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Summary of Water Quality Assessment Findings 
Greywater Sampling Report 2 

Auja and Marj al Ghazal 
Sample Date: 2019-10-06 

Written By: Natalie Brassill 
 
 On October 6, 2019 a team of scientists from the Arava Institute traveled to the West 
Bank to Auja and Marj al Ghazal, for the second time, to assess Grey Water Treatment Systems 
that have been installed on site at homes in the area to treat household greywater using a 
similar design to the Septic Tank Up Flow Gravel Treatment unit as shown below in Figure 2.1. 
(Greywater Use in the Middle East: Technical, Social, Economic and Policy Issues, Monther Hind 
design) This design was modified by Monther Hind to fit the needs of each on site location.  
   

 
 
Following this treatment, the water is pumped into an empty tank at the top of a tower where 
the water then trickles through a second tank, part way full of charcoal and then trickles into a 
third tank where the water is stored over time for future use. This is an example of the possible 
final stage treatment in Figure 2.2 below. (Greywater Use in the Middle East: Technical, Social, 
Economic and Policy Issues, Monther Hind design) 
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These images were taken from Greywater Use in the Middle East: Technical, Social, Economic 
and Policy Issues, 2010 and do not exactly reflect the systems sampled but give a good picture 
of the general design. After discussing these designs with Monther Hind it was conveyed that 
the systems installed in Al Auja and Marj Al Ghazal, that are currently in place in 2019, were 
modified upon installation to fit the needs of the land and area as installation was performed.   
 
Photo 1 below was taken from the first homeowner, Khalid’s Farm, and shows the tower in 
which the greywater is pumped to post Septic Tank Up Flow Gravel Treatment. The Septic Tank 
Up Flow Gravel Treatment is an anerobic treatment without oxygen and the tower is an aerobic 
treatment with oxygen and with charcoal. This is the design of the three systems that were 
sampled in the West Bank on October 6, 2019 by Natalie Brassill (University of Arizona, Water 
Microbiologist), Davis Blasini (Arizona State University, Plant Physiologist), Tom Groenveld (Ben 
Gurion University, Biogeochemist) and Younes Issa Rjoub (Tel Aviv University, GIS Expert). This 
team of scientists visited 3 different locations to collect water samples of influent and effluent 
greywater. Influent comes from homes located near the Septic Tank Up Flow Gravel Treatment 
and is greywater from either a single household or multiple houses holds. Greywater is sink and 
shower wash water that does not contain feces. Blackwater is toilet water and is sent to a 
septic tank and kept separate. Effluent is post treatment greywater from the Septic Tank Up 
Flow Gravel unit and aerobic charcoal tower unit. It is considered effluent after it goes through 
the Septic Tank Up Flow Gravel unit below ground and still effluent after it gets the additional 
treatment of charcoal and aeration.  
 
Farm Sample Sites: 
 
1. Kalid’s Farm   
2. Marj al Ghazal 1 
3. Marj al Ghazal 2          
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Photo 1. Anerobic gravel treatment below ground and aerobic with charcoal above. 

     

1. Influent tank, household greywater 

3. Effluent tank 

4. Effluent pumped here to trickle down by gravity  

5. Charcoal in tank to treat trickling water, trickling motion also allows for aeration 

2. Up flow gravel filter treatment unit underground (anaerobic) 
 

6. Final storage tank 

7. Spigot for irrigation line 
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Household Greywater Sampling Material and Methods 
 
Influent and Effluent samples were taken from each of the three Farm Sample Sites. There were 
6 samples collected in total.  
 
One 120mL water sample was collected to assess the fecal indicator organism E. coli 
quantitively using the Compartment Bag Test (Aquagenex, 2019). A 1:1, 1:10 and 1:100 dilution 
was performed on each sample to be able to attempt to quantify the concentration of E. coli in 
the samples.   
 
One 50mL water sample was taken to assess Turbidity in NTU. Turbidity was measured using a 
Lutron TU-2016 Turbidity Meter (Taiwan) with 15mL of water sample.   
 
