16349 

I mg/1 o.ooo 0 0 230 0 0 03638 Oo07789 

Br mg/1 0.000 o. 880 Oo15722 0. 27500 

F mg/1 OoOOO Oo065 0.01840 Oo02693 

P04 mg/1 o.ooo 0.360 0. 26100 o. 11456 

TOC mg/1 

Oo01059l1 mg/1 o.ooo 0,032 Oo02511 
6. 0 4o333 1o 871TUllO lOY OoO 

COLOR 0.0 4o0 2 0 167 1. 118 
o.ooo Oo040 Oo02333 0.01323TUS 10~~ 

TOS 180• o.ooo 0.010 Oo00111 0.003J3 

Ag mg/1 Oo 00000 0. 00530 8.875E-04 1. 3340-03 

TIME hr 
0.00000 0.03710 1o 860E-02 1o 5110-02Fe mg/1 

Cu mg/1 0.00000 o.ooiGo 4 0000£-0~ 8 . 0000-04 

Hn mg/1 o.ooooo Oo00091 3. 600E-O~ 4.~37D-04 

0.12790 ~ 0235£-02 50 9020-02 
Oo 00350 8o 750E-04 1. 7500-03 

Zn mg/1 OoOOOOO 
Pb mg/1 OoOOOOO 

Table(9): Descriptive Statist1cs for Irbid Weather Station 
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Figure(75): Fluctuations in pH for Irbid Weather Station 
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Figure(76): Fluctuations in EC for Irbid Weather . Station 
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7. 2- pH-value : 

The pH-value of rain water samples collected from this 

station ranged from 6.72 to 7.66, with an arth. mean of 7.27 ± 

0.31. Figure (75) shows the fluctuation of the measured pH

values during the study period. Generally, the pH-value of rain 

water collected during the hydrologic year 1988/1989 were lower 

than that of the hydrologic year 1987/1988. The minimum value 

was recorded on the 18th of December 1988, while the maximum was 

recorded on the 18th of December 1987. 

7.3- Electrical conductivity (Ec ps/cm at 25 C0 
) 

The EC ranged from 23 to 436 ~s/cm with an average of 

192 ± 116)JS/cm, figure (76). The maximum EC of the hydrologic 

year 1987/1988 was recorded at the beginning of the rainy season 

after that the EC of rain water tended to decrease and reached 

a minimum on the 18th of December, 1987. The maximum EC value 

during the study period was recorded on the 16th of January 1989. 

Generally, the EC values of ppt. water samples collected during 

the hydrologic year 1988/1989 were higher than those of the 

previous hydrologic year. 

7.4- Earth Alkaline Elements (Ca2+ & M~+) 

The calcium content of rain water collected from this 

station represented the dominant cation. Its concentration 

ranged from 0.07 to 3.62 meq/1, with an arth. mean of 1.16 ± 

0.79 meq/1, figure (77). The minimum calcium content was 

measured on the 18th of December 1987, while the maximum recorded 

va 1ue was on the 16th of January 1989. The magnes i urn content 

ranged from magnesium free waters to 0.55 meq/1 with an average 
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Figure(77): Fluctuations , in Ca for Irbid Weather Station 
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of 0.25 ± 0.17 meq/1, figure (78). The maximum content was 

measured in rain water sample collected on the 28th of December 

1989. While minimum was measured on the 18th of December 1987. 

7. 1.5 Alkaline Elements (Na+ & K+) 

The alkaline elements in rain water samples collected from 

Irbid represented about 25 % of the total cations. Figures (79 

and 80) show the fluctuations of sodium and potassium ions 

concentrations during the study period. The sodium content 

ranged from almost sodium free rain water to 1.32 meq/1, with an 

average of 0.48 ± 0.43 meq/1. The maximum Na-content was 

measured on the 15th of · December 1988, while the minimum value 

was recorded on the 4th of January 1988, when successive co 1 d 

depressions affected Jordan. The maximum K-content was recorded 

in ppt. water collected on the 18th of October 1987, at the 

beginning of the rainy season, while minimum K-concentration was 

measured in rain water samples collected on the 4th of January 

1988. 

7.6- Chloride (C7-) 

The chloride content ranged from 0.016 to 1.603 meq/1. The 

arth. mean was found to be 0.540 ± 0.41 meq/1. The maximum 

chloride content was measured on the 25th of December 1988 and 

the mini mum va 1ue was recorded in ppt. samp 1 e co 11 ected on the 

18th of December 1987 , figure (81). 

7.7- Sulfate (so4 
2 -J 

The fluctuation of sulfate contents in rain water samples is 

represented in figure ( 82). The sulfate content was found to 
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Figure(82): Fluctuations in so4 for Irbid Weather Station 
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range from 0.028 to 2.251 meq/1, with an arth. mean of 0.62 ± 

0.55 meq/l. The maximum recorded concentration of sulfate was 

found in ppt. water collected on the 16th of January 1989, and 

the minimum value was measured on the 6th of November 1987, when 

heavy cold and warm depressions affected Jordan and intensive 

ppt. occurred. 

7. 1.8 Nitrate (No3-; 

The nitrate content ranged from 0.014 to 0.229 meq/1, with 

an average of 0.068 ± 0.05 meq/1, figure (83). The maximum 

nitrate content was measured in rain water samples associated 

with intensive thunderstorms in north Jordan on the 18th of 

October 1987. The minimum nitrate content was recorded in the 

same hydrologic year 1987/1988 where successive depressions 

affected Jordan on the 22nd of December 1987. 

7.9- Bicarbonate (HC03-; 

The bicarbonate fluctuations are presented in figure (84). 

The bicarbonate content during the study period was found to 

range from 0.013 to 1.465 meq/1, with an average of 0.70 ± 0.43 

meq/ 1 . The maxi mum va 1ue was measured on the 18th of October 

1987, at the beginning of the rainy season ( 1987/1988) and the 

minimum content was recorded in the same rainy season 

(1987/1988) in water sample collected on the 18th of December 

1987. 
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F1gure(~~): Fluctuations in No3 for Irbid Weather Station 

WRSC UNIV.JORDAN 10.10.90STASY V7.02/12 (C) PIC GMBH 

HYDROCHEMISTRY OF PPTION IN JORDAN DATE! J.:NEW-IRBT YOM 15.07.15 

2.1 PESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM MlTTELWERT STD.ABW. 

32082.0 32550.0 32263.750 189.810 
QUANT mm 
DATE 

0.8 31.8 9.431 8.734 
TEMP •c:· 3.8 19.8 13.087 4.815 
pH VALUE 6.55 8.07 7. 2006_ 0.3737 
EC Jlo"S/cm 31.0 365.0 95.162 93.167 

Na meq/1 0.006 0.538 0.17571 0.16214 
0.18208Kmeq/1 0.005 0. 741 0.06047 

Hg meq/1 0.000 0.920 0.16726 0.21718 
0.162 2.122 0.52615 0.56975Ca meq/1 

. 0.067 0.619 0.22862 0.14325C1 meq/1 

N03 meq/ 0.007 0.454 0.05b95 0.10755 
S04 meq/ 0.023 1. 423 0.27290 0.43576 
HC03 meq 0.078 1.155 0.39368 0.33222 
TC meq/1 0.310 3.650 0.95163 0.93167 
TA meq/1 0.310 3.650 0.95162 0.9~167 

0.008 0.01886 0.00366 
Br mg/1 0.001 
I mg/1 0.032 

0.040 0.02050 0.02758 
F mg/1 0.009 0.092 0.04283 0.03586 

1.74298P04 mg/1 1.170 4.990 3.64500 
roc mg/1 

0.000 0.022 0.01680 O.OOl44L1 mg/1 
0.0 6.0 2.333 2. 338TURBIDY 
0.0 2.5 1. 167 1 . J33COLOR • 

TOS 104. 0.090 0.100 0.09500 0.00707 
TDS 180• 0.040 0.050 0.04500 0.00'07 

Ag mg/1 0.00000 0.03300 3.638E-03 9.1500-03 
TIME hr 

0.00900 0.52900 2.690E-01 3. 6770-'-o 1Fe mg/1 
cu mg/1 o.oooou 0.00500 2.500E-03 3.5360-03 

0.03900 1.950E-02 2. 758D··02Hn mg/1 0.00000 

Zn mg/1 
Pb mg/1 0.00120 0.00140 1. 300E-03 1. 4140--04 
cr mg/1 0.00000 0.00370 1.850E-03 2.6160--03 
N1 mg/1 0.00000 0.00000 0. OOOE+OO 0.0000+00 
Sr mg/1 

Table(S): Descriptive Statistics for Irbid ·rown Station 
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STASY V7.02/12 (C) PIC GMBH WRSC UNIV.JOROAN 10.10.90 

IWOROCHEMISTRY OF PPTION IN JORDAN OATEI A:NEW-IRBW VOM 15.07.15 

2. 1 OESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUH MITTELWERT STO./IBW. 

DATE 32066.0 32523.0 32230.600 187.316 
QUANT mm 0.3 34.0 7.354 6.662 
TEMP 'C. 12 .3 14.7 13.750 1. 133 
pH VALUE 6.72 7.66 7.2604 0.3105 
EC ,..3/cm 23.0 436.0 192. 244 116.349 

Na meq/1 0.002 1. 320 0.4760 6 0.42676 
K meq/1 0.004 o. 145 0.03107 0.03272 
Mg meq/1 0.000 0.549 0.24003 o. 16724 
Ca meq/1 0.070 3.616 1. 16446 0.78655 
C1 meq/1 0.016 1.603 0.539 73 0.40965 

N03 meq/ 0.014 0.229 o. 06776 0.05024 
S04 meq/ 0.028 2.251 0.61734 0 . 54536 
HC03 meq 0.013 1. 465 0.69761 0.43223 
TC meq/1 0.230 4.360 1. 92244 1. 16349 
TA meq/1 0.230 4.360 1.92244 1.16349 

I mg/1 0.000 0. 230 0.03836 0.07789 
Hr mg/1 0.000 0.880 0.1572 2 0.27500 
F mg/1 o.ooo 0.065 0.01040 0.02693 
P04 mg/1 0.000 0.360 0.26100 o. 11456 
TOC mg/1 

L1 mg/1 0.000 0.032 0.02511 0.01059 
TURBIDY 0.0 6.0 4.333 1. 871 
COLOR 0 . 0 4.0 2. 167 1. 118 
TOS 10{ 0.000 0.040 0.02333 0.01323 
TOS 180' 0.000 0.010 0.001 11 0.00333 

Ag mg/1 0.00000 0.00530 8.875E-04 1.3340-03 
TIME hr 
Fe mg/1 0.00000 0.03710 1.860E-02 1.5170-02 
Cu mg/1 0.00000 0.00160 4.000E-04 6.0000-04 
Mn mg/1 0.00000 0.00091 3.600E-04 4.4370-04 

Zn mg/1 0.00000 0. 12790 4.235E- 02 5.9020-02 
Pb mg/1 0.00000 0.00350 8.750E-04 1.7500-03 
Cr mg/1 0.00000 0.00000 0. OOOE -~00 0.0000+00 
N1 mg/1 0.00000 0.02100 5. 250E-03 1. 0500-02 
Sr mg/1 

Table(9): Descriptive Statistics for Irbid Weather Station 

..----------------·-----
GE0-5~g U1.~1/P2 (C) PIC GMBH 14:50:27 WRSC \ UNIUERSIT~ OF JORDAH \ AMMAN 
HYDROCHEMISTRY OF PPTION IN JORDAN DATA OF IRBID WEATHERING STATION 
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Figure(84): Fluctuations in Hco3 for Irbid Weather Station 
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8- The University of Jordan Farm Station 

In order to identify the quality of rain water in the 

Jordan valley area, a station to collect rain water samples was 

installed during the study period. Twenty one samples were 

collected and analysed for their physical and chemical 

characteristics. Descriptive statistics of these parameters are 

shown in tab 1 e ( 1 0) . 

Concentrations and Fluctuations of the Physical and Chemical 

Parameters. 

8.1- Amount of rainfa77 in (mm). 

The amount of rainfall from which water samples were 

collected, ranged from 0.1 to 29.2 mm, figure (85). The highest 

amount of precipitation was recorded at the beginning of the 

rainy season 1988/1989 on the 18th of November 1988 and the 

minimum value was measured on the 17th of January 1988. 

8.2 Electrical Conductivity (EC ps/cm at 25 °C) 

The electrical conductivity of rain water collected from this 

station was found to range from 41 to 500 ~s/cm, with an average 

of 1.59.8 ± 133.3 ~s/cm. The maximum EC-value was recorded on 

the 24th of December 1988 while the minimum value was measured in 

rain water sample collected on the 16th of February 1988, figure 

(86). 

8.3- pH-value 

The pH-value of the collected rain water samples was 

measured after its arrival to the WRSC-laboratories and found to 

range from 6.50 to 8.26. The arth, mean of the pH-value was 7.49 

+ 0.42. The fluctuation in the pH-value is represented in figure 
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STASY V7.02/12 (C) PIC GMBH WRSC UNIV.JORDAN 13.10.90 

HYDROCHEMISTRY OF PPTION IN JORDAN DATE! A:NEW-FARM VOM 15 .07.15 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM MITTELWERT STD.ABW. 

DATE 32125.0 32876.0 32411.953 253.348 
QUANT mm 0.1 29 .2 9.614 8.795
TEMP ~. C 11. 2 30. 1 10.448 4.901 
pH VALUE 6.50 8.26 7.4~19 0.4174 
ECrS/cm 41.0 500.0 159.843 133.253 

Na meq/1 0.022 1. 278 0.37413 0.33775
K meq/1 0 .000 0.140 0.03727 0.03840
Mg meq/1 o.ooo 1. 825 0.30619 0.46053
Ca meq/1 0.286 2.543 0.88083 0.58823
C1 meq/1 0.095 1. 554 0.47344 0.43084 

N03 meq/ 0.021 0. 125 0.06178 0.03001
S04 meq/ 0. 081 . 1. 008 0.35276 0.26168 
HC03meq/ 0.189 2.599 0.71043 0.68535
TC rneq/1 0.410 5.000 1.59845 1. :l3253
Ta meq/1 0.410 5.UOO 1.59843 1.33253 

I mg/1 0.001 0.030 0.01436 0.00914 
Br mg/1 0.000 2.520 0.31533 0.66471
F mg/1 0.005 0.394 0.09912 0. 13164 
P04 mg/1 0.000 0.723 0.08483 0.21396
Li mg/1 0.013 0.260 0.06609 0.07533 

TURBIDY 0.0 12.0 3.54[; 5. 126 
0 o.o 15.0 5. 167 6.021~g~ 7o4' 0.010 0.210 0.15200 0.08319

TOS 180• 0.000 0.200 0.09400 0 .0 7232
Ag mg/1 0.00000 0.00616 1.022E-03 2.128D-03 

Fe mg/1 0.00000 0.52900 1.625E-01 1. 7HD-01
Cu mg/1 0.00000 0.00213 7. 11-\ E-04 /.0720-04
14n mg/1 0.00000 0.01500 5.504E-03 5.4110-03
Zn mg/1 0.00000 1 . 17000 2.622E-01 3.4800-01
Pb mg/1 0.00000 0.00840 8.329E-04 2.2000-03 

Cr mg/1 0.00000 0.00280 7.807E-04 1 . 1320-03 
N i mg/1 0.00000 0.34000 6 . 207E-02 1. 1110-01 
Sr mg/ .1 0.01400 0 .37000 1 .491E-01 1.3140-01 

Table(10): Descriptive Statistics for University Farm Station 
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Figure(87): Fluctuations in pH for University Farm Station 
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(87). The maximum pH-value was measured on the 15th of January 

1989, while the minimum value was recorded on the 18th of 

November 1988. 

8.4- Earth alkaline elements (ca 2 + & Mg2 +) 

Figures (88 and 89) show the fluctuation of calcium and 

magnesium content in rain water samples collected during the 

study period. The calcium content ranged from 0.29 to 2.24 meq/1 

with an average of 0. 88 ± 0. 59 meq/ 1 . The maxi mum ca 1 c i urn and 

magnesium contents were measured in ppt. sample collected on the 

24th of December 1988 while the minimum value was recorded on the 

13th of March 1989 and on the 4th of January 1990 for Ca & Mg 

respective 1y. Ca 1 c i urn ions represented the dominant cation in 

rain waters collected from this station. 

8.5- Alkaline elements (Na+ & K+) 

The sodium concentration ranged from 0.02 to 1.28 meq/1 

with an average of 0.37 ± 0.34 meq/1, figure (90). The maximum 

concentration was measured on the 24th of December 1988, while 

the minimum content was recorded on the 16th of February 1988. 

Sodium represented the second dominant cations after calcium in 

most of the analysed samples. 

The potassium content in rain water samples was found to 

range between potassium free waters and 0.14 meq/1 ,figure (91) 

with an average value of 0.037 meq/1. The maximum concentration 

was measured on the 24th of December 1988 and the minimum value 

was recorded on the 16th of February 1988. 

8.6- Chloride (Cl-) 

The chloride content in rain water samples collected during 
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Figure(91): Fluctuations inK for University Farm Station 
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the observation period was found to range from 0. 095 to 1. 554 

meq/1, with an average of about 0.47 ± 0.43 meq/1, figure (92). 

The maximum and the minimum concentrations were recorded in water 

samp 1 es co 11 ected on the 24th of December 1989 and on the 13th 

of March 1988 respectively. 

8.7- Sulfate (so4 
2 -J 

The sulfate content ranged from 0.081 to 1.008 meq/1 1 with 

an average of 0.35 ± 0.26 meq/1. The rnax i mum content in rain 

water collected from this station was on the 24th of December 

1988 1 while the minimum content was recorded on the 16th of 

February 1988. Figure ( 93) shows the f 1 uctuat ion in the su 1fate 

content during the study period. 

8.8- Nitrate (N03-J 

Figure ( 94) 1 shows the f 1 uctuat ions of the nitrate content 

during the observation period. The nitrate concentration was 

found to range from 0.021 to 0.125 meq/1 with an average of 0.062 

± 0.030 meq/1. The maximum concentration was measured in water 

samples collected on the 15th of February 1988. The maximum 

recorded concentrations were found to corr·elate directly with the 

thunderstorms affecting the area. 

