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CHEMICAL MONITORING
OF SEWAGE WASTES FOR THEIR USE IN CROP PRODUCTION
II. IRRIGATION WATER QUALITY OF TREATED EFFLUENT WASTE.
A.S5. Gibali, A.A. Abuzkhar, Y.I. Elmehrik . Rahmatallah *

ABSTRACT

TPreated effluent waste from the Tripolli Sewage Treatment
Plant is being used invariably to irrigate various crops produced
in Al-Hadba Al-Khadra Agricultural Production Project. Samples ,
from the reclaimed water used for irrigation, were collected
moenthly for a period of time varies frbm 14 to 24 months , for
monitoring TDS, pH, and soluble salts . Concentraitions of total
N, P, K, Ca, Mg, Na, Fe, Mn, Cu, 2Zn, ¢d, Cr, Ni, Co,and Pb were
ailso measured '

Various analyses of the collected treated water samples
indicated potential loading of scils with high amounts of soluble
salts by continous use of this water. Most effluent samples had
excessive levels of ct, HCO3, and high adjusted GSAR.
Concentrations of Fe, Mn, Cu, Zn, and Pb were less than their
critical «concentrations of 5.0, 0.2, 0.2, 2.9, and 5.0 ppm in
essentially all effluent samples,respectively. Cadmiun, Cr, Ni,
and Co concentrations were found to be more than their critical
levels of 0.01 , 0.10, 0.20, and 0.05 ppm in the treated water in
67, 13, 8, and 21% of the samples tested , respectively

Various properties of reclaimed irrigation water studied
have been discussed in relation te s0il characteristics and their
possible effects on plant growth . More careful management

practices have been warranted after conducting properly designed

scil - plant studies.

Contribution of Al-Fateh University , Faculty of Agri., Dept.
of Scil and Water and The National Academy for Scientific

Research, Environmental Protection Program, Tripoli . Libya .



Treated municipal effluent waste would be an important source
of irrigation water iIn future for crop production in Libya
About 15 sewage treatment plants located In varicus parts of the
country would be supplving about five percent of the total water
reguired for agriculture purposes (11,23) . This ’source of
irrigation water is of further importance for crop production
during scanty raifall summer months in the ccastal belt of the
mediterranean (12)

The two fold importance of Irrigating crops with treated
municipal effluent waste is to provide low-cost water source and

plant nutrients contained in waste water (4, 10, 14, 15, 17, 20,

21) . Furthermore, this alsc resclves the problems of sanitation
and provides " 1iving filter of s0il " before this water
recharges the ground water reservoir . Nevertheless, some of the

nuisances associated with using the treated wastewater for
irrigation are: the effects on the irrigation system itself,
loading soils with scluble salts, and offering plant absorbing
surfaces with toxic levels of certain elements hazardous both for
animal and human health {4, 5, %, 10, 21, 22) .It should be noted
that, In the first part of this study , we found that the sludge
gamples contain higher levels of Zn, Pb, Ni, and ¢d than their
critical levels (2} . Therefore, a coeonstant and carefull
watchfullness 1s warranted of what 1s being used for

Tripoll Municipal Sewage Treatment Plant is currently
supplying treated wastewater to Al-Hadba Al-Khadra Agricultural
Production Project . rt 1s used Invariably to meet water
reguirements of various agronomic as well as horticultural crops
without any comprehensive Iinformation on its quality for
irrigation . This survey was, therefore, carried out to monitor

the irrigation quality of the treated waste water



"MATERIALS AND METHODS

Samples from treated effluent used for Irrigation collected
in plastic bottles after evéry four weeks interval ({monthyl) for
a priod of time varies from 14 to 24 months from the Tripoli
Sewage Treatment Plant located near Al-Hadba Al-khadra
Agricultural Production Project

Electrical conductivity (EC) and hydrogen ion activity (pH)
in the effluent samples were measured by Beckman Solu-bridge and
giass-calonel combination electrode assembly connected to a
galvanometer, repectively. Concentrations of HC03~ , Cl- and S04=
were determined in the water samples according to the methods
described Iin USDA Handbook no. 60 (24)

For determining total percent solids duplicates, 200 ml each,
of water samples were taken into dried, preweighed evaporating
digshes . They were dried te a constant weight at 100 C, whereby
loss In weight was determined to calculate the amount of total
so0lids present

Te determwine heavy metals, preccncentrated water samples
were taken into 100-ml Kjeidahl digestion flasks in duplicates
and 10 wmi of concentrated HNO3 was added to all samples . The
gamples were allowed to digest overnight at room tepnperature

The samples were then placed on the digestion rack and heated

slowly until the light brown fumes appeared . Ten ml of diacid
mixtuyre (HNO3 : HC104 at 4 : 1) were then added after cooling
The samples were heated until all the HNO3 was boiled off and

#C184 fumes appeared . The samples were further digested for 30
more minutes and coocled . The neck of each flask was washed with
redistilled water and reheated until perchloric acid fumes were
evolved., The samples were diluted and filtered inte 100-ml and
redistilled water was added to make the volume .Standards were

brepared using the same - concentrations of acids as for the

sanples




The Pye Unicam Zood'atomic absorption spectrophotometer was
used to determine the concentration of Fe, Cu, Mn, Zn, Ni, cd,
¢r, Co, Ph, and Mg. Sodium, K and Ca concentrations were
determined by flame photometer . For c¢oncentration Ca and Mg
analysis, Li solution was used to dilute samples and standars to
eliminate phosphate interference in their determination (27) .