Both of these tests were performed within 10 hours post sample collection back at the 
laboratory at the Center for Transboundary Water Management Laboratory by Natalie Brassill.   
 
At each site pH, Dissolved Oxygen (DO), Electrical Conductivity (EC), water temperature and air 
temperature were measured. Both the Influent and Effluent were assessed. A HACH meter 
HQ30d was used with appropriate probes for each measurement (HACH Company, Loveland 
Colorado, USA). DO was measured in mg/L and %. EC was measured in ppm and uS/cm. Water 
and air temperature was measured in Degrees Celsius. pH has no unit and is a measure of 
acidity and alkalinity.    
 
One additional sample of groundwater was taken at Marj al Ghazal Farm community well and 
assessed only for EC onsite.    
 
Sampling Notes 
 
Khalid’s Farm system has been operating the longest, for about 1 year if not more. This is the 
second time that the team had sampled from Khalid’s Farm Household Grey Water Up Flow 
Gravel Treatment System. This time samples were taken from the influent tank (same as 
previous) and from the effluent tank below ground before it is pumped out of the underground 
effluent tank to the charcoal aeration tower to see if there is a difference in treatment. The first 
sampling event the effluent was taken from the final storage tank post aerobic tower with 
charcoal. It was thought that bacteria could be harboring in the final storage tank below the 
spigot causing possible cross contamination. A sample was taken post underground anerobic 
treatment only to see if there was a difference in the samples. In the next sampling event, a 
sample will be taken on the same day the post underground anaerobic Up Flow Gravel Filter 
tank and post charcoal aeration tower storage tank to see if there is a comparable difference.  
 
Khalid has a farm that has ducks, geese, goats, cats and dogs. A small kitten fell into the Influent 
tank while we were sampling and was rescued by Khalid, washed off and was ok. Luckily this did 
not impact sampling and the animal was ok. This is a good example though of cross 
contamination. At a home where you have many inputs like cats, dogs, children, visitors, etc. 
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safety is a big concern. When there is a tank filled with a concentrated volume of household 
waste this can be dangerous to anything that might fall in caution should be thought about and 
taken. Luckily, Khalid was able to rescue the cat with a shovel, grab the cats head with his bare 
hands and then wash the cat off with the water hose. All of the wastewater that was on the cat 
was high in bacteria load and can be a health risk. Khalid washed off the cat well then went and 
washed his own hands. Within moments the cat was licking itself and the dog also wanted to 
lick the cat. If there was a child around, they too could be exposed to the cross contamination 
by petting the cat after it fell in and then sucking on its fingers. Exposure to influent water that 
is filled with waste that could contain tens of thousands if not millions of bacteria could possibly 
have a pathogenic bacterium in it and could make a human very sick. Most pathogens are 
spread through the fecal oral route where something contaminated (wash water [influent] from 
a home that has goat feces in it for example) gets into a human’s mouth. Homeowners and 
others need to have public health and safety on our minds at all times when working with 
wastewater from household greywater and around homes that are shared by all.  
 
Khalid makes goat cheese, harvests honey and grows date palm trees and uses this greywater 
to water his date palms and also his green house. All watering takes place using drip irrigation. 
He has cucumbers and tomatoes in his green house. Khalid is a very conscious farmer and takes 
very good care of his system by maintaining it in working order through cleaning and also 
managing his farm every day. He is a good example of a hands-on farmer who know the details 
of his land and operation well and maintains it closely. He is a pleasure to work with and offers 
a great example to other households how a greywater treatment system like this can be 
beneficial in redirecting his water. Since installing this up flow gravel treatment system Khalid’s 
grey water is treated onsite and his blackwater is diverted into a septic tank that needs to be 
pumped much less often because the greywater is not filling it up as fast. This saves Khalid 
money and also allows for him to have a little extra water that is not saline to water his trees 
with. See Khalid’s system in Photo 1 above and Photos 2-5 below.    
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Photo 2. Khalid and his system aerobic charcoal tower on October 6, 2019 
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Photo 3. Khalid Up Flow Gravel Greywater Treatment System October 6, 2019 

 