8.9- Bicarbonate (HC03-J 

The b i carbon ate content ran g e d f r c' m 0 . 1 9 to 2 . 6 0 me q I 1 1 

with an average of 0.71 ± 0.069 meq/1, figure (95). The maximum 

bicarbonate concentration in rainwater samp 1 es was recorded on 

the 24th of December 1988, and the minimum content was measured 

in water sample collected on the 13th of March 1989. 
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Figure(94): Fluctuations in N03 for Universit~ Farm Station 
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Figure(95): Fluctuations in Hco3 for University Farm Station 
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9- Muwaqqar Station 

In the central part of Jordan to the south east of Amman two 

stations were installed to collect ppt. water. The first one in 

Muwaqqar area (the University Farm) and the second in the 

treatment plant of Queen Alia International Airport. From the 

first station, seventeen water samples were collected during the 

first year 1987/1988 while twenty five samples were collected 

during the hydrologic years 1987/1988 and 1988/1989 from the 

second station. The descriptive statistics of the analysed 

parameters of the two station are shown in tables (11 and 12). No 

major differences between the quality of ppt. in the two stations 

were detected. 

The quality of ppt. water is a function of many variables such as 

the origin of the storm depression, i.e. whether it comes from 

the north, south or west, and to the direction of the depression 

invading the country. The fluctuations in the analysed parameters 

of Muwaqqar station (station No.1) wi 11 be considered to 

represent the two stations. 

Concentrations and Fluctuations of the Ph)!sical and Chemical 

Parameters. 

9.1- Amount rainfall (mm) · 

The amount of ppt. from which water samples were collected 

and analysed for the different parameters was found to range 

from 0.4 to 23 mm, during the period 1989- 1990, figure (96). The 

maximum amount of ppt. was measured on the 13th of March 1990, 

~here a composite water sample was collected. 
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STASY V7.02/12 (C) PIC GMBH WRSC UNIV.JORDAN 13.10.90 

HYDROCHEMISTRY OF PPTION IN JORDAN DAT EI A:NEW-QAIA VUM 15.07.15 

2 .1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMU~1 tHTTELWERT STD.ABW. 

DATE 32066.0 32140.0 32088.000 29. 198 
QUANT nun 0.8 4.8 2.720 1. 555 
TEMP "c 15.4 18.02520.2 2.488 

7.68 9.03 8.0540 0.552!lpH VALUE 
ECJ't ·S/cm 83.0 315.0 206.000 93.247 

Na meq/1 0.037 0.900 0.45316 0.40338 
K meq/1 0.019 0. 14 7 0.08449 0.06000 
Mg meq/1 0.000 0.885 0.22309 0.37466 
Ca meq/1 0.443 2.020 1. 29927 0.74243 
C1 meq/1 0.160 0.791 0.50560 0.28657 

0.22931N03 meq/ 0.036 0.621 0.30482 
S04 meq/ 0.062 1. 778 0.79416 0.67062 
HC03 meq 0.245 0.808 0.45532 0.21956 

0.830 3.150 2.06000 0.93247TC meq/1 
TA meq/1 0.830 3. 150 2.06000 0.93247 

I mg/l 0.020 0.038 0.02933 0.00902 
Br mg/1 0.010 0.260 0.09333 0.14434 
F mg/l 0.045 0.066 0.05550 0.01485 

0.00000 0.00500 3.750E-03 2.5000-03Ag mg/1 

Table(11): Descriptive Statistics for Queen Alia Intr. Airport 

STASY V7.02'12 (C) PIC GMBH WRSC UN! I. JORDAN 10.10.90 

HYDROCHEMISTRY OF PPTION IN JORDAN DATE I A:NEW-MUWQ VOM 15.07. 15 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM MITTELWEIH STD .ABW. 

DATE 32086.0 32963.0 32533.773 355.779 
QUANT mm 0.4 23.0 6.050 8.089 
TEMP•c 16.2 18.6 16.600 0.980 
pH VALUE 4.00 8.15 7. 4821 0.7372 
EC ~ S/cm 30.0 373.0 165.077 101.292 

No meq/1 0.020 1. 189 0.34424 0.28672 
K meq/1 0.001 0.144 0.03727 0.03983 
Mg meq/1 0.00~ 0.751 0.20356 0.22581 
Co meq/1 0.211 2. 920 1. 06569 0.65364 
C1 meq/1 0.067 2.780 0.58456 0.56776 

N03 meq/ 0.009 0.363 0.09401 0.07292 
S04 meq/ 0.024 1.909 0.32569 0.37941 
HC03 meq 0.093 4.934 0.92866 1.03810 
TC meq/1 0.300 3. 730 1. 6507 6 1.01292 
TA meq/1 0.300 3.730 1. 65077 1.01292 

I mg/1 0.01)1) o.on 0 . 01261 0.00935 
Br mg/1 0.001 0.565 0.12942 0.17741 
F mg/1 0.012 0.353 0.08110 0.10338 
P04 mg/1 0.155 D.510 0. 32500 0.12309 
TOC mg/1 

L1 mg/1 0.000 0. 130 0.03426 0.03048 
TURBIDY 6.0 110.0 41. 133 30 . 071 
COLOR 3.0 70.0 20 . 633 19.720 
TOS 104" 0.010 0.480 0.14500 0. 11713 
TOS 180~ 0.000 0.455 0.12594 0.11508 

Ag mg/1 0.00000 0.34800 2.957E-02 8. 131D-02 
TIME hr 
Fe mg/1 0.01800 2.58000 1.227E+OO 1. 066D+OO 
Cu mg/1 0.00110 0.01380 6.150E-03 4.653D-03 
Mn mg/1 O.DOOOO 0.06300 2.395E-02 2.545D-02 

Zn mg/1 D.01550 0.79200 2.802E- 01 3. 7750-01 
Pb mg/1 0.00000 0.00750 2.472E-03 2.9210-03 
Cr mg/1 0.00000 0.00300 1.000E- 03 1.549D-03 
N1 mg/1 0.00000 0.04350 1. OOOE-02 1.7690-02 
Sr mg/1 

Table(12): Descriptive Statistics for Muwaqqar Station 
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Figure(96): Fluctuations in ppt. Amounts for Muwaqqar station 
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Figure(97): Fluctuations in pH for Muwaqqar Station 
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9.2- pH-value : 

The pH-value of rain water samples collected from this 

station ranged from 6.95 to 8.15, with an arth. mean of 7.59 ± 

0.29. Figure (97) shows the flu c tuation of the measured pH

values during the study period. Generally, the pH-value of rain 

water collected during the hydrologic year 1988/1989 were lower 

than that of the hydrologic year 1987/1988. The minimum value 

was recorded on the 11th of January 1988, while the maximum was 

recorded on the 6th of November 1987. 

9.3- Electrical conductivity (Ec ps/cm at 25 °C) 

The EC ranged from 30 to 373 us/em with an average of 

164.5 ± 98.71 )Js/cm, figure (98). The maximum EC of the 

hydro 1 og i c year 1987 I 1988 was recorded at the beginning of the 

rainy season after that the EC of rain water tended to decrease 

and reached a minimum on the 4th of January, 1988. The maximum 

EC value during the study period was recorded on the 2nd of 

January 1990,while the minimum was recorded on the 2nd of January 

1989. Genera 11 y, the EC va 1ues of ppt. water samp 1 es co 11 ected 

during the hydrologic year 1988/1989 were higher than those of 

the previous hydrologic year. 

9.4- Earth A7ka7ine Elements (ca2 + & Mg2 +) 

The calcium content of rain water collected from this 

station represented the dominant cation. Its concentration 

ranged from 0. 21 to 2. 92 meq/ 1, with an arth. mean of 1. 06 ± 

0.65 meq/1, figure (99). The mini mum ca 1 c i um content was 

measured on the 4th of January 1988, whi l e the maximum recorded 

va 1ue was on the 2nd of January 1990. The magnesium content 
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Figure(98): Fluctuations in EC for Muwaqqar Station 

Figure(99): Fluctuations in Ca for Muwaqqar Station 
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ranged from magnesium free waters to 0.75 meq/1 with an average 

of 0.20 ± 0.23 meq/1, figure ( 100). The maximum content was 

measured in rain water samp 1 e co 11 ected on the 1st of February 

1989. While minimum was measured few times. 

9.5- Alkaline Elements (Na+ & K+) 

The alkaline elements in rain water samples collected from 

Muwaqqar represented about 25 % of the tota1 cations. Figures 

(101 and 102) show the fluctuations of sodium and potassium ions 

concentrations during the study period. The sodium content 

ranged from 0.02 to 1.19 meq/1, with an average of 0.34 ± 0.28 

meq/ 1 . The maxi mum Na;_content was measured on the 6th of 

November 1987, while the minimum value was recorded on the 28th 

of January 1989, when successive cold depressions affected 

Jordan. The maximum K-content was recorded in ppt. water 

collected on the 6th of November 1987, at the beginning of the 

rainy season, while minimum K-concentration was measured in rain 

water samples collected on the 5th and 15th of January 1988. The 

potassium content ranged from almost potassium free water to 

0.144 with an average value of 0.03 ± 0.04 meq/1. 

9.6- Chloride (Cl ) 

The chloride content ranged from 0.067 to 2. 78 meq/1. The 

arth. mean was found to be 0.576 ± 0.568 meq/1. The maximum 

chloride content was measured on the 7th of February 1988 and 

the minimum value was recorded in ppt. ~; ample collected on the 

13th of December 1988 , figure (103). 
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Figure(100): Fluctuati ons in Mg for Muwaqqar Station 
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Figure(101): Fluctuations in Na for Muwaqqar Station 
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Figure(102): Fluctuations in K for Muwaqqar Station 
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9. 7- Sulfate (so4 
2-) 

The fluctuation of sulfate contents in rain water samples 

is represented in figure ( 104). The sulfate content was found 

to range from 0.024 to 1.909 meq/1, with an arth. mean of 0.32 ± 

0.38 meq/1. The maximum recorded concentration of sulfate was 

found in ppt. water co 11 ected on the 2nd of January 1990, and 

the minimum value was measured on the 5th of January 1988, when 

heavy co 1 d and warm depressions affected Jordan and . intensive 

ppt. occurred. 

9.8- Nitrate (N03-J 

The nitrate content ranged from 0.009 to 0.217 meq/1, with 

an average of 0.083 ± 0.052 meq/1, figu re ( 105). The maximum 

nitrate content was measured in rain water samples associated 

with intensive thunderstorms in north Jordan on the 3rd of 

January 1990. The minimum nitrate content was recorded in the 

previous hydrologic year 1988/1989 where successive depressions 

affected Jordan on the 2nd of January 1989. 

~.9- Bicarbonate (Hco3-J 

The bicarbonate fluctuations are presented in figure 

(106). The bicarbonate content during the study period was found 

to range from 0.093 to 3.880 meq/1, with an average of 0. 77 ± 

0. 73 meq/1. The maximum value was measured on the 1st of 

February 1987, and the mini mum content was recorded in the 

following rainy season (1988/1989) in water sample collected on 

the 2nd of January 1989. 
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Figure(106): Fluctuations in Hco3 for Muwaqqar Station 
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Figure(107): Relationship between EC and Cl ~or the University 
Station 
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IV- Discussion of Results 

University of Jordan Station 

Relationships between the analysed parameters : 

A product moment correlation between the different physical 

and chemical characteristics of rain water samples collected 

from the University of Jordan station is given in table 13. 

Table 13 shows the correlation matrix of the physical and 

chemical characteristics of 152 samples. Generally, the 

amount of rainfall correlates reversely (indirectly) with 

the analysed parameters, where the h ·igher the amount of 

rainfall the lower the concentration of the chemical 

parameters. The parameters which have the highest negative 

correlation with the amount of rainfall are 1 ithium, sulfate 

and nitrate , where their significance values are 99.9 %, 

99.8 % and 99.0 % respectively. The amounts of rainfall in 

Jordan are generally a function of the origin of depression 

affecting it. The most common depressions affecting Jordan 

are either of Mediterranean Polar, Red Sea or Eastern 

depressions. Rainfall samples collected from polar and/or 

Mediterranean depressions usually contained little 

concentrations of N0 3 , Li and sulfate, while the amounts of 

rainfall were relatively high. The Eastern and Red Sea 

depressions rainfall amounts are relatively low. Due to 

their path over the desert, dust materials of diff·erent mineral 

composition such as calcite, quartz, clays and traces of gypsum 

mix and partially dissolve in the water vapour resulting in 

higher concentrations of most ions, especially, lithium and 

sulfate. At the same time Eastern and Red Sea depressions are 
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mostly assoc ·iated with thunderstorms r·esulting in the highest 

recorded nitrate concentrations especially at the beginning of a 

thunderstorm. The electrical conductivity (EC )JS/cm) of rain 

water samples were found to correlate directly in different 

degrees with the major cations and anions. The correlation 

coefficients of EC with Cl, HC03 , ca, Na, so4 , No3 , Mg, K are 

0.900, 0.883, 0,836, 0,819, 0.787, 0.787, 0.583, and 0.552 

respectively. The interrelationships between all parameters with 

~ach other can be deduced from table (13). 

The relation between EC and Cl-content shown in figure 107 

was found to fit the following equation. 

EC ~s/cm = 225.32 + 0.82 [ Cl ] , r = 0.917 

Figure (107) shows that the few samples which had the 

highest EC values also had the highest Cl concentrations. Three 

samples were collected from rainfall events originating from Red 

Sea and Eastern depressions where the amounts of precipitation. 

were found to be very low. 

Figure 108 shows the re 1at i onsh i p between EC )JS/ em and 

HC03 concentration in meq/1. This relation fits the following 

equation. 

EC ~s/cm = 17.61 + 210.05 [HC03] meq/1 , r= 0.889 

Generally, the bicarbonate and chloride contents of rainwater 

samples collected from the University of Jordan station showed 

the same fluctuations as in the case of EC values. 

On the other hand, the calcium and sodium ions represented 

the major cations affecting the f 1 uctuat ions in the EC. Figure 

(109) shows the relationship between the EC and the Na-content. 

The relation between the EC and the Na follows the following 
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equations. 

EC ~s/cm = 43.09 + 175 [ Na] meq/1, r= 0.819 

Samples with Na-concentrations of more than 0.70 meq/1 are 

attributed to dusty atmosphere, where the increase in Na

contents is accompanied by an increase in the electric 

conductivity. 

The dissolution processes of Ca containing minerals actually 

produced a gradual increase in the electrical conductivity as 

well as Ca (figure 110). Figure 110 shows the mathematical 

relationships between Ca and EC and the following equation 

represents this relation:-

Ec ~s/cm = 148.3 + 0.914 [ Ca ] 

with a correlation coefficient of 0.877. The circled samples in 

Figure 110 are characterized by an abrupt increase in the EC 

but a gradual increase in the calcium concentration. The 

explanation of this behavior is, that other soluble minerals are 

made responsible for the higher in crease in the EC than Ca, 

especially when Jordan was affected by Red Sea or Eastern 

depressions. The behavior of the other ions wi 11 be discussed 

later when considering the genesis of the whole chemical 

parameters of ppt. waters in Jordan using factorial analyses. 

The analyses of 152 precipitation samples showed variations 

in the concentrations of the different par·ameters. The pH value 

of the water - in all composite samJles - was above the 

biological pH value of 5.6. Only few outrain samples of heavy, 

long lasting rainfall and snow events of 2-3 days duration 

resulted in pH values of 4.7 and more. In general precipitation 

events started with pH values of less ·::.han 8.00 . This fact 
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indicates that although only light and mejium types of industries 

are present in the city of Amman and a 1 though most houses use 

fuel oil to heat their homes during winter,no major effects of 

lowering the pH values of ppt. can be observed. This behaviour 

may have various reasons; the major one is the presence of dust 

in the atmosphere consisting of caco3 , caso4 , c 1ays and other 

minerals that function as buffer for the acidity produced through 

the emission of co2 , NOx and sox gases into the atmosphere. A 

positive correlation between the pH values and the temperature of 

precipitation can be noticed. This fact is understandable because 

out rain is also positively correlated with temperature. 

Although most buildings in Amman are recent (i.e. 80% of 

which have been bu i 1t within the past 25 years) yet there are 

older buildings and even very ancient ones like the Amphitheater 

or the Castle, but weathering seems to be minimal. Recent 

bu i 1dings a 1though bu i 1t of 1 i mestone not show any effects of 

chemical weathering. 

North Jordan 

Irbid Town anq Weather Station 

The interrelationships between the different measured 

parameters of ppt. water collected from Irbid town and the 

Weather . station in the University of Science and Technology of 

Jordan will be discussed. The product moment correlations of the 

measured parameters of the two stations are presented in tables 

(14 and 15). 

No serious differences between the constituents of rain water 

in the two stations are present as discussed before. Table (14), 
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--------------------------------------------------------------------------

GE0-500 V1.01IP2 (C) PIC Gt-1011 WR SC I UNIV ERSITY OF JORDAN I AMMAN 
HYDROCHEMISTRY OF PPTION IN J ORDAN IRB ID TOWN STATION 
CORRELATION MATRIX 

DATE QUANT mm pll VALUE EC ~Si c:m Na meql1 K meql1 Hg me q/1 

DATE 1.0000 
QUANT mm -0.2776 1.0000 
pH VALUE -0.4177 0.3512 1. 0000 
EC JfSicm 0.3712 -0.0403 - 0 .6941 1.0000 
Na meql1 0.0239 0.1191 - 0 .4179 0. 70(>0 1.0000 
K meq/1 0.3105 - 0. 1172 - 0 . 2 054 0.346 1 -0.2841 1.0000 
Mg me ql1 0.5701 -0.21 23 - 0.7712 0.81 6 5 0.6173 0.0400 1. 0000 
Ca meql1 0.2738 -0.0036 -0.6209 0.96 74 0.7677 0.1374 0 . 0 104 
C1 meq/1 -0.2530 -0.0070 -0.4732 0.609 1 0.4291 0.3632 0 . 2013 
N03 meql 0.2344 -0.1600 -0.6035 0.833 1 o. 8119 -0 . 0624 0.0250 
S04 meql 0.45 2 9 0.0190 -0 . 5720 0.9193 0.7736 0.0536 0.8769 
HC03 meq 0.3718 -0.1210 -0.7062 0.935 4 0.4942 0.6194 0.6965 

Ca meql1 C1 meql1 N03 meql S04 meql HC03 meq 

Ca me q/1 1.0000 
C1 me q/1 0.5901 1.0000 
N03 meql 0.0600 0.5293 1.0000 
S04 meql 0.9463 0.3274 0.0331 1.0000 
HC03 meq 0.8312 0.6466 0 . 6690 0.74 "- 5 1.0000 

Table(14): Product Moment Correlation fo r Irbid Town Station 

GE0- 500 V1 . 01IP2 (C) PIC GMOH WRSC I UNIVERSITY OF JORDAN I AMMAN 
HYDROCHEMISTRY OF PPTION IN JORDAN IRBID WEATHER STATION 
CORRELATION MATRIX 

DATE QUANT mm pH VALUE EC )4Sicm Na me q/1 K me q/1 Mg mcq l1 

DATE 1.0000 
QUANT mm 0.0808 1.0000 
pH VALUE -0.7594 -0.1137 1.0000 
EC ji. Slcm 0.7866 -0.1273 -0 . 6240 1.0000 
Na meq/1 0.5244 -0.2579 -0.5560 0.6691 1.0000 
K meql1 0 . 3937 -0.2366 -0.4071 0.7167 0.6932 1.0000 
Mg meql1 0.8893 0.0902 -0.6751 0.8153 0.4788 0.2086 1 . 0000 
Ca meql1 0.6675 -0.0503 -0.4.560 0.9097 0.3114 0.5839 0.7142 
C1 meq/1 0.6869 -0.0150 -0.6791 o. 7708 0.8590 0.5551 0.7219 
N03 meql 0 . 2166 -0.226 5 -0.3146 o. 6911 0.3928 0.585 1 0. 2911 
504 meql 0 . 6653 -0.1534 -0 . 4461 0.0091 0.3313 0.5621 0.6557 
HC03 meq 0.6054 -0.1151 - 0.4425 0.8049 0 . 5310 0.6376 0.6569 

Ca meq/1 C1 meql1 N03 meql 504 meql HC03 me q 

Ca me ql1 3 1.0000 
C1 me q/1 3 0 . 4909 1.0000 
N03 meql 3 0.7:>10 0 . 37 3 9 1 .0000 
S04 meql 3 0 . 8535 0.3246 0.6210 1 . 0000 
HC03 meq 3 0.8528 0.6853 0.6407 0.5503 1.0000 

Table(15): Product Moment Correlation for Irbid Weather Station 
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shows the matrix of correlation coefficients of the different 

constituents of rain water samples collected from Irbid town and 

table (15) shows that of the weather station. 