Total N was determined by the Kjeldahl method (16).Tatal P
in the digested samples was determined by ascorbic acid blue
coior method (28).Total heavy metals and values of alkaline earth
cations are reported on volume basis for the water samples (24,
26)

Glass-wares used 1in all analyses were cleaned with a lab
detergent, diluted HCI and redistilled water. All reagents used

were also prepared with redistilled water



RESULTS AND DISCUSSION

The various data obtained from this study and regquired to
evaluate the salinity and pollution/toxicity problems caused by
the irrigation water are présented in Tables 1 and 2

Total dissloved solides (TDS) ranged from 0.07 to Q;EB% with
an average of 0.14% . According to the criteria for TDS ,reported
by Hart and Vuuren (14), 21% of the samples tested (ThS < 0.10% [
may have detrimental effect on sensitive crops. Other 66% and 13%
may adversely affect many crops and should be used for more
tolerant c¢rops with careful mangement, respectively . Higher TDS
in irrigation waters can c¢log the so0il pores and consequently
cause permeability problens {14).

Electrical conductivity (EC) had been measured to predict
the effect of the treated water on s0il salinity and
permeability. The EC range of 1.38 to 2.82 ds/m had always
been greater than 0.50 ds/m indicating no permeability
broblems to water through soils'(Figure i). However, the EC had
always been within the range of 0.75 to 3.00 ds/m consedered
as the range of " increasing broblem " of soil salinity according
to the FAO guidelines {3) .

The pH values were also found within the normal range of 6.5
to 8.4 during the whole preiod of investigation (3)

The chloride concentrations obtained were always more than 10
meg/l in the reclaimed water (figure 2) yrevealing Jts adverse
effects on most sensitive crops (3). Critical limit of 10 megq
Cl/1 is important when water is applied by surface Irrigation .
However, as low a econcentration as 3 meqg/1l of either Na+ cr C1- ,
well below their levels observed in the treated effluent, applied
by sprinkler irrigation had been reported to be toxic to citrus

in several irrigated valleys of California (3) .




It is important to note that in a recent study (29), total
dissolved salts In the effluent water had reached 5926.2
micromhos/cm which is much more than what has been obtaind in
this study . The 1increase of salts in the effluent probably
reflects the Increase of salts 1in the original water sources
through sea water introsion i

Concentrations of bicarbonate obtained in this study
(Table 1} were found within the " increasing problem * range of
1.50 to 8.50 meqg/1l, suggested for overhead sprinkling (3). Higher
levels of (C03= and HCO3- in plant growth medium have been found
reponsible for plant nutritional problems like Fe chlorosis
{7 , 8. /

The potential salinity (PS) and adjusted sodium adsorption
ratic (SAR adj.} calculated Ffrom the efflument chemical analysis
data are presented in Table 1. These parameters are usually used
Lu evaiuate water quality for irrigation (3 , 13). The calculated

ential salinity {(C1 + 1/2 504) ranged from 14.45 to 25.05,

s

PO

)

-

j

§

35

\Q
w

esting that this water to he used on soils with good
permeability (13). The SAR adj. was calculated to approximate
the Na hazard of Irrigation water. The SAR adj. varied from 10.49
to 22.24.Unlike EC data,the SAR adj. revealed some possibilities
of the permeability problems. According to FAO guidelines (3) ,
the water samples tested had always SAR adj. of »>8 ,Suggesting a
sayere permeability problens on soils dominated by
montmerillonite type of c¢lays, For soils with Kaolinite -
Sesquioxide as thelr predominant clay mineral, 29% of the samples
were supposed to cause no permeability problem and other 71% were

”

found in the range of Increasing problem " with their SAR adj.
between 16 to 24.

Most of the =soils 1in the project are light textured with
cation exchange capacity (CEC) values as low as less than 10

meg/100g of soil (unpublished data). They are also mostly



alkaline calecareous in nature . A CEC value of < 10 meq/100 g of
soil 1s an indication of predominance of Koalinite-Sesguioxide
clay minerals in the soil., Although, even irrigation with water
having EC of < 0.2 mmhos/cm on soils with high initial salt
status had been postulated to cause no permeability problems
under localised conditions (1), but SAR adj.of > 16 in 71% of the
samples tested iIs suggestive of severe permeability problems in
s0ils dominated by Kaolinite type of clay minerals. Soils with
low CEC vaiues would also have Jless cation binding sites to
offer. Therefore, irrigation water having high SAR adj., used on
low CEC so0il! would add higher levels of Na to the soil. This
would immediately result in &an iImbalance among varlious plant
nutrients and high osmotic pressure of the scil sclution which
would affect water availapility to crops (6)

Among varicus trace elements presented in Table 2, Fe, Mn,
Cu, Zn and Co are essential plant micronutrients . Cadmium, Cr,
Ni , and Pb are nonessential elements for plant growth , but
accumulation of any one of them in a seoil above a certain level
could be toxic beoth to plant as well as animal life

Unfortunately most of the criteria available to evaluate the
reavy metal toxicity problems of irrigation water are for surface
Irrigyation methods on diffrent soils (22). But the treated
effluyent used through sprinkler irrigation system in Al-Hadba
Ai~Khadra Agricultural Project is like foliar application.
Neverthelegs, the criteria of National Academy of Sciences of USA
reported by Page (22) had been used to avaluate the potential
heavy metal toxicities from irrigation .