INFLUENT GREY WATER MANHOLE  

EFFLUENT GREY WATER MANHOLE  

UNDERGROUND ANAEROBIC UP FLOW GRAVEL TREATMENT   

GAS RELEASE TUBES 
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Photo 4. Sampling Team Left to Right, Younes, Davis, Natalie setting up to collect  

 
 
 

   
 

Photo 5. Kitten before & after falling into Influent tank   
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Marj Al Ghazal (town), or Abuljarar Farm as it was called in Report 1, has many systems on site. 
During this visit two new systems that were not sampled in September 2019 were sampled. 
Some systems at Marj Al Ghazal are not hooked up or are not fully functioning yet. Fully 
functioning would be households connected and treated greywater irrigating trees. On October 
6, 2019 when we arrived, we were brought to the first Septic Tank Up Flow Gravel Treatment 
System and it was off and had no water. This was the same one we visited first on September 
23, 2019 that was also off. This one is installed but seems like it is not hooked up to households 
yet. (GPS or name needed of site to fully identify location for discussion due to many sites being 
located around Marj Al Ghazal) The second system that we were shown was irrigating about 10 
date palms. This is located behind about 3-4 homes and seemed to be recently hooked up to 
the homes. The Influent from this location was very clear indicating visually that the water was 
not heavily used by kitchen cooking or showering. It would be good to know exactly which 
homes were hooked up, what they were cooking and how many people lived there. Marj Al 
Ghazal 1 influent was sampled and anaerobically treated underground effluent. This effluent 
sample did not include the tower or charcoal aerobic treatment step. 
 
After Marj Al Ghazal site 1 was sampled we went to the ground water well on site and took and 
Electrical conductivity reading. The results showed low salinity, ~1000 uS/cm EC, which is very 
good for irrigation. The water was plentiful, but we were informed that it was controlled by the 
Israeli Government and that each year its quality is not reliable. The previous year there had 
been rain and the water was very muddy, this year the water was more clean due to a lack of 
rain but the water is still restricted from use.    
 
Marj Al Ghazal 2 site system was functioning and appears to have about 4-5 homes hooked up 
to it. The homeowner was very talkative, a 71-year-old man, named Mohamed Abo Jarar Abo 
Jamal. This site is located in the second entrance to the town close to some big homes. The 
influent tank was sampled, and the effluent underground tank was empty and very deep so was 
not sampled. The post charcoal storage tank contained all the effluent. This is the normal 
condition of anaerobic up flow gravel treatment followed by aerobic charcoal tank treatment.  
An effluent sample was taken from the final storage tank, but the water had been sitting in the 
tank for some time (unknown). The water was not hooked up to an irrigation line when we 
arrived but there was one nearby that could have watered about 10 date palms located close to 
the system. 
 
It seemed like the volume of water produced from these systems was minimal. It was 
mentioned that electricity goes off and on and so the system is not always running. Again, it 
needs to be known the volume of water entering the system through how many households are 
hooked up and how many people are using the system. Maybe flow meters can be installed on 
the within the influent inflow hose so it can be known how much water is entering the system 
from the collection of households. You could install a flow meter from each home but a 
collective flow would be just as valuable. It would be great to also have a flow meter for the 
effluent produced so you could know if there is loss in the system. With the volume of water 
known calculations can be made to determine how many trees could be watered with this 
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system. It appears that the purpose of the system is to allow for grey water to be treated, black 
water to be put into an appropriate septic tank and for whatever little water that is produced in 
the greywater treatment to be used for irrigation. The amount of greywater produced is not 
reliable and is not the sole source of irrigation water for date palms in Marj Al Ghazal. This is 
more about having a safe place for wastewater treatment than it is to produce high volumes of 
treated water for irrigation. These systems allow for black water and grey water to be treated 
and not just released onto the land untreated. This is very good for this decentralized 
community.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Reported By: Natalie Brassill, MS 
University of Arizona AIES Visiting Scientist Fall 2019 