From table ( 14), it can be seen that EC high significantly 

correlates with Ca, HC03 , so4 , N03 , Mg, Na and Cl. with 

correlation coefficients of 0.967, 0.935, 0.919, 0.833, 0.817, 

0.706 and 0.609 respectively some of these relations are 

represented in figures (111, 112, 113, 114, and 115). On the 

other hand, figure (116) shows the relationship between Na and Ca 

which are highly correlated, while table (15) shows that the EC 

significantly correlates with Ca, Hco3 , Mg, so4 , Cl, K, N03 and 

Na with correlation coefficients of 0.910, 0.885, 0.815, 0.809, 

0.771, 0.717, 0.691 and 0.669 respectively. Some of these 

relations are represented in figures ( 1 17,118, 119, 120, and 

121) for the Irbid Weather station. ~ost of the constituents 

in rain water in the northern part of Jordan are affected by the 

origin of depression affecting Jordan, the type of dusty material 

in the khamasien winds and by thunderstorms and lightening which 

produce high nitrate content which correlates directly with the 

electrical conductivity. 

Eastern desert stations · 

Kha7idiya anq Azraq stations · 

Two stations are considered to be typical for the eastern 

desert area, Khalidiya station and the Azraq station. The 

Khalidiya station is located at the transition zone between the 

300 mm/a rainfall and the 200 mm/a isoline characterized by an 

intensive agricultural irrigated area; influenced by its 

topography by intense local dusty winds and by the saline soils 

109 



,----- -----------·--·-----·-·--------·- ---·-···--··---...,
STASY U7.02/12 (C) PIC GMBH WRSC UNIU.JORDAN 04.11~90 
HYDROCHEMISTRY OF PPTION IN JORDAN DATEI A:NEW-IRBT UOM 15~07~15: : :--:-:-------:--:--~1370 e 

; : : : : : : .....•" : ...... IEc }J Sl. cI~ ' ' '' '' ' .;. ' ' ' '''' I '''' ' '' ·:· ' ''' ''. I ''' ' ' ' ' ·:· '' ' ' ' ' ' ' ' ' ' . ' ' ·:· ' ' ' • ' •• I ,,., ' • •• ·:· ' • ·-·' • • II ~ I 
, ' , , ' ' ; · ' , •·•• \.1' • • . n + B .V. ..,/ 

0 0 0 0' ' ' ' ' ' ' ' ' .:.''' ''' '.!. '' '' ' 0 '!' '' '' ''.!.''' ''' ''' '' ''''.!. 0 ',,-:-:<: '',..<<('' '' '' ,\ - 11 • o\ ,"\ 

.: ·.: ,":.:I.:· .1.: :. ;": :..f.:::·~:::r::_?t~-~{-:-~:'[~----- . ~F~ ~: 
, , , , , • , •:• , , , •', • I,,, , • , , •:•, •, , , , , I,, ·.•"'• • .-..·7 • , , ,~-rT~ ,,,,••:• ••,••, , I •, , • • , , •:• • •,' • , , \ 37 e) 

: i ···_J<:;:r5::::;:+:-:::·~ · ·I · ::: i·: ~ = .%7 

:::::::r·~~-~~.{~~~~:j~:~·:::::::::::::::: ::::·::::::::r: ::::::::::::: ::::::: ~ ~ 1~2~ ~ ~{7 
~-t\.·" ..:r- ' ' ' ' 

~tc·:i o:l : ' ' !· ·~ · · ·'···· i. . , . e.e ' 
It---------'-'e eee <. 22 >__ 2.20· ----------c~;q/1 j 

11:11:42 
Figure(111): Relationship between EC and Ca for the Irbid Town 

Station 

sutsY u? .02112 'C) PIc GMBH ---- wRsc UNI u JORDAN e4~11~ 99]I 

~-''·_YD_Ro_c_HE_MI_s..,-rH_Y_o_F_PP_T_Io_N_1N_Jo_RD_n_N---...,--D.....,A_TE_'1..,...A :Nm~-1nnr uoM 15 I u? I 1.5.. 
! 1 37e~e I 

.. '.. .. .. ..... ""' ' '·:·' .. ""I""''' • "''' ' " ... " .. " '' . ,! ... " .. ·.i ·,:/"". IJ -- 1\ * EYD { p \! ~ .. \ ! 
l M ,j J ~ · ~t• .\:.~·-r.'i\,1 

: /
: /• 

11 I 1It tltto t 1 ott t 1 I 0 t 0111 Ill II I I I I t Jt I I I I I I I I I I II 1 .' I I I I I I I + I II I: I It I 1 :/ •:• I ' I 

: ,,... 
1 

: ZF: 14 
•••• •• • • • • • • • • • • • • • • • ·:0 • • • •• •• • • • •• • • • · • • • • • I· • • • • • • .:. •• •• • l:l j •:/· ••· .:. ••••·•• ~J t {J 

: : : : :/ : l'i : f 

.. ..i....... . ... ·•· . .. ....... ·•· .... j. ......•. ;/I ...... L.. . I .. 

........:..... ,,, ,,, ,,,, ,,, ,, ,, :.... ''' ''... .':... '' .)..·<·~· . ,,, '' ... ,, ''' .... I <37. G> 

,.,' ,, ,.:. ,,',, ,' ,,,,,.. ..,,.,,:. ,.,,,, ,',,,,..1..-:-:-:·~·~·. i ,,0 , , , I , , ', , •' .;. , , , , ' , , 

• " .. " • "" ...... ". ' t7 "" """ ' ' -<<..~: : ""." ".. ".:".".. ". "" ~ : 2 5~27gr.~ 
· ___•..•-·· j j : I Bf : ; ; r ~ r ~- ~ 

'·". " ..;.. " "" i" "." .:.. ,1;,\.n":~ i" .' ' ' ..:... " ' " i ' " ' ' ' ' .;. ' ' ' ' ' "i ' ' " ". ' " " ' ' I : f~ I l 0,:, I) J 0: .~ .-~---·-r i : i : : : 1
:.:..:"-tfa~r;ff, f.?:·;········:······· ·:········;········;········;··· ····· ;··· ·····:· ··· ·· ·'I 

i i i i i : : i : I OIB I 
.__._.. -'-----""----.....L.--.--, ---.a.---~---·-....... -----"1 

0. 000 <I 12) 112H HC03 Mt'q I 
·-------.....----·--··--·--·--·----·- -J

11:15:59 
Figure(112): Relationship between EC and HC03 for the Irbid Town 

Station 

11 0 



rSTA sy ·-v'lJ12!12--(C)-PICGMBH_______,___~--~---~-WRS-C-iJNIIT: IJ0RDn·N 0~ti1~-~j--

lHYDR~CHEMlSJRY _<l:~ PPTI ~j ll~ ..r~ON-r:-r~~:.-~-1¥-~Et l RBT VOM 15 .B? .15 

EC 
•
I.. S/clft ········:········1········:········ ········:········1········:········1···:······:········ u t-. B X l

: : : : : : : .... : l : 11 + ·)(- \ 

.:..:: ..•. :. :: .:. i.: :::. T. :: .. :':::::.:I::::.:.' .. :.: .E<J':.::.L>-· ZF: 14 i 

.......• H . HO . ' . . Hi ::.:··i··:~::_I>'' ...-::-<~·!·. . N: i<i 
•, • •, • , .;. , , , ', , . • • •, •, , ·:· , , , , , , • , , , , , , , .-.~·., , , , , I , , ~·-·:, .;. , • , • , , • I , • , , , , • .;. , • • , , , , <37 ~~) 

:. :: ·. :I::::.·: ·.~:_.--·b::.r:ll~~r~-J~~r--<~-~ ~ ~"6~~!416: 
........;..... ~-'t ... ..)r.;.... . ..r:-1........;........ 1........;....... , 1....... "" .. · B - 294J 1 62l I 
<::l~;d~~:::~::-1:~::H O O O O O O i O O iO O O O O O O ·i· O O O O O O O i O O O O O O ••• O O O O O O O • i 

---..L...o:-···-~.........:: . ' ,___.;___ . ~___;_ ' _;___,_j g'~--------·-----·-· ----J 
0I 000 (. 01> ~------- I Ht __!!03_t~~~~ 

l1:13:2B 
Figure(113): Relationship between EC and N0 3 for the Irbid Town 

Station 

srnsYU?~e2112 <o il.Ic GMBH ·-·------· l·ms c uN1vo\ro RDANe4~11~c\3~ 
~!YDROCUEM!~TRY ~F PPliON: I~ ~ORD~N : ·-:__:_ D~TEI A:_NEl-l-!HB!_~2~~~~2~ 

: : : : : : : : : /37e eI 

EC VS/c~' ....... ( ...... ;........:........ :... .. ) ........ :...... ..:.... ... .i........f.......j y: A* B *X , 
I It I I I I I" Itt I t t t to I I I o t 

..................... 

' '''' '' .''''''' ''''''' 

to Itt I I 

" ""' 

''''''' 

It Itt It 

' """ 

,,, ,, ,, 

t tIt It I 

"""' 

''''''' 

: : ~.....-~ 
t t t t t I I I Ito t t t to o t o o t + "',rfo t 0 o t

: ...-r 
: ..... : ZF: 14 

"""' ....... ;.,~·: .... ~l ....... ...·. ' N: 14 
__.....-·· ~ 1 

''''''.I'T"'''''''''''''''"'''''''' 

.l-----· <3~7 g): : ' : : _,.-----··· ! : 
••••••••: •· ••· · · · ••· ••· · •:• · · · · •··I ··· ·· ·· .; . •··~-·'·I·······.;.· •····•I ' !~_,..:-; •:• ••••••• 

' ' ' ' •" ' ' of" • I 

ID • • • • • .:. • • • • • • • I • • • • • • • ). • • • • • • • i •r<~t:·. ••••·~ ·~~~~+~~~~.~~ j •••••··). ··••••• 
R: ~705: : L--------r )-------r : : : 
A: 27~.19899 

. B: 340~285 · ··~+iJ~~=:l~~T~J~~~;-+~•.•~-4: ..~ 
~"~~t_._.;_·~~-~-.(~r r"" "(.". "!"" "" '"'" "!" ".. "!" ".. "!"' .. ". eeL_____. - ·-·- ,__,___...______,__,___,_-..~-_______...___..._ .!_:______________ :-{ 

LI ___ ---·----~ I 055 > ,55 _N a__~~~~ ~ 
11: B8: 2 ?. 

Figure(114): Rela~ionship between EC and Na foJ- the Irbid Town 
Stat1on 

1 1 1 



I 

S-TASY-V~2i12 (C) PIc GMDU . --· HHSC IJNI u JORDAN 041 1J490I 

HVDROCHEMISTRY OF PPTION IN JORDAN DATEI A:NEW-IRBT UOM 15~~7~15 
-

EC JlS 
" 

I c~\ 
. 

: : :--------1..--'- ,_ 

~. 00G 

Figure(115): Relationship 
Station 

- : : -T--:-:----:--:--:-:..~· 37e e -
: : : ! : : : : ..~ ..• I

'.... .'.;.' ........ '''' ...;. ''.. .'' '.' '.''.;. '. ''''' i'' ' ' .. ' .;. ' .... '. i' .. ' ' .,.,(. ' ... ' ' ' 
: : : : : : .... : ~ : i1 + D * l i: : : . : . .. : , I 

ZF: 14 
N: 14 

•• ' .. '. . • • • '.' • '' •• • ' ·:·'' '''.' I''·.-·.. '·:·''',.,' I''.'.''.;.'' .._,.Tt.. '. ''' ·:·.'. ''.' <3} 0. 

···· ·· ·1 ········:······ ·· 
R : ~ - 919 
A: 36.73821 
B: 174~l.11 

.~JrT~·~· .. ····j··· ·····j· ·· .. ......... ··j· ... ··· ·j .. .... .·j· ..... .. :· ··· ..··j·...... . _ 
: : : : : :_j019 __,____....___.....__..____,___...._ - --------------

<~!-~~~------------ -· 1.50_ ------·-·--S01: ~~=~~-~_j 
between EC and so4 for the Irbid Town 

srnsY -V7 I 02112 <C) PIC ·GMBH ------------·---·lmsc uN1v:JoRDiiN-H·1'~iT.991 
HYDROCHEMISTRY OF PPTION IN JORDAN DATEI 

Na Me q/1 

- ___________ _._ 1_ _____ ...._ ,___ ___,...-

'' ''.'' ·:· ..'.' .. ;' '.' '.. ·:· .. ''' '' :. '' '.' '.!. ' ' ' ./:..]··:··.' '' '..:. ' ' a' ' ':. r,.:<<..·. '. ''.' 
....... !....... :....... : .. .. .. .:....... .! ...:<:··:··... i ... ... . .:...·:·:<~r...... j_..... .. 

.. ... .. .. .. .. . .. .. ... l.. r':<:·:·:r... ..... [..J·~<:'t~·.. .... :.... ....l.. .. .. .. 

.... ......... ..... ,:.?·'<.~.:y·':/·~· · ···1·-.··· · ··L~~ 
· · • • · • • •, · • • · · • • I· • • • • • •;:'·· · • • • ··I ._,..r: ••· .;. · ••••••I • • · • • • • .;. • • • • • • • I •.:...,....,.;-:;. • • • •' • • 

r i _......---·· : ___...·--r : -: -----~-----T : 
··••·••·:· ••··•··I•"' •••·•:•,.·. ··••I· •••••••:· •····•ioJ·-'T • • • • • ·:· • • • • ···I···· •••·> ··••··• 

: ~----....~ ...-···r 
0 

: ------t------· : :__ 

·;:;t·,':·J~~J_.--1:: : 
·· o:.tf : : : 

I ' ' ' 
...·;.;___: n_; 

...,_ .a.--Jill..

0.ee~ 
-- -----------· 
Figure(116): Relationship 

Station 

; 

:1 :::: i:::: r::::: :: 
: : 
; 
' 

: 
' 

: 

1: :::: 
: 
:
, 

...1...---....L.-· ..--..Ir.-· 

<.?.2> 2.20 
-------·--·-----

A:NEW-IRBT UOM 15~07.t5!
- ---···· ~-----·--------~ 

55
' I 

Y : A + B ·X· X 

ZF: 14 

~. = 14 
{ 05 J ) 

· 
R: .?6'l 
A: 3.86l.tt13E-B2 

-- '}l~'l:l71'i1B ~.:.J u '-'• 

e.eoe 
·----------~-------·-

----------~---

between Na and Ca fo1~ the Irbid Town 

11 z 

http:15~07.t5


STASY U7~02/12 (C) PIC GMDH WRSC UNIU~JORDAN 94~11~90 
HYDROCIIE~11 STHY OF PPTI ON IN ,JORDifN DATE I 

EC VS/c1~ 

-·--

Figure(117): 

STASY U7~~2/12 (C) PIC GMBH WRSC UNIU~JORDAN 04~11.99 
HYDROCHEMISTRY OF PPTION IN JORDAN DATE! 

EC VSicM 

...-----

--·--:w--·.---:-·---:-::'---. 

·. ·. '. . [:r...>f···J'.. .1. 

..... u ... .I?.. . .l. .....t~ .. . ...•• •:. ·.~,,.~·<(·.. .. ..!... ..... :.. .... ..JlJ...... 
:o c : c : ...:··· : : : 

....... :..... o ·!· .. .... · j>~··"·:·. ·( "o' ..~..... . .. ... ,. ,... ... 

11: Nm~- IRmJ VO~I 15. 07, l:J440-e--------·------

. . ~ =A * X A B 

ZF': 25 
N : 25 

....... .... ... ·r ~..:.:.:···:·: j .... ... ·:· ...... . i. ...... ....... ....... ....... <42 I e> 
c ( ' 

,,,,,,, ···.:.:.--"\'''' ''' ' '''''''! ' ' '''''' ,, ,,,,, ,,,,,,, , , , ,,,, 

~1 c .·· ' ' 
········j·······..:·(·.. ..PJ.:~···· · ··· i··· ·· ·· ·!········ ....... ·············· · 
,,,,,,,.!,,_,.(··:·:.:~ ..... .! ........ :....... .! .... ,,,, ,,,,,,, '''''''I•• ,,,, 

c ..;./ i oi i l
I! . ' . . . 

····..i··:........ :........:........ :........:.. ...... ,,,,,,, ,, ,,,,,,,, , ,,,,
l"'iJijl ' . ' ' 

{_J_J_j__l__j_·--~·-·---J,_ __.___ 
125 

·----.......------·------· 
Relationship oetween EC and N0 3 for the 
Weather Station 

R: ~'741 

A: 1469.649 
B : '1729048I 

.......2__e_~e__ ·-·-----·---·-· 
Ni03 tJteq/ 

11:51:91 
Irbid 

·----------···-·------------.--. 

--.--:--·:---·--. . ' :·' . .' . .
' . ' 

·······1······ ··:·· ··· ·· · ,,,,,,,.;........ 1········:········
I o t t I 
0 0 I I 0 

I I I t 

t I I I 
t I I + 

I I I t t·······:········:········ '''''''':········:········:········
I I t I

' ' ' . . 
,,,,,,,,;........ 1··· ·· ···:···· ···· :........:....... .:tl'''' '':....... ~........:... ..Jl. 