Figures 3 through 6 show that concentrations of Fe, Mn, Cu
and Ph were alwayé less than their c¢ritical levels of 5, 0.2
0.2 and 5 ppm , respectively 1in the effluent samples. Zinc
concentration too was always less than its critical 1level of 2

ppim  except for one out of the 24 samples tested was 2.74 ppn
(Figure 7 ).




|

wie -mte

Figures 8 through 11 depect that toxic levels of Cd, Cr, N

i,

and Co were found in 67, 13, 8 and 21% of the samples tested

'

more than their critical concentrations of 0.01, 0.1, 0.2 and

0.05 ppm, regpectively

The management alternatives suggested by others (3) could be
adapted to use the reclaimed water safely 1in crop prbduction.
These c¢ould also be helpful in alileviating some of the heavy

metal toxicity problems from highly varied water source (10, 25)
to various crops grown under different seil and climatic
conditions (17, i&, 19). However, comprehensive soil-plant
studies are suggested both under field and greehouse conditions

belore any management pratice could be used efficiently
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-Tablgjig'Summa;y of some characteristics determining

quality

of the treated effluent samples'collected:from

12

the Tripoli Municipality Sawage Treatment Plant.

irrigation

[==mm e e fmmmmmm e [ e /
[ Component { No. of | Range | Median | Mean /
r | Samples| ! / {
{ / / / / /
/ TDS (%) | 22 [ 0.07 - 0.23 [ 0.14 0.12 |
[ pH | 24 [ 6.80 - 5.20 | 7.24 / 7.28 |
! EC.{(ds/m) /] 24 / 1.38 - 2.82 | 2.00 / 2.07 |}
/¢l ( megr1 ) | 14 [11.50 - 21.50 [16.75 | 16.51 /
| HCO3 (meqs/1) | 14 /| 2.00 - 5.50 [ 4.18 | 4.06 |
[ 804 (wegri} | 14 [ 2.70 - 7.10 | 3.88 4.38 |
/| Total N{ppm) | 15 [10.00 - 40.25 [20.00 | 22.3g /
[ P (ppm) | 17 [10.27 - 15.94 [12.70 | 2.86 /
| K {ppm) | 17 /16.00 - 60.43 [15.056 / 26.91 /
[ Ca (eppm) | 17 [26.40 -125.23 [&80.65 H 77.91 /
| Mg (ppm) | 17 [40.81 - 87.69 [73.77 [ 7177y
| Ha (ppm)} [ 17 [239.97 -503.95 [386.96 | 377.0¢ /
/ SAR adj. ] 14 [ 10,49 - 22,2¢ | 17,32 | 17.18
[ PS(Cl+1/2 504)] 14 [ 14.45 - 25.05 | 13.03 | 18.21 /
L / / / / /




i3

“Table 2. Summary of some heavy metals  concentration _fn the
treated effluent- - samples collected Ffrom the Tripoli

Municipality Sawage Treatment Plant

--------------- e e B At |
/ Metal | No. of | Range | Median |/ Méan /
/ [ Samples|-—--=--~-w---me-mn (ppm)~========o=—-- [
1 { { { yi L
| Fe {24 { 0.06 =~ 1.18 | 0.42 I 0r50 /
! / / ! / /
| Cu [ 24 | ND * - 0.070 ] 0.010 | 0.020 |
! { ! / / /
i Zn | 24 | 0.08 - 2.74 ] 0.15 | 0.29 |
/ / / / / /
| Hn ] 24 ] 0.01 - 0.15 ] 0.04 / 0.0¢ |
/ / / / / /
| cd | 24 /| Kb - 0.060] 0.011 | 0.017 |
/ / ! ! o !
) Cr | 24 ;] ND - 0.250}] 0.005 | 0.030 |

Y / / / / /
| Wi | 24 / Np - 0.32 | 0.06 | 0.08 |
! / / { / /
| Co ;| 24 /] ND - 0.11 | 0.03 | .02 |
/ / { / / /
| Pb | 24 { ND -~ 0.32 | 0.05 | 0.09 |

L ! A [ 1 i

* ND, indicates not detected
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Figure 1 : salinity level in treated effluent as a function of time.
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figure 5 : copper concentration in treated effluent as a function of time .
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: zinc concentration in treated effluent as a function of time
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figure 9 :chromium concentration in treated effluent as a function of time
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figure 11 : cobalt concentration in treated effluent as m_ﬁCDOﬁHos.Oﬁ time .