11 

Photo 6. The first Septic Tank Up Flow Gravel Treatment System empty 9/23/19 & 10/6/19 
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Photo 7. Marj Al Ghazal 1 sampled 10/6/19, tank not hooked up to irrigation but treating water

 

Influent manhole 

Effluent manhole behind bottom tank 
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Photo 8. On site Ground water well at Marj Al Ghazal, sampled for EC = 1000uS/cm, not salty 
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Photo 9. Marj Al Ghazal Site 2 10/6/19,sampled from bottom tank, treating household water 

 

Influent manhole 
Very knowledgeable stakeholder, 
Mohammed Abo Jarar 
 

Effluent manhole  
Effluent sample port  
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Results 
 
Table 1. Treated Greywater Quality Parameters Assessed Section 1 

 
 
 
Table 2. Treated Greywater Quality Parameters Assessed Section 2 

 
 
 
Conclusions 
 
All systems have been treating the greywater and improving its quality generally. During this 
sampling event Khalid in Al Auja saw an increase in pH, an increase in EC an increase in DO and 
a decrease in turbidity and E. coli bacteria. These are improvements in water quality. The pH 
went from 5.84-7.39 becoming less acidic and more neutral which is good. EC is expected to be 
lower but during this assessment EC went up from 350 ppm to 388 ppm, but this is not a large 
increase. No sure why this is. DO increased from 0.28 to 1.26 which is good but still a low DO. 
This sample event we did not take from the aerobic tower which can add more DO. The 
turbidity was significantly reduced from 1443 NTU to 21.19 NTU which is fantastic for drip 
irrigation to help limit clogging of lines. Very positive result showing that the system is treating 
the water. And another positive result was to see that the fecal indicator organism, E. coli 
bacteria went from >10,000 cells per 100mL to 4830 cells per 100mL. This is a reduction of less 

Site Location

System Use Style; 

Use system as 

Normal (tower 

included) or list 

modification Water Type Date Time

Air 

Temperature

Degrees C

Water 

Temperature

Degrees C pH

EC

ppm

EC

uS

Al Auja Khalid influent Influent 2019-10-06 10:31 35.8 32.3 5.84 350 861

Al Auja Khalid No Charcoal Effluent 2019-10-06 10:05 33.5 30.6 7.39 388 889

Marj Al Ghazal 1 influent Influent 2019-10-06 11:38 29.8 29.2 7.63 324 722

Marj Al Ghazal 1 No Charcoal Effluent 2019-10-06 11:26 32.5 30.7 8.07 226 523

Marj Al Ghazal Well ground water ground water 2019-10-06 11:51 NA NA NA 480 1066

Marj Al Ghaszal 2 influent Influent 2019-10-06 12:20 27.1 29.8 6.59 341 779

Marj Al Ghaszal 2 Normal Effluent 2019-10-06 12:09 27.4 30.5 8.39 352 804

Site Location

System Use 
Style; Use 
system as 
Normal (tower 
included) or list 
modification Water Type

Dissolved 
Oxygen 
(DO) 
mg/L

Dissolved 
Oxygen 
(DO) 
% 
saturation

Turbidity
NTU
Digital 
Meter 
@Arava

FECAL 
INDICATOR
generic 
E. coli  
1:1 
MPN/100mL

FECAL 
INDICATOR 
generic 
E. coli
1:10
MPN/100mL

FECAL 
INDICATOR 
generic 
E. coli
1:100
MPN/100mL

Al Auja Khalid influent Influent 0.28 3.9 1443 >100 >1000 >10,000
Al Auja Khalid No Charcoal Effluent 1.26 16.7 21.19 >100 >1000 4830

Marj Al Ghazal 1 influent Influent 6.62 83.8 27.16 2.6* 120* 0
Marj Al Ghazal 1 No Charcoal Effluent 4.14 53.9 15.78 0 0 0

Marj Al Ghazal Well ground water ground water NA NA NA NA NA NA
Marj Al Ghaszal 2 influent Influent 0.20 2.6 269 >100 >1000 >10,000
Marj Al Ghaszal 2 Normal Effluent 0.19 2.4 33.4 >100 >1000 4830
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than 1 log (~0.32 log). This indicates that treatment and die off is occurring. Since the test max 
is >10,000 cell per 100mL it is still unknown of the reduction is even greater unless further 
dilutions are performed. Overall at Khalid’s Farm the household grey water is being treated 
successfully and has reductions in turbidity and E. coli. The treated greywater effluent electrical 
conductivity (EC) is less than his ground water (388 ppm vs 3210 ppm).       
 