: : : : r.l : : : --
• ' [J ' - [J • ' --······· ...... r ·!· ... ~-~:>"...<:~ .. I 

•••.•• . I • • ••••• •;. • • •• • • . • ••••.••;•.•••.•. I .._.r.... -: ·..... .. I • • • • • • • • . • • • · · 

••••••.l. ••••••.:. •···••·I · · · ,.~)<~~~~:·. ••·•··.:. ·••·••·: ··••••· 
l j _.---t···- j c : : 

·...... l...... )·-,·~ .. ·lr,J.. .. ·..l.. ·.. .. · ·.... .. ·;.. ·.. ·<·.. .. .. 
.. ... ' ..i... ... .J.:<~..!. ,,'' ... i?.''' .. .:.',,'···I' .•.• ''.:.. . ',,,, i' ,, ,,,..:. ,,, '''1 B ~ ~68385~8 
... ''' .1~:-~-:.!.' ...~..:... '' ''. .''' ''..i. ' ' ' ' ' ''i' ' '''. ' .:... .. ' ' ':. ''' '' ' .:. .'. '.. . j' 

......... 4 c :•' ' ' . . 
" 

-~~~e 

A:NEW-IRBW UOM 15~07~15 
44B. e -------

r;"!i'- 'l ,.
l~l - lA J 
N : 25 

<42 I e> 

R: ~91 
A - ·:;; ·11 ~ ':) • n: 

: : :' . ' _ _,__ ...~, 

· -_5_~~;) 
r· 

>_.... 

: : : ? ' . . ,)J .~ 
-~-·--·--J..-----'-- -·-- -·--- -····-----·-

1· l' ~ jl ()? __ • 

11,) ~~ ------~--·------~~-~---~:-~~-J 
11: J~i: 12 

Figure(118): Relationship between EC and Hco3 for the Irbid 
Weather Station 

113 

http:04~11.99


STOS~ U7~02/12 .(C) PIC G~1im l~RSC mHV,.JORDAN 01 ..l.t.9Gl 
UYDHOCU Etr1ISTRY OF PPTION IH JORD~~N MTE! A:Nm~-Inm~ U0~l t 1.G'I ..t5l 
-----·-- ·-~-~·:· : .·:--:·--~-----T···-~.:.~~~---·-··:·- ___..;·-~---,~-~--llffff·f"--------------·1 

11 S/ \ : : : : : : ...... : :_,..- : . ' IEc r G~\ ···· ····:········ 1·· ····· ······ · ········:········l·•'·· ·· ··:··· ··· ·..·t... .....;.. ... ... · . ..., . I . . . ( . .-· . . ~ - l. - ~- 'i ...: X 

ZF: 2~) 

N : 2~> 

"""' """' <42 I 0) 

. ' ' ' ' ' . ·:0 . . ....., •• I ... ,.r . . ·:· ' . ,~... ·· . ' I ' . ' ' ' ' ' ·:· ' •.. ... I .. 0 ' ' I ' 0 I ' • ' • ' • 0 ' • ' ' .: •• I ' ••• ·I 
R: .811.-T:~<~~c-~--~~:~-r~-~~t(t·~·- .... :........:. ......: ~ 

• ~ • • • • • I • ' ' ' • • •••• ' ' • I • ' ' ' • ·:· •• I • I •• I1 
11 : '1)5 I 3•13 12 

..~.-:<( ,/:·:(,.,, •.:.,,, ,,, ,•, ..,•,.!.,,,,, . ', ••,,, •:•,,,.,, • I • , , • •, . ·:·,.,, . . ,~ B:: 1'73~.16~2
·b :..··" : : : : : : : 

.--~· Ill : : : : : : 
-~_.:.:/· q~ .. ... :.... ... ·:· .......:.......·:· ...............·:· .......:.......·:·... .. .. ? f.~ fl 

--~t:.• I !:,]· ...~ _...~-__....._____....___._,.~,...,_....,~.,... 
' ___...• ____...__ _____--..-- - ......lit...t• ....-~ •..·---. • ...- .._ ' I • ' . ______,___.. 

<. 23) S04 Meq/ 
--· - ·---··----·- ··-~.- ------..-~-- --

Figure(119): Relationship between EC and so for the Irbid3Weather Station 

STASY U7~e2/12 (C) PIC GMBH 
IWDROCIJEmSTHY OF PPTION IN JOHDnN DATEI 

--,---: --...--· 

···· ·· ··:···· ·· ••!••" '''':·· .. ·· ·· ····· ·· ·:········ !···· ····:···· ····!· ··· ·· · 
I.
' 

o
' . t.. I.

' 
I.. I .. I

' 
' 

I t I I I I I 

o t 0 0 I I I 

' ' '''' ''" ' ''' ''''''' ' ''''"''''''' '''' ''' '" ' ''''' ' ' '' ' ' '' ''" ' '''''' '''' ' ' '' t t I I , ,, ,, ,,I I t ,,... 
t I I I I 0 I _ .. 

' I • • • ' • .~ 

..•.....:........ · .•..... ). . ...... jc.. . ... ). ... .. .. i . .......:..... t;l •. io ._)~-r~. .... 
: : : : : c t1 __;..·- :c 

' " :·' ::· i " ' ... ·t i' J---~--:::1···-···":,: ·:· ;' ' 

••••••· .:. ••. ••.• j •••••. •,j,•••···t ·..-~:<f:·~~~-.-~ ••:·••·•·•••••·•· I • • · · · · · 
........~. .......~ .......i./<~r.. ~. .~..... i . .. .... .:........ :.... .. ..:.... ... . 

WRSC UHIU~JORDAH e4.11~90 
A:HEW-IRBW UOH 15~B7~15 
440.0 

ZF 25 
= 

N : 24 

<42' g) 

R : 892I 

A: 531. ~942 
B : .7897933....... !:::~;·:<<·. ' ,,,, ,,, ,,, ,,, ··· ·· ··!·······;·· ·····i·····l 

.•..••. :tr' . . il' ·~·...... ...... ...... '.. .. .. .. .' ... ........ .... .. ................ ' 
..······: ;c ! ! ! ! ! 2n n 

.• ' ' ' • ' ' • 1{1. ~ 
11~..... J--·~------.1.-..J-. . ---------------~ 

~. 00~ <. e6 > .6o r~g 111e q/l 

Figure(120): Relationship between EC and Mg ~ > or the Irbid 
Weather Station 

114 

1 



-·
STASY U?~e2/12 (C) PIC GMBH WRSC UNIU~JORDAN ~4~11~99 
HYDROCHEMISTRY OF PPTION IN JORDAN DATEI A:NEW-IRBW UOM 15.97.15 

..---:--.--~-11' "-·, -·.----:--·:-··- -------
. . . . . ;.....-···· 44e I e1 1 1 

EC ~S/cM ::: :.1 :::::!::::: '·!': ',.'::: :..! :: },,:~-~..! -~..~-~:~.'~--:'·!.~ : :F: :5 * X, B 
0 

: : : c: •..·: c : : N : 25 
········!· ······· ·····0· ·!· ·······!·

0 

;~:~.>f···<·. ··j ·Ol· • • • • • • • • • • ·! ·······.:. ······· 

....... r...... ... .... ·r_~-~-~~->r..... .. .....:;,.. .. .. ..... .. i.. .. ... .... .. .. <42 .~j) 

"• "• • •:" """I""" ·rl'""" ·I •" " • • """ · •" " " " " •" I " " " • · " · •" 

j ~ ....IJ·····i i R: ~999 
.. "" " " . ". 0 ~J ... ". "' "." " "" .. . ' ' " ' ' ' • ' ' ' ' ' ' • '" " • • ' .. " • ' • "." ' ' A: 299 I 9116 

B : ,69Q4378·······v'<1.?.. .. !... ·· ····· ·· ·· ·:· ······ ····· ··: ·· ··· ··:· ··· ·· ·[·· ····· 
~t:J : : : : : : : 

'·;..:.-tto·j· 'ci '.' '. :· .. ' ... ·:· · ' .. ' .. ''' ' '.' ·:·'.' .. '': . ' . '.'. ·:· '. ' . ''. i.'.'' .. ·:·'' '. '.. ,.
/ : : : : : : : : 2e. o 

l.______ ~___._____,_ ___,_____..__ _ __a.:·- ·-"------"-·--...L..--.....~--;-- ---·---.-------·-·-·---:-·-]l _0I 000 . <.in _______ 1. 1e .. c1 t~, q/I 
11:49:24 

. Figure(121): Relationship between EC and Cl 
Weather Station for the Irbid 

11 5 

http:15.97.15


covering the area and originating from the weathering of the 

basalt plateau covering the eastern and north eastern part of 

Jordan as we 11 as the Upper Cretaceous rocks. 

The product moment correlation of th(~ different constituents 

of both stations ( Kha 1 i d i ya and Az raq) al-e represented in tab 1es 

(16 and 17), whereas the correlation products in table (16) are 

restricted to the major constituents. Table (17) (Azraq-station) 

includes both major and minor constituents. 

Table (16) shows that the electrical conductivity of rain 

water samples directly and significantly correlate with Ca, HC03 , 

so4 , Mg, Cl, and Na and the correlation coefficients are 0.945, 

0.817, 0.732, 0.712, 0.610, and 0.552 respectively. The 

relationship between EC and Ca-content is represented in figure 

(122) and it is found to fit the following equation. 

EC us/em= 20.53 + 120.84 [Ca meq/1] " 

This relation indicates a continuous dissolution of Ca-containing 

minerals from the dust especially the carbonate particles. The 

high EC values of rain water in this area are attributed to the 

acidification of rain water with the emission gases (C0 2 , sox, 

NOx) from the refinery to the west of Khalidiya. 

Such an acidification process provided an excessive 

dissolution of most minerals constitutin the dust in the area, 

and due to dissolution processes of carbonates, the pH value of 

water . increased. On the other hand the bicarbonate content of 

rain water increases as the calcium and EC are increased. The 

EC-bicarbonate relationship is represented in figure (123) and is 

found to fit the following equation. 

EC~s/cm = 184.20 + 0.632 [Hco3 meq/1]. 
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GE0-500 V1.01/P2 (C) PIC GHml WRSC /UNIVERSITY OF JORDAN/ AMMAN 
IIYDIIOCIIEMISTIIY OF PPTION IN JOIIOAN 
CORRELATION MATIIIX 

DATE QUANT mm pH VALUE EC 1~/en Na meq/1 K meq/1 Mg meq/l 

DATE 1.0000 
QUMH mm -0.1337 1.0000 
pll VALUE -0.2504 0.0240 1. 0000 
EC t<•S/ ern 0.3645 -0.1027 -0.0901 1 . 0000 
Na meq/1 0.2272 0.0305 - 0.0391 0.46 2 7 1.0000 
K meq/1 -0.0210 0.071!l -0.1795 0.55 2 1 0.4321 1.0000 
Mg meq/1 0.2005 0.0600 -0 . 1247 0. 7117 0.380?. 0.3589 1.0000 
Ca meq/1 0.3503 -0.2617 -0.0734 0. 94 .;2 0.1900 0.4347 0.5411 
C1 meq/1 0.3069 -0.0569 -0.0903 0.61 0 4 o. 7404 0.2060 0.6244 
N03 moq/ -0.0716 -0.2349 -0.0795 0.3568 0.184·6 0.2654 0.2302 
S04 meq/ 0.1803 -0.1224 -0.1924 0.7318 0.2333 0.3907 0 . 6015 
HC03 meq 0.2903 -0. 1501 0.0090 0. Ill '71 0.2167 0.4607 0.4479 

Ca meq/1 C1 moq/1 N03 meq/ S04 moq/ HC03 meq 

Ca meq/1 1.0000 
C1 meq/1 0.4033 1.0000 
N03 meq/ 0.3306 0.1452 1 .0000 
S04 meq/ 0.7028 0.4656 0.3960 1.0000 
HC03 meq . 0.0405 0.2020 0.1260 0.302 13 1. 0000 

Table(16): Product Moment Correlatio~ for Khalidiya Station 

GE0-500 V1.01/P2 (C) PIC GMOH WIISC / UNIVERSITY OF JORDAU / AMMAN 
HYDIIOCHEMISTRY OF PPTION IN JOIIDAN AZRAQ STATION 
CORIIELATION MATRIX 

DATE QUANT mm TEMP •c pH VALUE ECf.(S/em Na meq/1 K meq/l 

DATE 1.0000 
QUANT mm -0.0335 1.0000 
TEMP "c· -0.2420 0 . 3314 1.0000 
pH VALUE 0.1809 0.3856 0.6717 1.00(10 
EC ;(tS/em 0.7500 0.0650 0.1570 0.49:'.0 1.0000 
Na meq/1 0.3543 -0.0694 0.2035 0.3105 0.7350 1.0000 
K meq/1 0.4000 0.2720 0.3106 0.-1769 0 . 7948 0. 7500 1.0000 
Mg meq/1 0. 7272 -0.0130 0.0192 0. 3323 0.7009 0.5699 0.5779 
Ca moo/1 0.7264 0.1449 0.1194 0.4000 0.0740 0.3629 0 . 5300 
C1 meq/1 0.5429 -0.2510 -0.0003 0.1511 0.0161 0.&791 0.0663 
N03 meq/ 0.6433 -0.2923 0.0313 0.2771 0.6903 0.4047 0.3100 
S04 meq/ 0.5525 0.0521 0.3570 0.40 . 3 0.7020 0.3605 0.7062 
HC03 meq 0.6027 0.2961 0.0390 0.5009 0.0207 0.5914 0.5905 

I mg/1 -0.4201 -0.3069 -0.0597 -0.01 5 5 -0.3031 -0.3921 -0 . 3671 
Br mg/1 -0. 1006 -o. 1274 -0.2205 -0.34 4 2 -0.0467 0.0148 -0.1429 

F mg/1 0.6540 0.2005 -0.0959 0.3411 0.7502 0.5474 0.6?.55 

P04 mg/1 0.4196 -0.2222 0.2154 0.33 4 5 0.4176 -0.0327 0.0642 

Li mg/1 0.3909 -0.2179 0.0656 0.1616 0 . 4809 0.1013 0.2405 
-0.0140TURBIDY -0.1001 0.2107 0.2682 0.3007 0.0993 0.1664 

Mg meq/1 Ca meq/ ·1 C1 meq/1 N03 mo q / S04 meq/ HC03 meq I mg/1 

Mg meq/1 1.0000 
Ca meq/1 0.5401 1.0000 
C1 meq/1 0.6303 0.5464 1.0000 
N03 meq/ 0.4413 0.7194 0.6620 1 .00(' 0 
S04 meq/ 0.5681 0.0315 0.5274 0.63 6 3 1.0000 
HC03 meq 0.7005 0.7054 0.5164 0.37 50 0.3962 1.0000 
I mg/1 -0.2356 -0.2933 -0. 29!l 0 -0.1154 -0.1277 -0.4782 1 . 0000 
Br mg/1 -0.1374 -0.0239 0.2655 0.09 6 3 -0 . 1165 -0.1907 0.0299 

F mg/1 0.5524 0.6071 0.5107 0.361'3 0.4505 0 . 0160 -0.4103 
P04 mg/1 0.3511 0.5732 0.2496 0.6814 0.6004 0. 144 2 0.0099 

Li mg/1 0.6394 0.4353 0.3926 0.41 :0 6 0.5213 0.2060 0.1249 
0.2007 -0.0355TUIIBIDY -0.2672 0.1709 0.0690 0.09G6 -0.0600 

Br mg/1 F mg/1 P04 mg/1 Li mg/1 TURBIDY 

Br mg/1 1.0000 
F mg/1 -0.1653 1.0000 
P04 mg/1 0.0000 -0.0319 1.0000 
Li mg/1 0.0529 0.0500 0.5402 1.0000 
TUROIDY 0.0952 0.2092 0.0753 -0.4005 1.0000 

Table(17): Product Moment Correlation for Azraq Station 
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The other main source of calcium in rain water is the 

dissolution of gypsum particles in the atmosphere, but if the 

content of su 1fate which reached a concentration of about 1 . 7 

meq/1 was due to the dissolution of gypsum, then the produced 

calcium from this process wi 11 be 1. 7 meq/1. On the other hand 

the maximum bicarbonate content was about 2.5 meq/1. Due to the 

d i sso 1uti on of Ca-Carbonate mi nera 1 Caco3 , for every meq/1 Ca 

two meq/1 of bicarbonates will be produced, then by the presence 

of 1 . 7 meq/ 1 bicarbonate a ca 1 c i um content of about o. 85 meq/ 1 

will be produced. The present concentration of Ca, HC0 3 , and 

sulfates in rain water samples were not in full agreement with 

each other due to those other sources of Ca present in the area. 

These sources are Ca-phosphate, ca 1 c i um ch 1or ide and do 1 omi te 

which are present in the atmospheric dust of the area. 

The relationship between EC with sulfate and Mg are shown in 

figures (124 and 125) and the relation between Ca with HC03 and 

so4 are shown in figures ( 126 and 127 ). 

Ruseifeh Station ~ 

The product moment correlation between the different 

measured parameters of rain water samples collected from Ruseifeh 

station is shown in table (18). The Ruseifeh city is bordered at 

its western and southern parts by the phosphate mines and the 

larger part of the city was constructed on phosphatic rocks. The 

phosphate deposits were mined in the past by tunnels, but in the 

period between 1968 and mid eighties open pit mining was the only 

method to mine the phosphate ores. Ruseifeh phosphate mines are 

not in operation since mid eighties but there are still 
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GE0-500 Y1.01IP2 (C) PIC GHOH WH SC I UNIVERSIT Y OF JORDAN I AHHAN 
HYDROCHEMISTRY OF PPTION IN JORDAN HUSIEFEH STATION 
CORRELATION MATRIX 

DATE QUANT mm pH VALUE ECf! Sicm Nn mcql1 K mcql1 Mg meql1 

DATE 1.0000 
(4liANT mm 
pH VALUE 

-0.0232 
0. 1363 

1.0000 
0,3"{90 1 . 0000 

EC}o S/cm 
Nu meqll 
K meql1 

0. 1911 
-o. 1200 
-o. 11 oo 

-0.31\00 
-0.3330 
-0.2620 

-0.1552 
-0.299?. 
-0.1040 

1.0000 
O.G 70U 
0. o\59'1 

I. 0000 
0.4695 1. 0000 . 

Hg meq/1 0.1623 -0.1075 0.0040 0. 4 71 ., 0.1502 0. 2 756 1 . 0000 
Ca meql1 0.21340 -0.2531 -0.0542 0.0617 0. :~551 0.2250 0. 1-4 2 4 
c 1 meq/1 0.3019 -0.2093 -0.0610 0.7304 0.5000 0.3GG1 0.3 3 73 
NOJ meql 0.2011\ -0.2122 0. 00·~ I 0.0000 0.4051 0. 1564 0 . 7594 
SOl\ meql 0.3070 -0. I !199 -o. 17oo 0.0200 0.4540 0 . 50 '/5 0.5294 
HC03 moq -0.1024 -0.3303 -0.0665 0.0539 0.2851J. 0 . 04!)7 0.254 5 
I mg/1 -0.3620 -0.23 '/0 -0.3370 0. 1 11·~ -0.0171 0.1737 -0.0190 
[lr mull 
F mg/1 

0.0172 
0.3031 

-0.1609 
-o. 30!'>8 

-0.1657 
-0. 1 ·1GS 

0.2467 
0.3014 

-O.OGC>1 
0.3393 

0.22 5 8 
0.37G1 

-0.9040 
0.2082 

P04 mgl1 0.0032 0.0807 0.1044 0.3224 0.14-35 0.0293 " 0.1521 

en meq/1 Cl meq/~ N03 meql S04 muq/ HCOJ meq I mgl1 Br mgll 

Ca meql1 1.0000 
C1 moq/1 0.5793 1. 0000 
N03 meql 0.4429 0.4416 1.0000 
SOl\ moq/ O.OOM 0.41\52 0.6495 1.0000 
HC03 mcq O.G!J20 0.5264 0.31\79 0.2291 1.0000 
I mg/1 0. 1699 -0.0307 0.0437 0.1528 0.1683 1.0000 
Dr mg/1 0.3063 0.3700 -0.01 9 0 0. 11 82 0.3963 0.21393 1 .0000 
F mgl1 0.1386 0.5978 0.0825 0.1077 0.0879 -0.0347 0.1560 
P04 mg/1 o. 3277 0.0491 0.4722 0.3035 0.2218 -0.1G63 0. 1728 

F mg/1 P04 mg/ 1 

F mg/1 1.0000 
P04 mg/1 -0.4761 1.0000 

Table(18): Product Moment Correlation for ~usiefeh Station 
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phosphates manufacturing in the area where dust containing 

phosphate is st i 11 produced a 11 over the year. During winter, 

these dusts and those coming with the khamasien winds had great 

effect on the rain water quality of the area. 

Table (18) shows that the EC correlates significantly with 

Ca, so4 , N03 , Na and HC03 and correlates with medium significance 

with Mg, K, P0 4 , and F. some of these correlations are 

represented in figures (128, 129 and 130). 

The chemical composition of rain water in Ruseifeh is 

affected by two main factors; the first one is the original 

composition of the water vapour whether of a mediterranean , 

polar or Red Sea origin. The chemical constituents in rain water 

decrease from the point of origin and continuously as successive 

raining takes place. The second factor is re 1 a ted to the 

mineralogical composition of the local dust originating in 

Ruseifeh area as well as the dust carried with the khamasien 

winds. However, the ppt. water in this station is characterized 

by the presence of orthophosphate and fluoride which distinguishes 

it from all other rainfalls in Jordan. 

Table (18) shows that the electrical conductivity of rain 

water samples collected from Azraq is significantly and directly 

correlated with Ca, HC0 3 , Cl, K, Mg, so4 , F, Na, N0 3 , Li and P04 

with correlation coefficients of 0.874, 0.821, 0.816, 0.795, 

0.789~ 0.783, 0.758, 0.736, 0.690, 0.489 and 0.418 respectively. 

The relationships between EC and Ca, HC03 , F, P04 , Cl and Na 

are represented in figures (131, 132, 133, 134, 135 and 136 

respectively . These relations and the correlations between all 
. 
other parameters as well as the local condition in Azraq indicate 
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Figure(132): Relationship between EC and Hco3 for Azraq Station 
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Figure(134): Relationship between EC and Po for Azraq station4 
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Figure(136): Relationship between EC and Na for Azraq station 

qE0-500 V1.01/P2 (C) PIC GMBH WRSC / UNIVERSITY OF JORDAN /AMMAN
HYDROCHEMISTRY OF PPTION IN JORDAN AZRAQ RAINFALL 
FACTOR LOADINGS - VARIMAX ROTATION 

FACT-1 FACT-2 FACT-3 FACT-4 FACT-5 FACT-6 KOMMUN. 

P04 mg/1 0.8934 0.097 
Ca meq/1 0.8170 0.3398 0.3497 0.925 
N03 meq/ 0.8005 0.3681 0.830 
504 meq/ 0.7207 0.3455 0.3610 0.032
DATE 0. 6677 0.3753 0.3108 -0.3640 0. 917 
Na meq/1 0. 9770 0. 977 
C1 meq/1 0.3643 0.8083 0 .9 82 
K meq/1 o. 7437 0.3401 0.3609 0.867 
ECJ· S/cm 0.6184 0.7186 0.992
Mg meq/1 0.4655 0.5901 -0.4104 0.835 
F mg/1 0 .3031 0.5821 0.5041 0.3236 0.879 
HC03 meq 0.3818 0.5643 0.4972 0 .3545 0.849 
QUANT mm 0.0071 0.4092 0 .87 8 
I mg/1 -0.3436 -0.6947 0.623
TEMP"C. 0.9351 0.887 
pH VALUE 0.3507 0.6990 0.3835 0.072 
TURBIDY 0.9251 0.910 
Li mg/1 0.5840 -0.5092 0.783 
Br mg/1 -0.9190 0.885 

ss 4.5825 4.5704 2.1946 2.1246 1.6611 1. 5020 16. 635 
% VA 24.1184 24.0545 11.5507 11.1021 0 . 7425 7.9053 87. 55 4 

Table(19): Factor Loadings for Azraq Station 
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that rain water salinizations are a function of many factors as 

indicated in table (19). Table (19) shows the factor loadings (6

factors) of varimax rotation of factor analyses. The first three 

factors are of importance. The explanation of these factors can 

be summarized as follows: 

Factor (1) explains the following parameters in the order of 

their loadings P04 , Ca, N03 , so4 , Cl, EC, Mg, F, HC03 , pH and Li. 

This factor represents the local conditions in the basin 

(irrigation, addition of fertilizers, and dusts originating from 

the sa 1 i ne so i 1 s in the basin where fert i 1 i zers are added to 

irrigated lands), thus the high salinity of rain waters in this 

area is attributed to local conditions within the basin. 

Factor (2) explains the following parameters in the order of 

their loading Na, Cl, K, EC, Mg, F, HC03 , N03 , so4 and Ca. This 

factor represents the parameters characterizing the cloud vapour 

waters from their sources, whether polar or Mediterranean or red 

sea. 

Factor (3) explains the following parameters in the order of 

their loadings; amount of rainfall, F, HC03 , Ca, and K. This 

factor indicates that the higher the amount of rainfall the 

higher the concentration of F, HC03 , Ca and K. This condition is 

restricted to Red Sea and eastern depressions affecting the area. 

Rabba area 

The interrelationships between the different measured 

parameters of ppt. water samples collected from Rabba station are 

shown in the correlation matrix table (20). From table (20) it 

can be seen that the EC - value correlates with high significance 
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GF.0-500 V1.01IP2 (C) PIC GMUI-1 wnsc I UNIVERSITY OF JORDAN I AMMAN 

IIYOHOl:HHIISTRY OF PPTlON IN JOHOAII RAElBA STATION 
CORRELATIO SMATRIX 

DATE QUANT mm TEI~P C pH VALUE ECf'S/cm Na meq/1 K mcq/1 

DATE 1.0000 
QUANT mm 0.0088 1.0000 
TEMP•c 0.2991 -0.0201 1.0000 
pi~ VALUE 0.0814 0.0009 0.0072 1.0000 
ECJ<Sicm 0.0120 -0.3713 0.1506 0.0423 1.0000 
Nn meql1 -0.0242 -0.1903 0.2592 -0.0326 0.6043 1.0000 
K meq/1 -0.5032 -0.2399 0.1133 0. 1069 0.5160 0.2018 1.0000 

Hg meq/1 -0.2041 -0.23713 -0.0590 -0.04-00 0.6763 0.3989 0.2525 
0.4506Ca mcq/1 0. 17 11 -0.3505 0.0832 0.1011 0.0394 0.2451 
0.5459Cl meq/1 -0.0336 -0.2772 0.2673 -0.0660 0.8417 0.7005 

NOJ meq/ 0.2105 -0.3901 . 0.2777 0.0304 0. 7117 0.2673 0. 5320 

504 meq/ 0.0303 -0.4105 0.1203 -O.O'l12 0. 7 000 0.60!!6 0.3318 
0.7815 0.3151HC03 meq 0.0292 -0.2751 -0.0170 0.1678 0.4318 

I mg/1 0.1345 0.2433 -0.1064 0. 1654 -0.0499 -0.1051 -0.0304 
0.0254 0.2037ur mg/1 -0.3719 -0.07H 0.180 I -0.2350 0.0876 

F mg/1 0.4292 -o. 1401 0.0375 0.0016 0.0423 -0.1154 -0.3675 
0.1040P04 mg/1 u. 1323 -0.1984 0.4054 -0.0145 -0.0567 0.0556 

mg/1 -0.2400 -0. II 06 -0.2979 lJ. 1.596 0.2190 -o. oo77 0.0601L1 
0,0638 0.0051 -0.0251 0.1055TURIJIDY 0.1884 -0.0917 0.3100 

1~11 meq/1 Ca OICQ/1 C1 meq/1 N03 meq/ SO-l meq/ HCOJ meq I m911 

Mg meq/1 1.0000 
en meq/1 0.3946 ' 1.0000 
C1 meq/1 0.6596 0.567:1 1.0000 
NOJ meq/ 0.2o\34 0.030o\ 0.5710 1 .0000 
SO-l meq/ 0.6939 0.5407 0.7494 0.5454 1 .oooo 
IIC03 meq 0.3710 0.000!1 0.3722 0.5314 0.3363 1.0000 
I mg/1 -0.0001 -O.OOJ7 -0.0445 -0.0751 -o .1010 -0.0002 1. 0000 
or mg/1 o. 1700 -0.112(1 (1,1993 -0.1057 0.0153 -o. 1021 -0.0059 
F mg/1 -0.0090 0. 100G -0,0735 0.0400 0.0505 0 .114!1 -0.0400 
P04 mg/1 -0.1953 -0.00()(1 0.0250 0.1620 0.043!1 -0.1607 -0.0810 
Li rng/1 0.3!156 0.1934 0.0954 -0.0067 O.Ofl7!i o. 3113 -0.0317 
TURD lOY -0.0670 0.1744 0.0559 0,3290 0.04GO 0.06G7 -0.1763 

ur mg/1 F mg/1 P04 mg/1 L'l mull TUfWIDY 

Ur mu/1 1 .0000 
F mg/1 -0.2720 1.0000 
P04 mg/1 o.OIOJ o. 1~!17 . 1.0000 
Li mg/1 0. 1 07!1 -0.01!10 -0.0572 1 .oooo 
TURUlDY -0.0032 -0.0<165 0.2219 -0.0763 1.0000 

Product Moment Correlation for Rabba StationTable(20) 
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with Cl, Ca, HC0 3 , and so4 with correlation coefficients of 

0.842, 0.839, 0.782 and 0.780 respectively. Other ions correlate 

significantly with EC, these ions are N03 , Na, Mg, and K, their 

correlation coefficients are 0.712, 0.684, 0.676 and 0.517 

respectively. Some of these correlations are represented in 

figures (137, 138, 139, 140, 141 and 142). The rain water 

chemistry falling on the area is influenced by many factors. 

These factors are : 

-, -1- Mediterranean and polar depressions affecting Jordan, the ion 

concentrations which reversely correlate with the amount of 

ppt. these iohs areNa, Cl, Mg, and so4 . 

2- Eastern and Red Sea depressions where most 1 y associ ate with 

dust and higher salinities than the Mediterranean and Polar 

depressions. 

3-Dead Sea. Most of rainfall originating from the Mediterranean ( 

moderate to low depressions and passing over the Dead Sea) is 

characterized by small amounts of rainfall and higher contents 

of Mg, K, Cl, and Ca from the major ions in addition to higher 

content of bromide. 

4- The local and surrounding conditions. This factor is related 

to agricultural activities surrounding the station and the 

intense thunderstorms causing higher concentrations of N03 and 

P04 beside other ions. 

The Ghore area. 

In the installed station at the University of Jordan farm in the 

Ghore area to collect the rain water precipitated in the central 

part of the Jordan Valley area, the chemistry of rain water was 
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Figure(139): Relationship between EC and Hco3 for Rabba Station 
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Figure(141): Relationship between EC and No3 for Rabba Station 
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Figure(142): Relationship between EC and Na for Rabba Station 
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highly influenced by the local conditions in the surrounding 

areas. These conditions are due to the i nf 1uence of the Dead 

Sea, the saline soils and the intensive agriculture. 

The product moment corre 1at ions of the measured parameters 

are 1 isted in table (21). Tab 1 e ( 21 ) shows that most of the 

analysed parameters are significantly correlated with each other, 

major cations and anions are correlated with high significant 

with each other as well as with the EC. The correlation 

coefficients of EC with Ca, K, Cl, Mg, HC03 , so4 , Na, F, Li, N03 , 

are 0.992, 0.993, 0.988, 0.972, 0.971, 0.965, 0.956, 0.896, 

0.853, and 0.846 respectively. Some of these correlations are 

represented in figures (143, 144, 145, 146, 147, 148 and 149). 

The high correlation coefficient between EC and K, Cl, Mg, Ca, 

and Na can be explained by the influence of the clouds passing 

over the area. The other ions su c h as N03 , Li, so4 , F, HC03 , Ca, 

K, Cl, Mg and Na, are mainly derived from the dusty material 

originating from the saline soil s in the area. The influence of 

agricultural activities in the rain water chemistry is indicated 

by the high content of N03 and P04 . 

Muwaqqar Area. 

The product linear moment correlations of the measured 

parameters are listed in table (22). Table (22) shows that 

correlation coefficients between the major ions are varied 

between high and low coefficients. But concerning the 

correlation coefficients between EC and the major ions, these 

vary between very high to mo derate coefficients. These 

correlations between EC and Ca, Hco3 , so4 , Na, Cl, Mg, K, and N03 
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GE0-500 V1.01IP2 (C) PIC Gl1011 WRSC I UNIVERSITY OF .JORDAN I MIMAN 
HYDfWCHEMJ STflY OF PPTION IN JOROAN UNIVERSITY FARM STATION 
CORRELATION MATRIX 

DATE QUANT mm pH VALUE ECf~Sicm Na meql1 K meq/l Mg meql1 

DATE 1.0000 
QUANT mm -0.0311 1.0000 
pH VALUE 0.6157 -0.0932 1. 0000 
EC_#Sicm 0. 3•1G!i -0.0024 0.4340 1.0000 
Na moq/1 0.3303 O.O!l50 0.4070 0.9558 1.0000 

0.9915 1.0000K meq/1 0.3930 -0.0395 0.4523 0.9405 
Mg meq/1 0.3124 -0.0076 0.3901 0.9719 0.8789 0.9621 1.0000 
Ca meq/1 0.3505 -0.0384. 0.4204 0.9!J20 0.949G 0.9832 0.9427 

C1 meq/1 0.3457 -0.0045 0. 4 "127 0.9000 0.9371 0.9042 0.9555 

N03 meql 0.2805 -0.1016 0.3700 0. 846 -~ 0.0127 0.8422 0.034!1 
0.9701S04 meql 0.3283 -0.0101 0.3575 0.9645 0.8030 0.9543 

0.9566 0.9302HC03moql 0.3370 0.0950 0.4100 0.9710 0.9589 

I mgl1 0.4599 0.1648 0.3202 0.4124 0.4606 0.4372 0.4030 
0.4173 0.4164 0.3013Br mgl1 0.0585 -0.0272 -0.0301 0.4979 

r- mg/l 0.3645 -0.1409 O.!i016 0.8!l50 0.0580 0.0949 0.8337 

P04 mg/1 -0.1108 0.3627 -0.0231 0. 1422 0.1030 0.1190 0.2339 

Li m~/1 0.0103 0. 1625 0.2150 0.0530 0.7579 0.81!i0 0.0994 
0.2316 0.3951TURBIDY -0.2102 0.4780 -0.2630 0.2964 0.2185 

Ca meql1 C1 meql1 N03 meql S04 meql HC03meql I mg/l Br mgl1 

Ca meql1 1.0000 
C1 meq/1 0.9005 1.0000 
N03 meql 0.0202 0.0500 1.0000 
S04 meql 0.!1403 0.9591 O. EJ205 1.0000 
HC03mcql 0.9017 O.!l301 0. 7704 0.091!i I. 0000 
I mg/1 0.3703 0.3521 0.4610 0.3593 0.4737 1.0000 

Br mgl1 0.4522 0.3379 0.2435 0 . 2614. 0.5649 0.3305 1 .0000 
0.8200 o. 15130 0.3157F mgl1 0.9102 0.9323 0.7264 0.0603 

0.1682 -0.1024P04 mg/1 0.0822 0.0760 0.1307 0.1231 0.2123 
0.8024 0.1073Li mg/1 0.0101 0.0410 0.7317 0.0727 0.1769 

TURBIDY 0.2427 0.2030 0.2011 0.3427 0.3485 0.2603 0.1360 

F mg/1 P04 mgl1 Li mg/1 TURBIDY 

F mg/1 1.0000 
P04 mg/1 -0.1002 1.0000 
Li mg/1 0. 7274 0.4503 1.0000 
TURBIDY 0.0243 0.5200 0.5523 1.0000 

Table(21): Product Moment Correla"Llon for University Farm Station 

GE0-500 V1.01IP2 (c) PIC GMBH WRSC I UNIVERSITY OF JORDAN I AMMAN 
HYDROCHEMISTRY OF PPTION IN JOfiDAN MUWAQQAR STATION 
CORRELATION MATRIX 

DATE pH VALUE EC } 1Sicm Na meq/1 K meql1 Mg meq/1 Ca meql1 

DATE 1.0000 
pH VALUE 0.0141 1.0000 
EC )!.Sicm 0.5310 0.2640 1.0000 
Na meq/1 0.2293 0.4070 0.0190 1.0000 
K meq/1 0.3074 -0.0467 0.6764 0.6721 1.0000 
Mg meql1 0.3431 0.0552 0.6005 0.6162 0.7223 1 .0000 
Ca meql1 0.5903 0.2027 0.9191 0.5715 0.4533 0.4248 1.0000 
C1 meq/1 0.2663 0.0345 0. 7309 0.7891 0.6195 0.6901 0.5172 
N03 meql 0.4406 0.3117 0.6501 0.6404 0.3403 0.3620 0.5762 
S04 meql 0.4961 0.1693 0.0224 0.4214 0.4053 0.4044 0.9074 
HC03 meq 0.5121 0.3959 0.9060 0.8122 0.6681 0.5412 0.8174 

C1 meql1 N03 meql S04 meql HC03 meq 

C1 meq/1 1.0000 
N03 meq/ 0.4573 1.0000 
S04 meql 0.3348 0.4592 1.0000 
HC03 meq 0.5370 0.5970 0.6643 1.0000 

Table(22): Product Moment Correlation for Muwaqqar Station 
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Figure(143): Relationship between EC and Ca for University Farm 
Station 
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Figure(145): Relationship between EC and Cl for University Farm 
Station 
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Figure(146): Relationship between EC and Mg for University Farm 
Station . 
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are 0.919, 0.906, 0.822, 0.819, 0.731, 0.681, 0.676 and 0.650 

respectively. Some of these relations are shown in figures (150, 

151, 152 and 153). The dusty material constituting of calcite, 

dolomite, kaolinite, i 11 ite and traces of gypsum are the main 

sources of the different ions in the rain water precipitated in 

the area. The multisources of Ca ions in the water can be 

indicated by the relationship between EC and Ca which follows the 

following equation (figure 150). 