Marj Al Ghazal 1 saw an increase in pH, a decrease in EC, a decrease in DO and a decrease in 
turbidity and E. coli bacteria. The pH didn’t change too dramatically (7.63-8.07), the EC went 
from 324 ppm-226 ppm which is good to have less salinity and still at very healthy ranges for 
agriculture. The DO ideally would want to increase but we sampled at Marj Ghazal 1 from the 
effluent tank underground and not the charcoal tower storage tank. There was no aerobic 
treatment in this sample but the DO went from 6.62 ppm-4.14 ppm. An aeration step might 
increase the DO. Plants like a DO between 6-8 ppm but this can be increased simply by air 
exposure or even through watering. Turbidity decreased from 27.16 NTU-15.78 NTU. A starting 
turbidity of 27.16 NTU is low and indicated that the households were not using this water 
intensively for cooking and washing. Usually an NTU starts much higher like in the case of 
Khalid’s at 1443 NTU. This brings the question as to how many houses are using this system and 
what is being cooked or cleaned. The fecal indicator organism, E. coli bacteria went from 2.6 
cells per 100mL to 0 cells per 100mL in the non-diluted sample. In the 1:10 dilution a result of 
120 cells/100mL was found but that does not make sense because for that to be a true measure 
the 1:1 would have to have read >100 cells/100mL. There could have been cross contamination 
on the lab or field that caused the spike in the 1:10 dilution. The report of either number shows 
that the influent greywater was not too high in E. coli, so reduction was seen but very limited.  
 
In Marj Al Ghazal 2 the system was being used and appeared to be maintained by the owner 
Mohammed. This system saw increase in pH, an increase in EC, a no change in DO and a 
decrease in turbidity and E. coli bacteria. The pH went from 6.59-8.39, a little increase in 
alkalinity. The EC went from 341 ppm-352 ppm which is a very small increase, practically no 
change and an average reading. DO also had practically no change 0.19 ppm-0.20 ppm. This is a 
very low DO in the first place and this sample was taken from the storage tank post aeration 
charcoal tower, but the water seemed to have been sitting in this tank for some time. This will 
lead to DO reduction when water is stagnant. Turbidity decreased from 269 NTU-33.4 NTU 
which shows treatment effectiveness. The fecal indicator organism, E. coli bacteria went from 
>10,000 cells per 100mL to 4830 cells per 100mL. This is a reduction of less than 1 log (~0.32 
log). This indicates that treatment and die off is occurring. Since the test max is >10,000 cell per 
100mL it is still unknown of the reduction is even greater unless further dilutions are 
performed. This result indicates that the system is improving water quality and this water is 
ready to be used for irrigation of tree crops through drip lines in the community.         
 
Overall the Septic Tank Up Flow Gravel Treatment has a positive effect on water quality.         
 
Photo Album     
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Photo 10. Younes, Mohammed and Tom discussing Marj Al Ghazal 2 systems and community 
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Photo 11. Marj Al Ghazal 2 site serving 4-5 homes  
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Photo 12. Natalie in Lab processing samples for E. coli bacteria using CBT method 
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Photo 13. Turbidity samples from 10-6-19. From right to left Effluent and Influent from Khalid’s, 
Marj Al Ghazal 1 & 2. Notice the effluent is more turbid than influent except in middle sample 
which leads to questions of use of system.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EFFULENT 1      INFLUENT 1 EFFLULENT 2 INFLUNET 2 EFFLUENT 3 INFLUENT 3
  

 KHALID   MARJ 1   MARJ 2  
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Photo 14. Influent Sample from Marj Ghazal 2, reading >100 E. coli /100mL   

 
 
 
 
 