ECps/cm = 153.18 * [Ca meq/1] 0 · 975 , r = 0.962 

Dissolutional processes of calcite dolomite and gypsum are 

the rna in sources of Ca and at the same time the sources of Mg 

(dolomite) as well as sulfate (gypsum). The eastern winds 
. , 

(Khamasien winds), eastern as well as Red Sea depressions are the 

most prominent dust carrier to the area. But the Mediterranean 

and the polar depressions, especially those coming from the 

western direction and passing over the Dead Sea area, are 

responsible for the bromide, K, Na, Mg, and Ca contents in the 

rain water. 

Nitrate contents in rain water samples collected from the 

area are attributed to the thunderstorms during intense rainfall 

in a dusty atmosphere. 

The above mentioned three conditions are approved by the 

first 5-factor loading of varimax rotation (table 23), where the 

first factor indicates the effect of dusty material in the 

atmosphere, the second factor explains the effect of 

Mediterranean and polar depressions on the rain water chemistry, 

the third factor explains the effect of the Dead Sea, factor four 
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Figure(153): Relationship between EC and Na for Muwaqqar station 

GE0-500 V1.01/P2 (C) PIC GMBH WRSC /UNIVERSITY OF JORDAN/ AMMAN 
HYDROCHEMISTRY OF PPTION IN JORDAN MUWAQQAR STATION 
FACTOR LOADINGS - VARIMAX ROTATION 

FACT-1 FACT-2 FACT-3 FACT-4 FACT-5 FACT-6 KOMMUN. 

0.969S04 meq/ 0.9317 
o. 904ca meq/1 0.0705 
0.990EC ,MS/cm 0.6996 0.4300 0.3732 0.3774 
0.931K meq/1 0.7725 0.4090 

HC03 meq 0.6613 0.6309 0.3079 0.950 
Na meq/1 0.6067 0.3043 0.5382 0.971 
Mg meq/1 0.0988 0.971 
C1 meq/1 0.3054 0.6172 0.5361 0.005 
N03 meq/ 0.8213 0.3003 0.900 
pH VALUE 0.9747 0.901 
DATE 0.3289 0.8859 0.954 

ss 2.0461 1.8640 1.8229 1.6241 1.2311 1.1206 10.509 
%VA 25.8735 16.9454 16.5719 14.7648 11.1915 10.1874 95.535 

Table(23): Factor Loadings for Muwaqqar Station 
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explains the effect of thunderstorms and their contribution to 

sa 1in i ty and the fifth factor shows the i nf 1uence of pH on the 

Hco3 content. 
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V- Isotopic Composition of Precipitation _Water 

The isotopic composition of a watet- source gives valuable 

information about its history from the stage of evaporation 

through condensation ,precipitation and circulation within the 

water cycle. The isotopic composition of precipitation water 

facilitates practical studies concerned with the origin of water 

resources, their ages and exposure to evaporation or mixing 

processes. It also gives valuable information about the origin 

and history of precipitation water. 

During its course from evaporation to precipitation ,the 

water is exposed to processes 1ike condensation, reevaporat ion, 

precipitation and interception and reevaporation. The water 

vapor also rises and drops over mountain chains and morphological 

depressions, crosses cold and warm climates and either falls to 

the earth in quantities or in few amounts. A11 these factors 

affect the isotopic composition and the isotopic composition is 

one of the major tools to delive r information about the exposure 

of precipitation to one or more of there effects. 

The analysed isotopes in precipitation water are : 

o181. Oxygen 

H22. Deuterium = D 

H33. Tritium = T 

18 H2The importance of o and lies in addition to their 

concentration, in their concentration ratios. Worldwide the 

H2concentration of both o18 and plots on a line called the 

H2Meteoric Water Line (MWL), where the concentrations of o18 and 

refer to a standard sample collected from the bottom of the 

ocean, figure (154). 
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18 H2In the Eastern Mediterranean region the ratio of o and 

concentrations are found to fit on a spE3cial line called EMML, 

figure (154). 

o18Whereas are stable isotopes of oxygen and 

hydrogen, tritium (H 3 ) is a radioactive isotope of hydrogen 

produced by the action of cosmic rays on atmospheric gases. The 

half life time of H3 is 12.43 years. The relatively short half 

H31 i fe of enab 1es the age dete rmi nation of a water source. 

Hence, its importance in the study of water resources. 

In the last 4 to 5 decades nuclea r tests caused great increase in 

the tritium concentration of the atmosphere which resulted in the 

disturbance of tritium use as a tool for hydrogeological studies. 

Sampling and Analyses 

Samples were collected and analysed by the laboratories of 

the Ministry of Water and Irrigation as a joint effort within a 

Master-Thesis prepared by Eng. William Bajjali under the 

cosupervision of Dr. Raja Gedeon the Director of Laboratories and 

Quality Control of the Ministry of Water and Irrigation. 

Sample collection and analyses procedures followed those 

used by the International Atomic Energy Agency I Vienna. 

Discussion of results 

r sotopic composition 

18The general relationship between o and D for natural 

waters is linear and can be expressed by the following equation 

o18 +D = a ~ d 

Where a : is the slope 
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d : is the intercept 

18The relationship between ~. o and D of precipitation in 

Jordan for all available samples from all stations is given in 

figure 155 ) . The arithmetic mean, weighted mean values and 

the weighted mean values of samples having precipitation of more 

than 10 mm are listed in table (24). The weighted mean value for 

each station, given in figure 155, shows that the isotopic 

composition more or less fits the EMML except for D~ir Alla, 

Azraq, Rabba and Wala stations which deviate a little from the 

line. The high altitude stations; Shobak and Ras Munif plot at 

the beginning of the EMML while the lower altitude station; Deir 

Alla plots its end. The low slope for the unweighed mean, may 

indicate that intense rain, which dominates the weighted mean, 

originates, from vapour released from sea water (Mediterranean) 

in a very fast evaporation process. Furthermore, the low value 

of the d-parameter could be as a result of the relatively low 

mean condensation temperature of the heaviest rain. 

The isotopic composition of the 11 rainfall stations scatter 

relative to the MWL and to the EMML; which indicates that the 

different rain stations are different 1 y affected by the various 

parameters such as cooling, condensation outraining etc. 

The diagrams for the 10 rainfall stations in 

Jordan are shown in figures 156 through 165. The most commonly 

encountered situation is that of deuter i urn excess; d-parameter 

more than 10 o/oo. The high d- parameters persists in rain 

throughout Jordan and is actually regarded as identifier for the 

Eastern Mediterranean area. These features of the isotope 
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-·-;:~;~-~~~-~--- --· ·-··· .-.. ----------·-· · --~~·:~~----- ·--·-··=-~ ~ -:~-;---- ·--····---------· ---- ---=- ~ ~-~~---- --=-~-;:·.~-;----· -- , 
,... ;~:·.~~---- ·---- --~·; -~ ~;=-~-~~~-- ---::-~·-_-:;~-------.:;::-~3 --~5 .-83 I -6.29 1 -~6. 89 r 

~~~~- ~,~ --::~~~;~:- ,J ~~t=2S-l1 ~~1_4~~~,1~~~~H 
Q.A.Airp. 12.88-3.89 -5.47 - 20 . 85 8 .55 -5.~ 7 -20.85 · I1 1
---·--··-----·· ·-·-·--·-... ········-··--------·-· -····--····-··--·---··· ·-·-······---·---····--,---------·--···--·--1--····------·--·-l-·-·--·-·- --·· ---~-· 1 

rwer ;;~ge 1 1 -5.86 - 23 . 57 I 1 -6 .05 I - 24 . 41 Il·-·----···-·-* -··--··--, ··---·,.. I ·-- ... -·- ... -------· _ ·- __ _ . .-- ·-· I . ·---· _ ·--·----1.------·----·------- ---------. __l . .---·-------------' 

MWV Mean Weighted Value . 
MWV > 10 mm : Mean Weighted Value > Lha n 10 mm . 

Table(24): Mean Weighted Value for All samples 
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distribution give rise to a model which is based on the air mass 

movement into the Mediterranean area during winter, when cold and 

dry continental air masses come in contact with warm sea, 

resulting in rapid evaporation and large scale convergence. 

Figures 156 to 165, show the isotope composition of monthly 

precipitation samples of the 10 rainfall stations. 

The most divergent values, usually enriched in both oxygen

18 and deuterium, are those of months with deficient · rainfall, 

(October, March, Apri 1 and May). The spatial variation of the 

mean isotope content for all the rainfall station indicate that 

the measurements are scattered and cluster along lines of a 

slopes less than 8. 

Tab 1 e ( 25) shows the s 1 opes, intercept, R and number of 

c, 18samples of the C) 0 - b D for all the rainfall stations in the 

period of 1987-1989. 

The isotopic composition of precipitation from mountain 

stations (Shobak and Ras Munif) describe a line of slope (5.39) 
• 

and (6.89) respectively, whereas the values of rain collected at 

)ower elevations (Amman and Baqa) = (6.68) for Deir Alla (6.59) 

and Azraq (5.68). The ratio of the isotopic composition of rain 

differs with increasing distance from the Jordan Rift Valley 

along various topographic sections. A continuous dep 1et ion of 

the heavy isotopes in the air masses during their ascent and 

passage over the Western Highland Mountains is observed. 

Rain in Deir Alla,the lower lying station is more enriched 

in heavy isotopes, the d-value (12.15 o/oo) is less than at the 

mountain station lying just to the east of Deir Alla & Ras Munif 
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fable (25) Slope, Intercept, R-Squared, Number of Samples and Deuterium Excess 
of the Period (1987-1989). 

-;~-,-;;-~~~~-=-1=~;:ic_~::i:~~~~~~~- =::--~-l 
Azraq 5.68+0.64 4.56+7.49 0.90 10 14.84 1 
Irbid 6.41+1.23 12.91+6.4 0.71 13 22.64 
Rabba 4.81+0.77 3.97+4. 39 0.85 9 23.53 
Shobak 5.39+1.79 5.84+4.05 0.60 8 23.91 
Amman 6.2~+0.47 13.97+4.05 0.94 13 26.08 
Baqa 6.68+1.07 15.44+7.93 0.78 13 21.92 IIRas Munif 6.89+0.95 16.76+4.67 0.83 12 24.10 
Deir Alla 6.59+0.29 1 2 .15+1 .98 0.98 9 16.72 1 

Wala 5.43+0.57 6 .61+4.1 0.92 1 10 19.56 1 
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(16.77 o/oo). This effect presumably results from the changes in 

cloud composition which accompany the passage of air masses over 

the Jordan Rift valley to the Eastern Highlands and also from the 

partial evaporation of falling droplets over Azraq and Deir Alla 

areas. 

The precipitation samples of February 1988 include snow from 

Amman figure (165). These samples are very depleted in heavy 

isotopes, and show the highest value of the deuterium in excess 

of d = 30.7 o/oo. Snow, being a solid, will not change its 

composition during its descent to the ground and can thus serve 

as a monitor of cloud composition. 

Rain samples collected from other stations in the same month 

show lower d-values during January and February (higher than 22 

o/oo). Some times the d-values were: 35.44 o/oo in Rabba, 34.24 

o/oo in Shobak, 32.4 o/oo in Amman, 30.72 o/oo in Wala and 30.14 

o/oo in Queen Alia Airport Stations. 

• Variations in isotopic composition and their relations to 

other parameters. 

The variations in the isotopic composition of precipitation in 

a rainfall station is a function of several parameters like 

topography, temperature, distance from oceans, elevation, origin 

of moisture ... etc. 

These variations correlate also with other parameters of the 

precipitation itself like Electric Conductivity, pH, Calcium and 

Carbonate concentrations. 
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Temperature 

Since precipitation is a result of cooling processes and 

since the isotopic composition of precipitation is a function of 

temperature, there should be a certain correlation between the 

isotopic composition and the temperature of precipitation 

formation. This temperature is not available but somehow 

correlates with the surface temperature at the station receiving 

precipitation. 

18Figure 166, shows correlation of o -values and the mean 

temperature at the station receiving precipitation. 

The correlation coefficient of 0.55 indicates that the abov~ 

18made assumption can only partly explain the o - values and/or 

that other parameters affect these values. The weighted mean of 

o18-values for each single station shows different temperature 

effects. The highest effect was found for Ras Munif (R2 = 0.87) 

rainfall station and the lowest for Deir Alla (R 2 = 0.37). That 
• 

could be explained by the fact that air masses having a 

particular isotopic composition entering the Jordan Rift Valley 

cause evaporation of rain droplet before falling to the surface. 

The air masses ascending along the highlands cause condensation 

by orographic effects. 

Amount of precipitation 

A slight enrichment in the heavy isotopes on months with 

small amount of rain can be observed. Some intense rain events 

are more depleted in their isotopic values. Examples of this are 
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shown in figures 167A to 167F, where the time variation curves of 

18~ o monthly precipitation and ~ 0 values are plotted for the 

following six rainfall stations Ras Munif, Irbid, Deir Alla, 

Amman, Wala and Rabba. These stations show better correlation of 

R2 R2= 0.64 and = 0.55, whereas Shobak and Azraq stations don't 

show any correlation. This could be explained by the different 

origins of rains and the dust effects. 

Variations with elevation 

Worldwide there is a tendency that at high altitudes the 

~o18 values in precipitation water are depleted more than those 

at low altitudes; which is of practical significance for 

hydrological applications. 

Figure ( 168) , shows the changes in the isotope composition of 

rain from the Jordan Rift valley to the east along the movement 

of air mass, for the three rainfall station of Deir Alla, Ras 

Munif and Azraq. A continuous depletion in heavy isotopes of air 

masses during their ascent and passage over mountains is observed 

(from Deir Alla to Ras Munif). After that the composition, 

during its movement toward the east ( 1 ower a 1 t i tude) becomes 

more enriched in heavy isotopes. The va 1 ue of deuteri urn excess 

(d-parameter) in both lower altitude stations; Deir Alla and 

Azraq is lower than that of the mountain station of Ras Munif. 

The obtai ned va 1ues of the isotope ana 1yses indicate that 

the variation in the mean annual stable isotope composition is 

large especially in Deir Alla and Azraq stations. Furthermore, 

the small amount of rainfall is generally subjected to 

significant evaporation before reaching the earth surface. 
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Tritium Concentration 

The available data on tritium concentration in precipitation 

water in Jordan from the two periods of (1965-1969 and 1987-1989) 

indicate a decreasing trend of tritium levels with time (figure 

169). Figure (170) shows the time variation of tritium 

concentration during the last two years. 

The variation of tritium levels in Rabba station is higher 

than those of other stations. The tritium levels in the other 

stations are also more homogeneous. This behavior could be 

explained by the effects imposed by the nuclear reactor installed 

at Dimone in Israel over which the air masses coming to Rabba 

area generally pass. 

2Correlation between 1>o18 and TDS, ca2+ , so4 - and Hco3 · 

Good correlations were found between the 1> o 18 and TDS, Ca, 

Cl and Hco3 in January and March, but practically no correlation 

with the same parameters was obtai ned in December or February. 

• Weak correlation with sulphate in January and March was found but 

none in December and February, table (26). 

Figures 171 and 172 show the correlation of calcium, chloride and 

18bicarbonate with o in January and March respectively. This 

phenomena could be a result of the different sources of air 

moisture and its path before entering the area. During January 

and March, polar air moisture gets isotopically enriched through 

passing over the Mediterranean sea. However, during December and 

February, the polar air moisture passes over the European 

continent, thus getting enriched with its urban and industrial 

gases and particles. 
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Conclusions 

1. Throughout Jordan the major precipitation amounts result from 

depressions passing over the Mediterranean Sea. Minor 

contributions pass over the Red Sea at the desert - semi desert 

areas lying to the south and east of Jordan; the Arabian Desert. 

2. Depressions passing over the Red Sea and the Arabian Desert 

contain higher amounts of dis s olved and suspended _matter. As 

these depressions extend over Jordan their dissolved and 

suspended 1oads decrease gradua 11 y from south/ Aqaba to morth/ 

Irbid and from east/ Azraq to we st/ Amman. 

3. The suspended materials in precipitation water are mainly 

found to be composed of calcite, quartz, clays and traces of 

gypsum and phosphates. The res ulting dissolved solids in water 

increase the concentrations of a 11 measured chemica1 parameters 

especially lithium and sulfate. 

4. Western depressions passing over the Mediterranean have in 

• general lower concentrations of dissolved and suspended 

constitents than those of the southern and eastern ones. 

5. The western depression start normally with high concentrations 

of suspended and dissolved con s titents which decrease as ppt 

continues; outraining effects. 

As these depressions extend over Jordan to the south and east, 

their contents of dissolved and suspended solids generally 

increase due to the presence of a concentration which is higher 

than those to the west and nor t h. 
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6. Precipitation as a result of western depressions posses 

initially high pH-values of around 8, decreasing gradually to a 

value of 5.6 after a continuous rain event of some 50 mm. 

Precipitation resulting from easterly and southerly depressions 

start with higher pH values, about 8.5, and decrease gradually 

to a minimum of 7. 

7. Therefore, no acid rain as a result of industrialization or 

due to depressions passing over industrialised areas elsewhere 

e.g. Europe, is expected to occur in Jordan, dust will compensate 

and buffer any acidifing agents. 

8. The alkalinity of ppt water expressed as pH values increase in 

both southerly and easterly directions. 

9. In average, the concentration of the dissolved solids increase 

from west to east and from north to south not only as a result of 

decreasing precipitation, but also because of the higher loads 

of dust particles present in the atmosphere . 

• 
10. Local conditions affect also the composition of precipitation 

water: 

a. Rainfall in Deir Alla contains higher amount of dissolved 

solids, and especially higher concentrations of sulfates, 

phosphates, nitrates and bromide. 

b. Rainfall in Khalidiya, Zerl<a and Ruseifeh show relatively 

higher concentrations of phosphates, nitrates, f 1 uor ide and 

sulfate as a result of phosphate mining, the emissions of the 

oil refinary and power stations of Hussein thermal station 

and the extensive agricnltnal aetivities. 
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c. Rainfall in Azraq contains the highest concentrations of 

dissolved solids due to the evaporation and vaporisation 

of Salt marshes and Salt deposits. Agricultural activities 

and Salt mining are the causes of higher concentrations of 

the different constituents. 

d. Rainfall in Rabba-Shobak area show relatively higher 

concentration of chlorides and magnesium as a result of 

vaporisation of the Dead Sea aerosols. 

11. In all the stations the mean deuterium excess (d-parameter) 

values are close to the east Mediterranean Meteoric Water Line 

with an average value of 22. There are no significant 

differences between the weighted mean and the unwei ghed mean 

values. 

12. The stable isotopic data for waters, which are significantly 

subjected to evaporation, exhibit relatively small deuterium 

excess as compared to non-evaporated waters in the region. 

13. The low slope of the regression line representing all 

stations indicates that there are other factors res pons i b 1 e for 

this phenomenon than the kinetic condensation process. 

14. The enrichment of both oxygen-18 and low deuterium excess, 

for April and May samples may be explained by the movement of air 

moisture from the Atlantic Ocean via north Africa before entering 

the area. 

15. Measurements of isotopes from the Jordan Valley to the east, 

e.g. Deir-Alla and Azraq and from the north to south e.g. Wala 
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and Shobak, indicate that the isotopic composition of 

precipitation became more depleted with increasing elevation. 

16. The four snow samples from Amman station show a high 

depletion in stable isotope and a high value of deuterium excess 

of more than 30 o/oo. January precipitation recorded also high 

values of deuterium excess in the different stations. 

17. Six stations; Ras Munif, Irbid, Deir Alla, Amman, Wala and 

Rabba show noticeable correlation coefficients with the amount of 

precipitation, i.e. the isotopic values are more depleted with 

intense rain , hence assuring the amount effect. 

18. Different stations show different isotopic correlations with 

temperature, the highest correlation was found for Ras Munif, 

Rabba and Amman and the lowest for Deir Alla. 

19. Generally, the tritium content of precipitation samples is, 

more or less, stable. The general rise in tritium content from 

winter months to spring months, which chat~acterizes most northern 

hemisphere stations, can be recognized in Jordan. 

The characteristic annual decrease in tritium concentration, 

since the stop of atom bumb, is also experienced in Jordan. 

20. Rabba station shows ~ high content of tritium compared with 

the other stations in Jordan; which can be attributed to Dimone 

nuclear reactor emissions. 
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Ammendum 

Trace Elements 

The collected samples in the different stations were analysed for 

their content of trace elements by the use of atomic absorption 

techniques, where most of the samples had to be concentrated 

prior to the analyses. 

In general, the samples contents of heavy metals were below the 

detection limit of the instrument. Only few samples showed higher 

contents of iron, zinc, manganese, cupper and lead. These samples 

were collected at the beginning of the rainy season or after a 

sandy storm crossed the country especially, the Khamasien winds. 

Tables through 12 show the minimum and the maximum 

concentrations of these elements for all stations. 

Iron showed the highest concentration due to the presence of iron 

oxides in the sandy and Khamasien winds, which was also reflected 

in the reddish color of precipitation after Khamasien winds or 

following an eastern or southern rainy fronts. 

In Khalidiya, Zarka and Rusiefeh, some local rainfalls contained 

trace elements due to industrial pollutions resulting in more 

acidic rain. The oil refinery, the phosphate mines and other 

industries are responsible for the trace elements and lower pH. 

This slightly acidic rain prevailed only at the beginning of a 

rainy season, causing the iron, sulfur and nitrogen oxides to be 

dissoluted into the rain water. 

Urbanization also had an effect on the precipitation water 

content of lead, which can be noticed from the concentration of 
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DAHl A: HEW-UNI VOl~ 15.07.15IIYDROCIIEHISTRY OF PPTION IN JOROArl 

2. 1 DESKRJPfiVE STATISfiK (KURl) 

VARIABLE HINJHUH HAXIHUH HITTELWEilT STD.AOW. 

32066.0 32965.0 32449.9J2 291. 734 

OUAIIT mm ~.2 90.0 12. 9!i0 13 . 955 

TH1P •c 0.0 21.0 6. 626 4.356 

pH-vA 1ue 4.65 6. 60 1, 2099 

DATE 

0. 6015 

EC ,_.;;em 9.1 396.0 75.506 70.115 

0.000 2. 194 0.103 42 o. 33191 

~ meq/1 0.001 0.142 0. 021 0 3 0. 02460 

Mg meq/1 o.ooo o . .,11 o. 00799 0.11017 
Ca meq/1 o. 073 

Na meq/1 

2. 444 0.46303 0. 41741 
C1 moq/1 0.020 1.092 0.25794 0. 26916 

0.384 0.05179 0.05675 

S04meq/l 0.010 o. 17004
N03meq/1 0.001 

0.901 0. 17694 

HC03moq/ 0.024 1. 721 o. 27600 0. 29946 

TC meq/1 0 . 091 0.756263. 960 0. 70708 
0.75570 o. 70704TA meq/1 0.091 3. 960 

I mg/1 0.000 o. 110 0.01210 0.01652 

Br mg/1 o.ooo o. 900 0.04603 0. 11044 

F mg/1 0.001 0.210 0.046 55 0.04703 

P04 mg/1 0.000 0.521 0.12502 0.16H6 
8.1000 -0.0000TOC mg/1 0.10 8.10 

L1 mg/1 0.000 0.070 0.01259 0.01705 

TUROIOY 0.0 110.0 10. 78G 17. 748 
COLOR o.o QO.O 15 .20 3 24.042 
TOS 104 . 0.010 0. 450 o. 10029 0.10907 
TOS 180: o.ooo o. 400 0.00 271 0. 10314 

0. 00000 1. 00000 1. 994E- 02 1. 0960-01 

TIHE hr 7.15 17.00 10. 1397 3. 4830 

Fe mg/1 

Ag mg/1 

0.00110 3. 00000 2. 330[-0 1 5. 5030-01 

Cu mg/1 o. 00000 0. 03950 2. 136[-03 5. 6260-0J 

Hn m9/1 o.ooooo 0 . 11690 5.110E-03 1. 6670-02 

0. 00000 0 . 64600 5.119E-02 1. 2780-01 

Pb mg/1 o. 00000 0.02070 1. 002E-03 2. 6420-03 

Cr m9/l 0.00000 0.03590 1. 17 6E-03 4,5350-03 

N1 m9/l 0.00000 0.05570 2. 595E-03 9. 6240-03 
Sr mg/1 0.00120 0.21700 4.032E-02 5. 6850-02 

Zn mg/1 

Table(1): Descriptive Statistics for ·the University of Jordan 
Station 

IIYDROCIIEHISTRY OF PPTION IN JORDAII DATE! A: NEW-RUSF VOH 15.07.15 

2. 1 DESKRIPTIVE STATISTIK (KURZ) 

VARIAOLE Hill I HUH MAXI HUH HITTELWEHT STD .ABW. 

DillE J~055. 0 32502.0 32279.045 209,965 
QUAIIT mm 0.1 52.6 8. 141 11.330 
TEMP '1:. 11.2 16.2 14.405 1. 9~9 
pH VALUE 6. 87 6. 42 1. 5814 0.3926 

ECr'S/cm 66.0 . 252 .o 136.410 61. 448 

Ha moq/1 0.016 0.801 o. 27162 o. 22707 
K meq/1 0.004 o . 121 0.0303 1 0.03069 
Hg meq/1 0.000 0. 703 0.173 65 0.18777 
Ca moq/1 o. 220 1. 668 0,60860 0. ~ 1521 
C1 moq/1 o. 147 0.477 0.27495 0.09503 

N03 m9q/ 0.009 0. 129 0.05721 o. 03277 
S04 moq/ 0.043 1. 239 0.4~3 10 0.34568 

IIC03 meq 0 . 214 0.~76 o. 527 21 0.22070 

TC moq/1 o. 660 2.520 1.36416 0.61446 
Til meq/1 0.660 2.520 1.36418 0.61448 

I mg/1 0.000 0.023 0.007 90 0.00631 
Or mg/1 0.000 o. 288 0.11263 0. 10565 

F mg/1 0.010 0.178 0.06030 0.05240 
P04 mg/1 0.177 4. 198 1.79913 1. 527G5 
TOC m9/1 

L1 mg/1 0.000 0.020 0.00563 0.00961 
TURDIDY o.o 15.0 5.4 29 6.106 

COLOR 2.0 20.0 6. 000 6. 351, 
TDS 104 0.010 0.170 o. 06000 0.06797 
TDS 180• 0.000 0.050 0.01000 0.02490 

0.00000 o. 00560 5. 267E-04 1. 2500-03 

TIHE hr 
Fe n~g/1 

1\9 mg/1 

o. 00000 3. 07000 5. 631[-0 1 1. 0030+00 

Cu mg/1 0. 00000 o. 00880 2. 464[-03 3.1490-03 

Mn mg/1 0.00000 o. 08400 1. 472E-02 2. 3490-0~ 

Zn mg/1 o. 00000 o. 63200 1. 303f:-O 1 1. 7590-01 

Pb mg/1 0. 00000 0.00360 6. OOOE-04 1. 1260-03 
0.00650 1. OOOE-04 1.9060-03 

Nt mg/1 
Cr mg/1 0.00000 

o. 00000 0.00850 1. 03JE-03 2.6050-03 

Sr mg/1 o. 02000 o. 13000 6. 040E-02 4.6040-02 

Table(2): Descriptive Statistics for- 11usiE:feh Station 
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STASY VL0:/12 (C) PIC GIIUH WI\~~ UNH.JUHUM lu. IV. •U 

IIYDROCIIEHISlnY OF PPT!Ofl HI JORUAH UATEI A:IIE'.i-KfiLD VOH 15,01.15 

2,1 DESKIUI'TIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM JUTTELWE11T STO.AUW. 

DATE 
QUANT 1001 
TEMP 'c· 
pH VALUE 
EC ~Ji./cm 

32122.0 
0.2 
0.0 

6. 26 
40.0 

32964.0 
39. 1 
16.2 
0 . 7 ~ 

570.0 

32518. 266 
6. 835 

13 .700 
7. 60~0 

165. on 

316.003 
7. 888 
5. 069 

0. 5106 
109. 182 

flo moq/1 
K mcq/1 
Hg mcq/1 
ca mcq/1 
C1 meq/1 

0.011 
0.002 
o.ooo 
o. 270 
0.07~ 

I. 054 
o. 926 
I, 065 
3, 329 
1. 694 

0. 23290 
0.00035 
0. 1747B 
I. 16464 
o. 33432 

0.20548 
0.14 005 
0.20565 
0.77502 
0.26012 

1103 moq/ 
so~ ·mcq/ 
IIC03 meq 
TC moq/1 
TA meq/1 

0.018 
0.052 
0.116 
o.~oo 

0.400 

I. 619 
I. 645 
~.810 

5·.1oo 
5.700 

o . 11 364 
o. 37 ~ 18 
o. 8~079 
I. 65267 
1.65092 

0.24001 
0.35817 
0.80323 
1.09174 
1.0918( 

I mg/1 
Br mg/1 
F mg/1 
P04 mg/1 

o.ooo 
o.ooo 
0.001 
0.000 

o. 025 
I. 550 
o. 087 
3. 010 

0.00993 
o. 22fi 17 
0,03170 
0.11033 

0.00838 
0.33818 
0.0~173 

I. 059~6 

TOC mg/1 

L1 mg/1 
TUROIOY 
COLOR 
TOS 104• 
TDS 100.• 

0.000 
o.o 
1.0 

0.020 
0.010 

0 .06 4 
30.0 
67. 5 

o. 100 
0,190 

0.0213 4 
12.912 
20.979 

0,09813 
0.060H 

0.01825 
11. 127 
21. 559 

0.06221 
O.OSJ1S 

Ag mg/1 
TIHE hr 
Fe mg/1 
cu mg/1 
Hn mg/1 

o.ooooo 
6.00 

o. ooouo 
o. 00000 
0.00000 

o. 00500 
11.00 

21.76000 
0 .02300 
o . 21700 

3,460(-03 
12. r.ooo 

1. 695E•·OO 
3.963(-03 
2, V11E-02 

1. Hl0-02 
6. 3640 

4. 9710+00 
6.3610-03 
6. 3770-02 

Zn mg/1 
Pb mg/1 
Cr mg/1 
Ill mg/1 
kmv/1 

o.ooooo 
o. 00000 
o.ooooo 
o. 00000 
0,00268 

o. 63000 
0.00200 
0.02200 
0,05030 
o:oa1oo 

7. 307E-02 
3.74?.E-04 
1. 520E-03 
8. 550(-03 
~, 838E-02 

1. 5090-01 
6 . 3700-04 
5, 053D-03 
1. e1ao-o2 
3. 2980-02 

Table(3): Descriptive Statistics for Khalidiya Station 

HYDROCHEMISTRY OF PPTION IN JOROAtl DATEI A:N EW-AZRQ YOM 15.07.15 

2.1 OESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM MITTELWERT STD.ABW. 

DATE 32129.0 32490.0 32299.188 144.623 

QUANT mm o. 1 11.0 2.609 3.028 

TEMP 'C. 9.0 32.6 16.908 6.479 

pH VALUE 6.34 7.67 7. 1392 0.3422 

EC ~/em 19.0 642.0 272.740 173,361 

Na meq/1 0.009 2.381 0.60578 0.60539 

Kmeq/1 0.001 0.149 0.05796 0.04675 

Mg meq/1 0.000 1. 447 o. 32184 0.41031 

Ca meq/1 o. 175 4.573 1.74162 1.16373 

C1 meq/1 0.061 1.953 0.66841 0.55458 

N03 meq/ . 0.025 0.560 0.11351 0.11384 

S04 meq/ 0.000 2. 617 0 • . /0191 0.68831 

HCOJ meq o. 101 2.733 1 .2435 7 0.86042 

TC maq/1 0.190 6.4 20 2.72740 1. 73381 

TA meq/1 0.190 6.420 2.72740 1. 73381 

0.000 0.445 0.07433 0.13930 

Br mg/1 0.000 0.030 0. 17036 0.23331 

F mg/1 0.008 0.252 0.09714 0.07702 

P04 mg/1 0.000 1.141 0. 50305 0.42630 

I mg/1 

roc mg/1 

0. 04050 0.03938L I mg/1 0.000 0. 120 
100.0 42.09 1 33.599TURBIOY 5.0 
60.0 23.214 25.329 

TOS 104~ 0,180 0.440 
COLOR 1.0 

0.29600 o. 13221 
0.13989TOS 180' 0.160 0.430 0.27200 

Ag mg/1 0.00000 0.00270 1.21 7E-o3 1.1610-03 

TIME hr 
0.02500 1. 93000 6.344[-01 7. 6660-01Fe mg/1 

cu mg/1 0.00000 0.01060 4.406[-03 4. 6020-03 

Mn mg/1 0.00000 0.05670 1. 940E-02 2.2600-02 

0.10500 4.000[-02 4 .6500-02Zn mg/1 0.00000 
2.320E-03 1. 9260-0JPb mg/1 0.00000 0.00406 
8. 140£-04 1. 5070-0:1Cr mg/1 0.00000 0.00347 

N1 mg/1 0.00000 0.04980 1. 358£- 02 2.1710-02 

Sr mg/1 

Table(4): Descriptive Statistics for Azraq Station 
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STASY V7.02/12 (C) PIC GMBH WRSC UNIV.JORDAN 10. 10. 90 

HYDROCHEMISTRY OF PPTION IN JORDAN DATE I A:NEW-RABA VOM 15.07.15 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM MITTELWERT STD.ABW. 

DATE 32123.0 32917.0 32514.009 327.689 
QUANT mm 0.1 39.0 6.879 7.601 
TEMP •c 5.0 18.2 9.257 2.903 
pH VALUE 5.80 8.80 7.5863 0.5978 

415.0 68.025EC liS/em 20.0 114.350 

0.008 1. 330 0.23192 0. 28327 
K meq/1 0.003 0.166 0.04788 0. 04110 
Mg meq/1 0,000 0.828 0.17703 0.17299 
Ca meq/1 o.ooo 2.394 0.66669 0.41479 
C1 meq/1 0.082 1. 513 0.39788 0.26715 

Na meq/1 

0.001 0.496 0.05640 0.07675N03 meq/ 
504 meq/ 0.046 0.779 0.22112 0.17365 
HC03 meq 0.049 1. 362 0.46812 0. 33304 
TC meq/1 0.201 4.150 1.14351 0.68023 
Ta meq/1 0.200 4.150 1.14350 0.68025 

I mg/1 0.000 0.261 0. 02184 0.04627 
0.000 0.380 0.05754 0. 08226 Br mg/1 

F mg/1 0.008 0.153 0.05017 0.04410 
P04 mg/1 0.011 1. 967 0.46454 0.47741 
roc mg/1 

0.000 0. 112 0.03176 0.03258Li mg/1 
80.0 17.513TURBIDY 0.0 13.022 

COLOR 0.4 100.0 24.860 26.993 
TDS 104• 0.060 0.150 ' 0.10200 0.02700 

0.050 0.130 o.oe750 0.02372TDS 180~ 

Ag mg/1 0.00000 0.01900 1. 870E-03 3.967D-03 
TIME hr 
Fe mg/1 0.00710 2.66100 2.64 2E-01 6.727D-01 
Cu mg/1 0.00000 0.01100 1.669£-03 3.3380-03 
Mn mg/1 0.00000 0.23000 1. 883£- 02 5.862D-02 

Zn mg/1 0.00000 0. 12100 3. 799E-02 4.1290-02 
0.00000 0.00440 1.303£-03 1. 6520-03Pb mg/1 

Cr mg/1 0.00000 0.00750 7.13 3£-04 1.9650-03 
N1 mg/1 0.00000 0.00000 O.OOOE+OO 0.0000+00 
sr mg/1 0.06100 0.07900 7.000£- 02 1.2730-02 

Table(5): Descriptive Statistics f o r Ra.bba Station 
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STASY V7.02/12 (C) PIC GHOH WRSC UNIV.JORDAN 13.10.90 

HYDROCHEMISTRY OF PPTION IN JORDAN DATEI A:NEW-SHBK VOM 15.07.15 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINUIUM MAXI HUM NITTELWERT STD. ADW. 

OAT~ 32141.0 32073.0 32362.500 :J00 .012 

pH VALUF. 7. 05 7.70 7. 3117 0.3013 
EC f;"'S/cm 48.0 151.0 :J6.500 36.462 
Na meq/1 0. 011 0 . 403 0.16585 0. 13517 

K meq/1 o.ooo 0.027 0.00910 0.01023 
Mg meq/1 0.050 0.372 0.16805 0. 11467 
Ca meq/1 0.306 0.900 0.62195 0. 18031 
C1 rneq/1 0 .100 0.504 0.27917 0. 16321 
N03 meq/ 0 .020 0,0"/5 0.05100 0.02362 

So4 meq/ 0.050 0.304 0.20741 0.132 52 
HC03 meq 0. 154 0.751 0 .4274 7 0.23906 
TC meq/1 0.480 1. 5 10 0.96500 0.36462 
TA meq/1 0.480 1. 510 0.96500 0.35462 
I mg/1 0.001 0.010 0.00700 0.00765 

Br mg/1 0.005 1.300 0.3-1060 0.50350 
F mg/1 0.032 0 . 105 0.07867 0 .04053 
P04 mg/1 0.000 0. l34 0.24633 0.42234 
L i mg/1 0.010 0.030 0.02133 0 . 01026 
TURBIDY 0.0 14.00020.0 19.799 

COLOR 0.0 o.o 3 . 000 4.359 
Fe mg/1 0.00000 0.03230 1 .077E-02 1.8650-02 
Cu mg/1 0.00000 0.00500 1.933E-03 3.3490-03 
Mn mg/1 0.00000 O.OOIGO 5 . 333E-04 9.2380-04 
Zn mg/1 0.00000 0.00157 5.567E-04 9.6420-04 

Pb mg/1 0.00110 0.00530 2.667E-03 2.2940-03 
Cr mg/1 0 .00000 0.0000 0 O.OOOE+ OO 0.0000+00 
Ni mg/1 0.00000 0.00000 O.OOOE+OO 0.0000+00 

Table(6): Descriptive Statistics for Shobak Station 

STASY V7.02/12 (C) PIC GMBH WRSC UNIV.JORDAN 10.10.90 

DATE I A:NEW-SALT YOM 15.07.15IWDROCHEMISTRY OF PPTION IN JORDAII 

2.1 DESKRIPTIVE STATISTIK (KUHZ) 

VARIABLE MINIMUM MAXIMUM MITTELWERT STD.AOW. 

DATE 32071.0 32964.0 32329.770 311.500 
13.857QUANT nm 0.2 57.0 10.210 
3.932TEMP "c ·· 6.2 16 .7 10.813 

p11 VALUE 6.39 8.74 7.6074 0.6676 
18.0 372.0 98.679 71. 503EC t\5/cm 

u.ooo 2.245 0.31673 0.45242 
K meq/1 0.004 0.322 0.04641 0.06208 
Mg meq/1 0.000 0.456 0. 15719 o. 11318 
Ca meQ/1 0.101 1.033 0.46647 o. 25779 
C1 meq/1 0.045 2.205 0.42247 0.43436 

Na meq/1 

0.004 0.214 0.05718 0.05128NOJ meq/ 
504 meq/ 0.031 0.900 0.18823 0.19396 
HC03 meq 0.095 0.719 0.31892 o. 15519 

0.71503TC meq/1 0.180 3.720 0 .98GBO 
0.71503TA meq/1 0.180 3.720 0.98679 

I mg/1 0.000 0.060 0.00637 0.01122 
0.390 0.09149!Jr mg/1 0.000 0.06623 

F mg/1 0.002 0. 292 . 0. 03922 0.07140 
P04 mg/1 0.000 2.600 0.60273 0.65894 
TOC mg/1 

L1 mg/1 0.000 0.060 0.01927 0.01913 
TUR!llDY 0.0 40.0 15.500 12.083 
COLOR 0.0 54 . 0 14 .93 8 22. 133 

TDS 104~ 0.010 . 0.130 0 . 07000 0.0 ·1336 
0.000 0.080 0.05167 0.0:1371TDS 180'_ 

2. 17 5E-03 6.031[)-03 

TIME hr 
Ag mg/1 0.00000 0.03300 

0.00000 7.01960 7.9J2E-01 1.684(1+00Fe mg/1 
0.00000 0.30000 4.619[-02 8.236[1-02Cu mg/1 

Mn mg/1 0.00000 0.07420 1. 276E-02 1. 6910-02 

2.321E-01 2.053 0-01 Zn mg/1 0.00000 0.69000 
Pb mg/1 0.00000 0.01500 4.151E-03 4.4950-03 

Cr mg/1 0.00000 0.01607 9.841E- 04 3.8910-03 
Nl mg/1 o.ooaoo 0.28900 5.996E-02 6.9360-02 
sr mg/1 

for Salt Station 
Table(7): Descriptive statistics 
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&1'1\SY VI.02/12 (C) PIC GHUII WR5C UNJV,JOROAN 10.10.90 

IIYOROCIIEHlSTfiY OF PPTlOII Ill JOI\OAII DATE! A:.~EW-IRDT VOH 15.07.15 

2.1 UESKI\IPTJVE SfATISflK ( KURZ ) 

VARIADLE IUIUHUH IIAXIHUH HJTTELWEI\T STO.ADW. 

DATE 32082.0 32550.0 3226~. 750 169.810 
QUANT rrrn o . o 31.8 9 . ~3 1 8. 73~ 
TEHP 'c.. 3. 8 19 .8 13.067 4.815 
pll VALUE 6. 55 8. 07 7 . 2006 0. 3737 

EC ,.141l/cm 31.0 365.0 95. 162 93. 167 

lla meq/1 0,006 0,530 o. 17571 0. 1621~ 
K lllOQ/1 0,005 0.7~1 0.06 0~ 1 0.16208 
Hg moq/1 o.ooo o. 920 0.18726 0, 21718 
Ca moo/1 o. 162 2. 122 0.52 8 15 0.58976 
C1 meq/1 0,067 o. 6111 0.22882 0.1~J25 

1103 moo/ 0.007 0.46~ 0. 05595 0.10755 
so~ moq/ 0.023 1. ~23 0. ?.7?.90 0.~3~76 

IICOJ moq o. 078 1. 155 0.39366 o. 33222 
TC m~q/1 0,310 3. 650 0.9!.163 o. 93167 
TA meq/1 o. 310 3.650 0.95162 0.93167 

I mg/1 0.008 0.032 0.01606 0 . 00066 

Dr mg/1 0.001 o. 0~0 0.02050 0.02758 
F mg/1 0.009 0.092 0.04263 0.03666 
PO~ mg/1 1. 170 4. 990 3.64500 1. 74298 
roc mg/1 

L1 mg/1 0.000 0,022 0 ,01660 0. 009H 
TUI\DIOY o.o 6.0 2,333 2.336 
COLOn . 0.0 2.5 1. 167 1 . OJ3 
TOS 104 0.090 o. 100 0.09 500 0.00707 
TOS 1ao'· . 0.040 0,050 0,04500 0 , 00707 

Ag mg/1 o. 00000 0.03300 3. 636£-03 9. 1500-03 
TIHE hr 
Fo mg/1 o. 00900 0.52900 2. 690£-01 3,6770-01 
Cu mg/1 o. 00000 o. 00500 2.500E-03 3.53r.o-o3 
Hn mg/1 o. 00000 0.03900 1. 950[-02 2. 7580-02 

ln mg/1 
Pb mg/1 0,00120 0,001AO 1. 300E-03 1. ~ H0-04 
cr mg/1 o. 00000 o. 00310 1. 850E- 03 2.6160-03. 
HI mg/1 0,00000 0,00000 Q, OOOl+OO 0,0000+00 

Table( a): Descriptive Statistics for Irbid Town Station 

STASY VT,02/12 (C) PIC OHOil WRSC UH1V.JOROAH 10. 10.90 

DATE! A:HEW-IRDW YOM 15, OT , 15 IIYOROCIIEHIGTRY OF PPTlOH lll JOilOAJI 

2.1 OESI\RII'TIVE STATISTIK (KURZ) 

VI.RIADLE Hill! HUH MMlf1UH HITTELWERT STO .ADW, 

32060,0 32523.0 32230. 580 107.316 

QUI\IIT mm 0,3 3~ .o 7.354 8.662 
TEHP ·c · 12. J 14. 1 13. 7 50 1. 133 

pll VALUE G. 72 1. 2 58 4 

DATE 

1. GO 0. J 105 
116.349EC Jlf>/cm 23.0 436.0 192.2H 

0.002 ' 1. 320 0,47006 o. 42616lla moq/1 
0.03212K meq/1 o. 004 0. 145 0.03107 

0. 549 0,24003 0.16724 

Ca mcq/1 
Hg meq/1 o.ooo 

0.010 3, G18 1.16~46 o. 78655 

C1 meq/1 0,016 1. 603 0,53973 0.40965 

0.229 0,06176 0,0502 4 1103 mcq/ 0.014 
0.020 · 2 . 251 0.6113~ . 0.5~536S04 moq/ 

o . ~322311C03 meq o. 013 1. 465 o. 69761 

TC mnq/1 0.230 4.360 1. 92244 1.16349 
4. 360 1. 922H 1.16349TA moq/1 o. 230 

I mg/1 0.000 0. 230 0. 03036 0.07769 

o.ooo 0. 15 722 o. 7.7500Dr mg/1 0.000 
o. 065 0.018~0 o. 02693F mg/1 0.000 

P04 mg/1 0.000 o. 360 0.26100 ' 0. 11456 

TOC mg/1 

0,000 0,032 0.0}.511 0.01059ll mg/1 
~.333 1. 8710 . 0 6.0TUI\O!OY 

0.0 4. 0 2. 1 G 7 1. 118 COlOR 
0.02333 o. 01323TUS 1 o4• o. 000 0.040 

lOS 180' o.ooo 0. 010 0.0011l 0.00333 

o. 00000 0.00530 8.87 5(-04 1. 3340-03Ag mg/1 
TIHE hr 
Fe mg/1 o. 00000 0.03710 1. 860E-02 1. 5110-02 

Cu mg/1 o. 00000 0.00160 4. 000[·· 04 8. 0000-04 

Hn mg/1 o. 00000 0.00091 3. 600[-0~ 4.43TD-04 

o. 12790 4. 7.3~E-02 5. 9020-02 

0.00350 8. 750E-04 1. 7500-03
Zn mg/1 o. 00000 
Pb mg/1 0.00000 

Table(9): Descriptive Statistics for Irbid Weather Station 
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STASY V7.02/12 

HYDROCHEMISTRY OF 

2. 1 DESKRIPTIVE 

VARIABLE 

DATE 
QUANT mm 
TEMP ~..c 
pH VALUE 
EC J"S/cm 

Na meq/1 
K meq/1 
Mg meq/1 
ca meq/1 
C1 meq/1 

N03 meq/ 
S04 meq/ 
HC03meq/ 
TC meq/1 
Ta meq/1 

I mg/1 
Br mg/1 
F mg/1 
P04 mg/1 
Li mg/1 

TURBIDY 
COLOR 
TDS 104' 
TDS 180~ 

Ag mg/1 

Fe mg/1 
cu mg/1 
Mn mg/1 
Zn mg/1

• Pb mg/1 

Cr mg/1 
Nl mg/1 
sr mY/.1 

(C) PIC GMBH WRSC UNIV.JOROAN 13. 10.90 

PPTION IN JORDAN DATE I A:NEW-FARM YOM 15.07. 15 

STATISTIK (KURZ) 

MINIMUM MAXIMUM MITTELWERT STD.ABW. 

32125.0 32876.0 32411.953 253.3413 
0. 1 29.2 9.614 8.795 

11 . 2 30. 1 10.443 4.901 
6.50 8.26 7.4919 0.4174 
41.0 500.0 159.843 133.253 

0,022 1. 278 0,37413 0.33775 
0.000 0. 140 0.03727 0.03840 
o.ooo 1. 825 0,30619 0.46053 
0.286 2.543 0.88083 0.58823 
0.095 1. 554 0.47344 0.43084 

0.021 0.125 0.06178 0.03001 
0.0(11 
0. 189 

1. 008 
2.599 

0.35276 
0.71043 

0.26168 
0.68535 

0.410 5.000 1 . 59845 1. 33253 
0.410 5.000 1. 59843 1. 33253 

0.001 0.030 0.01436 0.00914 
o.ooo 2.520 0.31533 0.66471 
0.005 0.394 0.09912 0. 13164 
0.000 0. 723 0.08483 0.21396 
0.013 0.260 0.06609 0.07533 

0.0 12.0 3. 5t.!.:i 5. 126 
o.o 15.0 5. 167 6.021 

0.010 0.210 0.15200 0.08319 
0.000 0.200 0.09400 0.07232 

0.00000 0.00616 1.022E- 03 2.1280-03 

0.00000 0.52900 1. G25E-01 1.7740-01 
0.00000 0.00213 7. 11/•E-04 7.0720-04 
0.00000 0.01500 5.504E-03 5.411D-03 
0.00000 1. 17000 2.622E-01 3.480D-01 
0.00000 0.00840 8.329E-04 2.2080-03 

o.ooooo 0.00280 7.807E-04 1. 132D-03 
0.00000 0.34000 G.207E-02 1. 111 D-O 1 
0.01400 0.37000 1.491E-01 1.3140-01 

Table( 10): Descriptive Statistics for University Farm Station 
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STASY V7.02/12 (C) PIC GMOH WRSC UNIY.JORDAN 13.10. 90 

DAT E! A:NEW-QAIA YOM 15.07.15HYDROCHEMISTRY OF PPTION IN JORDAN 

2.1 DESKRIPTIVE STATISTIK (KURZ) 

VARIABLE MINIMUM MAXIMUM IHTTELWERT STD.A6W. 

DATE 32066.0 32140.0 320()(). 000 29 . 198 
1.555QUANT 111111 0.0 4.() 2.720 

TEI~P •c 16.4 20.2 18.025 2.488 
nH VALUE i.60 3.03 0.05'10 0.552& 

315.0 206 .000 93.247ECJ< ·S/cm 83.0 

0.900 0.45316 0.40338Na meq/1 0.037 
0.019 o. 147 0.08449 0.06000K meq/1 
0.000 0.885 0.22309 0.37455Mg meq/1 
0.443 2.028 1. 29927 0 .7 4243Ca meq/1 
0. 160 0.791 0.50560 0.::0557Cl meq/1 

0.036 0.621 0.30482 0.22931N03 meq/ 
so~ meq/ 0.062 I. 778 0.791\16 0.67062 
HC03 meq 0.245 0.008 0.45532 0.21956 

0.93247TC meq/1 0 . 030 3. 150 2.06000 
0.93247TA meq/1 0.030 3.150 2.06000 

1 mg/1 0.020 0.038 0 . 02933 0.00902 
0.09333 0. 14434Br mg/1 0.010 0.260 

F mg/1 0.045 0.066 0.05550 0.01485 

Ag mg/1 0.00000 0.00500 3 .7 50E-03 2 . 500D-03 

Table(11): Descriptive Statistics for Queen Alia Intr. Airport 

STASY V7. 02•'12 (C) PIC GMOH WRSC UNIV.JORDAN 10 . 10. 90 

HYDROCHEMISTRY OF PPllON IN JORDAN DATE I A: NEW-MUWQ YOM 15.07. 15 

2.1 DESKRIPTIVE STAT1STIK (KURZ) 

VARIAOLE MINIMUM MAXIMUM MITTELWE RT STD.AOW. 

DATE 32086.0 32963.0 32533. 77 3 355.779 
QUAIH mm 0.4 23.0 6.050 8.089 
TEMP•c 16.2 16.60018.6 0.980 
pH VALUE 4.00 8.15 7.48 21 0.7372 
EC I' S/cm 30.0 373.0 165.077 101.?.92 

1.189 0.28672 
K meq/1 
Na meq/1 0.020 0,341\2~ 

0.001 0.141\ 0,03727 0.03903 
Mg meq/1 o.oo~ 0.751 0.20356 0.225 81 
Ca meq/1 0.211 2.920 1. 06569 0.65361\ 
C1 meq/1 0,061 2.780 o.58~~G 0.56776 

N03 meq/ 0.009 0.363 0.091\01 0,07292 
so~ meq/ . 0.024 1.909 0.32569 0.3791\1 
HC03 meq 0.093 4.931\ 0.928 66 1.03810 
TC meq/1 0.300 3.730 1.65076 1.0129?. 
TA meq/1 0.300 3.730 1. 65077 1.01292 

1 mg/1 0.000 0.026 (1.01261 o. 00935 
Br mg/1 0.001 0.565 0.17741· 0.129~2 

F mg/1 0.012 0.353 0. 08110 0.10338 
POl\ mg/1 0.155 0.510 0.32500 0.12309 
TOC mg/1 

0.130 0.03048Lf mg/1 0.000 0.034 26 
30.071TURBIOY 6.0 110.0 41. 133 

COLOR 3.0 70.0 20. 633 19.720 
TDS 104' 0.010 0.480 0. 11\ 500 0. 11713 
TDS 180~ 0.000 0.455 0.125 (1 4 0.11503 

Ag mg/1 0.00000 0.34800 2.957E- 02 8.137D-02 
TIME hr 

0.01800 2.58000 1.227E~OO 1.0660+00Fe mg/1 
Cu mg/1 0. 00110 0.01300 6.150E-03 4. 653D-03 
Mn mg/1 0.00000 0.06300 2.395E-02 2.5450-02 

0.01550 0.79200 2. 802E-0 1 3.7750-01 
Pb mg/1 
Zn mg/1 

0.00000 0.00750 2.472E -03 2.9210-03 
0.00000 0.00300 1. OOOE-03 1. 51\9D-03Cr mg/1 
0.00000 0.04350 l.OOOE-02 1.769D-02tlf mg/1 

Sr mg/1 

Table(12): Descriptive Statistics for Muwaqqar Station 
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lead detected in the capital Amman, in Irbid which is the second 

biggest city in Jordan and in Zarka near the oil refinery. 

Silver was detected occasionally in few samples collected during 

the study period and it is believed to be due to the cloud 

seeding experiments conducted by the department of meteorology. 

Product moment correlations were made to work out the 

relationships between the concentrations of trace elements and 

other chemical and physical parameters. Poor correlations with 

all other elements were found. This proves the fact that the 

presence of trace elements is only due to local conditions 

prevailing in specific areas or due to the type and direction of 

the rainy fronts affecting Jordan. 

Since this is the case , small scale studies are recommended both 

on air and precipitation quality. Each town or city should be 

monitored by different station distributed in its various parts. 

Hence, new rainfall collecting stations were installed this year 

in the center of Amman to study the effects of urbanization and 

transportation on precipitation water quality. Another station 

was also installed in the campus of the Bacheloriate school to 

study the effects of the cement factory. In Zarka a third station 

was installed to see the effects of the oil refinery and the 

nearby Al-Hussien Thermal Station on the precipitation water 

quality. The stations installed outside the urban or industries 

areas, will still be operated as control stations. 
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